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Preface
The important aim of writing this manual of postoperative care in pediatric cardiac surgery is to guide
the resident trainees involved in care of pediatric cardiac surgical patients. The postoperative care
usually involves the management of pediatric patient from the time the baby is brought to the intensive
care unit, till the discharge from the hospital. Nevertheless, the overall outcomes of surgery depends on
adequate knowledge and adequate skills gained in performing suitable surgical procedure dictated by
congenital heart disease and knowledge of optimal perioperative management of the patient.
Management of postoperative cardiovascular, pulmonary and renal functions is discussed in addition
to management of hemostasis, bleeding, blood coagulation, and other organ systems, which influence
the immediate outcome of a surgical procedure. Patients who undergo complex congenital cardiac
procedures and / or patients whose stay in the intensive care unit is prolonged due to critical illness,
disciplines such as prolonged ventilatory support, infection, wound management, nutrition, fluid and
electrolyte balance, and altered endocrine function assume importance for adequate patient
management and these systems are dealt briefly, discussing basic sciences and clinical issues relevant in
management of the patient. More emphasis is placed in discussing the fluid, electrolyte, and acid base
disorders, which are encountered in several conditions preoperatively and as well in adult patients. This
is intended to help the reader to understand thoroughly the management and apply relevant information
in postoperative pediatric cardiac surgical patient.
This manual has also dealt with issues of poor postoperative ventricular function and principles of
mechanical ventricular support systems, which are designed to improve patient outcomes after complex
cardiac procedures. A brief postoperative management of heart and heart-lung transplant recipients
with peri-operative immunosupression is also discussed. The detailed discussion of the rejection
surveillance programs and treatment of rejection for both the pediatric and adult heart and heart-lung
transplantat receipients is provided, but reader discretion is advised in chosing o relevant information
that is compatible with management protocols of an individual institution.
Algorithms are provided for appropriate management of cardiac emergencies, together with
instructions and / or calculations provided for mixing of inotropic drug solutions in emergencies. These
would enable physicians and nurse practitioners to deliver expeditious care in such situations. Drug
formulary provided here has dealt with several drugs that are commonly used in the intensive care.
Several other drugs, including inotropes, antimicrobials, and cardiac drugs, which are often used in the
perioperative care of infants and children are discussed briefly. Some of the information provided on
drugs to treat several medical illnesses is not intended to be redundant or to substitute the knowledge of
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other medical disciplines, but make the reader aware of the treatments offered to their patients who are
afflicted by medical ailments like the general population.
Finally, this manual provides useful and ready made information not only for pediatric cardiac surgery
residents in training but for all physician trainees and nurse practitioners involved in care of pediatric and
as well adult cardiac surgical patient. This manual is written in readable phrases and statements for easy
understanding, only emphasizing the management issues throughout the text where necessary.
Throughout the book, symbols and arrow heads are used to emphasize the statements made in the text.
The arrowhead ‘↑’ means increase, the arrowhead ‘↓’ means decrease, the arrowhead ‘→’ means leads
or promotes. Certain symbols such as ♣, ♥ are used against the statements or phrases in the text to
emphasize their importance and / or to exercise caution relating to the issues in the patient
management.
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The optimal postoperative care of the patient mandates adequate correction of cardiac lesion both by
physiological and anatomical standpoint. At the end of an operative procedure while the child is still in
the operating room one should ensure: 1) Rewarming to 36.5ºC, 2) Control of bleeding, 3) Adequate
ventilation, 4) Correction of acid-base and electrolyte balance, 5) Stabilization of cardiac function by
assuring a) Maintenance of an adequate intravascular volume, b) Adequate heart rate, and c) Adequate
myocardial contractility and hemodynamics.

1.1

Patient Transport

After completion of a cardiac surgical procedure the pediatric patient is transported to ICU with
following supports, indwelling catheters, and monitoring devices. The endotracheal tube should be
changed to naso-tracheal route in OR if oral route is used for an operative procedure. Ventilate with
1.0 FI02 through an ambu bag (Mapleson) (except in special cases such as Norwood stage I correction).
Exert sufficient pressure (with hand) on ambu bag to produce adequate expansion of the chest.
1) Invasive arterial pressure monitor, pulse oximetry, and ECG monitor.
2) Indwelling urinary catheter, connected to urometer with a reservoir bag.
3) Chest tubes, connected to continuous suction device with – 20 cm H2O suction.
4) All medication and inotropic ports are checked for continuous delivery of medications by pumps.
After an arrival to ICU the patient is connected to a ventilator and monitoring devices either
simultaneously or in sequence as below:
1) Connect to a ventilator and adjust the initial ventilator settings.
2) Arterial pressure monitor and calibrate, pulse oximeter probe.
3) Ensure continuous delivery of drugs through infusion pumps.
4) Chest tubes / a catheter in a chest tube to a continuous suction device.
5) Invasive pressure lines (CVP, LA, PA pressures).
6) Indwelling urinary catheter to an urometer.
7) Skin temperature and rectal temperature probes.
8) Nasogastric sump tube, connected to a low suction or gravity drainage.
The patient is covered with a warm blanket /or switch on the radiant heater (servo control).
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After transfer of the patient to ICU inform the multi-disciplinary team of physicians the following
patient characteristics prevailed in OR.
1) Anesthetic type, method of perfusion, surgical technique, and aortic clamping time,
2) Fluids: water and colloid balance and diuresis,
3) Invasive lines: venous and arterial catheter placement,
4) Pacemaker wire and mediastinal or thoracic drainage tube positioning,
5) Ventilatory settings and acid-base balance,
6) Heart rate, arrhythmias, and use of vasoactive medications,
7) Any abnormal bleeding or status of coagulation.

1.2

Patient Stabilization

The patient transported to ICU should be rapidly stabilized by mainaining adequate hemodynamic
function and diligent attention is simultaneously directed to maintain adequate tissue perfusion. The
essentials in the postoperative management should deligently address the following systems and issues.

1.2.1

Skin Temperature and Skin Perfusion

Keep infants at optimal temperatures, (97.7°F or 36.5°C), for energy conservation. Infants can lose
heat as much as four times more quickly than adults. Premature usually have little body fat and too
immature to regulate their own temperature. Newborns are not able to maintain their body temperature
if the environment is too cold. If babies are cold-stressed, energy and oxygen is utilized to generate
warmth. If skin temperatures drop just one degree from the ideal 97.7°F, O2 utilization ↑ 10 percent.
Skin perfusion frequently is used to assess adequacy of global blood flow. Clinical signs of poor
skin perfusion: cold, pale, clammy, and mottled skin. Circulatory failure (hypovolemia and low
cardiac output) results in redistribution of blood flow due to ↑ vasoconstriction which in turn
decreases the perfusion of the skin thus decreasing the skin temperature. Difference between the core
temperature and skin temperature may increase. The central-to-toe temperature difference increases
in global blood flow abnormalities.
One of the following two warming devices may be used to keep the patient warm in the
postoperative period.
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(I) Open Bed with Radiant Warmer
It is open to the room air and has a radiant warmer above. A temperature probe on the baby
connects to the warmer to regulate the amount of warming by servo-control. If the baby is cool, the
heat increases.
(II) Incubator/Isolette
Incubators are walled plastic boxes with a heating system to circulate warmth.

1.2.2

Renal, Fluid, Electrolyte, and Metabolic Monitoring

Patients are often fluid overloaded first 48 hours post CPB.
Estimation of adequate and effective fluid balance (extravascular volume) is often difficult.
(I) Daily Maintenance Fluids
To maintain effective circulating volume and fluid balance the daily maintenance fluids are
administered and are calculated as below:
Calculation:
• 4 mL/kg/hour first 10 kg body weight +
• 2 mL/kg/hour > 10 kg body weight (up to 20 kg) +
• 1 mL/kg/hr > 20 kg body weight
Alternate calculation:
It is used for > 20 kg weight child to determine the maintenance fluid volume:
40 mL + weight in kg
I.e., daily maintenance fluids in 30 kg child = 40 mL+30 = 70 mL/hr
The maintenance fluid orders:
For cardiopulmonary bypass (CPB) cases give only 2/3 maintenance fluids in the form of D5W, in
infants > 3 months and children. Give 2/3 maintenance fluids as D10W in neonates and infants
< 3 months.
May give 0.2NS (D5W ¼ NS) for sodium balance. Add NaCl to solution if necessary. Maintain
this fluids, first 48 hours post CPB or until patient preoperative weight is regained. Then switch to full
maintenance fluid regimen and electrolytes if necessary (see Chapter 2).
For Non-CPB cases and fluid depleted states require full maintenance fluids.
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(II) Replacement Solutions
The daily volume of the drainages such as blood or serous drainage (from chest tubes), aspirate
from nasogastric tube, vomitus, diarrhea, and daily urine flow are recorded, and total fluid output is
charted.
Replacement of output fluid ‘volume for volume’ is not necessary unless volume is depleted. The
signs of depleted voulume are decreased perfusion, tachycardia, hypotension, or low filing pressures.
Use fresh whole blood or packed cells with plasma for chest tube losses if HCT < 30%. Use colloid
infusion or plasma with clotting factors for chest tube losses if HCT > 30%.
(III) Maintenance Electrolytes
Sodium:
Give daily maintenance sodium in the form of 0.2 NS or add sodium chloride in the IV fluids. May
omit sodium first 24 to 48 hours for post CPB. Sodium is usually given postoperatively for Non-CPB
cases.
Potassium:
Do not add potassium in routine IV fluids for first 24 hours post CPB.
If K is required before 24 hours, to correct low serum K levels, give 0.2 mEq of K / kg IV infusion
over 1 hour.
If adequate urine output is established potoperatively with good renal function maintenance K is
added to IV fluids only after 24 hours postoperatively in CPB cases. The maintenance K is added to
IV fluids for non-CPB cases in the in immediate postoperative period.
Calcium:
It is usually not needed as a routine infusion or as a target dosage.
The Ca levels should be checked with blood gases until levels are stable, then every 4-6 hours.
Treat if hypocalcaemia or symptoms of tetany appear (see Chapter 16-C). Calcium is administered
routinely during blood product transfusion to prevent chelating effects of citrate and hypocalcaemia.
1 mg of calcium is given for every 1 mL of blood product administered.
(IV) Evaluation of Urine Output, Renal Function and Electrolytes
1) Monitor fluid balance hourly for several hours:

6

Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Monitoring of blood loss, urine output, nasogastric suction, and insensible water loss enables
balancing of intravascular volume, extracellular fluid (ECF) and maintenance of adequate renal
perfusion.
2) Urine output of 2 mL/kg/hour is advised in the immediate postoperative period:
Osmotic diuresis is expected due to hyperglycemia and / or manitol of priming solution. It
enables excessive extracellular fluid elimination post CPB.
3) Urine output of 1 mL/kg/hour or 15 mL/m2 is desired during later postop period:
It reflects adequate volume of ECF, cardiac output, renal perfusion, and renal function.
4) Urine output < 0.5 mL/kg to 1 mL/kg during later postoperative period:
Reflects decreased ECF and cardiac output in presence of good renal function. If cardiac output
is adequate with normovolemia, it reflects renal dysfunction. Adequate cardiac output →
adequate skin perfusion and capillary refill.
5) Indications for diuretic therapy and diuretics:
Useed in presence of ↓ urine output with ↑ preload.
Look for the following signs: Pulmonary edema on chest x Ray and ↑ respiratory requirements.
May use nitroglycerine and prostaglandin E1 if ↑ preload is due to suspected myocardial
dysfunction.
Furosemide: 0.5 mg/kg dose and repeat prn.
If above is ineffective, use 1-2 mg/kg / doses or as a continuou infusion.
Ethacrynic acid: Useful for patients on chronic diuretic therapy. 1 mg/kg / dose.
Mannitol: Promotes diuresis if intravascular volume ↓, but extravascular fluid volume ↑. May be
used in conjunction with diuretic.
Avoid it in renal failure to avoid osmotic load, particularly in neonates.
6) Evaluate for renal dysfunction, acute renal failure, and need for dialysis if preload is increased
without response to diuretics (see Chapter 6).
7) Monitor glucose, potassium, and calcium homeostasis:
Every 4 hours, check above and manage frequent alterations.
Alterations may cause seizures, myocardial depression, and acid-base disturbance.
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1.2.3 Postoperative Cardiovascular Function
(I) Routine Precautions
The following routine precautions should be taken while the patient is still in an operating suite:
1) Rewarming to 36.5ºC and control of bleeding,
2) Adequate ventilation and oxygenation,
3) Correction of acid-base and electrolyte balance,
4) Stabilize cardiac function by maintaining adequate intravascular volume, adequate heart rate,
and adequate myocardial contractility.
(II) Maintenance of Adequate Cardiac Output (CO)
The clinical indices of ↓ CO:
↓ Blood pressure, ↓ skin perfusion, ↓ urine output.
Direct therapy to manipulate the following determinants of cardiac output:
1) Preload,
2) Contractility,
3) Afterload, and
4) Heart rate (see also Chapter 4).
(A) Decreased Preload
1) Inadequate intravascular volume:
• Due to ongoing losses of blood drainage and osmotic diuresis.
2) Vasodilatation (i.e. due to warmer).
• Signs:
↓ Right atrial pressure (RAP).
↓ Left atrial pressures (LAP), (optimal mean LAP 5-12 mm Hg).
Treatment:
Replenish intravascular volume and maintain Hct 30-35%.
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Volume options: 5% albumin, packed red blood cells (PRBC), fresh whole blood, fresh frozen
plasma (FFP), or FFP + PRBC. If there is no active bleeding and / or no coagulopathy give colloid as
5% albumin.
Crystalloids are not usually given in the immediate postoperative period.
Rate of infusion: Boluses of 5-10 mL/kg over few minutes.
(B) Increased Preload
Signs of volume overload with normal or ↓ CO (cardiac output), ↑ LAP (left atrial pressure), and ↑
RAP (right atrial pressure).
Treatment:
Treat with NTG (nitroglycerine) and diuretics.
(C) Myocardial Contractility (MC)
If CO is low despite adequate preload, address inotropic state of myocardium.
1) Principles:
• Use rapid acting and easily metabolized inotropes to improve MC.
• Do not use digoxin in early postop period due to varying K levels.
2) Choice of Inotropes:
• Dopamine:
• Improves MC, blood pressure (BP), and renal blood flow.
• Starting dose: 3 ug/kg/minute and ↑ to a desired effect.
• If a dose of 10 ug/kg/minute is inadequate, add an additional drug (i.e. doubutamine).
• Doubutamine:
• Improves MC and may ↓ BP.
• Starting dose: 3 ug/kg/minute and ↑ to a desired effect or/and until it causes tachycardia, or
↓ BP.
• Other inotropes:
• Isoproterenol: Used if heart rate is low.
• Epinephrine: Used in neonates with myocardial dysfunction.
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• Milrinone: Useful in small infants and neonates.
3) Ideal choice of inotrope:
• Use additional inotrope rather than replacing the drug and
• Use the lowest dose to produce desired effect.
• It is conventional to start inotropes either simultaneously or after addressing heart rate,
preload, and after load for ↓ CO.
• Inotropic effects are measured by indirect means or by ECHO.
4) Indications for mechanical support:
• If perfusion (CO) is low despite addressing determinants of CO with inotropes, proceed to the
following options:
• IABP, ECMO, left ventricle assist devices (see Chapter 11).
(D) After Load
Indicates systemic or left ventricular afterload.
Estimate SVR indirectly by adequacy of perfusion and systemic BP.
Decreased perfusion (↓ CO), ↓ toe temperature (< 32ºC), normal or ↑ BP, and elevated SVR
(systemic vascular resistance).
To improve CO, preload and afterload reducing agents are often used along with inotropes.
Afterload reducing agents are used alone if systemic hypertension is present.
Agents to decrease afterload (SVR):
1) Nitroprusside:
• Decreases systemic and pulmonary vascular resistances.
• Starting dose: 0.5 ug/kg/minute and increase to desired effect or untoward effect.
• Measure cyanide and thiocynate levels (if used > 12 hours, or after 3 h if > 5 ug/kg/minute).
2) Nitroglycerin:
• Use if nitroprusside is discontinued.
• Starting dose: 10 ug/kg/minute for systemic vasodilating effect.
3) Hydralazine:
• Use as a substitute for nitroprusside as a continuous infusion.
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Measures to reduce Right ventricular after load and PVR:
See the respiratory management below.
(E) Heart Rate
Normal rates vary with age.
Tachycardias:
1) Sinus tachycardia:
• Neonates and young infants: 180/minute.
• Older infants: 160/minute.
• Young children: 130-140/minute.
2) Identify and treat the inciting causes of sinus tachycardia as mentioned below:
• Hyperthermia, hypoxia, hypovolemia.
• Electrolyte and metabolic abnormalities.
• Low cardiac output, anxiety and pain.
• Use of inotropes.
Persistent sinus tachycardia in neonates and young infants is commonly due to low cardiac output.
Supraventricular tachycardia (SVT):
1) Common arrhythmia in the postoperative period.
2) Rates are usually above limits for sinus tachycardia.
3) Identify any inciting causes.
• Atrial electrogram: Makes a confirmatory diagnosis of SVT.
• Pharmacological diagnosis of SVT: SVT responds to IV adenosine and is safe to use it.
Dose: 0.1 mg/kg. IV. Maximum 1st dose 6 mg. Repeat the dose / double the dose if needed,
Maximum 2nd dose 12 mg.
• Overdrive pacing: May use if hemodynamics are stable to overdrive the abnormal rate.
• Cardioversion: Use if hemodynamic status is compromised by SVT. Dose: 0.5 to 1 Joules/kg
and may increase to 2 Joules/kg.
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Bradycardias:
Normal lower rates vary with age.
Sinus bradycardia:
1) Identify and treat inciting causes as mentioned below:
• Prevention: Avoid damage to SA node or AV node or surgical manipulation in the area.
• Hypoxia, electrolyte imbalance, and low cardiac output.
2) Drug treatment of sinus bradycardia:
• Isoproterenol: 0.01 ug/kg/minute infusion.
• Atropine: It is contraindicated in neonates and infants.
Pacing in sinus bradycardia:
1) Atrial or AV sequential pacing:
• Sinus rhythm improves CO by 20% compared to V-pacing.
• In non compliant heart: Sinus rhythm improves CO by 50%.
2) Ideal pacing rates:
• Neonates and young infants: 140-160/minute.
• Older infants and young children: 120-140/minute.
• Older children: 100-120/minute.

1.2.4 Respiratory Management
Patients often require mechanical ventilatory support in the postoperative period.
Duration of support differs with or without reactive pulmonary vascular disease.
(I) Respiratory Management Without Pulmonary Vascular Disease
May be extubated in 4-6 hours postoperatively.
Preparation for extubation:
• Decrease FIO2 gradually to 0.4
PIP to 20 cm H2O.
PEEP to 3 cm H2O.
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• Ventilator rate set to 5 breaths/minute.
• Some may need CPAP (continuous positive airway pressure) trial before extubation.
Observe the following prior to extubation:
• Signs of respiratory distress.
• Patient respiratory excursions.
• Arterial blood gases.
Ideal blood gas for successful extubation:
• SaO2 98-100%, PaCO2 35-40 mm Hg, and a normal pH.
Steps Prior to Extubation:
Suction the airway and hand ventilate with oxygen (appropriate FiO2 for the patient). Extubate
during inspiratory effort.
Give humidified oxygen via tent or mask. FiO2 is 0.1 higher than FiO2 on ventilator.
Watch for strider / bronchospasm and treat with appropriate inhalation therapy. Have ET insertion
set available at the bedside (see Chapter 5).
Contraindications for Early Extubation:
Low cardiac output state, pulmonary hypertension and reactive pulmonary vascular disease, major
central nervous system derangement, excessive bleeding requiring re-exploration, pulmonary edema
(diuretics and higher PEEP should be tried a few hours before extubation trial), and paralyzed
diaphragm (detected by ultrasound).
(II) Respiratory Management with Reactive Pulmonary Vascular Disease and Pulmonary
Hypertension and Measures to Reduce Right Ventricular Afterload
Patients often require prolonged ventilatory support and special care.
Patients usually have postoperative pulmonary hypertension crises in the following:
Patients with complete AV canal, truncus arteriousus, obstructed TAPVC, multiple VSD's, and
patients with late PA bands or inadequate PA bands.
May Insert PA line in OR for monitoring and infusion of drugs (see below).
Use paralyzing agents (vecuronium) and sedation (fentanyl) in postoperative period.
Support with mechanical ventilation for a minimum of 24 hours.
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After stabilization and improvement withdraw paralyzing agent first.
Patient should not be manipulated or disturbed unless absolutely necessary.
Avoid loud noises to prevent pulmonary hypertensive crises.
Ventlatory Goals:
Keep systemic arterial oxygen tension (PaO2 100 mm Hg) blood fully saturated with O2.
Keep systemic arterial carbon dioxide tension (PaCO2) 25-30 mm Hg. Keep arterial blood pH from
7.5 to 7.55. Require frequent hand ventilation with 1.0 FiO2. Suction the airway frequently to prevent
pooling of secretions and atelectasis.
Drug Management of reactive pulmonary vasculature:
There is no ideal pulmonary vasodilator but may use the following:
1) Nitroglycerine:
• Dosage is not established in infants and children to cause only pulmonary vasodilatation.
Dosage should be adjusted to not to affect systemic afterload.
• 0.5-2.0 ug/kg/min continuous infusion may be used.
2) Isoproterenol:
• Low dose may affect only pulmonary vasculature.
• Starting dose: 0.01 ug/kg/min and increase to a desired effect.
3) Prostaglandin E1:
• Potent pulmonary vasodilator but may cause systemic vasodilatation.
• Frequent untoward effects as mentioned below (see Chapter 16-H).
• Fever, increased capillary permeability, anasarca, and intermittent pulmonary edema.
4) Tolazoline:
Very often causes systemic vasodilatation (see Chapter 16-F).
5) Inhaled Nitric Oxide (NO):
Endogenous NO released from endothelial cells causes relaxation of vasculature smooth muscle.
Pulmonary vascular tone in infants and children is regulated by endogenous NO. Inhaled NO is a
potent pulmonary vasodilator and doesn’t affect systemic vascular resistance. Administration of NO
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10 to 30 ppm after pediatric cardiac operations results in ↑ transpulmonary gradient and ↑ SaO2
(systemic arterialoxygen saturation).

1.2.5 Bleeding and Blood Coagulation
(I) Assess Postoperative Bleeding
Monitor mediastinal and pleural blood drainage (hourly chest tube output).
Determine the severity of blood loss by:
• Comparing hourly chest tube output to estimated blood volume.
• Calculating the total amount of blood drawn for investigations in small infants and neonates.
Repeat Chest X-Ray to identify mediastinal or pleural collections in a moderate blood loss.
(II) Blood Volume Restoration
Replace blood volume for volume:
• If loss is of 5-10 mL/kg/hour or
• Blood loss is associated with hemodynamic compromise.
• Fall in hematocrit > 3%.
(III) Identify the Cause of Postoperative Bleeding
Due to 1) Surgical causes 2) Coagulopathy:
Coagulation Studies:
• Perform routinely on arrival to ICU and repeat 12 hours later.
• Repeat studies early if bleeding is excessive (> 2 mL/kg/hr for successive 4-6 hours).
• Coagulation Tests:
Activated clotting time (ACT), prothrombin time (PT), partial thromboplastin time (PTT),
platelet count, and fibrin split products (FSP).
• Coagulopathy: It is usually due to following causes:
Hypothermia, inadequate reversal of heparin, deficient clotting factors, thrombocytopenia or
qualitative platelet defects, excessive protamine administration, and fibrinolysis.
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Diagnosis of Coagulopathy:
1) Blood loss is usually in range of > 2 mL/kg/hour for few hours.
2) Patients with cyanotic heart disease and polycythemia:
• Coagulation abnormalities are common in older infants and children.
• May prevent or decrease coagulation abnormality by preoperative exchange transfusion.
• Try to reduce the Hct to 60-65% from preoperative Hct of > 75%.
3) Perform coagulation tests and other tests necessary (see Chapter 3).
Surgical Bleeding:
Bleeding > 5 mL/kg/hour for successive 2-3 hours.
Blood loss of > 10 mL/kg in any hour (exclude drainage from blood collections).
Hemodynamic compromise with above (rapid blood loss).
(IV) Management of Postoperative Bleeding
Administer the following Components:
Protamine, platelets, fresh frozen plasma, cryoprecipitate, and e-aminocaproic acid as mandated by
coagulation tests and clinical suspicion after routine CPB.
Normothermia:
It considerably reduces blood loss, especially in infants and neonates. So institute measures to
maintain normothermia.
Re-exploration is (warranted):
1) If blood loss is consistent with definite surgical etiology.
2) Coagulation deficiencies are corrected and blood loss continues in moderate amounts.
3) Suspected cardiac tamponade:
The classic signs of tamponade are clinically delayed or absent. The signs are:
1) Equalized right and left atrial filling pressures.
2) Widened mediastinum.
3) Hypotension and tachycardia.
4) Pulsus paradoxicus.
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Other signs of probable tamponade in the presence of bleeding:
1) Restlessness,
2) Mild metabolic acidosis,
3) Oliguria,
4) Decreased peripheral perfusion.
Excessive chest tube output of blood suddenly stops with clotted tubes:
1) In the presence of above with stable hemodynamics,
2) In the presence of above with unstable hemodynamics – warrant exploration in ICU.

1.2.6 Neurological Function
It is difficult to evaluate until the effects of anesthetic agents are completely abolished.
After recovery from anesthesia most patients are maintained on IV analgesics and sedation. The
complete neurological evaluation is possible only after an infant is fully awake.
(I) Evaluation
Glasgow coma scale, reaction and size of pupils, and abnormal motor activity or seizures
(see Chapter 7).
(II) Correction of Predisposing or Inciting Factors
Try to correct several predisposing or inciting factors to prevent post-operative neurological
dysfunction such as persistent right to left intra-cardiac shunts, several intra-operative factors like
hypoxemia, hypothermia, electrolyte imbalance, metabolic acidosis, and hypoglycemia.

1.2.7 Gastrointestinal Function
Keep NPO first 24-48 hours post CPB. Evaluate NG aspirate volume / quality while NPO and on
ventilator support. Anti-gastric secretory drugs usually are not needed (see Chapter 16-G). Assess for
bowel sounds after routine extubation and resume oral liquids if not in respiratory distress. Advance
to full feedings as tolerated.
If ventilatory support is required > 24-48 hours post-surgery:
1) Consider hyper alimentation / tube feeding (see Chapter 8).
2) Perform periodic assessment of gastrointestinal function by noting:
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Vomiting, diarrhea, abdominal size, girth, abdominal wall discoloration, abdominal wall
tenderness and nature of bowel sounds. Look for signs of necrotizing enterocolitis, especially in
neonates and premature infants (see Chapter 12).
3) If the stay in intensive care is prolonged due to critical illness and / or organ dysfunction,
consider management of endocrine and metabolic functions (see Chapter 9), in addition to
prolonged cardio-respiratory, fluid and electrolyte, renal, and nutritional support.

1.2.8 Wound Management
Most of the sternal wounds heal with primary intention in uncomplicated cases. Skin (in clean
wounds) is often closed with an absorbable sub-cuticular suture.
Wound is reinforced with steri-strips and painted with povidone iodine solution.
Apply sterile dry dressings over the wound for 1st 24 hours, and leave the wound open afterwards.
Inspect the wound regularly for unusual drainage, infection, or sternal instability (see Chapter 10).
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A. Guidelines for Fluid and Electrolyte Therapy
2.1 Maintenance Fluids
These fluids are given during first 24 hour postoperative period.
To calculate the daily fluid requirements use the following methods:
Body Weight Method:
< 10 kg

100 mL/kg/day or approximately 4 mL/kg/hour.

11-20 kg 1000 mL + 50 mL/kg (for each Kg > 10 kg) / day or approximately (2 mL/kg/hour).
> 20 kg

1500 mL + 20 mL/Kg (for each Kg > 20 kg)/day or approximately (1 mL/kg/hour).

E.g. 25 kg child's daily fluid requirement:
First 10 kg body weight:
100 mL × 10 = 1000 mL/day or
(4 mL ×10 kg/hour) = 40 mL/hour
Plus (+)
Second 10 kg body weight:
50 mL × 10 = 500 mL/day or
(2 mL × 10 kg/hour) = 20 mL/hour
Plus (+)
Next 5 kg:
20 mL × 5 = 100 mL/day or
(1 mL × 5 kg/hour)= 5 mL/hour
Total daily fluids:
1600 mL or a fluid rate of 65 mL/hour.
Alternate Calculation for hourly fluid intake for > 20 kg child:
40 mL + body weight in Kg
Eg: 25 kg child's hourly fluid intake: = 40+25 mL
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Body Surface Area Method:
Commonly used in children > 10 kg
1500-2000 mL/m²/day.
Maintenance electrolytes in fluids:
Sodium: 3 mEq/100 mL of water
Potassium: 2 mEq/100 mL of water
Chloride: 2 mEq/100 mL of water

2.1.1 Maintenance Fluid Orders for Post Cardiac Surgery Pediatric Patients
These orders are used in first 24 to 48 hours.
For Cardiopulmonary Bypass (CPB) cases:
• < 3 months: Give D10W 2/3 of daily maintenance
• 3 months: Give D5W 2/3 of daily maintenance
If blood glucose > 200 mg% in > 3 months infant:
Give D2.5W ½ NS (0.45% NaCl)
For Non- Cardiopulmonary Bypass (CPB) cases:
• < 3 months: Give D10W ¼ NS (0.2% NaCl) daily maintenance fluid.
• > 3 months: Give D5W ¼ NS (0.2% NaCl) daily maintenance fluid.
If Blood Glucose > 200 mg% in > 3 months infant:
Give D2.5W ½ NS (0.45% NaCl)

2.1.2 Additional Fluid Orders for Post Cardiac Surgery Pediatric Patients
These fluid orders are used duing the immediate postoperative period in addition to maintenance
fluids and are gauzed in an individual patient by assessing the following:
1) Hemodynamic status.
2) Adequacy of circulating volume / perfusion.
3) Ongoing fluid losses (e.g., bloody chest tube drainage).
Infusion rate in severe hypovolemia and / or 15 to 20% fluid volume loss:
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• Give 20 mL/kg crystalloid solution as rapid infusion (e.g., 15-30 minutes).
(Use either of ringers lactate, 0.9% NS or 0.45% saline).
• Give two aliquots of above solution to achieve adequate perfusion and homodynamic stability.
• If adequate perfusion is not achieved infuse:
Plasma, or 5% albumin, or whole blood at a rate of 10 mL/kg in15 minutes to 20 minutes. Blood is
preferred for continued blood loss or if blood volume is low. Ideal hematocrit during post
operative period is 30% to 35%. Infuse the red cells at the rate of 15 to 20 mL/kg over 3 to 4 hours.

2.1.3 Adjustments to Maintenance Fluids
The following maintenance fluid orders may be required after 24 to 48 hours postoperatively. Need
of these orders is individualized by the following:
Renal Failure: Maintenance fluids equals to insensible loss (300 mL/m²) + Urine volume
replacement (mL per mL).
Excessive sweating: Increase maintenance by 10-25 mL/100 kcal of basal energy expenditure
(BEE).
Hyperventilation: Increase maintenance fluid by 10-60 mL/100 Kcal of BEE.
Fever: Increase maintenance fluid by 5 mL/kg/day for each degree of temperature raise above
38°C.

2.2 Specific Fluid and Electrolyte Orders
Beyond 24 to 48 hours postoperatively, if the patient is not on oral intake, in addition to
maintenance fluids and electrolytes, the patient requires additional fluid and electrolytes to replace
any existing water deficit and ongoing losses.
One should replace ongoing losses mL / per / mL. The composition of the electrolytes depends on
the type of losses incurred. In a prolonged convalescence or post illness, the patient might develop
certain degree of water deficit or water deficits may also be coexistent before a planned operative
procedure (see Figure 1).
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Figure 1 Fluid and electrolyte therapy wheel in a preoperatively depleted patient and in a postoperative patient with a
complicated postoperative course or a prolonged intensive care unit stay: After initial 24 hour replacement of depleted
fluid and electrolytes, subsequent fluid and electrolyte therapy is guided by three gauzes (A, B and C). M.FL=
Maintenance fluid, Def Fl= Deficit fluid, S. Osm= Serum osmalarity, U. Osm= Urine osmalarity,
S. Elt= Serum electrolytes, Fl= fluid, Elt=Electrolytes, Bun =Blood urea nitrogen.

2.2.1 Ongoing Losses
The composition of the fluid losses (see Table 2.1A) may be analyzed in individual cases or
generalization may be applied for the most patients.
Table 2.1A Electrolyte composition of gastrointestinal losses.
(mEq / litre)
Sodium

Potassium

Chloride

Bicarbonate

Gastric:

20-120

5-25

90-160

0-5

Duodenal:

20-140

3-30

30-120

10-50

Biliary tract:

120-160

3-12

70-130

30-50

Pancreas:

110-160

4-15

30-80

70-100

Small intestine:

100-140

4-40

60-100

30-100

Diarrhea:

10-25

10-30

30-120

10-50
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2.2.2 Water Deficit Therapy
Deficits in free water are estimated by recognizing the degree of dehydration first. Then the deficit
in free water is calculated depending on the extent of dehydration. The severity of dehydration is
calculated by either patient body weight method or by clinical assessment of the patient as follows:
Body weight method:
Dehydration (%) =

Preillness weight −Postillness weight
Preillness weight

× 100

Clinical Assessment Method:
Differentiate types of dehydration due to water deficit by clinical examination into mild, moderate,
and severe. This quantifies the degree of dehydration as shown (see Table 2.1B). The next step is to
qualify dehydration by determining the tonicity of the body fluids, which is usually done checking the
serum sodium concentration as shown below:
• Isotonic dehydration: Serum Na+: 130-150 mEq/L
• Hypotonic dehydration: Serum Na+: < 130 mEq/L
• Hypertonic dehydration: Serum Na+: > 150 mEq/L
Table 2.1B Quantification of dehydration by clinical examination.
Mild Dehydration

Moderate Dehydration

Severe Dehydration

Normal BP

Normal BP

↓ BP

------

--------

Obtundation

Urine output ↓ Concentrated urine

Oliguria

Azotemia

Pale skin

Grey skin

Mottled skin

---------

Decreased skin turgor

Poor capillary refill

Dry

Very dry

Parched

Normal heart rate / or 10% above baseline

↑ heart rate

↑ heart rate

Flat fontanelle (< 7 months age)

Soft fontanelle

Sunken fontanelle

Mucous membranes:

Estimation of Free Water Loss in Types of Dehydration:
Quantity of water deficit is related to i) serum osmalarity or sodium concentration and ii)
classification of dehydration based on clinical assessment as shown in table 2.2.

Chapter 2 Fluid, Electrolytes, and Acid-Base Balance

25

Table 2.2 Percentage of free water deficit in types of dehydration.
Serum Na

Mild Dehydration

Moderate Dehydration

Severe Dehydration

Isotonic

5% loss

10% loss

15% loss

Hypotonic

4% loss

6% loss

8% loss

Hypertonic

7% loss

12% loss

17% loss

Calculation of Free Water Deficit:
Use table 2.2 to calculate the water deficit.
Water deficit =

% water loss ×patient weight in Kg ×1000 g/Kg
100

Illustration: Water deficit in10 kg infant with moderate isotonic dehydration =
10×10×1000/100 = 1000 mL
Illustration: Water deficit in 14 kg infant with severe hypertonic dehydration =
17×14×1000/100 =2380 mL
In dehydration, in addition to free water deficit the electrolyte deficis coexist, especially, during
prolonged illness or prolonged convalescence, and in practice both water and electrolyte deficits
should be corrected simultaneously. The empirical estimate of water and electrolyte deficits in
moderate to severe dehydration is shown in table 2.3A.
Table 2.3A Water and electrolyte deficits in moderate/severe dehydration.
Tonicity

Water (mL/kg)

Na+ (mEq/kg)

K+ (mEq/kg)

𝐂𝐥− and 𝐇𝐂𝐎𝟑 − (mEq/kg)

Isotonic

100-150

8-10

8-10

16-20

Hypertonic

120-180

2-5

2-5

4-10

Hypotonic

50-100

10-14

10-14

20-28

2.2.3 Daily Maintenance Electrolytes
These daily electrolytes are replaced if the patient is not on oral intake beyond 24 to 48 hours
potoperatively or during prolonged illness.
Sodium: 3-4 mEq/kg/day or 30-50 mEq/m2/day.
Potassium: 2-3 mEq/kg/day or 20-40 mEq/m2/day.
Magnesium: (elemental magnesium)
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6 months: 30 mg/day

6-12 months: 75 mg/day

1-3 years: 65 mg/day

4-8 years: 110 mg/day.

9-13 years: 200 mg/day

14-18 years (male): 340 mg/day
(female): 300 mg/day

Adult (male): 330 mg/day

Adult (female): 255 mg/day

Elemental content of magnesium Salts:
Magnesium carbonate: 1 gm of salt= 280 mg or 23.4 mEq.
Magnesium chloride: 1 gm of salt= 118 mg or 9.8 mEq.
Magnesium sulphate: 1 gm of salt = 98.6 mg or 8.2 mEq.
Magnesium oxide: 1 gm of salt= 604 mg or 100 mEq.
50 mg of elemental magnesium= 4 mEq of Mg2+
Calcium: (elemental calcium)
< 6 months: 210 mg/day

6-12 months: 270 mg/day

1-3 years: 500 mg/day

4-8 years: 800 mg/day

9-18 years:

1300 mg/day.

Adult: 1000 mg/dayAdult (> 50 yrs):

1200 mg/day

Elemental calcium content of calcium salts:
Calcium carbonate: 1 gm of salt = 400 mg or 20 mEq
Calcium chloride: 1 gm of salt = 270 mg or 13.5 mEq
Calcium gluconate: 1 gm of salt = 90 mg or 4.5 mEq
Calcium phosphate: 1 gm of salt = 390 mg or 19.3 mEq
Calcium lactate: 1 gm of sal t= 130 mg or 6.5 mEq
20 mg of elemental calcium= 1 mEq of Ca2+.

2.2.4 Fluid and Electrolyte Orders in Practice
In patients with prolonged ICU satay or during prolonged convalescence without oral intake, the
clinical and laboratory evaluation suggests the existing water and electrolyte deficits. For fluid orders
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in such patients, one may use table 2.3A to calculate empirical water and electrolytes requirements to
correct the deficits in addition to administering daily maintenance fluid and electrolytes. In addition,
any ongoing losses should be replacd (see Table 2.1A). The general rule is to try to do an under
correction rather than over correcting the deficits. The adequacy of correction is monitored by urine
output, clinical, and laboratory evaluation of the patient.
Illustration:
Calculation of total fluid requirement for 12 kg infant with moderate isotonic dehydration
(see Table 2.3B):
Table 2.3B

Calculation of 24 hour total fluid and electrolytes requirement for 12 kg infant
with moderate isotonic dehydration.
Water

Sodium

Potassium

1000 mL + 100 mL

48 mEq

24 mEq

(First 10 kg + next 2 kg)

(4 mEq/kg/day)

(2 mEq/kg/day)

Deficit:

1200 mL

96 mEq

96 mEq

Total / 24 hours

2300 mL

144 mEq

120 mEq

Maintenance:

Replace 1/3 maintenance water and 1/2 deficit water in first 8 hours = (365 mL) + (600 mL) =
965 mL/8 hours or 120 mL/hr.
Replace 1/2 of Na+ and 1/2 K+ in first 8 hours: Na+= 72 mEq, K+= 60 mEq.
The maximum potassium used in IV fluids should not exceed 40 mEq/litre.
Potassium is not started until urine output is established.
The fluid order: D5W/0.45 NS to run 120 mL/hr for 8 hours. Add Kcl 40 mEq/litre after urine out
put is established.
Replace 2/3 maintenance water and 1/2 defict water in next 16 hours i.e., (735 mL) + (600 mL) =
1335 mL/16 hours or 83 mL/hour.
Replace the remainder of Na+ and K+.
The fluid order: D5W 1/3 NS to run 83 mL/hr. Add Kcl 40 mEq/litre.
Any on going losses are also added to the fluids.

28

Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

B. Diagnosis of Common Electrolyte Disorders and Management
Though the common electrolyte abnormality found in the postoperative pediatric cardiac surgical
patient includes hypokalemia, hypocalcaemia, and less frequently hyponatremia, abnormalities in
other electrolyte disorders may been countered either due to prolonged intensive unit stay or as a
result of complicated postoperative course and/or underlying organ dysfunction. Recognition of these
disorders and optimal management improves patient outcome and shortens intensive care unit stay.

2.3 Sodium Abnormalities
2.3.1 Hyponatremia
(I) Definition
Serum sodium of < 135 mEq/litre.
To further classify hyponatremia and to do adequate correction, estimate:
1) Serum osmolarity.
2) Assess patient by clinical examination.
(II) Classification of Hyponatremia
It is based on serum osmolarity and is differentiated into three tonicities:
Isotonic hyponatremia:
1) Serum osmolarity is 280-285 mOsm/kg H2O.
2) Causes:
• Hyperlipidemia and hyperprotinemia.
• Infusions of isotonic solutions of mannitol or glucose.
Hypertonic hyponatremia:
Serum osmalarity is > 280-285 mOsm/kg H2 O.
Causes: Hyperglycemia or infusions of hypertonic solutions of mannitol or glucose.
Serum Na+ falls 1.6 mEq/L for every 100 mg/dL increase in glucose or mannitol.
Hypotonic hyponatremia:
Serum osmalarity is < 280 mOsm/kg H2O.
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1) Evaluate the volume status (extracellular fluid volume) of the patient both by clinical and / or
hemodynamic assessment and differentate into the following:
• Euvolemic hypotonic hyponatremia
• Hypervolemic hypotonic hyponatremia
• Hypovolemic hypotonic hyponatremia
2) Do the following laboratory evaluation for differentiation and diagnosis of the above
hypotonicity:
• Serum electrolytes, blood urea nitrogen, and serum creatinine, serum uric acid.
• Urine sodium, urine osmolarity and classify hyponatremia as below:
Euvolemic hypotonic hyponatremia:
Clinical examination:
Normal BP, normal perfusion, and normal pulse, no signs of edema.
Table 2.4

Laboratory evaluation of euvolemic hypotonic hyponatremia.
+

BUN

Serum Cr

* Uric acid

Urine osmalarity Urine Na

Probable cause

↑↑

↑↑

↓

iso-osmolar,

↑

Renal failure

↓

↓

↓

↓↑

↓

H2O intoxication

↑

↑

↓↓

↑

↑

SIADH

BUN = blood urea nitrogen, Cr = creatinine, SIADH = serum inappropriate antidiuretic hormone secretion. H2O = water,
* serum.

Hypervolemic hypotonic hyponatremia:
Clinical examination:
Nomal or altered BP, normal or altered perfusion, altered pulse, and signs of tissue edema.
Table 2.5 Laboratory evaluation of hypervolemic hypotonic hyponatremia.
BUN

Serum Cr

*Uric acid

Urine osmolarity

Urine Na+

Probable cause

↑↑

↑

↑

↑

↓

CHF

↑↑

↑

↑

↑

↓

Liver disease

↑↑

↑

↑

↑ / iso

↑

Nephrotic syndrome

BUN = blood urea nitrogen, Cr = creatinine, CHF = congestive heart failure,* serum.
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Hypovolemic hypotonic hyponatremia:
Clinical examination:
Low BP, decreased skin perfusion, tachycardia, and no signs of tissue edema:
Table 2.6 Laboratory evaluation of hypovolemic hypotonic hyponatremia.
BUN

*Cr

* uric acid

U.osmolarity Urine Na+

Probable cause

↑↑

↑

↑

↑↑

↓↓

3rd spacing, GI, insensibleloss

↑↑

↑

↓

↓

↑

Adrenal insuffiency

↑↑

↑↑

↓

↑ / iso

↑

Renal losses (diuretics/renal damage)

BUN = blood urea nitrogen, *Cr = serum creatinine, * serum, U = urine.

(III) Clinical Symptoms of Hyponatremia
Lethargy, nausea, vomiting, seizures, and coma.
The above symptoms occur usually if serum Na+ < 120-125 mEq/L.
The severity of symptoms correlate with rate of fall in serum Na+.
(IV) Treatment of Hyponatremia
A. Correction of underlying cause:
1) Isotonic/hypertonic hyponatremia:
Correct underlying mteabolic disorder, and may require insulin for hyperglycemia.
2) Hypotonic hyponatremia:
Differentiate into i) euvolemic, ii) hypervolemic, iii) hypovolemic, and treat.
3) Euvolemic hypotonic hyponatremia:
Water restriction (give fluids to replace insensible losses and urine output).
Give additional Rx if cause of hyponatremia is SIADH (see Chapter 9).
4) Hypervolemic hypotonic hyponatremia:
Water restriction and diuretics.
5) Hypovolemic hypotonic hyponatremia:
Isotonic saline infusion to restore extracellular fluid volume.
B. Alleviation of symptoms of hyponatremia:
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Requires aggressive correction initially, with hypertonic saline to rise serum Na+ to 120-125 mEq/L.
Correct Na+ deficit no faster than 2 mEq/L/hour or 20 mEq/L/24 hours (More rapid correction of Na+
causes pontine myelinosis and premanent brain injury). After resolution of symptoms and / or serum
Na+ rises to 125 mEq/L, stop the infusion of hypertonic saline and correct underlying cause of
disorder as mentioned above.
Estimate of serum sodium correction:
1) Severe and symptomatic hyponatremia:
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑚E𝑞 𝑜𝑓 𝑁𝑎+ = 𝐷𝑒𝑠𝑖𝑟𝑒d serum 𝑁𝑎 +( 𝑚E𝑞) – 𝐴𝑐𝑡𝑢𝑎l serum 𝑁𝑎+ (𝑚E𝑞)
× 0.6 × 𝑊𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝐾𝑔
Give only 1 mEq/kg/hour (Maximum rate of infusion).
Do not correct serum Na+ > 20 mEq/L/day.
Acute correction of serum sodium is done in 5 mEq/L / dose increments until serum NA+ of
125 mEq/L is reached. Hypertonic saline solution (> 0.9%) is used only at initial stages.
Rate of 3% NS (hypertonic saline) administration:
To raise serum Na+ at 2 mEq/L/hour=

(2mEq /L) × 0.6 × BW (in Kg ) × 1000
513 mEq /L

In 10 kg infant rate of 3% saline infusion to raise serum Na+ 2 mEq/hr = 23 mL/hr
2) Asymptomatic and moderate to mild hyponatremia:
Gradual correction in increments of 10 mEq/L/day.

2.3.2 Hypernatremia
(I) Definition
The serum Na+ > 144 mEq/L is hypernatremia. It is always associated with hypertonicity or
increased serum osmolarity. The empirical estimate of serum osmolarity is calculated as below:
(2 × serum Na+ serum BUN mg/dL / 2.8 + serum glucose mg/dL/18)
= mOsm/litre (milli osmoles / litre)
(II) Clinical Assessment
The extracellular fluid volume of the patient should be assessed clinically, aided by laboratory
evaluation, and hypernatremia is differentiated into the following classification:
• Euvolemic hypernatremia.

32

Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

• Hypovolemic hypernatremia.
• Hpervolemic hypernatremia.
(III) Laboratory Confirmation
The following laboratory tests are usually performed to confirm the type of above hypertonicity.
Tests: serum electrolytes, BUN, serum creatinine, urine Na+, and urine osmolarity.
Euvolemic hypernatremia:
The loss of free water without Na loss leads to this disorder.
Table 2.7

Laboratory evaluation of euvolemic hypernatremia.

BUN

* Creatinine

Urine Na+

Urine Osmolarity

Probabale cause

↑

normal

normal

↓

Diabetes inspidus

Normal

normal

normal / varies

↑

Iatrogenic

BUN= blood urea nitrogen, * levels in serum.

Hypovolemic hypernatremia:
Loss of water > Na+ loss results in this disorder.
Table 2.8

Laboratory evaluation of hypovolemic hypernatremia.

BUN

* Creatinine

Urine Na+

Urine Osmolarity

Probabale cause

↑↑

↑↑

↑

↓

Renal causes and diuretics

↑↑

↑

↓

↑

GI and insensible losses

↑↑

↑↑

↑

↑

Adrenal disease (deficiency)

BUN = blood urea nitrogen, * levels in serum, GI = gastrointestinal.

Hypervolemic hypernatremia:
Net Na+ intake > water intake in this disorder.
Table 2.9 Laboratory evaluation of hypervolemic hypernatremia.
BUN

* Creatinine

Urine Na+

+Osmolarity

Probabale cause

Normal

normal

normal

varies.

Gluco / minrealocorticoid excess

normal / ↑

normal / ↑

↓

varies.

Iatrogenic intake

BUN = blood urea nitrogen, * levels in serum, + urine sample.
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(IV) Clinical Symptoms
The symptoms of hypernatremia depend on the rate and severity of hypernatremia and volume
status of the patient. The neurological symptoms usually predominate such as restlessness, lethargy,
tremulousness, seizures, and delirium. The cerebral blood vessels may tear due to shrinkage of brain
cells, resulting in subarachnoid and subcortical hemorrhages that lead to strokes.
(V) Treatment
Depends on the volume status and severity of disorder and rate of correction depends upon the
presence or absence of neurological signs/symptoms.
Euvolemic hypernatremia:
Water replacement‘is given either orally or by (D5W) intravenous infusion.
Hypervolemic hypernatremia:
Give diuretics such as furosemide. Diuretic therapy is usually given in conjunction with infusion of
D5W or D5W 0.25NS.
Consider dialysis in renal failure.
Hypovolemic hypernatremia:
Infuse isotonic saline solution until hypovolemia is corrected, then infuse D5W or hypotonic saline
solution to correct water deficit.
Calculation of water deficit: 0.6 × BW in kg

Current serum Na + (mEq /L)
Expected normal serum Na + ( 140 mEq /L)

−1

Illustration: In a 20 kg child with a serum Na+ of 165 mEq/L, the water deficit by above calculation
is shown below:
165

0.6 × 20 140 −1 = 12 × 0.17 = 2.04 liters
If the diabetes inspidus is the cause of the defect in tonicity, consider Rx with aqueous vasopressin
either SQ or IV infusion (see Chapter 9). IV dose of vasopressin: The initial dose of 0.5 mU (0.0005
unit)/kg/hour is given as a continuous infusion to tailor the urine out put to 1.5 mL to 2 mL/kg/hour.
The dose may be doubled every 30 minutes to achieve the desired urine flow.
Rates of correction of hypernatremia:
1. Rapid correction:
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If hypernatremia (as in acutely developing) is associated with neurological signs, correct it in a
period of a few hours to prevent neurological sequelae.
2. Slow correction:
If hypernatremia is chronic or slowly developed correct it slowly over a period of 48 hours. Do not
correct faster than 2 mOsm/hr. Since compensatory mechanisms maintain osmolarity of brain cells in
chronic hypernatremia, rapid correction would lead to cerebral edema.

2.4 Potassium Homeostasis and Serum Potassium Abnormalities
Potassium is the most abundant intracellular cation, only less than 1.5% of total body potassium is
in the serum. Serum K+ level is therefore, a poor indicator of total body K+ stores.
Normal total body content of K+ is about 50 mEq/kg (40 mEq/kg in females).
Body potassium is easily redistributed with transcellular movement, exogenous intake, and
depletion and affect the serum potassium levels.
Serum K+ levels, therefore, reflect total-body potassium homeostasis Both external and internal
potassium balances are regulated to maintain the extracellular fluid (ECF) concentration of
3.5 to 5.5 mEq/L.
Excess or deficits in total body potassium may correlate with serum potassium, at varying pH. This
principle may help in estimating potassium deficit in treating hypokalemia.
K+ defict is 9 mEq/kg (adult 600 mEq), 6 mEq/kg (adult 400 mEq), and 3 mEq/kg (adult 200 mEq)
at serum K+ levels of 1.5 mEq/L, 1.8 mEq/L and 2 mEq/L respectively.
The body potassium is normal between K+ of 3.5 mEq and 4.5 mEq/L.
Normal intestinal absorption results in daily excess intake of about 1 mEq/kg/day. Excess K is
excreted 90% through the kidneys (90%) and 10% by the gut.
Potassium homeostasis is maintained predominantly by regulation of renal excretion. The most
important site for renal regulation is in distal convoluted tubule, ascending limb of the loop of Henle,
and collecting tubule through aldosterone receptors present at these sites. Aldosterone controls Na+
resorbtion through sodium channels located on the apical membrane of tubular cells. It creates in
tubular lumen negative electrical potential that drives the secretion of potassium through specific
potassium channels.
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WNK (with no K [lysine] kinases:
These kinases are important in the regulation of sodium and potassium transport in the distal
nephron.
K+ excretion is increased in the following settings:
1) Increased aldosterone secretion, high sodium delivery to the distal tubule as in patients on use of
diuretics.
2) High urine flow (e.g. osmotic diuresis), high serum potassium level.
3) Increased delivery of negatively charged ions (e.g. bicarbonate) to the distal tubule (Na+
absorption increases in exchange for K+ excretion).
K+ excretion is decreased in the following settings:
1) Renal failure, low urine flow.
2) Hypo-aldosteronism, low serum potassium level.
When exogenous potassium intake is high, renal excretion also is increased.
In the absence of potassium intake, obligatory renal losses are 10-15 mEq/day.
Renal adaptive mechanisms maintain potassium homeostasis until the glomerular filtration (GFR)
drops to less than 15-20 mL/min.
Colon is the major site of gut regulation of potassium excretion. In the presence of renal failure,
some proportion of potassium is excreted through the gut and serum levels can remain relatively
normal.
An excess of 100-200 mEq of body potassium may increase the serum K+ by only about 1 mEq/L
Factors regulating transcellular movement of Potassium:
1) Gluco-regulatory hormones:
Insulin enhances potassium entry into cells.
Glucagon impairs potassium entry into cells.
2) Adrenergic stimuli:
Beta-adrenergic stimulators: Enhance potassium entry into cells and cause hyokalemia.
Beta-adrenergic blocking drugs inhibit potassium entry into cells and cause hyperkalemia.
Alpha-adrenergic stimulators inhibit potassium entry into cells and result in hyperkalemia.
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3) pH of Blood:
Alkalosis enhances potassium entry into cells. Acidosis causes shift of potassium from
intracellular space into extracellular space.
4) Shifts from intracellular pool:
Acute change in osmolality (hyperglycemia) causes potassium to exit from cells.
Acute cell-tissue breakdown releases potassium into extacellular space.

2.4.1 Hypokalemia
(I) Definition
Serum potassium of < 3.5 mEq/L
(II) Causes
1) Poor intake of exogenous potassium.
2) Potassium depletion:
The causes of potassium depletions are as follows.
A. Gastrointestinal losses:
Diarrhea, intestinal fistulae, villous tumors: The urinary potassium may be conserved in these
situations.
NG sucction, vomiting: Potassium loss is compounded by increased urinary loss of K+
(> 0.3 mEq/kg/day) due to associated metabolic alkalosis.
B. Urinary (renal) losses:
• Osmotic diuresis due to priming solution of CPB, thiazide diuretics (hydrochlorthiazide), loop
diuretics (furosemide) as well as various laxatives.
• Diuretic phase of ATN, renal tubular acidosis.
• Increased levels of serum bicarbonate: Obligates increased renal excretion of bicarbonate and
potassium will be excreted as an obligate cation partner to the bicarbonate.
• Diabetic ketoacidosis: In addition to loss of K+ from polyuria and volume contraction, obligate
loss of K+ occurs from kidney tubules as a cation partner to the anion, B- hydroxybutyrate.
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• Adrenal disease resulting in excessive secretion of gluco- and mineralo-corticoids and
hyperaldosteronism.
• Heriditary defects of renal salt transporters (as in Bartter syndrome or Gitelman syndrome) K+
loss is similar to diuretics, and blood pressure is normal or low unlike hyperaldosteronism in
which BP is elevated.
• Hypomagnesemia: Causes hypokalemia as magnesium is required for maintenance of
potassium balance. It is evident when hypokalemia persists despite potassium supplementation.
• Amphotercin-B has also been associated with hypokalemia.
C. Transcellular potassium movement (Cellular influx):
• Metabolic and respiratory alkalosis:
For every 0.1 unit change (↑) in pH, there is 0.6 mEq change (↓) in serum K+. Alkalosis causes
K+ shift from the plasma and interstitial fluids into cells.
It is mediated by stimulation of Na+ /H + ion exchange pump (through Na+ /K + -ATPase
enzyme activity).
• Glucose and insulin infusion causes cellular influx of K+.
• Bicarbonate administration causes cellular influx of K.
Cellular uptake of K+ by serum HCO3 − concentration is independent of blood pH.
• Na+/K +-ATPase activation:
Agents that activate Na+/K +-ATPase cause cellular K+ influx and decrease serum K+.
E.g. insulin, beta-1 + beta-2 agonists (epinephrine and isoproterenol).
Beta-2 agonists (salbutemol, terbutaline) and xanthines.
• Defects of muscular ion channels and transporters:
As in familial periodic paralysis, attacks of severe hypokalemia and muscle weakness are due
to ↑ sensitivity to cellular influx of K+ caused by the above agents.
(III) Clinical Signs and Symptoms of Hypokalemia
Skeletal muscle weakness, paralysis, respiratory arrest, rhabdomyolysis, metabolic alkalosis, fall
in glomerular filtration, and increased renin release from the kidney.
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Cardiac effects: The cardiac arrhythmogenic potential ↑ with PVCs, PACs, ventricular tachycardia,
and digoxin toxicity. The following EKG changes occur in hypokalemia (see Figure 2). The
amplitude of the P wave ↑, prolongation of the P-R interval, widening of the QRS, decreased
amplitude of the T wave or inversion of the T wave. The amplitude of the U wave ↑, and prolongation
of the Q-T interval occur.

Figure 2 Top strip: EKG strip of leads II and V5 showing changes in hypokalemia. Tall P waves and flattening of the
T waves. U waves occur just after the T wave and is usually of smaller amplitude than the T wave. Bottom strip: EKG strip
of leads II and V5 showing changes characteristic of hypokalemia. It shows a long QT interval, ST depression,
low T waves, and TU wave fusion. Prolonged QT or QTc (corrected QT) increases the risk of torsades de pointes.

(IV) Treatment of Hypokalemia
The most important treatment in hypokalemia is addressing the cause such as:
1. Improviing the diet (in non-emergency situations and if the patient is on diet).
(Potassium-containing foods may be recommended: leafy green vegetables, bananas, oranges,
citrus fruits or tomatoes).
2. Stop an offending medication: Dietary and potassium supplements are also used for those on
diuretic medications. Resistant cases of hypokalemia may be treated with a potassium-sparing
diuretic such as amiloride, triamterene, and spironolactone.
The treatment varies depending on the severity of hypokalemia:
Mild hypokalemia (> 3.0 mEq/L):
May be treated with oral potassium chloride supplements such as Klor-Con, Sando-K, Slow-K.
PO supplementation: 2-4 mEq/kg/daily PO in divided doses (divided doses may avoid gastric
distress).
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Severe hypokalemia (< 3.0 mEq/L):
May require intravenous supplementation.
Usual dose: 0.5-1 mEq/kg IV; not to exceed 30-40 mEq/dose.
Typically diluted in saline and infused 0.3 to 0.6 mEq/kg over 3-4 hours.
(Adults: 20-40 mEq KCl per liter over 3-4 hours).
Safe rate ofinfusion: 0.15 mEq/Kg/hour diluted in 100 mL saline.
(Adults: 10 mEq/hr) diluted in 100-150 mL saline.
Maximum Infusion rate: It should not to exceed 0.3-0.5 mEq/kg/hr for non-critical hypokalemia.
(Adults 40 mEq/hr).
If above rate is inadequate as in life-threatening hypokalemia such as fatal arrhythmia, or
ventricular dysrhythmia:
Give infiusion rate of > 0.5 mEq/kg/hr, but requires careful EKG monitoring.
Note:
When replacing potassium intravenously, infusion via central line is encouraged to avoid the
frequent occurrence of a burning sensation or damage to the vein at the site of a peripheral IV site.
Peripheral veins may tolerate infusion at a rate of 0.07 to 0.15 mEq/kg/hr (or 5-10 mEq/hr in
adults).
Consider also K+ deficit in replacing K+. May be give 1-2 mEq/kg/day (or 80-120 mEq/day in
adults).

2.4.2 Hyperkalemia
(I) Definition
It is an electrolyte disorder in which serum K+ is > 5.4 mEq/liter.
(II) Mechanisms and Causes of Hyperkalemia
1. Pseudohyperkalemia:
Occurs secondary to hemolyzed blood sample or
Leukocytosis > 5× 105 (1, 00,000) per cubic mm.
Thrombocytosis with > 7.5× 107 per cubic mm.
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K+ is released from above cells during clotting.
K+ level is normal on heparanized blood sample and patient has no EKG changes.
2. Increased K+ load:
Exogenous: Increased K intake from foods and K+ supplements, blood transfusion (stored blood),
K containg drugs. Endogenous: Rhabdomyolysis, crush injury, major surgical procedures, massive
hemolysis, and GI bleeding.
3. Decreased Excretion:
Renal failure, adrenal insufficiency, and hypoaldosteronism.
Drugs that interfere renal excretion of K+.
4. Cellular efflux and redistribution:
Serum acidosis causes shift of K+ from cells to extracellular space.
0.1 unit decrease in pH increases serum K+ by 0.6 mEq/L
Exogenous (excessive) K+ intake:
It alone is an uncommon cause of hyperkalemia.
(It is usually caused by a relatively high potassium intake with impaired renal excretion. or
impaired mechanisms for the intracellular shift of potassium).
(Parenteral administration of as much as 0.9 mEq/Kg/hour for several hours creates only a minimal
increase in serum potassium concentration in healthy.
Exogenous sources of K+:
Potassium-rich foods (meats, beans, fruits, and potatoes).
High-potassium-low-sodium diets and potassium supplements.
High concentrations of potassium in intravenous fluids or total parenteral nutrition (TPN),
penicillin potassium therapy or salt substitutes, blood transfusion (stored blood), and K+ containing
drugs.
Decreased K+ excretion:
Decreased renal excretion coupled with excessive intake is the most common cause. Mild renal
failure does not cause resting hyperkalemia due to compensatory mechanisms in the kidneys and
gastrointestinal tract. Fall in GFR < 15-20 mL/min, results in hyperkalemia even in the absence of
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potassium load. But hyperkalemia can occur in normal or only mildly decreased renal function, as a
result of drugs or renal tubular acidosis.
Other causes of decreased excretion of K+ include reduced sodium delivery to distal tubule and
reduced tubular fluid flow rate.
Causes of decreased renal potassium excretion:
1. Renal failure.
2. Ingestion of drugs that interfere with potassium excretion: Potassium-sparing diuretics,
spironolactone, triamterene, amiloride, nonsteroidal anti-inflammatory drugs, angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers,
cyclosporine, tacrolimus,
trimethoprim/sulfamethoxazole, ketoconazole, and heparin.
3. Impaired responsiveness of the distal tubule to aldosterone:
Type IV renal tubular acidosis as in diabetes mellitus, sickle cell disease, chronic partial urinary
tract obstruction, and adrenal insufficiency.
4. Disorders of steroid metabolism (enzyme deficiencies):
21-hydroxylase deficiency, aldosterone synthase deficiency, and mutation of the mineralocorticoid
receptor.
5. Impaired sodium reabsorption and impaired potassium secretion in the distal tubule, e.g., type I
pseudohypoaldosteronism.
6. Mutations of protein kinases (WNK1 or WNK4) in the distal tubule impairs normal Na+ and K+
transport, e.g., Gordon syndrome or Type II pseudohypoaldosteronism.
Cellular transport of potassium:
Shift of K+ from intracellular to extracellular space occurs or transport of K+ to cells from
extracellular compartment is impaired resulting in hyperkalemia.
This alone is a relatively uncommon cause of hyperkalemia but coupled with high intake or
impaired renal excretion leads to hyperkalemia. The following conditions cause hyperkalemia due to
impaired cellular transport.
1. Hyperkalemic periodic paralysis.
2. Tissue breakdown:
Rhabdomyolysis, tumor lysis syndrome, and massive hemolysis.
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3. Insulin deficiency or insulin resistance (impairment of intracellular shifting of potassium):
Type I or type II diabetes.
4. Drugs:
Inhibits Na+/K +-ATPase pump (impair K+ entry into the cells and facilitate K+ exit from the cells),
e.g., nonselective beta blockers and digitalis toxicity.
Depolarization of the cell membrane and membrane leak that exits K+ from cells, e.g.,
succinylcholine.
5. Hypertonicity (hyperosmolality):
Loss of intracellular water with increased intracellular potassium concentration establishes a
gradient for potassium to move out of the cells.
“Solvent drag” which sweeps potassium along with water exit from the cells, e.g., hyperglycemia,
in uncontrolled diabetes mellitus, hypernatremia and hypertonic mannitol.
6. Aldosterone deficiency:
Long-term aldosterone deficiency may impair cell potassium uptake.
7. Acute acidosis:
IV administration of amicar (epsilon amino caproic acid, EACA).
(Similarity in structure of EACA to arginine and lysine enters muscle cells in exchange for
potassium leading to an increase in extracellular potassium).
(III) Incidence, Mortality, Predisposing Factors of Hyperkalemia
Incidence:
In hospitalized patients the incidence is approximately 1.4% to 10%.
Premature (due to renal immaturity) infants and elderly are at high risk.
Elderly (age > 60 years is an independent risk factor): The glomerular filtration rate (GFR) ↓ by
1 mL/min/year of age > 30 years.
Renal blood flow ↓, Oral intake ↓ resulting in decreased urine flow rates.
Plasma renin activity ↓and aldosterone levels ↓.
Increase in K+ is likely on medications that interfere with potassium secretion, e.g., NSAIDS, ACE
inhibitors, and K+ sparing diuretics.
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Increase in K+ is likely on subcutaneous heparin which decreases aldosterone secretion. In
hospitalized patients and drugs are implicated in 75% of cases.
Mortality:
In hospitalized patient, it is an independent risk factor for death.
Overall mortality rate in patients with hyperkalemia was 14.3%.
The risk of mortality ↑ as the K+ level increases.
Mortality is 28% with a serum potassium > 7 mEq/L.
Mortality is 9% with a potassium < 6.5 mEq/L.
Predisposing factors:
Decreased renal function, genitourinary disease, congestive failure, cancer, severe diabetes, and
polypharmacy.
a). Diabetes constitutes a unique high-risk group with presence of the following factors:
1) Defects in all aspects of potassium metabolism.
2) Diabetic diet often is high in potassium and low in sodium.
3) Hypo-reninemic hypoaldosteronism in diabetics is due to renal disease (i.e., decreased
aldosterone secondary to suppressed renin levels and impaired renal K+ excretion).
4) Angiotensin-converting enzyme inhibitors or angiotensin receptor blocker use for Rx of diabetic
nephropathy exacerbates impaired K+ excretion.
5) Insulin deficiency and/or resistance to insulin limit cellular flux of K+.
6) The following risk factors predict hyperkalemia in diabetics:
Renal insufficiency, duration of diabetes mellitus, age, glycosylated hemoglobin levels, and
retinopathy.
b). Usage of angiotensin-converting enzyme (ACE) inhibitors:
Hyperkalemia occurs in < 6% with normal renal function. The risk factors for hyperkalemia in
patients on ACE inhibitors are:
Elevated blood urea nitrogen (BUN) and serum creatinine, severe diabetes mellitus, congestive
heart failure, peripheral vascular disease, and use of a long-acting drug.
c). Congestive heart failure (CHF) constitutes a high-risk group:
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Promoting factors for hyperkalemia in CHF:
Renal insufficiency due to poor cardiac output and ↓ renal blood flow.
Prevalence of diabetes mellitus ↑ in patients with heart failure, ↑ use of ACE inhibitors, angiotensin
receptor blockers, and aldosterone inhibitors.
(IV) Clinical Symptoms and Signs
The most common are weakness and fatigue.
Occasionally, frank muscle paralysis or respiratory muscle weakness manifests with shortness of
breath. Muscle tenderness accompanies muscle weakness, suggesting rhabdomyolysis.
Cardiac conduction disturbances with EKG changes (i.e., heart block or bradycardia, peaked T
waves, and widening of QRS) and cardiac arrest occurs. The EKG changes may not correlate with
serum K + levels and is rare to see EKG changes with K + < 6.5 mEq/L (see Figure 3).

Figure 3 Top strip: Early EKG changes of hyperkalemia include peaked T waves, shortened QT interval, and
ST-segment depression (serum K+ level of around 6 mEq/L). Bottom strip: Above EKG changes are followed by
bundle-branch blocks causing a widening of the QRS complex, increases in the PR interval, and decreased amplitude of
the P wave (K+ level of around or above 7 mEq/L.) Absent P wave with widen QRS complex means that atrial activity is
lost and stage is set for ventricular tachycardia/fibrillation. (K+ of level around 8-9 mEq/L).

(V) Treatment
Depends on the level of potassium and EKG changes. In all cases, identify the cause and correct the
underlying problem.

Chapter 2 Fluid, Electrolytes, and Acid-Base Balance

45

1) K+ < 6.5 mEq/L and with no EKG changes:
Stop giving all supplemental K+ orally or in infusions.
Repeat serum K+ with heparanized blood sample to rule out pseudohyperkalemia.
2) K+ < 6.5 mEq/L and with EKG changes: (only peaked T waves):
Stop giving all supplemental K+ orally or in infusions.
Give K+ exchange resin orally or rectally.
Give loop diuretics.
3) K+ > 6.5 mEq/L (severe hyperkalemia) or any level of K+ with severe EKG changes (e.g. peaked
T waves and widening QRS):
Rapid development of hyperkalemia and evidence of cardiotoxicity.
May institute following aggressive (A to G) measures simultaneously:
A) Perform an EKG to look for cardiotoxicity.
Administer intravenous calcium to ameliorate cardiac toxicity. Calcium antagonizes cardiotoxicity
of hyperkalemia by stabilizing cardiac cell membrane against undesirable depolarization.
Calcium has no effect on serum level of potassium.
Onset of action is rapid within 15 minutes. Duration of effect is short.
Calcium Gluconate:
Infants and children:
2 mg/kg of elemental calcium IV (about 20 mg/kg of calcium gluconate 10%).
Adult:
100-300 mg elemental calcium IV diluted in 150 mL D5W over 10 min. The initial rate of infusion
should be 0.3-2 mg of elemental calcium per kg/hr.
Calcium Chloride:
Alternate choice to calcium gluconate.
Has irritating effects when administered parenterally.
Infants and children:
0.2 mL (20 mg)/kg of IV (10% solution).
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Adult:
Known or suspected hyperkalemia (K+ > 6 mEq/L):
2-4 mg/kg IV (10% solution).
B) Remove exogenous sources of potassium intake:
Change the diet to a low-potassium tube feed or 20 mg/kg K+ ad-lib diet.
Remove oral and parenteral potassium supplements.
Remove potassium-containing salt substitutes.
C) Enhance K+ uptake by cells to decrease serum K+:
1. Glucose and Insulin infusion:
It increases cellular uptake of potassium.
Administer glucose along with insulin to prevent hypoglycemia.
Glucose stimulates insulin secretion, but glucose infusion alone is not effective.
Onset of action 20-30 minutes. Duration of action from 2-6 hours.
May use continuous infusions of glucose and insulin containing intravenous fluids for a prolonged
effect.
Measure glucose and serum K+ every 2 hours.
Infants and Children:
0.5-1 Gm/kg of dextrose IV followed or simultaneously with 1 U of regular insulin given for each
3 Gm of administered glucose.
Adult:
10 U of IV insulin with 50 mL of D50 bolus or 500 mL D10W over 1 hour.
2. Infusion of sodium bicarbonate:
Onset of action: 15-30 minutes; Duration of effect: 1 to 2 hours. Routine use is not recommended
as it is less effective and less predictable in producing a hypokalemic response. May use to correct
associated metabolic acidosis, but its effect is variable on different forms of metabolic acidosis and
serum K+ level, e.g., as in chronic renal failure.
A trial of parenteral sodium bicarbonate is warranted in severe acidosis, bicarbonate-responsive
acidosis and hyperkalemia, and overdose of tricyclic antidepressants or phenobarbital.
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Estimate (initial) the dose of HCO3 − in mEq administered by using following formula:
[HCO3 −] in mEq = (0.5 × body weight in kg) × (24 - serum [HCO3 −] in mEq/L)
Subsequent doses should be titrated against the pH and anion gap.
Adolescents and Adult dose:
1-2 amps (50-100 mEq) of IV sodium bicarbonate is adequate / or 650-1300 mg PO b.i.d. or t.i.d.
If serum HCO3 − level is normal, but ECG shows severe changes of hyperkalemia:
Infuse 50 mEq NaHCO3 q. 15 min, monitoring serum bicarbonate and sodium/or 1 L of 10% DW
with 100 mEq NaHCO3, infuse at 250-500 mL/hr if tolerated.
Actual pediatric dosage is not established.
3. Beta-adrenergic agonists:
Activate cyclic adenosine monophosphate (cAMP) which in-turn stimulates the adenosine
triphosphatase (Na+/K +-ATPase) pump, thereby causing cellular influx of potassium.
Isoproterenol: Beta-1 and beta-2 adrenergic receptor stimulant.
Infants and Children:
0.1 mcg/kg/min IV, titrate to response; not to exceed 2 mcg/min.
Adult:
5 mcg/kg/min IV, titrate to response; not to exceed 20 mcg/min.
Albuterol:
Beta-2 receptor agonist and also increases plasma insulin concentrations.
Increase in insulin may shift potassium into intracellular space.
Infants and Children:
2.5 mg IV and repeat in 2 hours prn.
Adult:
10-20 mg of nebulized aerosol or 0.5 mg IV over 15 min.
Nebulized dose (10 mg) for treating hyperkalemia is substantially higher than the usual dose for the
treatment of bronchospasm and requires the assistance of a respiratory therapist. This therapy is
highly effective and preferred over alkali therapy in patients with renal failure.
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D) Increase potassium excretion from the body:
1) Increase renal excretion of K+:
Diuretics:
Loop diuretics enhance renal potassium excretion (give in patients with normal kidney function).
Intravenous drug has a rapid onset of action and is preferable in emergent situations. Simultaneous
administration of saline prevents volume depletion. Monitor volume status and aim to maintain
normovolemia.
Furosemide:
Interferes with chloride-binding co-transport system and inhibits Na+, K+, and Cl+ reabsorption in
distal renal tubule and ascending loop of Henle.
Dose:
Infants and Children:
1 mg/kg IV/IM slowly under close supervision; not to exceed 6 mg/kg.
Titrate with increments of 1 mg/kg per dose until a satisfactory effect is achieved.
Administer increments no sooner than 6-8 hrs after the previous dose.
Continuous infusion as high as 40 mg/hr may be used for severe edema but rarely is required for Rx
of hyperkalemia.
Adult:
20-80 mg / dose PO/IV/IM; titrate as high as 600 mg/dose.
Administer increments of 20-40 mg no sooner than 6-8 hrs after the previous dose.
Infusion of furosemide as high as 40 mg/hr may be used for severe edema but rarely is required for
Rx of hyperkalemia.
Bumetanide (Bumex):
Interferes with chloride-binding co-transport system and inhibits Na+, K+, and Cl+ reabsorption in
distal renal tubule and ascending loop of Henle and increases excretion of water and K+.
Adult:
Oral: 0.5-2 mg/dose q. daily/b.i.d.; not to exceed 10 mg/day.
IV/IM: 0.5-1 mg/dose; not to exceed 10 mg/day.
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Rarely, doses as high as 24 mg/day are used for edema but is not needed for Rx of hyperkalemia.
Pediatric dose is not established.
Aldosterone analogues:
Renal excretion of K+ ↑ by aldosterone analogue, 9-alpha fluorohydrocortisone acetate (Florinef).
Florinef is used in hyporeninemia and / or hypoaldosteronism.
Discontinue drugs that inhibit renal potassium excretion:
E.g., potassium-sparing diuretics, angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers.
2) Increase gastrointestinal excretion of K+:
Sodium ploystyrene sulfonate (kayexalate):
A cation exchange resin and is administered orally or rectally.
Exchanges Na+ for K+; binds it in the gut, primarily in the large intestine; and decreases total body
potassium.
Rectal administration is preferred. Give as retention enema that can be retained for an hour.
Repeated enemas can be used.
The onset of action: 2 hours. Duration: Long lasting (many hours).
The serum K + level decreases 2 mEq/L with a single enema.
Infants and Children: 1 g/kg PO in sorbitol q. 6 h.
2 g/kg PR in sorbitol as retention enema q. 6 h.
Adult: 25-50 g PO (per oral) in 25-50 mL of sorbitol q. 6 h.
25-50 g PR (per rectum) in 25-50 mL of sorbitol as retention enema q. 6 h.
E) Emergency dialysis:
If hyperkalemia is unresponsive (lethal hyperkalemia) to above conservative measures dialysis is
indicated as in patients with complete renal failure. As initiation of dialysis can take few hours,
initiate conservative therapy first.
F) Manage causes of hyperkalemia:
1) Potassium intake:
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(2 g of potassium/day (in adult) is recommended to minimize potassium intake). In children
limit to 30 to 40 mg/kg/day.
2) Decreased renal K+ excretion: Try to improve renal excretion.
3) Impaired cellular uptake of K+: Try to improve cellular uptake of K.
G) Surgical interventions:
Emergency pacemaker placement is required for refractory heart block.
Hyperkalemia due to ischemic gut requires abdominal exploration.
Rhabdomyolysis may need surgical decompression of ischemic muscle compartments.
Insert a hemodialysis catheter for emergency dialysis in end stage renal disease (ESRD).
May institute CPB for progressive acidosis and hyperkalemia post cardiac surgery.

2.5 Calcium Homeostasis and Calcium Abnormalities
Of the body's total calcium, serum calcium constitute only < 1% and 99% is in the bone. Total
serum calcium level includes both the ionized fraction and the bound fraction.
Ionized calcium is the active and physiologically important component.
At a physiologic pH of 7.4, of the total serum calcium:
• 40% is bound to albumin.
• 10% is combined with bicarbonate, phosphate, or citrate.
• 50% is free ionized calcium.
The normal range for ionized calcium is 1-1.25 mmol/L (4-5 mg/dL).
Factors affecting ionized calcium level:
1) Serum levels of albumin, phosphate, magnesium, bicarbonate, and blood pH.
2) Exogenous causes: Bind calcium and reduce the ionized levels such as citrate from transfused
blood and free fatty acids from TPN.
Regulators of Calcium Homeostasis:
1) Parathormone (PTH).
2) Vitamin D.
3) Hepatic and renal function (important for conversion of vitamin D to active metabolites).
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4) Serum phosphate and serum magnesium levels.
Above regulate the calcium homeostasis and maintain serum calcium within a narrow range of
normal.
2.5.1 Hypocalcaemia
(I) Definition
A total serum calcium level of
< 2.1 mmol/L (8.5 mg/dL) in children,
< 2 mmol/L (8 mg/dL) in term neonates,
< 1.75 mmol/L (7 mg/dL) in preterm neonates.
Hypocalcaemia in ICU children has mortality rate higher than children with normal calcium levels.
(II) Common Causes of Hypocalcaemia in Infants and Children
Decreased Parathormone:
1) Aplasia or hypoplasia of parathyroids:
DiGeorge syndrome, gestational diabetes mellitus, velocardiofacial syndrome, VATER
complex (vertebral defects, anal atresia, tracheo-esophageal fistula with esophageal atresia,
radial (radius), and renal abnormalities), CHARGE syndrome (coloboma, heart defects, choanal
atresia, renal abnormalities, growth retardation, male genital anomalies, and ear abnormalities).
2) Parathormone (PTH) receptor defects:
Pseudohypoparathyroidism.
3) Mutations of the calcium-sensing receptor gene:
It leads to inappropriately ↓ PTH secretion.
4) Autoimmune disease.
5) Infiltrative lesions such as hemosiderosis, thalassemia, and Wilson disease.
6) Idiopathic.
Vitamin D related causes:
Acquired or inherited disorders of vitamin D metabolism and vitamin D deficiency, dietary
deficiency, and maternal use of anticonvulsants resistance to vitamin D.
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Liver disease: Affect 25-hydroxylation of vitamin D.
Drugs (phenytoin, isoniazid, and rifampin) that increase the activity of P-450 enzymes and the
catabolism of vitamin D.
Hyperphosphatemia related:
Exogenous loading of phosphate: Total parenteral nutrition (TPN), increased intake because of
improper formula, and inappropriate use of phosphate-containing enemas.
Increased endogenous loading of phosphate:
Occurs in anoxia, chemotherapy, rhabdomyolysis, and renal failure.
Miscellaneous causes:
Alkalosis: Respiratory and metabolic and diuretic use.
Chelating agents: High doses of citrates taken in during massive blood transfusions.
Pseudohypocalcaemia (i.e., hypoalbuminemia).
Hungry bones syndrome: Rapid skeletal mineral deposition in rickets or hypoparathyroidism after
starting vitamin D therapy.
(III) Neonatal Hypocalcaemia
Early neonatal hypocalcemia occurs within 48-72 hrs of birth and may be due to the following:
1) Prematurity:
• Decreased responsiveness to vitamin D.
• Increased calcitonin.
• Hypoalbuminemia: Decreased total but normal ionized calcium.
2) Birth asphyxia:
• Delayed introduction of feeds. ↑ calcitonin production.
3) Diabetes mellitus in the mother:
Magnesium depletion in diabetic mothers causes hypomagnesemic state in the foetus.
Hypomagnesemia induces functional hypoparathyroidism and hypocalcaemia in the infant.
Late neonatal hypocalcaemia occurs 1 week after birth and may be due to the following:
a) Exogenous phosphate load: Feeding with phosphate-rich formula or cow's milk. Cow's milk has
7 times the phosphate load of breast milk (956 vs. 140 mg/L in breast milk).
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b) Magnesium deficiency and / or transient hypoparathyroidism of newborn.
c) Gentamicin use: Especially with the newer brands and every-24-hour dosing.
(IV) Clinical Manifestations of Hypocalcaemia
CNS irritability and poor muscular contractility occur. Hypocalcaemia impedes acetylcholine
release at neuromuscular junctions, therefore, inhibits muscle contraction. Impaired cardiac function
occurs because of poor muscle contractility and changes in cardiac conduction can be noted on EKG
(see Figure 4).

Figure 4 EKG strip showing changes suggestive of hypocalcaemia with short PR interval and prolonged QT. The strips
shows PR interval: 132 ms, QRS: 80 ms, QT/QC: 424/513 ms. Hypocalcaemia may result in intermittently prolonged QT
or QTc (corrected QT) and increases the risk of torsades de pointes.

Low calcium levels ↓ threshold of excitation of both sensory and motor neurons and produces a
wide range of peripheral and CNS effects, including paresthesia, tetany (i.e., contraction of hands,
arms, feet, larynx, and bronchioles), and seizures.
Most pediatric patients with hypocalcaemia are newborns, infants of mothers with diabetes
mellitus, and infants with birth asphyxia.
Hypocalcaemia in older children is usually associated with any of the following:
Critical illness, acquired hypoparathyroidism, mutations of the calcium-sensing receptor gene or
defects in vitamin D supply or metabolism.
Symptoms of hypocalcaemia vary depending on age:
Newborns:
Lethargy, poor feeding, vomiting, and abdominal distension.
Manifestation in children:
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Seizures, twitching, cramping, and tetany may occur. Signs of nerve irritability such as the
Chvostek sign, carpopedal spasm, the Trousseau sign, or stridor may be a rare initial manifestation.
One of the most common causes of hypocalcaemia is renal failure due to inadequate
1-hydroxylation of 25-hydroxyvitamin D and hyperphosphatemia due to diminished glomerular
filtration. Though hypocalcaemia is most commonly observed in neonates, it commonly occurs in
older children and adolescents, especially in ICU.
The causes of hypocalcaemia may be classified by the child's age at presentation.
(V) Treatment of Hypocalcemia
Treatment of asymptomatic hypocalcaemia in neonates is controversial.
Hypocalcaemia should be treated promptly in any symptomatic neonate or older infant.
Calcium therapy:
IV calcium is the most effective and rapid means of elevating serum calcium concentration.
Indications:
Pre and postoperative patients.
Patients with seizures and critically ill.
Important considerations:
Stabilize the patient's airway and breathing if seizures occur.
Anticonvulsants may be administered before hypocalcaemia is confirmed (seizures usually do not
respond to the usual anti-convulsant medications until calcium is intravenously administered).
Avoid full correction of hypocalcaemia in rhabdomyolysis as the patient may develop
hypercalcaemia due to the release of complexed calcium.
With concurrent acidemia, correct hypocalcaemia first. If acidemia is corrected first, it further
decreases ionized calcium levels (acidemia increases the ionized calcium levels by displacing
calcium from albumin).
Oral calcium therapy:
After hypocalcaemia is controlled, it is used as follow-up to IV calcium therapy.
It is also used in asymptomatic patients and therapy with oral calcium alone may be adequate in
these patients.

Chapter 2 Fluid, Electrolytes, and Acid-Base Balance

55

The vitamin D or its metabolites are also indicated, depending on abnormality present, but in
newborns it has not been effective to prevent or treat hypocalcaemia.
The management of hypocalcaemia of newborns requires resolution of primary cause such as
hyperphosphatemia and hypomagnesemia.
Recommended dose of Vitamin D:
400 IU of vitamin D (minimum daily intake).
Begin first few days following birth and continue through adolescence.
Recombinant parathormone (PTH):
May be used in infants for hypocalcaemia refractory to calcitriol and calcium supplementation but
not used routinely, due to risk of osteosarcoma.
Calcium compounds:
Calcium Gluconate:
10% (100 mg/mL) IV solution contains 9.8 mg/mL (0.45 mEq/mL) of elemental calcium.
Calcium Chloride (CaCl2):
10% (100 mg/mL) contains 27 mg/mL (1.4 mEq/mL) of elemental calcium.
Calcium chloride is avoided in infants as it may affect pH, due to its irritating effect on the veins.
Calcium Glubionate (Neo-Calglucon):
It is a calcium supplement for PO use (contains 115 mg elemental calcium / 5 mL).
Infants and Children:
10-20 mg/kg of elemental calcium IV slowly over 5-10 min to control seizures (1-2 mL of 10%
calcium gluconate/kg body weight), followed by a continuous IV infusion at 50-75 mg/kg/day over
24 hrs.
Larger adolescents and Adults:
200-1500 mg (as elemental calcium) IV infusion over 24 hrs. (20 to150 mL of 10% calcium
gluconate or 7.4 to 55.5 mL of 10% CaCl2).
Dose of Calcium Glubionate (Neo-Calglucon)
Infants and Children:
50-75 mg/kg/day of elemental calcium divided q.6-8h (2.1 mL-3.2 mL/kg/day).
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Larger adolescents and Adults:
1-2 g of elemental calcium/day divided t.i.d./q.i.d. (43 mL-85 mL)/day.
Calcium carbonate (Oyster Cal, Caltrate, and Os-Cal):
Ideal calcium supplement for PO use.
1 g of calcium carbonate = 400 mg of elemental calcium.
Larger adolescents and Adults:
1-2 g of elemental calcium/day divided t.i.d./q.i.d. (2.5-5 g/day of calcium carbonate).
Infants and Children:
Neonates: 30-150 mg/kg of elemental calcium/day divided q.i.d. (75-375 mg/kg/day of calcium
carbonate salt).
Children: 20-65 mg/kg / of elemental calcium / day divided b.i.d./q.i.d. (50-160 mg/kg/day of
calcium carbonate salt)
Vitamin D metabolites:
↑Ca2+ levels, by ↑ absorption of calcium in intestines, and retention in the kidneys.
Calcitriol (1, 25-dihydroxy-chole-calciferol):
Active metabolite of vitamin D and is useful in liver or renal impairment.
It is rapid-acting and is used to treat acute hypocalcaemia.
It acts slowly in neonates and preterm infants, who may be resistant to its actions.
Infants and Children:
0.01-0.05 mcg/kg/day IV initially.
Adjust dosage until normocalcaemia attained.
Adult:
0.25 mcg PO q daily initially.
May increase by 0.25 mcg every 3-4 wks (range 0.5-2 mcg/day).
Dihydrotachysterol (DHT):
It is synthetic analog of vitamin D.
Does not require activation by renal 1-hydroxylase for activity.
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Infants and Children:
Neonates: 0.05-0.1 mg PO/daily.
Children: 0.5-2 mg PO/daily.
Liquid for use in infants and young children (1 mg is equivalent to 120,000 U or 3 mg of
vitamin D-2).
Adult:
0.75-2.5 mg PO/daily for 2-3 days initially.
Maintain with 0.1-2 mg/day.

2.5.2 Hypercalcaemia
(I) Definition
Total serum Ca2+ > 10.4 mg/dL (> 5.2 mEq/L) (males).
Total serum Ca2+ > 10.1 mg/dL (> 5.0 mEq/L) (females) or Ionized calcium > 1.23 mEq/L.
Increase in total serum proteins (TP) elevates total serum Ca2+.
For every gram increase in TP/dL of blood, serum Ca2+ increases by 0.8 mEq/dL.
(II) Causes of Hypercalcemia
Commn causes:
Primary hyperparathyroidism and it manifests as hypercalcemia, hypophosphatemia, ↑ 25-hydroxy
vitamin D, and hypercalcuria.
Hormonal hypercalcaemias of malignancy (HHM).
Granulomatous disease such as sarcoidosis.
Other uncommon causes:
Thiazide diuretics, hypophosphatemia, vitamin D or vitamin A intoxication, milk-alkali syndrome,
and TPN use.
Thyrotoxicosis or chronic adrenal insuffiency.
HMM: Ectopic secretion of PTHrP as in squamous cell carcinomas of lung, esophagus, head and
neck, and skin etc.
Ectopic Calcitrol: Lymphomas, cytokiones, and myeloma.
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(III) Clinical Symptoms and Signs
Malaise, fatigue, weakness, letargy, confusion, changes in memory, polydypsia, polyuria, renal
failure, nasuea, vomiting, constipation, bradycardia, heart block, and EKG changes suggestive of
hypercalcaemia (see Figure 5).

Figure 5 EKG showing findings of a short QT interval and a widened T wave suggesting hypercalcaemia. Decrease in
QT is at the expense of the ST segment which becomes shortened or absent. Significant hypercalcaemia can cause EKG
changes mimicking an acute myocardial infarction. If serum Ca > 16 mEq/L there may be a QT prolongation.

(IV) Treatment
The essentials are correction of the underlying problem and the institution of supportive measures.
Supportive treatment:
A) Furosemide and Normal saline infusion:
Initial treatment is hydration to improve urinary calcium output.
Isotonic NaCl solution is used. ↑ sodium excretion increases calcium excretion.
Addition of a loop diuretic inhibits tubular reabsorption of calcium (diuretic is used q. 2 hours).
Pay attention to electrolytes magnesium and potassium during saline diuresis.
Normal saline (NS) infusion Dose:
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15 to 30 mL/kg over 1 to 2 hours, followed by 2.5 to 5 mL/kg/hour.
Give also furosemide 0.5 mg/kg to 1 mg/kg IV q 8 hours or ↑ frequency.
Carefully monitor for fluid overload, ↓ the rate of infusion for over hydration.
Total serum Ca2+ may drop by 1-3 mg/dL in 24 hours.
Furosemide (Lasix):
First line of Rx for hypercalcaemia with concomitant intense hydration.
It induces calciuresis.
IV administration: Diuretic effect begins within 5 min and peaks at 2 hrs.
Administer only by IV for emergency treatment of hypercalcaemia.
Infants and Children:
1 mg/kg/dose PO/IV every 8 hours or more frequently in severe hypercalcaemia.
Adult:
20 mg/dose PO/IV initially if patient has not been on furosemide.
Increase the dose to a desired effect.
Precautions:
Persistent PDA (patent ductus arteriosus) if used in first weeks of life.
Antagonizes muscle-relaxing effect of tubocurarine.
Auditory toxicity is increased with co-administration with aminoglycosides.
Antihypertensive use with diuretic may lead to excessive hypotension.
Severe electrolyte depletion (↓ serum K +, Na+, Mg 2+, and ↑ blood glucose) occurs.
B) Phosphate salts:
Removes Ca2+ from blood and deposits in extravascluar tissues.
It may be given if serum phosphate is < 3 mg/dL until serum P 2− increases to 5 mg/dL.
Oral Phosphate: It is a preferred method of administration.
Phophosoda 5 mL (600 mg) PO 3 or 4 times a day
Children: 8 mg/kg (PO) 3 or 4 times a day.
IV Phosphate: Used in severe hypercalcaemia (serum Ca2+ > 15 mg/dL)
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0.16 mmol/kg (5 mg/kg) infused over 6 hours until serum P 2− is 5-6 mg/dL.
C) Steroids:
Decrease intestinal calcium absorption and inhibit bone resorption.
Onset of action is 2-3 days.
Prednisone 5-15 mg PO q 6 hours / or (0.3-0.9 mg/kg/day).
D) Bisphosphonates, Bone-resorption inhibitors:
Inhibit bone resorption and decrease serum calcium levels.
Absorbs into the hydroxyapatite and ↓ life span of osteoclasts, thus blocking bone resorption over
the next 24-48 hours.
May lead to osteonecrosis of the jaw and renal compromise.
Indications: Commonly used for:
1) Rx of conditions with ↑ bone resorption (e.g., osteoporosis and Paget disease).
2) Management of hypercalcaemia (especially associated with malignancy).
IV administration ↓ serum calcium in 2-4 days. Maximum effect occurs in 4-7 days.
Safety and efficacy for use of etidronate and pamidronate in children is proven.
Etidronate (Didronel):
A first-generation bisphosphonate which inhibits formation, growth, and dissolution of
hydroxyapatite crystals by chemisorption to calcium phosphate surfaces. Results in
hyperphosphatemia and transient ↑ in creatinine.
Inhibits bone mineralization leading to bone pain and fractures and rarely causes nephrotic
syndrome.
IV dose can be used for a short term or PO for a long term.
Usual dose of Infants and Children:
Rachitic syndromes may occur if continued > 1 year.
Though actual therapeutic dose is not established following doses are tried.
Oral Dose: 5-20 mg/kg/day for 3-12 months.
IV Dose: 7.5 mg/kg/day given over 2 hours for 3-7 days.
Adolescents and Adults:
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IV Dose: 7.5 mg/kg/day in 250 mL 0.9% NaCl, infused over 2 hours for 3 days.
Oral dose:
10-20 mg/kg/day for 3 months or 5-10 mg/kg/day for 6 months.
Adverse effects: (with PO/IV administration):
Hypophosphatemia, hypocalcaemia, GI complaints, leg cramps, arthralgia, agranulocytosis, ↑
prothrombin time in patients on warfarin, EKG changes, and bleeding in animal studies if the patient
is on > 27 mg/kg/day.
Pamidronate (Aredia):
A bisphosphonate works with similar mechanism as etidronate.
Inhibits formation, growth, and dissolution of hydroxyapatite crystals by chemisorption to calcium
phosphate surfaces.
Lowers serum calcium levels over a period of days to months. Redosing is based on a rise in serum
calcium levels and it should not be repeated more than once a month.
Only IV use is approved although a few studies have attempted PO administration.
Usual dosing:
IV Dose: 1-1.5 mg/kg (adult dose of 90 mg).
Oral Dose: 4-8 mg/kg/day.
Infants and Children:
1 mg/kg IV infusion over 2 hours though dose is not well established.
Adolescents and Adults:
Moderate hypercalcaemia (12-13.5 mg/dL):
60 mg IV infusion over 4 hours.
Severe hypercalcaemia (> 13.5 mg/dL):
90 mg IV as a continuous infusion over 24 hours.
Do not repeat the dose for at least 1 month.
Adverse effects:
Hypophosphatemia, hypocalcaemia, hypomagnesemia, hypokalemia, uveitis and episcleritis, bone
pain, hypertension, GI adverse effects, anemia, arthralgias, musculoskeletal pains, and seizures.
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Alendronate (Fosamax):
It is a more potent bisphosphonate.
Causes less tensile strength of bones and mineralization defects.
It has potential hepatotoxicity and lowers serum phosphorus.
E) Calcitonin:
Serum Ca2+ decreases by acting primarily on the bone; acts on the kidney and GI tract.
↑ calcium mineral stores in bone and ↑ renal calcium excretion.
Lowers serum calcium within hours by ↓ skeletal reabsorption of calcium and ↓ or inhibiting renal
Ca2+ reabsorption. Also lowers serum alkaline phosphatase levels by inhibiting bone turnover.
Calcium-lowering effect begins 2 hrs after the first injection and lasts 6-8 hrs. Serum Ca2+ ↓ by 0.5
mmol/L. The effect is maintained for 5-8 days.
Serum calcium ↓ only for 2-3 days because of tachyphylaxis.
Usual Dose:
Subcutaneous or Intramuscular: 3-6 mcg/kg every 6 hours.
Adverse effects:
Nausea, cramping, abdominal pain, and flushing.
Alternate dosing in international units (IU):
Adult:
4 IU/kg q.12 h SC or IM, increase to 8 IU/kg q. 12 h if it is ineffective.
Pediatric:
5-10 IU/kg.
F) Gallium nitrate:
It is a naturally occurring heavy metal that reduces increased bone turnover and inhibits bone
resorption by reducing the solubility of hydroxyapatite.
Usually given as 200 mg/m2/day IV as a continuous infusion for 5-7 days.
Nephrotoxicity ↑ if it is administered with amphotericin and aminoglycoside.
Must be discontinued if serum creatinine exceeds 2.5 mg/dL.
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Hydrate patient before and several days following infusion to prevent nephrotoxicity, i.e., maintain
urine output > 30 mL/kg/day.
Adverse effects:
Fever, rash, vomiting, diarrhea, nephrotoxicity, hypocalcaemia, hypophosphatemia, acidemia,
hypotension, anemia, and optic neuritis.
G) Calcimimetic drugs:
(Cinacalcet hydrochloride) (Sensipar):
Increases sensitivity of calcium sensing receptors on chief cells of parathyroid and ↓ PTH.
Decreases renal calcium reabsorption and results in decrease of serum calcium levels.
Often used in chronic renal disease with secondary hyperparathyroidism.
Pediatric use has not been well studied.
Precautions:
Serum calcium reduction may cause lower seizure threshold.
Monitor serum Ca2+ and P 2− levels within 1 wk following an initial dose.
Adynamic bone disease may occur if PTH levels are suppressed < 100 pg/mL.
Serum levels of flecainide ↑.
Ketoconazole, erythromycin, and itraconazole may decrease cinacalcet clearance.
Infants and Children:
Secondary hyperparathyroidism (chronic renal disease):
Dose of 0.25 mg/kg/day.
Adult:
Initial Dose: 30 mg PO q. daily, then titrate dose upward slowly (no more frequent than q. 2-4 week
intervals) by 30-mg increments. Achieve target PTH levels of 150-300 pg/mL.
H) Mithramycin:
Lowers calcium by inhibiting RNA synthesis, and it kills of osteoclasts.
A dose of 25 mcg/kg/day is given IV over 3-4 days; the onset of action is within 24-48 hours.
Its use was discontinued in US.
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Adverse effects:
Thrombocytopenia, hepatocellular necrosis, coagulopathy, azotemia, proteinuria, and electrolyte
imbalance. These are more common with repeated dosing.
I) Calcitriol and Vitamin D analogues: Procalcitrol
These drugs do not acutely lower serum calcium levels, but raise them.
Bind to vitamin D receptors and chronically inhibit secretion of parathyroid hormone (PTH). Use
in symptomatic hypercalcaemia is limited.
J) Peritoneal dialysis or hemodialysis:
Used in extreme situations such as in severe renal failure, Address carefully the serum phosphorus
level following dialysis.
K) Surgical intervention:
Indication:
Hyperparathyroidism (i.e., if serum Ca2+ > 12.5 mg/dL persistently) that is associated with
recurrent renal stones, a subtotal parathyroidectomy is performed.

2.6 Phosphate Homeostasis and Phosphate Abnormalities
Phosphate is the most abundant intracellular anion.
Of the total body's phosphorus, 85% is in the bone as hydroxyapatite and (15%) is in soft tissues.
Only 0.1% of phosphorus is present in the extracellular fluid (blood).
Serum phosphate levels may not reflect total body stores of phosphorous, but in severe
hypophosphatemia it reflects a deeper state of total body phosphate depletion.
Normal levels of serum phosphate (phosphorus):
2.5-4.5 mg/dL (0.81-1.45 mmol/L) in children ≥ 16 years and in adults.
3.2-6.3 mg/dL (1.03-1.78 mmol/L) in children and adolescents up to 15 years.
4.2-9.0 mg/dL (1.56-2.29 mmol/L) in infants < 1 year.
Phosphorus homeostasis is complex and regulated by the actions of several hormones:
1) Parathyroid hormone (PTH) releases phosphate from bone, but PTH also inhibits renal
reabsorption of phosphorus causing phosphaturia and hypophosphatemia.
2) Thyroid hormone and growth hormones increase renal reabsorption of phosphate.
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3) Vitamin D enhances the absorption of both phosphate and calcium.
4) Estrogen down regulates renal sodium phosphate cotransporter and causes phosphaturia.
5) Phosphatonins, the phosphate-regulating factors are important in phosphate-wasting diseases
such as:
X-linked and autosomal dominant hypophosphatemic rickets,
hypophosphatemia, tumoral calcinosis, and oncogenic osteomalacia.

autosomal

recessive

Physiology of Phosphorus:
• Phosphorus is essential for production of ATP which provides energy for nearly all cell
functions.
• Phosphorus is essential component of DNA and RNA.
• Phosphorus is essential for production of red cell 2, 3-diphosphoglycerate (2, 3-DPG) which
facilitates release of oxygen from hemoglobin.
• Phosphorus is essential for cell membrane structure, energy storage, and cellular transport
functions in all cells.

2.6.1 Hypophosphatemia
(I) Definition
Mild hypophosphatemia: 2 to 2.5 mg/dL or 0.65-0.81 mmol/L.
Moderate hypophosphatemia: 1 to 2 mg/dL or 0.32-0.65 mmol/L.
Severe hypophosphatemia: < 1 mg/dL or 0.32 mmol/L.
The above abnormalities occur in 2-3% of hospitalized and 30% of ICU patients.
The above values represent only in the adults and one should take into account the low normal
values depending on the age of infants and children for defining hypophosphatemia.
(II) Causes of Hypophosphatemia
Decreased dietary intake.
Decreased intestinal absorption of phosphate.
Increased urinary excretion of phosphate.
Intracellular shift of phosphate from serum.

66

Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Intracellular shift of Phosphorous:
The intracellular shift of phosphorous occurs in the underlying five conditions:
1. Respiratory alkalosis (hyperventilation):
It is one of the most common causes of hypophosphatemia. One should search for the serious
causes of hyperventilation such as:
Sepsis, diabetic ketoacidosis (DKA), hepatic encephalopathy, salicylate poisoning, anxiety, pain,
and heat stroke. In alkalosis phosphate enters into cells by activating phospho-fructokinase.
Phosphofructokinase stimulates intracellular glycolysis which leads to phosphate consumption and
production of phosphorylated glucose precursors.
2. Carbohydrate intake:
It stimulates insulin release which moves phosphate and glucose into cells and ↓ serum phosphate. If
starving or chronically malnourished patients are refed or given IV glucose, hypophosphatemia occurs
day 3 or 4.
3. Diabetic keto-acidosis (DKA):
Metabolic acidosis and insulin deficiency shifts intracellular phosphate stores to extracellular fluid,
leading to increased urinary loss of phosphorus.
Treatment of DKA with insulin shifts phosphate into cells resulting in ↓ serum phosphate.
4. Catecholamines and beta-receptor agonists:
These drugs stimulate phosphate entry into cells.
5. Malignancies:
Rapidly growing malignancies such as acute leukemia or lymphomas may consume phosphate
preferentially, leading to hypophosphatemia.
In most cases of cellular shift of P 2−, serum phosphate normalizes once the cause is removed.
Increased urinary excretion of phosphorous:
The urinary excretion of phosphorous is increased in the following conditions:
1) Primary and secondary hyperparathyroidism:
PTH increases renal excretion of phosphate and causes hypophosphatemia.
2) Acute volume expansion:
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Increases urinary loss of phosphate. Acute volume expansion also causes dilution of serum calcium
which stimulates release of parathyroid hormone.
3) Osmotic diuresis:
The urinary excretion of P 2− ↑ as in hyperosmolar hyperglycemic syndrome.
4) Diuretic Use:
Diuretics that interfere with proximal tubular reabsorbtion of phosphorus such as loop diuretics,
thiazides, and carbonic anhydrase inhibitors, all produce hyperphosphaturia, and lead to
hypophosphatemia.
5) Estrogens:
It is a downregulator of a renal sodium phosphate co transporter, causing significant phosphaturia
and hypophosphatemia.
6) Other causes:
Transplantation: Renal excretion of phosphorous ↑ in kidney transplants.
Congenital defects: Hypophosphatemic rickets (x-linked and autosomal dominant) and Fanconi
syndrome (proximal tubule dysfunction).
Decreased intestinal absorption of phosphorous:
The intestinal absorption of phosphorous ↓ in the following:
1) Use of phosphate binders:
Binds phosphorous in the gut thus preventing absorption.
Eg., chronic use of sucralfate, phosphate-binding antacids such as aluminum hydroxide, aluminum
carbonate, and calcium carbonate.
2) Phosphate may be lost via the gut:
Eg., chronic diarrhea, malabsorption syndromes, severe vomiting, or NG suctioning.
3) Intestinal (novel) factors:
Intestine “senses” luminal concentrations of phosphate and regulates renal excretion of phosphorous
by elaborating novel factors.
Decreased dietary intake of phosphorous:
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It is a rare cause of hypophosphatemia as normal food intake contains phosphate rich foods like
fruits, vegetables, meats, and dairy products.
Anorexia nervosa or chronic alcoholism may cause hypophosphatemia due to decreased intake and
increased renal excretion.
Intravenous feeding (total parenteral nutrition):
Patients on total parenteral nutrition (TPN) with inadequate phosphate supplementation has low
blood phosphate levels.
Thyrotoxic periodic paralysis (TPP):
Serum phosphorus is low with elevated levels of serum thyroxin, and it is associated with
myopathy. In spontaneous periodic paralysis, phosphorus levels are normal.
(III) Clinical Symptoms and Signs of Phosphate Deficiency
Mild to moderately severe hypophosphatemia is usually asymptomatic.
Major clinical symptoms usually occur in severe hypophosphatemia.
1) Muscular weakness is the most common manifestation and involves both smooth muscle and
skeletal muscle groups occurring either in a single group or in combination with other muscle
groups (i.e. ophthalmoplegia (diplopia), dysarthria, dysphagia, ileus, and trunk or proximal arm
myopathy). Weakness of the large muscle groups is common.
2) Rhabdomyolysis:
Occurs due to depletion of ATP and loss of muscle cell membrane integrity.
It is common after acute alcohol withdrawal that causes rapid uptake of phosphate into muscle.
It is rare after Rx for DKA or in re-feeding after starvation.
3) Respiratory insufficiency:
Occurs in some patients if underlying cause is malnourishment.
↓ Red cell DPG with leftward shift in hemoglobin-O2 dissociation curve, and
↓ oxygen delivery to the tissues and brain (tissue hypoxia).
(signs: ↓ respiratory rate and ↓ tidal volume or tachypnea).
4) Myocardial depression and impaired cardiac contractility:
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Reduced threshold for ventricular arrhythmias. Cardiac output (CO) ↓ and BP ↓, and both
improve if serum phosphorus is normalized.
5) Neurological dysfunction:
It is common and manifest as confusion, profound alterations in mental status, seizures, and
coma. Other manifestations are extrapontine myelinolysis, peripheral neuropathy, and
ascending motor paralysis (as in Guillain-BarréSyndrome).
6) Hematologic function:
Hemolytic anemia due to loss of red cell membrane integrity and destruction in the spleen.
Impaired chemotaxis and phagocytosis.
(IV) Laboratory Studies
Serum phosphate levels that are shown below suggests the degree of hypophosphatemia.
Mild Hypophosphatemia: (2-2.5 mg/dL).
Moderate Hypophosphatemia: (1-2 mg/dL).
Severe Hypophosphatemia (< 1 mg/dL).
Abnormalities in serum magnesium, calcium, and potassium levels may occur.
Hypomagnesemia often is associated with the shift of phosphate into cells.
Hypercalcemia is common in primary hyperparathyroidism.
Derangements in serum K+ may occur if hypophosphatemia is due to diabetic ketoacidosis and
alcoholism.
(V) Treatment of Hypophosphatemia
Correct causes of hypophosphatemia and replace total body phosphates.
Since the serum phosphate level may not accurately reflect the level of intracellular phosphate,
correlate serum phosphate levels with clinical findings, before initiating aggressive therapy.
Replacements options:
Dietary phosphate, oral phosphate salts, and intravenous phosphate.
In DKA replace with a potassium salt (as hypophosphatemia and hypokalemia coexist). If
phosphate depletion is symptomatic or severe, the choice of Rx is very important.
A) Mild to moderate or asymptomatic hypophosphatemia:
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Address the factors:
Managing factors that led to hypophosphatemia is often adequate.
Serum phosphate level spontaneously normalizes over several days.
Oral phosphate replacement:
Advised for patients with minimal symptoms or moderate hypophosphatemia (i.e., serum
phosphorus 1-2 mg/dL).
Daily average intake of phosphorus is 15 mg/kg / body weight (adult 1 gram) or as below:
Table 2.10

Daily Phosphorous intake by age.

Infants: 0-6 months: 100 mg /daily.

7-12 months: 275 mg /daily.

Children: 1-3 years: 460 mg (RDA*).

4-8 years: 500 mg (RDA*).

9-18 years: 1250 mg (RDA*).
* Recommended daily allowance

Intake of dairy products:
These are suitable for oral phosphorous replacement (cow’s milk has 1 mg phosphorus/mL).
Provides absorbable calcium and prevents hypocalcaemia associated with phosphorous replacement.
Sodium and Potassium phosphate:
Provides oral phosphorus, but causes diarrhea, volume overload, or hyperkalemia.
Usual starting dose: 28-42 mg/kg/day of elemental phosphorus in divided doses.
B) Symptomatic or Severe hypophosphatemia:
Serum phosphate < 1 mg/dL requires IV phosphate.
Predicting the amount required to replenish cellular stores, nearly is impossible.
Avoid hyperphosphatemia when replacing phosphorus intravenously.
Hyperphosphatemia may lead to hypocalcaemia (leading to tetany), calcium-phosphate deposition
in tissues (i.e., eye, heart, kidney, and lung), and produce hypokalemia.
Intravenous phosphate salts:
Sodium phosphate or potassium phosphate are commonly used salts.
Initial dosage and infusion rate is based on symptoms and severity of hypophosphatemia.
Serum K + level may limit amount of potassium phosphate that can be given safely.
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Infants and Children:
0.25-0.5 mmol/kg IV over 4-6 h; repeat if symptoms persists.
Adult dosing:
1) 8 mmol of potassium phosphate IV q. 6 h initially (or 32 mmol/24 hrs).
Aggressive IV replacement: 15 mmol of potassium phosphate over 6 hrs.
(Above dose is based on recent studies in adults).
2) Severe hypophosphatemia:
30 mmol of potassium phosphate via central line over 3 hours.
3) Moderate hypophosphatemia:
15 mmol of potassium phosphate via central line over 3 hours.
Precautions:
1) Use of phosphate binders decrease serum phosphate levels:
E.g., Magnesium- and aluminum-containing antacids or sucralfate.
2) Drugs that increase serum phosphate levels:
Potassium-sparing diuretics, ACE inhibitors, and salt substitutes.

2.6.2 Hyperphosphatemia
(I) Definition
Serum phosphate of > 5 mg/dL in patients with normal renal function.
The above value represents only in the adults and one should take into account the high normal
values depending on the age of infants and children for defining hyperphosphatemia.
(II) Causes of Hyperphosphatemia
The most common cause of hyperphosphatemia is renal failure.
Less common causes are:
1) Increased intake:
Excessive oral or rectal use of a laxative (phospho-soda).
Excessive parenteral administration of phosphate.
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Milk-alkali syndrome and vitamin D intoxication.
2) Decreased excretion:
Renal failure, i.e., acute or chronic.
Hypoparathyroidism and pseudohypoparathyroidism.
Severe hypomagnesemia and bisphosphonate therapy.
3) Shift of phosphate from intracellular to extracellular space:
Acute metabolic or respiratory acidosis, rhabdomyolysis, acute hemolysis, and tumor lysis.
4) Spurious:
Blood sample containing heparin or alteplase, hyperlipidemia, hyperbilirubinemia, and in vitro
hemolysis.
(III) Clinical Signs and Symptoms of Hyperphosphatemia
1) Most of the patients are asymptomatic.
2) Occasional patient experiences hypocalcemic symptoms, i.e., muscle cramps, tetany, and
perioral numbness or tingling.
3) Symptoms related to underlying cause of hyperphosphatemia may be common,
i.e., uremic symptoms like fatigue, shortness of breath, anorexia, nausea, and vomiting.
4) No specific findings on physical exminatiion.
5) Sgns of hypocalcemia are present in acute hyperphosphatemia (as in IV phosphate
administration),
e.g., Trousseau or Chvostek sign, hyperreflexia, carpopedal spasm, or seizure.
(IV) Principles of Treatment
1. Address the cause of hyperphosphatemia.
2. Limit or curtail intake of phosphate.
3. Increase renal excretion of phosphate.
Address the Cause:
1) Excess ingestion/administration of phosphate:
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Decrease or discontine phosphate supplements: i.e., phosphate-containing laxatives and
intravenous phosphate, and in presence of normal renal function, it would be adequte to correct
the problem. The renal excretion of P 2− maintains it’s homeostasis despite high phosphate
content of a typical diet and intestinal absorption of ingested phosphate.
2) Renal failure / renal dysfunction:
Limit or cutail phosphate intake and institute dialysis if needed. Dietary phosphate intake is a
significant contributor to hyperphosphatemia in renal failure, and dietary phosphate restriction is
appropriate.
(Foods high in phosphate are dairy products, meats, nuts, and other high-protein foods).
Limiting intake is suffice for control in mild renal insufficiency.
Limiting intake alone is inadequate for control in advanced or complete renal failure, and
phosphate binders are used to inhibit gastrointestinal absorption of phosphate. The daily
nocturnal dialysis may decrease or even abolish the necessity for phosphate binders for
dialysis-dependent patients.
Phosphate binders:
1) Aluminum-containing:
Lately are abandoned because of the toxic effects of absorbed aluminum such as dementia, severe
osteomalacia, prevention of normal bone mineralization, and anemia.
Aluminum hydroxide (Amphojel):
Available in tablet form or liquid form. Commonly used as an antacid.
Not a first-line therapy because of potential for aluminum intoxication with prolonged use.
Infants and Children:
Not recommended because of potential for aluminum absorption and intoxication if used in high
quantities over extended periods.
Adult:
1-6 tab PO with meals (not between meals) or/
Alternatively, 1-6 tbsp liquid PO with meals; titrate dose according to serum phosphate
concentrations.
Precautions:
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Corticosteroids may decrease the effects of aluminum in hyperphosphatemia.
Caution in patients with recent massive upper GI hemorrhage.
Renal failure may cause aluminum toxicity.
2) Calcium-containing:
Calcium carbonate, calcium citrate, and calcium acetate.
These salts combines with dietary phosphate to form insoluble calcium phosphate which is
excreted in feces.
Advantages:
Provides calcium food source along with inhibition of phosphate absorption.
Disadvantages:
High incidence hypercalcemia and soft tissue calcification as well calcification in cardiovascular
tissues. The binders could perpetuate or worsen existing vascular calcification. Vascular calcification
correlates with cardiovascular mortality in chronic kidney disease.
Precautions:
Hypercalcemia or hypercalcuria may occur even at therapeutic doses, therefore, serum calcium
should be monitored.
Calcium carbonate (Oystercal, Caltrate):
Normalizes phosphate concentrations in patients on dialysis.
Infants and Children:
45-65 mg/kg/d PO divided q.i.d.
Adult:
250-1500 mg PO with meals and snacks; titrate dose with serum P 2− levels.
Calcium acetate (Calphron):
Adult:
2 tab PO with each meal and increase to bring serum phosphate value to 4 mg/dL as long as
hypercalcemia does not develop; may require up to 4 tablets/day.
3) Magnesium Containing: (Phillips Milk of Magnesia)
Reduces absorption of dietary phosphate.
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Adult:
650-mg to 1.3-g tab PO q.i.d. with meals; titrate the dose depending on serum phosphate levels.
4) Non-magnesium / aluminum or Non-calcium phosphate binders:
No definitive studies suggest that chronic use of these binders ↓ mortality or confers a disadvantage.
Sevelamer hydrochloride (Renagel):
Alternative to calcium-containing binder in extraskeletal calcification or recurrent hypercalcemia.
It controls serum phosphorus levels well in dialysis patients.
May be used together with calcium-containing binders to minimize adverse effects of binders.
Lanthanum carbonate (Fosrenol):
Safe and efficacious agent for short-term use.
Should concern of long-term administration as toxicity exists.
Furthermore, these agents are significantly more expensive than calcium salts.
Secondary hyperparathyroidism:
Good control of secondary hyperparathyroidism achieves better control of blood phosphate levels
in renal failure and control of hyperphosphatemia, which in turn prevents development of secondary
hyperparathyroidism.
Other Agents:
Vitamin D metabolites and calcium-sensing receptor agonists tend to decrease serum phosphate
levels.
Hypoparathyroidism:
Give calcium and vitamin D for treatment of hypocalcemia.
Oral calcium can ameliorate the hyperphosphatemia of hypoparathyroidism.
Hyperphosphatemia with Normal Renal function:
As it occurs in tumor lysis syndrome, measures to enhance renal excretion of phosphate are
instituted.
Volume repletion with NS and forced diuresis with a loop diuretic such as furosemide or
bumetanide ↑ intravascular volume, ↓ proximal tubule absorption of phosphate and solutes promoting
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phosphaturia. ↑ distal tubule delivery of phosphate exceeds the ability of the nephron to reabsorb
phosphate.
Diuretics:
Furosemide:
Adult:
20-80 mg/dose PO/IV/IM; titrate to effect; not to exceed 600 mg/day.
Pediatric:
1-2 mg/kg/dose PO; not to exceed 6 mg/kg/dose; do not administer > q.6 h;
or 1 mg/kg IV/IM slowly under close supervision; not to exceed 6 mg/kg/dose.
Surgical treatment:
Tertiary hyperparathyroidism with hypercalcemia, hyperphosphatemia, and severe bone disease
requires parathyroidectomy.

2.7

Magnesium Abnormalities and Magnesium Homeostasis

Magnesium (Mg 2+) is the second-most abundant intracellular cation.
The total body content of magnesium in adults is about 2,000 mEq or 28 mEq/kg or 340 mg/Kg
(24 g). No exact data are available for children.
Of the total body magnesium, 60% is in the bone, 38% in the soft tissues, and < 2% is in the
extracellular fluid (ECF). The serum levels, therefore, may not reflect total body stores.
Normal serum level is from 1.8-2.5 mEq/L.
Two-thirds of serum magnesiuim is a free fraction of magnesium which is the active component
(analogous to plasma calcium). One-third of serum Mg 2+ is protein-bound.
No accurate method exists to estimate the ionized serum magnesium.
Daily requirements of Magnesium:
0.3 mEq/kg is required to prevent deficiency.
Infants and children require higher amounts.
Magnesium absorption is primarily in jejunum and ileum by passive and active transport processes,
but some magnesium is absorbed in the sigmoid colon.
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Magnesium homeostasis is regulated primarily by renal excretion:
Ninety-six % of glumerular filtered magnesium is reabsorbed in the renal tubules through active
and passive transport system:
• Active: 10% occurs in the distal convoluted tubule.
• Passive: 70% occurs in the ascending loop of Henle through lumen-positive trans-epithelial
voltage and negatively charged tight junction protein, claudin-16.
Physiology:
Magnesium is important for DNA and protein synthesis, glycolysis, and oxidative phosphorylation.
Several enzymatic reactions using adenosine triphosphate (ATP) requires magnesium for activation.
Magnesium is bound to ATP in the cell. Changes in intracellular magnesium regulate mitochondrial
respiration and cell energetics. The extracellular magnesium interferes with the release of acetyl
choline and blocks neurosynaptic transmission. Magnesium interferes with the release of
catecholamines from the adrenal medulla, and is an endogenous modulator of catecholamine
response to physiologic stress.

2.7.1 Hypomagnesemia
It is common in hospitalized patients and may occur in 60% of ICU patients.
Neonates are predisposed to develop hypomagnesemia due to unknown mechanism or due to
increased requirement for intracellular magnesium in growing tissues.
Major causes of magnesium deficiency include the following:
1) Long-term parenteral fluid therapy without supplementation.
2) Gastrointestinal causes:
Prolonged nasogastric suction/vomiting, acute pancreatitis, malabsorption syndrome, malnutrition,
extensive bowel resection, intestinal or biliary fistulas, and diarrhea.
3) Renal Causes:
Diabetics: Ineffective cellular uptake of Mg 2+ (insulin-mediated) as well as osmotic diuresis.
Diuretic phase of acute tubular necrosis and hypercalcemia.
Medications (e.g., diuretics, aminoglycosides, calcineurin inhibitors) and alcohol.
Inherited tubular defects: Disorders of tubular Na+ or Mg 2+ reabsorption (e.g., Gitelman
syndrome and familial hypomagnesemia with hypercalciuria/nephrocalcinosis).
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Primary infantile hypomagnesemia (autosomal recessive disease).
(I) Clinical Symptoms and Signs
Rate of development of hypomagnesemia may be more important than an absolute value in
symptom development.
Patients are usually asymptomatic.
Early manifestations: muscle cramps, nausea, vomiting, and lethargy.
Symptoms of severe hypomagnesemia or serum magnesium < 1 mEq/L:
Tremor, seizures, hyperactive deep-tendon reflexes, hyper reactivity to sensory stimuli, muscular
fibrillations, positive Chvostek and Trousseau signs, and carpopedal spasms progressing to tetany.
Other symptoms are mental changes (irritability, disorientation, depression, psychosis), cardiac
arrhythmias, and reversible respiratory muscle failure.
(II) Treatment
Identify underlying cause of hypomagnesemia and correct the problem if possible.
Asymptomatic or mild hypomagnesemia (serum Mg2+ > 1.2 mEq/L):
Oral replacement is preferred.
The exact dose needed to correct deficiency is unknown as it varies depending on the specific cause
of hypomagnesemia and renal function.
Dose: Children: 10-20 mg of elemental magnesium / kg 3-4 times daily.
Usual duration of administration is for 4-5 days.
Recommended diet in Chronic / Asymptomatic hypomagnesemia:
Good sources of Magnesium:
Green vegetables such as spinach (chlorophyll contains magnesium), whole unrefined grains,
beans, peas, nuts, and seeds.
Magnesium salts for oral administartion:
Magnesium oxide or magnesium gluconate.
Precautions:
Magnesium toxicity occurs in renal impairment if > 50 mEq (600 mg of elemental magnesium) is
given q. daily.
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May decrease effects of corticosteroids, digoxin, dilantin, and H2 antagonists.
May increase the effects of dicoumarol, quinidine, and sulfonylureas.
Magnesium oxide:
(600 mg of salt contains 28 mEq of Mg 2+ or 336 mg of elemental Mg 2+).
Infants and Children:
65-130 mg of salt /kg/day divided t.i.d.-q.i.d. PO.
Adult:
2000 mg of salt /day divided t.i.d.-q.i.d. PO.
Magnesium gluconate:
(500 mg contains 2 mEq of Mg 2+ or 27 mg of elemental Mg 2+ ).
Infants and Children:
10-20 mg/kg elemental Mg 2+ PO t.i.d./q.i.d; not to exceed 400 mg/day.
(185-370 mg/kg salt PO t.i.d./q.i.d, not to exceed 7.5 gm of salt/day.
Adult:
500-1000 mg of salt PO t.i.d.
Severe Hypomagnesemia:
(Serum Mg 2+ < 1 mEq/dL).
If manifests with seizures and tetany, intravenous magnesium should be used.
Intermittent Intravenous infusion:
25-50 mg of magnesium sulfate/kg body weight (maximum 2 g) is given slowly.
This dose can be repeated every 4-6 hours as needed.
Continuous infusion:
100-200 mg of magnesium sulfate/kg/body weight/day.
Magnesium sulfate:
1 g of salt contains 8.12 mEq of Mg 2+ or 98 mg of elemental Mg 2+.
Infants and Children:
1 mEq/kg IV is infused over 2-6 h. on day 1 and then half of that amount is given over next 3 days.
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Adult:
Give 2 g IV solution over 20 min, then 1 g q. 6 h. until levels are corrected (usually takes 4-5 days).
Intravenous use cautions:
Rapid IV use leads to dysrhythmias, hypotension, flushing, sweating, and/or warmth. Dilute to
5-20% before IV administration; maximum allowed concentration for infusion is 20%.
The maximum rate of administration:
It should be < 1.5 mL of 10% solution or equivalent per minute (150 mg/min with ECG monitoring).
In overdose (i.e., clinically significant hypermagnesemia and/or hypotension), give calcium
gluconate 10-20 mL IV of 10% solution.
Precautions:
Diarrhea is the most common adverse effect.
Exercise caution in renal failure; Heart block may occur in digitalized patients.
Monitor respiratory rate and deep tendon reflexes in parenteral use.
Produces significant hypertension, hypocalcaemia, and asystole.
Concurrent use with nifedipine may cause hypotension and neuromuscular blockade. May
potentiate neuromuscular blockade produced by tubocurarine, vecuronium, and succinylcholine or
concomitant use with aminoglycosides.
May increase CNS effects and toxicity of CNS depressants.

2.7.2 Hypermagnesemia
Hypermagnesemia is defined as a serum concentration > 2.5 mEq/L of Mg2+ .
(The normal range is 1.8-2.5 mEq/L).
(I) Causes of hypermagnesemia
A) Impaired excretion:
Renal failure:
Most of the cases are due to administration of magnesium containing medications in severe renal
failure (i.e., enemas containing magnesium, antacids etc).
Hypermagnesemia rarely occurs with a normal glomerular filtration rate (GFR).
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In acute renal failure and hypermagnesemia, serum levels are usually < 4 mEq/L.
B) Transcellular shift:
Rapid mobilization of magnesium from soft tissues into ECF.
E.g., trauma, burns, shock, cardiac arrest, and diabetic ketoacidosis.
Diabetic ketoacidosis (DKA):
Hypermagnesemia initially occurs followed by hypomagnesemia during insulin administration.
C) Iatrogenic and Neonatal hypermagnesemia:
Occurs in infants whose mothers have been treated with magnesium sulfate for eclampsia and
infants who are born with respiratory impairment, generalized hypotonic, and gastro-intestinal
hypomotility (serum Mg 2+ concentration ranges 3-11 mEq/L).
(II) Clinical Symptoms and Signs
Rate of rise of serum Mg 2+ is even more important than absolute value in determining the nature
of symptoms and signs. A fast rise can produce cardiovascular symptoms more readily than can a
slower rise in serum Mg 2+.
Nonspecific:
Occur at levels 2-4 mEq/L and may include the following:
Nausea, vomiting, flushing lethargy, weakness, and dizziness.
Central Nervous System:
Loss of deep-tendon reflexes (at 4-6 mEq/L).
Drowsiness, depressed sensorium to coma (at > 5 mEq/L).
Cardiovascular:
(At 4.5 mEq/L): Negative inotropic and chronotropic activity, ↓ sinoatrial node activity, and atrial
fibrillation.
(At 5-8 mEq/L): Vaso depression of vascular smooth muscle leading to systemic hypotension.
(At level > 15 mEq/L): ↑ P-R interval, wideninig of QRS, and complete heart block and asystole.
Respiratory:
Weakness of respiratory muscles, respiratory depression, and apnea (> 10 mEq/L). In newborn
infants these occur at much lower levels.

82

Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

(III) Treatment of Hypermagnesemia
Treatment depends on the degree of hypermagnesemia and symptoms.
1. Mildly increased levels / non specific and minimal symptoms:
Remove the source of magnesium.
I.e. oral laxatives, antacids, or other preparations that contain magnesium.
2. Moderate to higher levels of magnesium / or severe symptoms:
1) Remove the source of magnesium.
2) Promote excretion of magnesium:
• Cathartics or enemas (non-magnesium containing).
These enhance gastrointestinal clearance of excess ingested magnesium.
• Renal excretion:
• Patients with normal urine output and renal function:
Intravenous saline infusions and furosemide diuresis.
• Patients with poor renal function: (renal insufficiency):
• Dialysis:
• Dialysis may also be used for patients with the following:
Severe asymptomatic hypermagnesemia (> 8 mEq/L).
Serious cardiovascular or neuromuscular symptoms at any serum Mg 2+ level.
3) Life-threatening symptoms of hypermagnesemia:
• E.g., arrhythmias or severe respiratory depression.
• Calcium administration and treatments as mentioned above.
• Calcium chloride (5 mL of a 10% sol) is administered IV over 30 seconds.
• Monitor patients in an ICU with close attention to ECG parameters.
Intravenous fluids:
Dilution of the extracellular Mg 2+ concentration is the rationale behind intravenous use and given
with diuretics to promote diuresis of magnesium by the kidneys.
0.9% sodium chloride infusion:
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Infants and Children:
< 10 kg: 100 mL/kg/day, 10-20 kg: 50 mL/kg/day, > 20 kg: 20 mL/kg/day.
Furosemide (lasix):
Inhibits Na+ and Cl− reabsorption by interfering with chloride-binding co-transport system in the
ascending loop of Henle and distal renal tubule, and increases water excretion, and promotes
excretion of magnesium.
Infants and Children:
1 mg/kg/dose q. 6-12 h prn; titrate to effect.
Adolescents and Adults:
20-80 mg/dose IV; not to exceed 6 mg/kg/dose; titrate to effect.
Calcium:
Calcium directly antagonizes cardiac and neuromuscular effects of extracellular magnesium, and
improves nerve and muscle performance by regulating action potential excitation threshold.
Calcium chloride (10% solution has calcium chloride 100 mg/mL).
Infants and Children:
20 mg/kg IV of calcium chloride (not elemental calcium) may repeat in 10 minutes if necessary.
Adolescents and Adults:
2-4 mg/kg IV of calcium chloride (not elemental calcium) over 10 min; followed by 2-4 mg/kg/hour
of calcium chloride as a continuous infusion.

C. Acid Base Disorders and Management
Though the common acid base abnormality found in the postoperative pediatric cardiac surgical
patient includes mild metabolic alkalosis and acidosis, severe abnormalities of acid-base balance may
be encountered due to prolonged intensive unit stay as a result of complicated postoperative course or
due to underlying organ dysfunction. Recognition of these disorders and optimal management may
improve patient outcomes.
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2.8

Physiology of Normal Acid-Base Balance

The human body maintains in the body fluids a physiologic pH (a negative logarithm of [H +] ion
concentration) in the range of 7.34 to 7.42 for ideal performance of several enzymatic reactions,
contractile proteins, and blood coagulation.
Oxidative metabolism liberates an average 4 mL /kg / minute of CO2, which dissolves in H2O to
form H2CO3. H2CO3 exists in equilibrium with CO2 and dissociates into [HCO3 −] and [H +]. H2CO3
(volatile acid) is readily eliminated by lungs in the form of CO2:
CO2 +H2 O ⇄ H2 CO3 ⇄ H + +HCO3 −
Protien catabolism and incomplete oxidation of fats and carbohydrates produce 50-100 mEq/day
of non-volatile acids (H2 SO4 and H2 PO4 ), which do not exist in equilibrium with CO2, and are
mainly excreted by the kidney.
CO2 represents major acid load than non-volatile acids and a major determinant of the blood pH.
CO2 exists in the blood and ECF in equlibrium between CO2, [HCO3 −], and [H + ] ions. It is
represented by Henderson-Hasselbach equation:
pH = pK+

log [HCO 3 − ]
0.03×PaC O 2

pK= 6.1 (pH of the bicarbonate buffer, where the ions of the buffer are in equilibrium), 0.03 =
solubility constant of CO2 in the blood.
If the serum HCO3 − is 24 mEq/L and PaCO2 is 40 mm Hg, calculate the pH as shown:
pH = 6.1 + log 24/ 0.03 ×40 = 6.1 + log 24/1.2 = 6.1 + log 20 = 6.1 + 1.24 = 7.34
Metabolic alterations in acid base balance is reflected by changes in the serum HCO3 − and
respiratory alterations, by changes in PaCO2, and both affect the blood pH.
Based on Henderson-Hasselbach equation a change in pH of 0.01 corresponds inversely with
10 mEq/L change in H + ion concentration.
Blood pH is maintained in a normal physiologic range by excreting daily acid load by
compensatory mechanisms of kidneys, lungs, and action of body buffers.

2.8.1 Buffers
These are a mixture of a weak acid and its conjugate salt of a base or a mixture of a weak base and
its conjugate salt of an acid. Buffers have their own pK (dissociation constant) or pH, at which point
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the weak base (or acid) and it’s salt dissociates in equilibrium within a physiologic range of acid base
status.
If an H + ion or OH − ion is added to a fluid, buffer shows only minimal change in the pH of the
fluid within one unit on either side of its pK.
Buffers of the body are both intracellular and extracellular.
Extracellular buffers:
Bicarbonate buffer (BB) is the most important extracellular buffer.
Non-volatle acids: 45% of non-volatile acid is buffered by bicarbonate system to release CO2 ,
which is excreted by lungs as shown below:
H2 SO4 + BB = CO2 + H2 O + Na2 SO4 , H2 PO4 + BB = CO2 + H2 O + Na2 PO4
Volatile acids: volatile acid like H2 CO3 can not be buffered by bicarbonate system as it
regenerates H2 CO3 . CO2 is dissolved in the blood with H2 O, and is readily eliminated by lungs.
Only 0.3 mL (7%) of CO2 /dL of blood is carried in the dissolved form.
Intracellular buffers:
Hemoglobin, proteins, organic phosphates, and bone are important buffers.
Non-volatle acids: 50% of non-volatile acid is not buffered by extracellular buffer. Over the course
of several minutes or a few hours H + ion moves intracellular and is buffered by organic phosphates,
proteins, and bone.
Volatile acid: Majority of the volatile acid in the body is H2 CO3 and is not buffered by extracellular
buffer (i.e., bicarbonate buffer), but 97% of it is buffered intracellularly by deoxygenated Hb molecule
in red blood cells (70% as red cell bicarbonate, 27% carbamino-hemoglobin and in combination with
plasma proteins).

2.8.2 Respiratory Compensation
Chemreceptors located in the brain stem and carotid body respond to changes in PaO2 and PaCO2
and regulate CO2 exchange through lung ventilation and maintain the blood pH. Hypoxia and
hypercarbia ↑ ventilation, hypocarbia ↓ ventilation. The efficiency of bicarbonate buffer system
improves many fold by rapidity at which the lungs respond to changes in PaCO2.
Since bicarbonate system is important to buffer non-volatle acid, lungs play an indirect role for
elimination of non-volatile acid and replenishing bicarbonate buffer system.
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2.8.3 Renal Compensation
Kidneys excrete H + ion (50-100 mEq/day) generated by non-volatile acid by the following
mechanisms:
HCO3 − Reabsorption:
Under normal conditions most of the glomerular filtered HCO3 − is reabsorbed by the kidney. The
ratio of reabsorbed HCO3 −/ filtered HCO3 − increases if serum HCO3 − falls below 26 mEq/L. The
HCO3 − reabsorbtion equals to H+ ion excretion and is mediated by carbonicanhydrase enzyme. If
serum HCO3 − levels ↑ above normal levels, the ratio of HCO3 − reabsorption to filtered HCO3 − ↓
with increased renal losses of HCO3 −.

H+ ion Secretion:
The H + ion excretion through HCO3 − reabsorption by kidneys is limited and it represents only
0.04 mEq/liter of H + ion concentration in the blood.
The rest of the acid load is excreted in two forms:
Phosphate buffers: 10-40 mEq. day of H + ion is buffered by intracellular pohospahte buffers of
kidney as a titratable acid:
HCl + Na2 HPO4 → NaCl +NaH2 PO4
Ammonium buffer: Normally 30-50 mEq/day of H + ion is excreted by the kidney as NH4+ .
Glutamine metabolism of renal cell generates NH3. The pK of the NH3 buffer is 9.3 and readily accepts
the proton to form NH4+. In metabolic acidosis, increased glutamine metabolism of renal cell generates
excess of NH3 and can excrete > 300-400 mEq/day of H ion, but may take several days to reach its
peak.

2.9 Metabolic Alkalosis (MAk)
2.9.1 Definition
A primary elevation in serum HCO3 − concentration > 27 mEq/L leading to a pH > 7.44.
MAk refers to a loss of acid or gain of base in the extracellular fluid (ECF).
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Most common acid-base disorder in hospitalized patients and has a high incidence after pediatric
cardiacsurgery. The cause of MAk after pediatric cardiac surgery is multifactorial and pathogenesis is
not well understood.

2.9.2 Post Pediatric Cardiac Surgery MAk
Predisposing factors:
Younger age, cardiopulmonary bypass (CPB), perioperative hemodilution, and preoperative ductal
dependency.
More common in CPB patients than non-CPB.
Acid-base management on CPB and deep hypothermic cardiac arrest.
MAk may develop gradually with alpha-stat than pH stat management.
But the incidence of pH > 7.6 postoperatively with pH-stat and alpha-stat is not significantly
different.
Untreated MAk is associated with ↑ morbidity and mortality in pediatric ICU patients. Severe
MAk affects multiple organ systems and causes tissue anoxia, due to shift of the oxygen-dissociation
curve to the left and hypoventilation, and it culminates in ↑ morbidity and mortality.

2.9.3 Pathophysiology
MAk is caused mostly by a) loss H+ ions by the kidney (renal H + losses exceed H production
from cellular metabolism). b) loss H ions through GI tract (as in vomiting).
Other causes:
1. Disproportionate chloride loss compared with HCO3 − loss (i.e., plasma HCO3 − increases upon
restriction to a smaller space of distribution).
2. Actual gain of HCO3 − from exogenous administration (usually additional HCO3 − is very
quickly eliminated by the kidneys).
3. Post-hypercapnia syndrome.
Gastric losses:
For each meq of H + ion secreted in gatric juice, one meq of HCO3 − is generated in plasma. But ↑
in plasma HCO3 − is countered by gastric acid stimulation of the pancreas to secrete HCO3 −.
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Gastric losses (e.g., vomiting, NG drainage) of acid removes the stimulus for the pancreas, thus
allowing plasma HCO3 − levels to increase.
The loss of K + and volume contraction due to vomiting also potentiate MAk.
Kidney losses and diuretic use:
Diuretics increase renal losses of sodium, which is followed by ↑ excretion of chloride. The
obligate Na+ reabsorption follows ↑HCO3 − reabsorption due to loss of Cl− in the proximal tubules.
Additionally, ↑ delivery of Na+ in the distal tubules increases sodium-potassium exchange with
increased excretion of K +.
The loss of K +, leads to increased H + ions secretion for Na+ exchange in the distal tubules.
Diuretics promote loss of Mg 2+ in the urine, which further ↓K + through an unknown mechanism.
Decrease in ECF volume (i.e., volume contraction):
Volume contraction concentrates (smaller space distribution) the existing levels of HCO3 − .
Volume contraction stimulates renin-angiotensin-aldosterone secretion. Aldosterone increases K +
and H + ion losses in the kidney for exchange of Na+.
Post-hypercapnia syndrome:
Chronic CO2 retention causes compensatory ↑ in HCO3 − levels with ↑ renal excretion of Cl−.
MAk ensues if a patient abruptly drops the CO2 level after treatment for hypercapnia.

2.9.4 Types of Metabolic Alkalosis
MAk is broadly divided into chloride-responsive and chloride-resistant depending on the response
with chloride administration.
Chloride-responsive MAk:
Features:
1) Urine chloride < 10 mEq/L.
2) Decreased ECF volume and low serum chloride levels (as occurs in vomiting).
3) Responds to administration of chloride salts.
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Causes:
Gastric fluid loss (e.g., vomiting, prologed NG drainage), posthypercapnia syndrome (especially in
mechanically ventilated patients with chronic lung disease), volume contraction, (e.g., secondary to
loop or thiazide diuretics), congenital chloride diarrhea, and cystic fibrosis.
Chloride-resistant MAk:
Features:
Urine chloride > 20 mEq/L.
Increased ECF volume.
Does not respond to administration of chloride salt.
Causes:
Chronic potassium depletion, primary aldosteronism, primary reninism, hyperglucocorticoidism,
deoxycorticosterone (DOC) excess syndrome (congenital adrenal hyperplasia variant), milk-alkali
syndrome (excess calcium plus bicarbonate intake and vomiting), Liddle syndrome (autosomal
dominant unregulated Na+ resorption in renal collecting duct), Bartter syndrome (renal Na+, K +,
and Cl− wasting; often presents as a failure to thrive).

2.9.5 Compensatory Mechanisms in Metabolic Alkalosis
1. Hypoventilation:
Within several hours after MAk, elevated HCO3 − inhibits respiratory center resulting in
hypoventilation with increased PCO2 levels.
↑ in PaCO2 of 0.7 mm Hg occurs for each 1-mEq/L ↑ in serum HCO3 −.
Hypoventilation may also result in hypoxemia.
2. Intracellular buffering:
Buffering of excess HCO3 − occurs through Na+ / H + and K + / H + ion exchange,
Above results in formation of CO2 and H2O from HCO3 −.

2.9.6 Sequelae of Severe Metabolic Alkalosis
Determined by the severity of alkalemia and the degree of respiratory compensation; in uncompensated MAk, the pH elevation is severe and its effects on organ function.
Respiratory:
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Shift of the oxyhemoglobin dissociation curve to the left (i.e., ↑ binding of hemoglobin to oxygen).
↓ Delivery of oxygen to the tissues with cellular hypoxia.
Hypoxemia is worsened by compensatory hypoventilation that already exists (to elevate PCO2 and
increase in H + ion) in Mak.
Hypoventilation may be severe enough to cause apnea and respiratory arrest.
Cardiovascular:
Ventricular and supraventricular arrhythmias occur unresponsive to anti-arrhythmic drugs. Direct
arteriolar constriction which increases ventricular afterload may occur.
Arteriolar constriction is further worsened by associated electrolyte disturbances.
Neuromuscular:
Headaches, seizures, obtundation, and marked muscle weakness.
Above resolve only with correction of the pH.
Electrolytes:
Serum ionized Ca2+ ↓ due to ↑ binding of Ca2+ to proteins and causes tetany and seizures.
Intracellular shift of K + occurs in alkalemia with hypokalemia.
Total-body potassium loss also contributes to alkalemia.
Severe hypokalemia results in muscle weakness and cardiac arrhythmias.
Other effects:
Stimulates phosphofructokinase which converts fructose-6-phosphate to fructose-1, 6-diphosphate
and increases lactic acid production.
Increases renal tubular reabsorption of Ca2+ and ↓ renal excretion.

2.9.7 Clinical Symptoms and Signs
Loss of gastric fluid and HCl due to vomiting is the most common cause of metabolic alkalosis.
Most of the patients have prior history of vomiting or gastric fluid loss and long-term nasogastric tube
drainage or diuretic use.
Prior diuretic use may lead to increased chloride losses or hypokalemia.
Patients with vomiting manifest the following:
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Symptoms of severe volume contraction with signs of dehydration, e.g., tachycardia, dry mucous
membranes, ↓ skin turgor, postural hypotension, poor peripheral perfusion, and weight loss.
Children present with watery diarrhea, metabolic alkalosis, and hypovolemia as in congenital
chloride diarrhea (stools containing significant amounts of Cl− though diarrhea usually results in
hyperchloremic metabolic acidosis).
Signs and symptoms may relate to the specific disease process causing MAk such as primary
hyperaldosteronism, reninism, hyperglucocorticoidism, Bartter syndrome, deoxycorticosterone
excess syndromes, milkalkali syndrome, or Liddle syndrome.
Tetany or seizures, or generalized weakness (if hypokalemic) occurs.
Hypertension and weight gain with Mak results from a hypermineralocorticoid state.

2.9.8 Laboratory Evaluation
ABG: Elevated pH with a high HCO3 − level.
With compensation, the PCO2 level may be near a normal range or is elevated. Serum electrolytes
reveal hypokalemia, hypocalcaemia, hypochloremia, or hyponatremia.
Spot urine chloride:
Urine chloride < 10 mEq/L: chloride-responsive metabolic alkalosis.
Urine chloride > 20 mEq/L: chloride-resistant metabolic alkalosis.
Other specific tests:
Indicators of underlying diseases (conditions) causing MAk:
Primary aldosteronism: Metabolic alkalosis, hypokalemia, and urine chloride > 20 mEq/L. The
levels of aldosterone are increased despite controlled sodium intake of 3-4 mEq/kg/daily for 5 days
(170 mg/kg or 12-15 g of Nacl daily in adults).
Cushing syndrome: Increased serum cortisol.
Primary reninism: Tests are done to prove renovascular disease with hypertension.
Bartter syndrome: Secondary hyperaldosteronism, hypokalemia, and ↑ renal losses of K + and Cl−.
Milk-alkali syndrome (excessive oral intake of calcium, vitamin D metabolites, and absorbable
alkali): Hypercalcaemia is associated with MAk.
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Prolonged NG drainage:
Marked hypochloremia, hyponatremia, and volume contraction is associated with MAk.

2.9.9 Management of MAk
Principles of therapy:
Mild or moderate MAk rarely requires correction.
Volume replacement (along with chloride salts) corrects MAk due to chloride depletion and
volume contraction. Persistent severe MAk requires more specific therapy directed at moderating the
alkalemia.
Goal is to prevent life-threatening complications with the least amount of correction.
Address the underlying disease state, correct MAk to moderate levels.
The initial target pH is approximately 7.55 mmol/L and HCO3 − level is 40 mmol/L.
Correct associated hypovolemia or hypokalemia if Mak is due to chloride loss (from vomiting or
other GI losses).
(Note infants and children with protacted vomiting may develop hypovolemic shock).
Intravascular volume expansion with isotonic crystalloid solution is necessary.
Monitor CVP to determine adequacy of volume resuscitation.
Administer potassium as a chloride salt in hypokalemia to replenish chloride losses. Potassium
chloride rate should not exceed prescribed safe levels to correct hypochloremia.
Therefore administration of HCl or (NH4 Cl) may be considered for persistent severe MAk.
Diuretic Use:
Acetazolamide is a drug of choice in chloride-resistant MAk and diuretic induced
MAk in pediatric cardiac surgery patients.
MAk secondary to long-term diuretic use:
Discontinue chloruretic diuretics (e.g., furosemide, bumetanide, and ethacrynic acid).
For patients requiring continued diuretic therapy in MAk, use potassium-sparing diuretics and
carbonic anhydrase inhibitors. Use of potassium salt supplements helps avoid metabolic alkalosis.
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Renal failure with severe MAk:
Hemodialysis or continuous renal replacement therapy corrects MAk.
(Use dialysate containing high levels of chloride and low levels of HCO3 −).
Amiloride (potassium sparing diuretic):
It is potassium conserving (anti-kaliuretic) drug and possesses a weak natriuretic, antihypertensive,
and hypocalciuric effects (as compared to thiazides).
Reduces the magnesium loss caused by thiazides.
It is not an aldosterone antagonist, so its effects are observed even in the absence of aldosterone. It
inhibits Na+ reabsorption at distal convoluted tubule, collecting tubule, and collecting duct.
Thus, tubular lumen has a less negative potential, reducing

K + and H + secretion and excretion.

Amiloride is not to be used alone, due to an increased risk of hyperkalemia if it is administered by
itself. May use alone only in persistent hypokalemia, and monitor serum electrolytes closely for dose
titration. The drug effect begins within 2 hours after an oral dose and reaches peak 6-10 hrs, and lasts
about 24 hours.
Infants and Children:
< 6 kg: Not well established.
6-20 kg: 0.625 mg/kg/day PO (maximum dose 10 mg/day).
> 20 kg: Administer as in adults
Adolescents and Adults:
5-20 mg PO q. daily.
Precaution:
Use of nonsteroidal anti-inflammatory agents (NSAIDs):
Concomitant administration of NSAIDs reduces diuretic, natriuretic, and antihypertensive effects
of loop, potassium-sparing, and thiazide diuretics.
Indomethacin and potassium-sparing diuretics are associated with increased serum potassium
levels.
Chloride solutions:
These solutions are the recommended for rapid correction of severe MAk.
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(Used especially due to losses of chloride from gastric source).
Hydrochloric acid (HCl):
IV HCl may be indicated in severe MAk (pH > 7.55) if the following conditions do apply.
Rapid correction is warranted (cardiac arrhythmia, hepatic encephalopathy or digoxin toxicity).
NaCl or KCl cannot be administered due to volume overload or advanced renal failure.
Determine the amount of HCl required by calculating the pH deficit, the volume, and the infusion
rate of HCl.
H + ion deficit (mEq) = 0.3 × weight (kg) ×(measured HCO3 − − desired HCO3 −) [mEq/L].
Typical HCl preparation contains 0.1 N solution.
(i.e., 100 mg H+/litre or 100 mmol H +/L or 100 mEq/L in D5W or 0.9% NaCl).
Infants and Children:
Safe dose is not established, limited data have been reported.
Adolescents and Adults:
IV via central venous catheter:
Rate of H + replacement: 0.1-0.2 mEq/kg/hour.
0.1 N solution IV at 100 mL/hr provides about 10 mEq/hr, 10 mL/hr provides about 1 mEq/hr.
Solutions of > 0.1 N produce corrosive effects, even administered through a central line.
Solutions of > 0.2 N produce increased venous irritation and potential hemolysis.
Injection of HCl into a peripheral vein cause extravasation and produce severe tissue necrosis.
Monitor ABGs and serum electrolyte levels.
Ammonium chloride (NH4 Cl):
NH4 Cl is converted to ammonia and HCl by the liver. Released HCl corrects metabolic alkalosis.
Oral form: 500-mg tabs, IV use: 26.75% solution.
The solution has 5 mEq/mL or 267.5 mg/mL NH4 Cl.
Infants and Children:
Oral dose: 75 mg/kg/day divided q. 6 hours, not to exceed 6 g/day.
IV dose: 75 mg/kg/day divided q. 6 hours, not to exceed 6 g/day.
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Dilute solution prior to administration to a concentration < 0.4 mEq/mL.
Do not exceed the infusion rate of 1 mEq/kg/hour.
Cautions: Renal failure, hepatic encephalopathy.
Monitor chloride levels, serum ammonia levels, and acid-base status.
Adult:
Oral Dose: 8-12 g/day divided q. 6 h.
IV Dose:1.5 g q. 6 h.
Dilute NH4 Cl solution prior to administration to a concentration < 0.4 mEq/mL.
(Add 10 mL of 26.75% solution in D5W to make 150 mL).
Do not to exceed infusion rate of 1 mEq/kg/hour.
Potassium chloride:
Infants and Children:
IV dose: 0.5-1 mEq/kg/dose.
Dilute in adequate IV fluid for administering by either a peripheral or a central IV.
Do not exceed administration rate of 10 mEq/hr unless cardiac monitoring is in place and do not
exceed 10 mEq in any single dose, even if per/kg calculation indicates higher dose.
Recheck K + level and administer additional doses as needed.
Adult:
Oral dose: 20-120 mEq daily.
IV dose: Up to 20 mEq/dose.
Peripheral IV infusion: Dilute in > 500 mL IV fluid.
Central IV infusion: Dilute in > 100 mL IV fluid.
Do not to exceed administration rate of 10 mEq/h unless cardiac monitoring is in place. When a
concentration > 40 mEq/L is infused, local pain and phlebitis may also develop.
Carbonic Anhydrase Inhibitors:
Used to treat chloride-resistant metabolic alkalosis.
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Acetazolamide (Diamox):
It is a diuretic and ↓ ECF volume that accompanies chloride-resistant metabolic alkalosis. It blocks
HCO3 − reabsorption in the proximal renal tubules and increases renal excretion of sodium vs.
chloride, causing a net increase in plasma chloride.
Infants and Children:
Oral dose: 5 mg/kg daily or every other day (q.o.d).
Parenteral dose: 8-30 mg/kg/day IV/IM divided q. 6-8 h.
Do not to exceed 1 g/day.
Adult:
5-10 mg/kg/day PO/IV divided q.6. h.

2.10 Respiratory Acidosis (RA)
2.10.1 Definition
It is characterized by ↑ arterial carbon dioxide (PaCO2) tension of > 44 mm Hg, leading to the
blood pH of < 7.35. RA may result from an acute or chronic process, and acute RA is life threatening
if it is associated with severe hypoxemia and acidemia. Chronic RA (> 24 h) is characterized by a
gradual and sustained increase in PaCO2.

2.10.2 Pathophysiology
RA results from an imbalance between CO2 production by the body and CO2 excretion by the
lungs through adequate minute ventilation (MV). PaCO2 is directly proportional to CO2 production
and inversely proportional to alveolar ventilation.
Alveolar ventilation = Respiratory Rate × (Tidal volume − Physiologic dead space).
Defects in MV can occur either centrally or at any level in respiratory tree to the level of capillary
alveolar interface.
Respiratory center (located in the Pons and the medulla.) controls ventilation.
CO2 Production:
Body metabolism generates volatile acid (carbon dioxide) and nonvolatile acid.
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Carbohydrate and fat metabolism leads to the formation of a large amount of CO2 . CO2 combines
with H2 O to form carbonic acid (HCO3 −). HCO3 − dissociates into H + ion and HCO3 − ion. CO2 is
carried in the blood in 3 forms:
Dissolved gas, bicarbonate, and protein bound.
Excess CO2 production (hypercapnia) ↑HCO3 − formation and accumulation of H + ions. CO2
diffuses freely across cell membranes, and in hypercapnia excess CO2 shifts intracellularly and
decreases intracellular pH.

2.10.3 Compensatory Mechanisms of RA
These following compensatory mechanisms tend to minimize decrease in pH:
1) Ventilation regulators and regulation of ventilation:
Ventilation Regulators:
Chemo receptors in the brainstem and carotid body sensitive to changes in PaCO2, PaO2, and pH
regulate ventilation.
Neural impulses from lung-stretch receptors and impulses from the cerebral cortex also regulate
ventilation.
Regulation of ventilation (MV) by CNS:
Improves minute ventilation and elimination of CO2 by the lungs.
In acute hypercapnia, CO2 rapidly diffuses across the blood-brain barrier resulting in accumulation
of hydrogen ions in the cerebrospinal fluid (CSF).
This change in pH is detected by chemo receptors of the brainstem, and brainstem tries to rapidly
compensate by improving MV and elimination of CO2 by the lungs.
If the CSF acidosis persists for several hours, cerebrospinal fluid HCO3 − levels gradually increase
(see below) to normalize the pH.
2) Intracellular buffering:
Buffers: Intracellular proteins, inorganic phosphates, and hemoglobin.
Hemoglobin (Hb) is an important blood buffer (deoxygenated Hb molecule accepts H + ions to
prevent substantial changes in pH).
10% of CO2 is bound to Hb to form carbamino-hemoglobin.
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Buffering occurs over minutes to hours by intracellular proteins and inorganic phosphates. By
buffering effect, plasma HCO3 − ↑ by 1 mEq/L for every 10-mm Hg increase in PaCO2.
Estimation of an expected change in pH in acute respiratory acidosis:
Change in pH = 0.008 × (40−PaCO2 )
Renal compensation:
Begins in 6-12 hours, but maximal compensation occurs in 3-5 days (as in chronic respiratory
acidosis).
↑ Renal excretion of carbonic acid and ↑reabsorption of bicarbonate occur.
Kidneys increase H + ion excretion (predominantly in the form of NH4+ and Cl−) while retaining
HCO3 − and sodium. This increases the plasma HCO3 − concentration by approximately 3.5-4 mEq/L
for every 10-mm Hg increase in PaCO2 .
Estimate of an expected change in pH in chronic respiratory acidosis:
Change in pH = 0.003 × (40−PaCO2 )
Blood and interstitial fluid account for a large proportion of body water in infants, and neonates and ↑
in plasma HCO3 − and ↓ in plasma H + ion concentrations are greater than those of older children.
Serum electrolytes:
RA does not have a great effect on serum electrolytes. Acidosis ↓ binding of calcium to albumin
and tends to ↑ serum ionized calcium levels.
Acidemia causes an extracellular shift of potassium, but respiratory acidosis rarely causes
clinically significant hyperkalemia.
Alveolar Gas Equation, Alveolar Oxygen and Carbon dioxide tensions:
(PAO2 ) = FiO2 (PB – PH2 O) − PACO2
(PACO2 = PaCO2 (systemic arterial carbon dioxide tension).
Alveolar carbon dioxide tension (PACO2 ) = FiO2 (PB – PH2 O) − PAO2
FiO2 = inspired oxygen concentration, PB= atmospheric pressure (760 mm Hg),
PH2 O) = water vapor pressure (47 mm Hg), PACO2 usually equals to PaCO2 .
Based on alveolar gas equation, if a person is breathing room air (FiO2 = 0.21), the expected
normal PACO2 + PAO2 is = 150 mm Hg.

Chapter 2 Fluid, Electrolytes, and Acid-Base Balance

99

If PaCO2 raised acutely > 80-90 mm Hg, and the patient is breathing room air hypoxemia ensues.
E.g., if PaCO2 is 90 mm Hg, and the patient is breathing room air (FiO2 = 0.21), the calculated
PAO2 = [0.21 (760 mm Hg − 47 mm Hg)] − 90 mm Hg = 60 mm Hg.
If the patient is breathing supplemental oxygen, hypoventilation can only lead to significant
hypercarbia without hypoxemia. E.g., if PaC O2 is 80 mm Hg, and the patient is breathing
supplemental oxygen (FiO2 = 0.60), the calculated PAO2 = [0.6 (760 mm Hg − 47 mm Hg)] − 80
mm Hg = 347 mm Hg.

2.10.4 Causes of Respiratory Acidosis
Nervous system related:
Central nervous system related (by suppression of respiratory drive):
Trauma, infection (encephalitis, meningitis, respiratory syncytial virus),
neoplasm, stroke, hypoxia, toxins, overdose (narcotics, alcohol), and
seizures - postictal state.
Spinal causes:
Trauma (C-spine C3-C5, and loss of phrenic nerve function).
Peripheral nerve related:
Phrenic nerve trauma, spinal muscular atrophy,
Guillain-Barr’e syndrome, and poliomyelitis.
Neuromuscular junction related:
Neuromuscular blockade (by drugs), myasthenia gravis, and botulism.
Airway causes:
Trauma, angioedema, tonsillar adenoid hypertrophy, burns, bronchiolitis, asthma,
laryngotracheobronchitis (croup), foreign body, pharyngeal abscess, epiglottitis, paralyzed vocal
cords, neoplasm, mediastinal mass, subglottic stenosis, laryngomalacia, craniofacial abnormalities,
tracheal rings, and vascular slings.
Parenchymal lung Disease:
Acute:
Pneumonia, pulmonary edema, lung contusion, and bronchiolitis.
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Chronic:
Bronchopulmonary dysplasia, cystic fibrosis, chronic bronchitis, and chronic obstructive
pulmonary disease.
Chest wall restriction and reduced respiratory compliance:
Flail chest, pneumothorax, pleural effusions, and abdominal distension.
Increased C𝐎𝟐 production:
Malignant hyperthermia, extensive burns, and overfeeding.
Rate of Development of RA:
1) Acute and rapid increase in PaCO2 occurs in the following:
Depressed central respiratory drive, acute paralysis of the respiratory muscles, acute parenchymal
lung and airway diseases, and increased dead space or wasted ventilation.
When PaCO2 accumulates acutely, other organ systems also are affected.
2) Hypercarbia develops slowly in the following:
Progressive neuromuscular disease, restrictive lung disease, and chronic pulmonary disease. The
persistently elevated PaCO2 leads to an effective compensatory mechanism.
The increased CO2 production may exceed the patient's ability to compensate in hypermetabolic
states, such as extensive burn injury, malignant hyperthermia, or fever.

2.10.5 Clinical Symptoms and Signs of RA
General:
Patient is diaphoretic, irritable, and anxious.
The skin is warm, flushed, or mottled.
Respiratory:
Tachypnea, dyspnea or deep labored breaths, use of accessory muscles, and nasal flaring occurs
due to increased work of breathing in acute hypercapnia.
Respiratory distress may be absent in CNS or peripheral nervous system disease.
Decreased air entry, rales, wheezes, or other signs of airway disease.
Clubbing (chronic respiratory disease).
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Cardiovascular:
Acute and moderate respiratory acidosis:
Tachycardia, bounding arterial pulses, ↑ cardiac output, ↓ systemic vascular resistance,↑ epinephrine
and norepinephrine release, ↓ Myocardial contractility is not seen in humans (in contrast to
experimental animals).
Severe respiratory acidosis or acidemia (and hypoxemia):
(At serum pH < 7.20):
Bradycardia is often a first sign of the problem.
Blunted catecholamine response with ↓ cardiac output and hypotension.
Supraventricular arrhythmias (caused by hypoxemia, electrolyte shifts and ↑ catecholamines).
↑ pulmonary vascular resistance occurs in hypercapnia. The pulmonary vasoconstriction is severe
and life threatening in hypercapnia with acidemia and hypoxemia. The decrease in serum pH rather
than an absolute PaCO2 has great effect on pulmonary vascular tone.
Note:
CO2 administered to neonates with hypoplastic left heart syndrome with increased systemic
arterial CO2 saturations (> 85%) and ↓ systemic cardiac output may improve systemic perfusion by
balancing the systemic/pulmonary circulation. The PaCO2 may be maintained > 40 mm Hg, while
the patient is on mechanical ventilation. Inspired 3% CO2 may improve cerebral oxygenation and
mean arterial pressure in preoperative neonates with single ventricle physiology (see Section II,
Chapter 14).
Central nervous system:
The clinical manifestations of acute hypercapnia are primarily neurologic.
(if PaCO2 is > 60 mm Hg): Headache, anxiety, confusion, leading to drowsiness, ↓ consciousness,
or coma.
(if PaCO2 is > 70 mm Hg): Somnolence or coma.
The clinical signs also vary with severity of RA.
Mild-to-moderate respiratory acidosis: Tremor, myoclonus, and brisk deep tendon reflexes.
Severe respiratory acidosis: Depressed deep tendon reflexes, papilledema, or blurring of the optic
disc.
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Neurologic changes associated with hypercarbia are reversible if these are not associated with
hypoxemia.
Acute ↑ in PaCO2 increases intracranial pressure by ↑ cerebral blood flow (CBF) and cerebral
blood volume (secondary to vasodilatation).
With PaCO2 of 40-80 mm Hg, CBF increases 1-2 mL per 100 g of brain / minute / for each 1-mm
Hg increase in PaCO2 .
During sustained hypercapnia, CBF returns to baseline after 36 hours as brain extracellular pH is
corrected.

2.10.6 Laboratory and Radiological Studies
Arterial blood gases:
pH, PaCO2 , and PaO2 .
↓ pH (< 7.35) and ↑ PaCO2 (> 45 mm Hg) indicate a primary respiratory acidosis.
If pH is > 7.45, ↑ PaCO2 is indicative of compensation for metabolic alkalosis (not a primary
respiratory acidosis).
Hypoxemia with respiratory acidosis is suggestive of pulmonary disease.
Serum HCO3 − level and arterial pH distinguishes acute from chronic hypercapnia.
(Reference normals: pH 7.44, serum HCO3 − 24 mEq/L)
Acute Hypercapnia:
pH decreases by 0.08 for every 10-mm Hg increase in PaCO2 .
HCO3 − increases by 1 mEq/L for every 10-mm Hg increase in PaCO2 .
If PaCO2 increases acutely to 80 mm Hg, the pH is 7.12 and the HCO3 − value is 28 mEq/L.
Chronic Hypercapnia:
pH decreases by 0.03 for every 10-mm Hg increase in PaCO2 .
HCO3 − increases by 4 mEq/L for every 10-mm Hg increase in PaCO2 greater than 40 mm Hg.
If PaCO2 is 80 mm Hg, the pH is 7.28, and the HCO3 − value is 40 mEq/L.
Complete blood cell count:
Secondary polycythemia is a result of chronic hypercapnia with hypoxemia.
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Seum electrolytes:
Determine serum calcium, potassium, phosphorous, and magnesium.
Acidosis may result in hyperkalemia and hypercalcaemia.
Respiratory muscle weakness may be related to electrolyte deficits such as hypophosphatemia,
hypokalemia, hypomagnesemia, and hypocalcaemia.
TSH and T4:
Hypothyroidism and obesity:
It is a cause of hypoventilation and leads to chronic RA as seen in obstructive sleep apnea.
Drug screening: For unexplained hypercapnia (benzodiazepines, opiates, and barbiturates).
Chest radiography: The findings suggest underlying disorder as well as the consequences of
hypercapnia.
Pulmonary infiltrates → pulmonary disease, pneumonias, and pulmonary emboli.
Hyperinflation and diaphragm flattening → obstructive airway disease or pneumothorax. The
elevated diaphragm → diaphragmatic weakness or paralysis, pneumothorax and atelectasis. The
prominent hilar vasculature and enlarged cardiac silhouette occurs due to RV enlargement and
pulmonary hypertension.
Chest fluoroscopy:
Sniff test:
Paradoxical elevation of the diaphragm during inspiration is suggestive of paralysis of diaphragm.
It is positive even in the presence of a normal chest radiograph. The test is not a useful test in bilateral
diaphragmatic paralysis.
CT scan of the chest:
Indicated if suspicion of a pulmonary disorder is high with inconclusive chest x-ray.
CT scan of the brain:
Perform if a central cause of RA is suspected.
MRI of the brain:
Perform if a central cause is suspected, and brain CT is negative or inconclusive.
Discloses also abnormalities of the brain stem, not observed on CT scans.
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Pulmonary function tests:
Performed for diagnosis and assessment of the severity of obstructive lung disease.
FEV1 (Forced expiratory volume in 1 second) is the most commonly used index of airflow
obstruction.
TLC (total lung capacity), FRC (functional residual capacity), and RV (residual volume) are
increased in airflow obstruction. If FEV1/FVC (forced vital capacity) is reduced, it is the diagnostic
of airflow obstruction.
IP and EP (inspiratory and expiratory pressures): The decreases in maximal IP and EP suggests
respiratory muscle weakness.
Electromyography (EMG) and nerve conduction velocity (NCV):
Perform if neuromuscular disorder is suspected as in myasthenia gravis, Guillain-Barrésyndrome,
and amyotrophic lateral sclerosis.
Transdiaphragmatic pressure:
A specialized balloon catheter is placed in the esophagus and upper stomach.
Pressure differential is measured at esophageal balloon and gastric balloon.
↓ Maximal transdiaphragmatic pressure → Diaphragmatic dysfunction and paralysis.
Polysomnography or sleep study:
It is done to evaluate obstructive or central sleep apnea

2.10.7 Management of RA
A. Remove the underlying cause:
Narcotic induced hypoventilation: Use Naloxone.
Overdose of benzodiazepines: Administer flumazenil (romazicon).
Pneumonia and hypoventilation: Administer antibiotics.
Asthma and chroic obstructive lung disease: Use bronchodilators (e.g., albuterol and steroids).
B. Supplemental oxygen therapy:
Oxygen is given if hypoxemia accompanies hypercapnia.
Note: In chronic hypercapnia (as in COPD), O2 therapy may worsen hypercapnia by the following
mechanisms:
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i) O2 decreases hypoxiic respiratory drive / or
ii) O2 increases dead-space ventilation due to a loss of hypoxic pulmonary vasoconstriction.
iii) Hypercapnia worsens in COPD patient after O2 therapy, due to ventilation-perfusion
mismatching.
Oxygen Rx in hypoxemic COPD patient ↓ mortality and ↓ pulmonary hypertension.
Titrate O2 delivery to avoid worsening of hypercapnia, and maintain arterial blood SaO2 low 90%
and PaO2 of 60-65 mm Hg.
C. Mechanical ventilation (MV):
Increases minute ventilation, decreases dead space, and useful in the following:
i. Acute hypercapnia:
MV is mainstay of treatment, and PaCO2 can be quickly corrected to a normal level.
ii. Chronic hypercapnia:
Consider MV support, carefully due to ↓ baseline pulmonary reserve with associated disease.
Weaning from MV support and extubation is usually difficult. Goal of MV should be near-normal pH
with the patient's baseline PaCO2 .
PaCO2 may be normalized over 2-3 days to prevent ↑ cerebrospinal fluid (CSF) pH and seizures.
iii. Permissive hypercapnia:
Indications:
Acute lung injury (ARDS) and strategy of low tidal volume (4-6 mL/kg).
1) Prevents stretch induced lung injury, and allows PaCO2 to rise to 60-70 mm Hg.
2) MV with a low tidal volumes may ↓ mortality and ↓ ventilator dependency.
3) RA (pH > 7.25) is acceptable if cardiovascular stability and oxygenation are maintained.
Contraindications:
Pulmonary hypertension, renal disease, and brain injury (elevated PaCO2 levels worsen in these).
D. Noninvasive positive-pressure ventilation (NPPV):
It is nasal continuous positive-pressure ventilation and nasal bilevel ventilation.
It is delivered either continuously or intermittently.
It decreases work of breathing and improves alveolar ventilation.
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It is indicated in restrictive lung disease with chronic respiratory failure, neuromuscular disease or
kyphoscoliosis.
Beneficial Rx of COPD with hypercapnia (type II respiratory failure), and decreases the need for
MV.
Nasal bilevel ventilation improves Pa O2 and ↓ PaC O2 , and is preferred treatment in
obesity-hypoventilation syndrome and neuromuscular disorders.
↑ patient comfort, with decrease in nosocomial infection rate, length of hospital stay, and hospital
costs.
Facial skin necrosis, conjunctivitis, and aspiration are known complications.
E. Noninvasive negative-pressure ventilation:
Devices are available for the treatment of selected patients with chronic respiratory failure.
F. Intratracheal pulmonary ventilation:
Indication:
If mechanical ventilation is inadequate in reducing hypercapnia (intractable hypercapnia) due to ↑
dead space, a catheter is placed down the endotracheal tube to produce a reverse air flow up the tube.
The dead space gas is flushed out, and rebreathing of CO2 decreases.
G. Extra corporeal membrane oxygenation (ECMO):
ECMO is used by some to reduce high PaCO2 in treating patients with severe asthma.
H. Medications:
1. Alkalinizing agents:
(Tromethamine (THAM) and sodium bicarbonate).
Mechanical ventilation is the mainstay of therapy for respiratory failure and hypercapnia until the
precipitating disease state is reversed.
Alkalinizing agents usually are used for the following in RA:
i). Correction of concurrent metabolic acidosis or acidemia of RA.
ii). Cardiopulmonary arrest.
Infusion of sodium bicarbonate may be used in arrest with an extremely low pH (< 7.0-7.1).
THAM is administered short-term during therapeutic window to correct acute RA. NaHCO3 infusion
should be used carefully (increases the amount of CO2 to be excreted).
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2. Bronchodilators:
Used in obstructive lung disease and in severe bronchospasm.
Theophylline may improve diaphragm muscle contractility and stimulates the respiratory center.
i) Beta-agonists (eg., albuterol, salmeterol). ii) Methylxanthines (e.g., theophylline).
iii) Anticholinergic agents (e.g., ipratropium bromide, tiotropium).
3. Medroxyprogesterone:
↑ central respiratory drive, and is effective in treating obesity-hypoventilation syndrome.
I. Dietary management:
Respiratory quotient (RQ) = CO2 produced / O2 consumed. The RQs for carbohydrate is 1.0, for
protein 0.8, and for fat it is 0.7. High carbohydrate intake requires ↑ minute ventilation in order to
excrete increased CO2 load. Diet with a low carbohydrate and at least 40% fat is encouraged.
The weight-reduction and exercise program should be part of the management plan in obstructive
sleep apnea.
Specialized enteral formula (Oxepa, Abbott lab):
Adjunctive in the management of ARDS as it ↓ lung inflammation and improves oxygenation. It is
a low-carbohydrate and calorically dense formula containing eicosapentaenoic acid (EPA) from fish
oil, gamma-linolenic acid (GLA) from borage oil, and high levels of antioxidants (vitamin E, C,
carotenoids) and micronutrients.
J. Surgical treatment:
a) Diaphragmatic pacing:
Indicated in primary alveolar hypoventilation and congenital central alveolar hypoventilation
syndrome.
b) Weight reduction surgery:
Indicated in patients with obesity-hypoventilation syndrome with a body mass index > 40 kg/m2
and obesity-related co-morbidities with patient body mass index > 35 kg/m2.
c) Other procedures: Vertical banded gastroplasty, adjustable gastric banding, and Roux-en-Y
gastric bypass.
Spine fusion: Indicated in severe kyphoscoliosis with angles > 40°.
Detailed note of medications for treatment of RA:
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Alkalinizing agents (THAM and NaHCO3 ):
Mechanical ventilation is the mainstay of therapy for respiratory failure associated with
hypercapnia until the precipitating disease state can be reversed.
Alkalinizing agents are used to correct concomitant metabolic acidosis and respiratory acidosis.
Use them short-term during therapeutic window to correct acute respiratory acidosis.
Tromethamine or tris-hydroxymethyl-aminomethane (THAM):
It is an inert weak base that buffers excess CO2
It combines with hydrogen ions to form 𝐻𝐶𝑂3 − buffer as below:
R-N𝐻2 + C𝑂2 + 𝐻2 O = R-N𝐻3+ + 𝐻𝐶𝑂3 −
In physiologic blood pH range, its pKa is 7.8; therefore, more effective buffer than NaHCO3 . The
drug is distributed primarily in the extracellular space, and it is not protein bound. When bound to
protein, it is excreted by the kidneys and acts as an osmotic diuretic.
Adults:
Intravenous Dose:
Estimate the loading dose by the following equation:
Volume (mL) of 0.3-molar solution =Lean body weight (kg) × Base deficit (mEq/L) × 1.1
Typical adult dose:500 mL (150 mEq) of 0.3-molar solution.
May use up to 1000 mL in severe situations.
Titrate to serum pH / or give half of the calculated replacement dose.
Consider further replacement based on pH results.
1 mMol = 3.3 mL of 0.3 molar solution.
Bronchodilators:
↓ muscle tone in both small and large airways of the lungs, and increases ventilation. E.g.,
beta-adrenergics, methylxanthines, and anticholinergics.
Albuterol (Proventil, Ventolin)
Beta-2 adrenergic agonist. Relaxes bronchial smooth muscle.
It has little effect on cardiac muscle contractility.
Relieves bronchospasm that is refractory to epinephrine.
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Infants and Children:
Oral Dose:
< 2 years: Not well documented.
2-5 years: 0.1-0.2 mg/kg/dose PO three times a day.
Do not exceed 12 mg/day.
5-12 years: 2 mg/dose PO t.i.d. / q.i.d.; Do not exceed 24 mg/day.
> 12 years: Administer as in adults.
MDI (Metered Dose Inhaler):
< 12 years: 1-2 inhalations q.i.d. with a tube spacer.
> 12 years: Administer as in adults.
Nebulizer:
< 5 years: Dilute 0.25-0.5 mL (1.25-2.5 mg) of 0.5% inhalation solution in 1 mL to 2.5 mL of NS
and administer q. 4-6 h.
> 5 years: Administer as in adults.
Adults:
Oral Dose:
2-4 mg per dose PO t.i.d./q.i.d.; Do not exceed 32 mg/day.
MDI:
1-2 puffs q. 4-6 h.; Do not exceed 12 inhalations per day.
Nebulizer:
Dilute 0.5 mL (2.5 mg) of 0.5% inhalation solution in 1 to 2.5 mL of NS. Administer 2.5-5 mg q.
4-6 h.
Precautions:
Use cautiously in hyperthyroidism, diabetes mellitus, and cardiovascular disorders.
Metaproterenol (Alupent)
It is a beta-2 adrenergic receptor agonist. Relaxes bronchial smooth muscle with little effect on heart
rate. Exercise caution in hypertension, cardiovascular disease, and congestive heart failure.
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Adverse reactions:
Tachycardia, headache, hypertension, paradoxical bronchospasm, and cough.
Infants and Children:
Nebulizer:
0.1-0.2 mL of 5% solution diluted in 3 mL of 0.45% or 0.9% NS.
Give over 5-15 min q. 4 h.
Adult:
0.3 mL of 5% solution diluted in 2.5 mL of 0.45% or 0.9% NS.
Give over 5-15 min q. 4 h.
Ipratropium (Atrovent)
Anticholinergic bronchodilator chemically related to atropine.
Infants and Children:
Nebulizer:
250 mcg diluted with NS t.i.d.
MDI:
1-2 puffs t.i.d.; Do not to exceed 6 puffs per day.
Adults:
Nebulizer:
250 mcg diluted with 2.5 mL NS q. 4-6 h.
MDI:
2-4 puffs q. 4-6 h.
Theophylline (aminophyllin, theolair)
Stimulates endogenous catecholamine release, and promotes diaphragmatic muscular relaxation.
These effects in turn, stimulate bronchodilation. Potentiates exogenous catecholamines.
Xanthines have narrow therapeutic range, and are associated with frequent toxicity.
Therapeutic range is 10-20 mg/dL.
Bronchodilation requires near-toxic levels (> 20 mg/dL).
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Clinical efficacy is controversial in the acute setting.
Infants and Children:
< 6 weeks: Dosage is not established.
6 weeks to 6 months:
Loading dose: 0.5 mg/kg/hour IV in first 12 hours (based on aminophylline) followed by a
maintenance infusion: 12 mg/kg/day.
Administer calculated daily dose in 24 hours as an hourly slow infusion.
6 months to 1 year:
Loading dose: 0.6-0.7 mg/kg/hour IV in first 12 hours, followed by a maintenance infusion of 15
mg/kg/day.
Administer as an hourly infusion by dividing total daily dose by 24.
> 1 year: Administer as in adults.
Do not infuse IV solution > 25 mg/min.
Patients with pulmonary edema or liver dysfunction are at greater risk of toxicity.
Exercise caution in hypertension, tachyarrhythmias, hyperthyroidism, and compromised cardiac
function.
Adults:
Oral dose:
Initial: 10 mg/kg/day PO divided q. 8-12 h.
Maintenance: 10 mg/kg/day PO q. daily or divided b.i.d.
Do not exceed 800 mg/day.
Intravenous:
Loading dose: 5.6 mg/kg IV over 20 min (based on aminophylline), followed by a maintenance
infusion of 0.1-1.1 mg/kg/hour.
Adjust dose in increments of 25% (do not exceed 800 mg/day).
Maintain serum theophylline level of 5-15 mcg/mL.
Tiotropium (spiriva):
A quaternary ammonium compound having anticholinergic/antimuscarinic effect.
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Inhibits M3 receptors on airway smooth muscles, leading to bronchodilation.
In COPD it dilates narrowed airways keeping them open for 24 hours.
Use for maintenance treatment of bronchospasm only.
It is not effective for acute (rescue) therapy of bronchospasm.
Available as dry powder for oral inhalation via Handi-Haler inhalation device.
Adverse reactions:
Dry mouth, increased heart rate, blurred vision, glaucoma, urinary difficulty or retention.
Adults:
Inhale contents of 1 cap (18 mcg) of dry powder via Handi-Haler device q. daily.
Infants and Children:
The dosage is not established
Benzodiazepine Antagonist:
Flumazenil (Romazicon)
Romazicon selectively antagonizes the GABA/benzodiazepine receptor complex.
It reverses CNS-depressant effects of benzodiazepine overdose, but the reversal of the
benzodiazepine-induced respiratory depression is unpredictable.
If there is no response after 5 min of administering a cumulative dose of 5 mg, sedation is unlikely
due to benzodiazepines.
Precaution:
Reversal of benzodiazepine may produce toxic effects due to other drugs taken in overdose.
Multiple doses (as it is a short acting drug) should be given for not to relapse into sedative state.
Monitor for resedation, respiratory depression, seizures, or residual effects (for at least 2 h).
Infants and Children:
Initial dose: 0.01 mg/kg intravenous over 15 seconds.
Repeat 1-min intervals with 0.005-0.01 mg/kg; not to exceed 0.2 mg per dose.
Adult:
Initial dose: 0.2 mg intravenous over 30 seconds.

Chapter 2 Fluid, Electrolytes, and Acid-Base Balance

113

Repeat doses: Give 1-min intervals with 0.5 mg over 30 seconds until satisfactory response is noted,
or a dose of 3 mg is administered; may require additional titration to a total dose of 5 mg.
Opioid antagonists:
These are used in opioid overdose as it’s potential etiology of hypoventilation and RA.
Naloxone (narcan):
Reverses opioid effects by displacing opiates from their receptors.
Opioid effects are hypotension, respiratory depression, and sedation.
Infants and children:
0.1 mg/kg IV/IM/SC, repeat q. 2-3 min. prn.
Adult:
0.4-2 mg IV/IM/SC q. 2-3 min. prn; use increments of 0.1-0.2 mg in opioid dependents; may need
to repeat dose q. 20-60 min; if no response is observed after administering 10 mg, question the
diagnosis of opioid overdose.

2.11

Metabolic Acidosis (MA)

2.11.1 Definition
Acid-base disorder is characterized by a decrease in serum pH (< 7.35) due to a primary decrease in
plasma [HCO3 −] concentration (< 22 mmol/L), or an increase in [H +] ion concentration in the
absence of an elevated PaCO2 .

2.11.2 Pathophysiology
Basic mechanisms causing metabolic acidosis are:
(1) Increased production of acids, (2) decreased excretion of acids, or
(3) loss of alkali.
The chemoreceptors of medulla compensate for MA through ↑ in alveolar ventilation. This results
in tachypnea and hyperpnea, ↓PaCO2 in an attempt to ↑ pH toward normal. The degree of acute
respiratory compensation can be predicted by the following equation:
a) Expected PaCO2 = (1.5 ×[HCO3 −]) + 8 ±2
I.e: PaCO2 (33) = (1.5 ×18 (HCO3 −) + 8 ±2 or/
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b) PaCO2 changes (↓) by 0.7 mm Hg for every 1 mEq/L change (↓) in serum HCO3 −.
Respiratory acidosis is coexistant if PaCO2 is greater than expected PaCO2 .
Normocapnia (normal PaCO2 ) or hypercapnia (↑PaCO2 ) in severe metabolic acidosis indicates
respiratory muscle fatigue, impending respiratory failure and signals possible need for mechanical
ventilation.
The kidneys normally eliminate the daily acid load (generated from protein metabolism) by
reabsorbtion of filtered bicarbonate (HCO3 − ) and formation of titratable acids and ammonium. The
kidneys attempt to compensate for the acidosis by increased reabsorption of ( HCO3 − ).
Hyperventilation begins first and H + ion excretion then continues for 1-3 days.
The severity of the acidosis depends on the rapidity of bicarbonate loss and the ability of the kidney
to replenish bicarbonate and excrete H + ion.
Anion gap:
To maintain electrochemical balance, ions in the ECF must equal a net charge of zero. The number
of (anions) should equal the number of positively charged ions (cations).
Measured serum anions (negatively charged ions): Chloride and bicarbonate.
Unmeasured serum anions: Phosphates, sulfates, and proteins (e.g., albumin).
Measured primary serum cation is sodium.
Other cations: Calcium, potassium, and magnesium.
Under normal conditions as the unmeasured anions are greater than unmeasured cations, therefore,
the measured anions are lower than measured cations to maintain a net charge of zero and noted as
anion gap.
i) Normal anion gap = (Chloride + Bicarbonate) + Unmeasured anions =Sodium + Unmeasured
cations.
ii) Unmeasured anions – Unmeasured cations = Sodium – (Chloride + Bicarbonate).
Anion Gap = (Sodium) – (Chloride + Bicarbonate) = (8-12 meq/L)
Low anion gap: Hypoalbuminemia is the most common cause of a low anion gap. Albumin
constitutes half of the total unmeasured anion pool; for every 1 gm/dL decrease of serum albumin
level, the serum anion gap decreases by 2.5 meq/L.
Metabolic acidosis and Anion gap:
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Clinically metabolic acidosis is divided into:
1) Normal anion gap (8-12 mEq/L) metabolic acidosis.
2) Elevated anion gap (> 12 meq/L) metaboic acidosis.

2.11.3 Normal Anion Gap Metabolic Acidosis
It occurs due to gain of unmeasured anions over cations. To maintain a net zero charge, serum Cl−
replaces depleted bicarbonate and hyperchloremia ensues.
Causes of normal anion gap metabolic acidosis:
Loss of excessive bicarbonate from the kidneys or GI tract, or inadequate hydrogen ions secretion
from kidneys due to renal failure. Mnemonic USEDCARP:
Ureterosigmoidostomy, small bowel fistula, pancreatic fistula, extra chloride administration,
diarrhea, carbonic anhydrase inhibitors, adrenal insufficiency, and renal tubular acidosis (RTA).
In infants loss of (HCO3 −) in diarrhea is one of the most common causes.
(bicarbonate content of stool may be as much as 70-80 mEq/L).
Ureterosigmoidostomy: Loses HCO3 − in exchange for reabsorption of Cl− and NH4+ as urine
accumulates in sigmoid colon.
Congenital or acquired RTA: Loses large amounts of HCO3 −, with or without potassium loss.

2.11.4 Elevated Anion Gap Metabolic Acidosis
It is caused when extra unmeasured anions are added to the blood.
Causes of elevated anion gap metabolic acidosis:
It occurs as accumulated acids in blood are incompletely neutralized by bicarbonate.
Mnemonic for elevated anion gap metabolic acidosis: MUDPILES
i) Methanol, uremia, DKA (diabetic ketoacidosis), paraledhyde, and isoniazid.
ii) Lactic acid, ethylene glycol, ethanol, and salicylates.
In infants and children, metabolic acidosis is frequently caused by lactate.
Lactate is the end product of anaerobic glycolysis.
Hydrogen ions generated by the hydrolysis of ATP converts lactate to lactic acid.
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Liver converts small amounts of lactic acid to pyruvic acid which metabolizes to CO2 and H2 O.
Tissue O2 deprivation and ↓ oxygen delivery produces excessive amounts of lactic acid. Processes
causing ↓ oxygen delivery frequently lead to diminished hepatic function, which further compounds
lactic acid accumulation.
Processes that frequently lead to lactic acidosis:
Shock, diabetic keto-acidosis, sepsis, cellular poisoning (e.g., cyanide toxicity), and thiamine
deficiency.

2.11.5 Clinical Evaluation, Clinical Signs, and Symptoms of MA
Clinical findings generally depend on the etiology and severity of the metabolic acidosis. One
should evaluate the patient for probable causes of metabolic acidosis.
i) Metabolic acidosis during postoperative period / secondary to trauma / fever:
---- suggests lactic acidosis due to hypovolemia, sepsis, low cardiac output, or spinal shock.
ii) Dry mucous membranes, tachycardia, and delayed capillary refill:
----- suggestive of associated severe dehydration.
iii) Failure to thrive:
---- suggestive of chronic metabolic acidosis due to renal tubular acidosis (RTA).
iv) Healthy infant rapidly develops a metabolic acidosis:
----suggestive of poisoning with salicylates, ethylene glycol, and methanol.
v) Polyuria, polydipsia, and weight loss:
----- suggestive of undiagnosed diabetes mellitus and diabetic ketoacidosis.

2.11.6 Sequelae of Metabolic Acidosis (Acidemia)
↑ protein degradation, ↓ ATP synthesis and insulin resistance, and shift of HbO2 dissociation curve
to the right with ↓ affinity of oxygen for hemoglobin.
i) Respiratory:
Patients initially develop a compensatory tachypnea and hyperpnea.
Hyperventilation (Kussmaul breathing) may be the first sign of a metabolic acidosis in a child.
Breath sounds are often clear to auscultation. Significant work of breathing and distress develops if
the acidemia is severe.
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ii) Cardiovascular:
Tachycardia (most common), weak pulses or cardiac gallop (sign of a low cardiac output) are
observed. Elevated serum hydrogen ion concentration causes pulmonary vasoconstriction, leading to ↑
pulmonary vascular resistance and ↑ pulmonary artery pressure. Increased right ventricular afterload
may result in right ventricular dysfunction.
As pH falls < 7.2, myocardial depression and peripheral vasodilation occurs.
H + ion is a negative inotrope. Acidemia decreases cardiovascular response to endogenous and
exogenous catecholamines, which can exacerbate hypotension due to volume depletion or shock.
During metabolic acidosis, H + ions move intracellular and K + moves out of the cell into
extracellular fluid (ECF) causing hyperkalemia. For every ↓ in serum pH by 0.1, serum K + ↑ by
0.5 mEq. Hyperkalemic arrhythmias (peaked T waves and QRS widening) and ventricular fibrillation
may occur.
iii) Central Nervous System:
Seizures, headache, lethargy, confusion, and changes in mental status occur (due to ↓ intracerebral
pH). Cerebral vasodilation occurs and contributes to rise in intracranial pressure. One has to evaluate
for sepsis or inborn errors of metabloism in neonates in the presence of above symptoms.
iv) Gastrointestinal:
Nausea, vomiting, or diarrhea occur. Diarrhea is the most common cause of a metabolic acidosis in
infants and children. Poor feeding or failure to thrive is common in associated left-sided obstructive
cardiac lesions.

2.11.7 Laboratory Evaluation
i) ABG (arterial blood gas):
It reveals degree of acidemia and degree of respiratory compensation.
Winter formula: Expected PaCO2 = (1.5 × [HCO3 −]) + 8 ±2
The above formula determines if respiratory compensation is adequate or a mixed metabolic and
respiratory acidosis is present. With serum HCO3 − of 18, if respiratory compensation is adequate,
expected PaCO2 is 35 mm Hg.
If PaC O2 is significantly higher than the above level, it signifies a mixed metabolic and
respiratory acidosis. Exclude airway obstruction, respiratory muscle fatigue, or depressed mental
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state if compensation is inadequate. Patient with diabetic ketoacidosis (DKA) has ↑ risk for cerebral
edema if compensation is inadequate.
ii) Serum chemistry and urinalysis:
Serum chemistry (serum electrolytes, BUN, creatinine, glucose, ketones) is routinely done.
Determine the anion gap from the serum electrolyte levels.
a) Abnormal serum potassium: Hyperkalemia: It occurs in renal insufficiency, tissue breakdown,
or shift of potassium from the intracellular space to the extracellular space due to acidemia.
Hypokalemia: It occurs due to excessive body losses of potassium.
b) BUN / Creatinine ratio:
Greater than 20:1 supports the diagnosis of prerenal azotemia and hypovolemia.
c) Hyperglycemia, glycosuria, ketonuria:
Present in DKA (or rarely due to inborn error of metabolism).
d) Hypoglycemia:
Present in metabolic acidosis related to adrenal insufficiency or liver failure.
e) Normoglycemia, glycosuria:
Presents in Fanconi syndrome (type II renal tubular acidosis).
f) Elevated serum ketones and ketonuria:
Associated with absent or mild metabolic acidosis (bicarbonate level > 18) and may suggest
nutritional deprivation.
iii) Serum lactate /pyruvate:
Metabolic acidosis of post cardiac surgery results in the appearance of following lactate levels:
Serum lactate > 2 mmol/L and ii) serum lactate / pyruvate ratio > 20.
The increase in duration of inotropic support, ventilatory support, and PICU stay by 0.29 days,
0.27 days, and 0.42 days respectively will increase in serum lactate by 1 mmol/L.
Hyperlactatemia per se is associated with ↑ PICU stay, but not increased lactate/pyruvate ratio or
metabolic acidosis. ↑ lactate/pyruvate ratio may be seen with mild MA, and is associated with low
PICU mortality.
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iv) Serum osmolality and osmole gap:
Monitors as an adjunct to evaluate the response to therapy of metabolic acidosis.
Useful also in diagnosing a suspected ingestion of a toxic substance.
Estimated serum osmolality = 2 [Na+] + [ blood glucose / 18] + [BUN /2.8]
Normal serum osmolality: 280-295 mOsm/L.
Osmole gap = measured serum osmolality – estimated serum osmolality.
Increased osmole gap (> 20 mOsm/L) suggests osmotically active agents such as:
Methanol, ethylene glycol, or ethanol as cause of metabolic acidosis.
v) Echocardiography:
It is performed for the following.
Diagnosis of left-sided obstructive lesions in a neonate with metabolic acidosis.
Diagnosis of new onset cardiac failure (cardiomyopathy) presenting with a lactic acidosis.
CT scans of abdomen and chest:
It is useful for diagnosis of an infectious source or ischemic viscera.

2.11.8 Management of Metabolic Acidosis
A. Manage the underlying disorder causing MA:
i) Improve cardiac output and tissue perfusion.
Measures to improve circulation and tissue perfusion are discussed in chapter 1,4 and 11.
ii) Dehydration / hyovolemia: Administer crystalloids to restore adequate perfusion. Normal saline
infusion is as effective as albumin for hydration of infants and children with metabolic acidosis due to
acute diarrhea.
iii) Administer insulin in cases of diabetic ketoacidosis.
iv) Surgical management of ischemic bowel, bowel obstruction or necrotizing enterocolitis may be
required.
v) Evaluate ABG (PaO2 and PaCO2):
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Normocapnia or hypercapnia (elevated PaCO2) in presence of MA suggests inadequate respiratory
compensation due to respiratory muscle fatigue and / or impending respiratory failure and probable
need for mechanical ventilation.
vi) Evaluate serum HCO3−
a) Serum HCO3− is only mild to moderately decreased (i.e., > 15 mEq/L).
Replacement of HCO3− is not necessary if the underlying disease is treated (normal kidneys
replenish bicarbonate stores within 3-4 days).
Replacement of HCO3− is necessary in chronic renal failure or renal tubular acidosis (RTA) (due to
ongoing HCO3− losses), and salicylate intoxication (alkalemic environment enhances toxin
elimination).
b) Serum bicarbonate level is severly decreased (i.e., < 10 mEq/L):
Emergent HCO−
3 therapy is needed as significant myocardial and CNS dysfunction can occur.
Sodium bicarbonate administration:
It is a gastric, systemic, and urinary alkalinizer. It is an agent for treating metabolic acidosis when
significant bicarbonate losses have occurred.
It is used for treating respiratory acidosis and metabolic acidosis of diarrhea, kidney disease, and
shock. Therapy with bicarbonate in diabetic ketoacidosis (DKA) and lactic acidosis is controversial.
DKA patients treated with sodium bicarbonate are at increased risk for cerebral edema. Calculation of
the amount of bicarbonate replacement is as discussed below.
(desired serum bicarbonate – measured serum bicarbonate) ×weight (kg) × 0.6*
(* total volume of distribution is used for calculation).
Replace half of the total bicarbonate deficit during the first few hours of therapy then reassess the
need for further therapy.
Dosage: Infants and children
0.5-1 mEq/kg/dose, intravenous
Adults:
1-2 mEq/kg/dose IV.
c) Precautions:
i) Do not overestimate or overcorrect the bicarbonate deficit.
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Doses of bicarbonate exceeding 1 mEq/kg per dose may lead to an alkaline overshoot.
For each 0.1 ↑ in pH, oxygen availability ↓ by 10% (left shift of O2 -Hb dissociation curve).
ii) Problems due to rapid infusion of HCO3− or overcorrection of metabolic acidosis:
Hypernatremia, alkalosis, hypokalemia, hypocalcaemia, pulmonary edema, tetany, and seizures.
To prevent sodium load, it is given as a continuous infusion as part of the maintenance solution, i.e.,
34 mEq/L of NaHCO3 is added to a 0.22% NaCl solution to make up a 0.45% salt solution for
maintenance intravenous therapy.
iii) Paradoxical CNS acidosis:
HCO3 dissociates into CO2 and H2 O. CO2 diffuses through the blood-brain barrier.
iv) Induced urinary alkalinization:
It may decrease concentrations of chlorpropamide, methotrexate, and salicylates.
It increases levels of flecainide, quinidine, and quinine.
B. Hemodialysis:
Useful in severe MA complicating renal failure or intoxication of methanol, and ethylene glycol.
C. Thiamine deficiency and thiamine administration:
Thiamine is an essential vitamin for brain development in infants.
Lack of thiamine intake can lead to depleted stores within 10 days, and deficiency is likely in a
patient on TPN without vitamin supplementation for 2 or more weeks.
Thiamine deficiency leads to MA, lactic acidosis, and shock resistance to inotropic support.
Thiamine is a cocarboxylase. It is a coenzyme for pyruvate dehydrogenase and oxidative
decarboxylation of alpha-ketoglutarate to succinyl-CoA. Thiamine catalyzes decarboxylation of
pyruvic acid and acetyl-coenzyme A. Thiamine deficiency causes excess pyruvate levels and
impaired fatty acid metabolism through the Krebs cycle and impaired generation of nicotinamide
adenine dinucleotide (NADH). This stimulates anaerobic glycolysis, leading to increased lactate
production.
i) Clinical presentation of thiamine deficiency:
Polyneuropathy, weakness, paralysis, and cardiac failure.
In postoperative or ICU patients, it manifests as severe metabolic acidosis, lactic acidosis, and
shock resistance to inotropic support. Thiamine administration rapidly corrects clinical symptoms.
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ii) Thiamine hydrochloride administration:
Infants and children:
Parenteral: 10-25 mg/dose IV/IM daily (if critically ill) or/
Oral: 10-50 mg PO daily for 2 weeks, then 5-10 mg/dose PO daily for 1 month.
Adult:
5-30 mg IV/IM t.i.d. for 2 weeks, followed by 5-30 mg PO daily for 1 month.
Wernicke syndrome: 100 mg IV for 1 dose, then 50-100 mg/daily IV/IM until patient resumes
normal diet.
D. Tromethamine (tris- hydroxymethyl-aminomethane) (THAM):
THAM is a buffering agent that increases pH without increasing levels of PaCO2 .
It may be used to correct metabolic acidosis if sodium bicarbonate is contraindicated. It combines
with hydrogen ions to form the bicarbonate buffer as shown below.
THAM + H2 CO3 = THAM-H + + HCO3 −
One mole of THAM has 120 gm/L of solution (1000 mEq).
Available as 0.3-mol/L IV solution. It contains 18 g (150 mEq) per 500 mL (0.3 mEq/mL).
Infants and children:
Dose: 0.5-1 mEq/kg/dose IV (i.e., 1.66-3.33 mL/kg/dose).
Alternate dosing: May also calculate the dose with the following formula:
ML (cc) of 0.3 mol/L THAM needed = Body weight (kg) × base deficit (mEq/L) ×1.1 (factor of
1.1 accounts for about a 10% reduction in buffering capacity by the presence of acetic acid in
solution).
Usual initial dose: 3-16 mL/kg/hour IV; titrate according to serum pH.
Precautions:
Causes respiratory depression and may require ventilatory assistance.
Causes hypoglycemia and may need administration of glucose.
Reduce dose in renal impairment; monitor serum and urine pH.
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Respiratory Alkalosis (RAK)

It is characterized by ↓ arterial carbon dioxide (PaCO2 ) tension < 40 mm Hg, leading to a blood
pH > 7.44. Alkalemia is defined as a blood pH > 7.44. It is one of the common acid-base disorders
found in critically ill patients. Patient can have an alkalosis with a normal pH if compensation has
occurred. RAK refers to a primary respiratory mechanism responsible for the change. It is detected by
ABG and serum electrolytes.

2.12.1 Pathophysiology
Hypocapnia (low PaCO2 ) develops if CO2 elimination by the lungs > tissue CO2 production.
Three basic mechanisms lead to respiratory alkalosis:
Hypoxia, metabolic acidosis, and direct CNS stimulation of the respiratory center (see Figure 6).

Figure 6

Schematic presentation of pathophysiology of hyperventilation.

Compensatory changes in Respiratory Alkalosis (RAK):
Alteration in ventilation (PCO2 ) is the primary problem in RAK.
Compensation occurs by alterations in plasma bicarbonate.
In acute RAK, small ↓ in plasma HCO3− occurs due to chemical mass action at initial stages.
Hypocapnia leads to ↑ formation of H2 CO3 in response to ↓ plasma H + ion.
Above ↓ plasma bicarbonate is less profound than renal compensation.
In chronic RAK, ↑ urinary bicarbonate excretion resists the pH change caused by hypocapnia.
Renal compensation begins in several hours and takes several days for a peak response.
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Formulas for estimating pH in respiratory alkalosis:
(limit of compensation of [HCO3 −] is of approximately 15 mEq/L)
Acute alkalosis: Change in pH = (change in PaCO2 ) × 0.008
E.g., If PaCo2 is 35 mm Hg, the pH increases by 0.28 from normal.
Chronic alkalosis: Change in pH = (change in PaCO2 ) × 0.003
E.g., If PaCO2 is 35 mm Hg, the pH increases by 0.10 from normal.

2.12.2 Causes of Respiratory Alkalosis
a) Mechanical ventilation:
High ventilatory rate, high tidal volume, or the patient triggers excessive additional breaths.
b) Hypoxia and hypoxemia:
Any condition associated with ↓ PaO2 of < 55 mm Hg or ↓ delivery of O2 to tissues increases
minute ventilation and causes RAK, e.g., anemia, hypotension, lung disease, high altitude/low
fraction of inspired oxygen (FiO2).
c) Pulmonary disorders:
These disorders decrease PaO2 more significantly than elevating PaC O2 , with consequent
hyperventilation.
Stimulation of baroreceptors in the airways and parenchyma also causes hyperventilation in the
following diseases:
Interstitial lung disease, pulmonary edema, pulmonary embolism, pneumonia (Pneumocystitis
pneumonia), and airway obstruction/inflammation.
d) Extrapulmonary disorders:
Though the patient’s lung function is normal, but overriding ventilatory drive causes RAK as in
anxiety and stress, neurologic disorders (e.g., stroke, infection, trauma, tumor), sepsis, liver failure,
usage of hormones/drugs (catecholamines, methylxanthines, salicylates), and hyperthermia.

2.12.3 Clinical Symptoms and Signs
Symptoms of chronic RAk (due to renal compensation) are less intense than acute RAK.
Rapid ↓ PaCO2 causes dizziness, mental confusion, and (rarely) seizures, even PaO2 is normal.
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Hypocarbia causes cerebral vasoconstriction and decreased cerebral blood flow (CBF).
CBF decreases by 1-2 mL/100 g/min for each 1 mm Hg fall in PaCO2 .
(Maximum fall in CBF of 40-50% may occur with a PaCO2 of 20-25 mm Hg).
Alkalosis ↓ ionized calcium (↑ binding of Ca2+ to albumin) in blood, and results in tetany.
Symptomatic hypocalcaemia is more common with respiratory alkalosis than with metabolic
alkalosis. Patients may also have symptoms and signs of underlying disorders.
Signs of RAK: Fever (infectious process), tachycardia (acute RAK),↑ respiratory rate (RR), and
normal BP.
If hyperventilation is due to ↑ tidal volume, RR is not increased as in diabetic ketoacidosis. BP is
decreased if RAK is caused by sepsis or massive pulmonary embolism Dysrhythmias may occur in
patients with underlying heart disease (due to electrolyte imbalance resulting from RAK).

2.12.4 Laboratory Evaluation
i) Arterial blood gas:
A pH > 7.4 suggests alkalosis and PaCO2 < 35 mm Hg indicates alveolar hyperventilation and RAK.
A pH < 7.4 is observed with compensatory alveolar hyperventilation in metabolic acidosis
(overcompensation for metabolic acidosis does not occur)
Duration of RAK: A pH > 7.45, with a normal range of serum HCO3 − suggests acute
hyperventilation.
A pH of 7.4-7.45 with low HCO3 − suggests a chronic and partially compensated process.
ii) Alveolar- arterial oxygen gradient (A-a02):
Normal alveolar- arterial oxygen gradient and a pH > 7.4 is suggestive of normal lung function
(RAK is due to direct CNS stimulation).
Decreased alveolar – arterial oxygen gradient and a pH > 7.4 is suggestive of abnormal lung
function.
iii) Transcutaneous or end-tidal PCO2 :
It is a substitute measure for PaCO2 if skin perfusion is adequate and lung function is normal.
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iv) Standard Acid-Base nomograms:
These are not helpful in patients with changing clinical status, since they lose precision at extremes
of values. Overlap also occurs with other mixed disorders, and require clinical judgment for a correct
diagnosis.
v) Drug screening:
vi) Imaging studies:
Radiography and CT imaging of chest, ventilation/perfusion scan, and MRI of the brain.

2.12.5 Treatment of Respiratory Alkalosis
Address primarily the underlying etiology.
Direct measures to correct respiratory alkalosis (RAK) may not work and unnecessary unless cause
is treated. If RAk is caused by patient-triggered ventilator breaths, act immediately and ↓ rate or ↓ TV
(tidal volume) or use sedation and paralysis.
Hyperventilation syndrome: Re-breathing into a small-volume paper bag, and address patient’s
psychological stress.

Chapter 3
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Hemostasis and Blood Component Therapy
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A. Bleeding and Hemostasis
3.1 Postoperative Monitoring of Hemostasis and Chest
Tube Drainage
Use continuous suction with a catheter inserted into the chest tubes until drainage seizes or
drainage is scanty. It is especially done in neonates and infants to prevent blood accumulation /
tamponade.
May evaluate the collections of blood in pleural space by chest roentgenogram.
i) Blood drainage of 1.5 mL – 2 mL/kg/hour:
It is acceptable in the immediate postoperative period.
ii) Blood drainage of > 2 mL/kg/hour for consecutive 4 hours or more:
Need assessment of bleeding.
iii) Blood drainage of > 5 mL/kg/hour for consecutive 4 hours or more:
Represents loss of 25% of blood volume.
May be associated with hemodynamic alterations.
Warrants re-exploration.
iv) Blood drainage of > 10 mL/kg/hour:
Require immediate exploration.
Result in loss of 40%-50% blood volume in succeeding 3 hours.
Accompany severe homodynamic changes.
v) Indication for exploration in a large adolescent or adult (65-70 kg):
Blood drainage of 100 mL/hour for consecutive 4-6 hours.
Immediate exploration: Blood drainage of 300 mL to 500 mL/any hour.

3.2

Assessment of Moderate to Significant Postoperative Bleeding

3.2.1 Exclude Caogulopathy
Clinical diagnosis of coagulopathy:
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Diffuse oozing from surgical sites.
Bleeding around vascular access sites.
Mechanism of coagulopathy:
Dilution - platelets, dilution of factors VIII and V.
Consumption - fibrinogen and platelets.

3.2.2 Clues from Immediate Clinical History
Massive transfusion.
Physiological status: Temperature, pH.
Duration of hypotension.
Extent of resuscitation.
Cardiopulmonary bypass (CPB).
Platelet effects:
Activation and loss of GPIb (platelet receptor), plasmin, elastase and calpain.
Aprotinin: Given for repeat valvular surgery and septic endocarditis.
(Usual dose: 2 million KIU pre incision and 0.5 million KIU/hour during CPB).

3.2.3 Patient History
1) Family history:
The hemophiliac follow a pattern of X linked recessive inheritance.
30% of cases of hemophilia A are spontaneous mutations with no family history.
Von Willebrand's disease is difficult to diagnose due to:
Variability in the level of Von Willebrand factor (VWF), and variability of inheritance exists in
patients.
Lowest levels of VWF present in type O and the highest in type AB blood groups.
Prior surgical or traumatic events or other triggering events without unusual bleeding may be best
evaluated of their coagulation system.
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2) Frequency of abnormal bleeding:
3) Duration of abnormal bleeding:
Coagulopathy manifests as moderate bleeding over a prolonged period but not as bleeding at an
excessive rate. The location of abnormal bleeding suggests the following:
Platelet disorders: Bleeding from skin and mucous membranes tends to occur.
Hemophiliacs: Bleeding in joints and muscles tends to occur.
4) Associated medical diseases:
Liver disease, renal disease, hematological malignancy, vitamin K deficiency, vitamin C
deficiency, and solid organ malignancy.
5) Medication history:
Aspirin, coumadine, and heparin.

3.2.4 Exclude Surgical Causes of Bleeding
Occurs due to suspected flaws in surgical technique.

3.3

Blood Coagulation

Activation of either intrinsic or extrinsic pathways of clotting leads to a common pathway that
culminates in formation of a fibrin clot.
i) The intrinsic pathway (intravascular pathway):
It is activated by a contact of collagen (from damaged or injured vessel) by factor XII forming
active factor XIIa.
Active factorXIIa initiates a cascade resulting in activation of successive coagulant factors such as
factor XI, IX, and VIII, which lead to a common pathway (i.e. formation of active factor Xa or stage
I clotting).
ii) The extrinsic pathway:
It is initiated by tissue thromboplastin (III), which in presence of Ca++ activates factor VII, this in
turn leads to common pathway or formation of active factor Xa or stage I clotting.
iii) Common pathway: Active factor Xa and factor V in presence of Ca++ and platelet factor 3
converts prothrombin (II) to thrombin or stage II clotting.
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iv) Thrombin converts soluble fibrinogen (I) to fibrin gel (clot) or stage III clotting.
v) Thrombin:
It plays an essential role in coagulation. Early after injury, activation of extrinsic pathway
generates small amounts of thrombin.
Thrombin is a key factor in interaction of extrinsic and intrinsic pathways.
Thrombin accelerates intrinsic pathway by activating factor VIII and V.
Thrombin activates factor XIII which with Ca++ stabilizes fibrin gel (see Table 3.1).
Table 3.1 Formation of hemostatic plug.
Thrombin → Release of ADP from platelets → Formation of platelet aggregates
↓
Presence of other platelet factors → Stable clot

Hemostatic plug is formed by platelet aggregates impregnated in insoluble fibrin gel.
vi) Regulators (Inhibitors) of Coagulation:
The cascade of events that normally regulate the coagulation are shown in table 3.2
Table 3.2 Regulators of coagulation cascade.
i) Antithrombin III & heparin → Inhibits: XIIa, XI a, IXa, Xa and thrombin
ii) Thrombin →Protein C and Protein S → Protein Ca (activated protein C)
Protein Ca →Inhibits VIIIa and thrombin
iii) Fibrin production → Tissue plasminogen activators
↓
iv) Plasmin: Plaminogen →Plasmin
↑↓
Prekallekrins→ Inhibits fibrin, degrades V, VIII and IX, forms (FDP)
v) Fibrin split products (FDP)
↓
Inhibits thrombin, fibrin monomer polymerization and platelet function.
Note: (Arrow heads= leads to, promotes production or activates)

3.4

Tests of Coagulation

Monitor the following during the post operative period:
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Routine: Activated clotting time (ACT), APTT (partial thromboplastin time), prothrombin time
(PT), platelet count, fibrinogen, FDP, and bleeding time.
Specifics: Tests mentioned below are done only in certain circumstances in some patients.
D-dimers, thrombin time, reptilase time, euglobulin clot lysis time, platelet 3 factor, and factor
assays (VIII, VII, and heparin).
Other tests: Plasminogen activator inhibitor (PAI-1), lupus anticoagulant etc,
A. Whole blood clotting time:
5 mL of blood is placed in a glass tube kept at body temperature.
Observe for a clot that should occur normally in 5 to 15 minutes.
Prolonged clotting time is suggestive of deficiency of any of the coagulation proteins.
The clot should retract in 30 to 60 minutes.
A weak, poorly retracted and friable clot suggests hypofibrinogenemia.
Early dissolution of a clot suggests enhanced fibrinolysis.
B. Platelet count:
Normal number 150, 000 to 400,000/cmm.
Poor platelet preservation techniques and specimens stored for more than 24 hours allow
aggregation of platelets resulting in abnormally low results.
Hemolyzed red cell fragments may be identified as platelets.
Low platelet counts (Thrombocytopenia):
Increased peripheral destruction.
Post cardiopulmonary bypass/mechanical prosthetic valves.
Sepsis / disseminated intravascular coagulation.
Thrombotic thrombocytopenic purpura / hemolytic uremic syndrome.
Presence of platelet antibodies:
Post transfusion - HLA directed, or drug induced- such as penicillin, etc.
Immune thrombocytopenic purpura.
Dilutional: - Massive blood transfusion, CPB.
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Decreased platelet production:
Hypocellular bone marrow: Aplastic anemia.
Hypercellular bone marrow: Megaloblastic anemia.
Myelodysplastic / myelophthisic: e.g.: Myelofibrosis,
C. Platelet aggregation test:
Addition of an agonist to platelet rich plasma exhibits a biphasic response, i.e., Reversible
aggregation (occurs due to agonists) is followed by irreversible aggregation → Destruction of platelets.
Platelet agonists: (thrombin, ADP, adrenaline, collagen, ristocetin, and arachidonic acid).
D. Hess test:
BP cuff is inflated between systolic BP and diastolic BP for 10 minutes.
Normally less than 15 petechiae occur in a 5 cm diameter circle.
Inference: In vivo assessment of platelet adhesion, aggregation, collagen matrix, and vascular
endothelium.
E. Prothrombin time and International Normalized Ratio (INR):
A mixture of anticoagulant (3.8% tri-sodium citrate) and blood in 9:1 ratio is centrifuged to
produce platelet poor plasma. Complete thromboplastin is then added with calcium. Fibrin strand
formation is measured by photo-optical device or electromechanical device.
Every batch of thromboplastin reagent has a "calibration value" (international sensitivity index).
The INR = (patient's prothrombin time / Laboratory's control prothrombin time).
A normal INR is between 0.9 and 1.2
Tests the extrinsic pathway of stage I clotting and factors II and III.
Prolonged INR: Deficiency of factor I, II, V, VII or X (it is most sensitive to decreases in factor
VII vitamin K dependant).
Coumarin anticoagulation therapy, vitamin K deficiency, severe liver disease, massive blood
transfusions, disseminated intravascular coagulation and (DIC) high dose heparin therapy.
F. Activated partial thromboplastin time (APTT):
Partial thromboplastin or "cephalin" (phospholipids) is added to a specimen and exposed to a
negatively charged substance (kaolin, celite, or ellagic acid).
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Normal 25 to 35 seconds.
Tests the intrinsic pathway of Stage I clotting and factors II and III.
Prolonged APTT: A decrease to less than 30% activity of all the coagulation factors:
1) Especially decrease in factor VIII, IX, and XI.
2) Heparin therapy and haemophilia.
3) Massive blood transfusions and high dose coumarin anticoagulation.
G. Thrombin time:
Thrombin is added to plasma and the time taken to form a clot is recorded.
Tests the Stage III clotting.
Normal: < 15 seconds.
Prolonged: Inhibition of thrombin, presence of abnormal fibrinogen, heparin, fibrin degradation
products, and lupus anticoagulant.
H. Reptilase time:
Reptilase is added to plasma, and time taken to form a clot is recorded.
Normal: < 14-19 seconds.
Prolonged reptilase time: Inhibition of reptilase by presence of lupus anticoagulant, protamine in
blood, and abnormal fibrinogen.
I. Fibrinolytic system and tests of fibrinolysis:
Fibrin is the final response to vascular injury, and is deposited in tissues and blood vessels. Once
fibrin is no longer needed for hemostasis in vivo, the fibrinolytic system is activated and converts fibrin
to its soluble degradation products, i.e. (FSP or FDP). Fibrinolysis is precisely regulated by activators,
inhibitors, and cofactors in physiologic states.
Components of the fibrinolytic system: Plasminogen, plasminogen activator, and plasminogen
activator inhibitors.
i) Plasminogen:
Synthesized in liver, and converted into plasmin (active) for activation.
Plasmin degrades fibrin into soluble degradation products.
Decreased: (DIC), liver disease, fibrinolytic therapy, and plasminogen deficiency.

Chapter 3

Hemostasis and Blood Component Therapy

135

Presence of plasminogen deficiency increases the risk of thrombosis.
Half of patients with plasminogen deficiency have other co-factor deficiencies such as protein C,
and protein S.
Laboratory testing of plasminogen activity is fibrin plate test.
ii) Fibrin Plate Test:
Estimates fibrinolytic potential (plasminogen activity) by agar gel diffusion method. Test is
positive within 24 hours of significant fibrinolysis.
In primary hyperfibrinogenolysis (as in hemorrhage complicating CPB) the test is positive within
2 hours.
iii) Plasminogen activators: Tissue plasminogen activator (t-PA).
Synthesized mainly in the endothelial cells and facilitates conversion of plasminogen to plasmin.
Decreased t-PA → thrombosis.
Increased t-PA levels → excessive fibrinolysis and bleeding episodes.
Laboratory testing:
Plasminogen activator inhibitor (PAI-1) rapidly binds to t-PA and inhibits its activity. It is necessary
to acidify the patient's plasma to determine active t-PA.
iv) Plasminogen activator inhibitor (PAI-1):
Synthesized by endothelial cells, platelets, and hepatocytes.
Decreased levels: Autosomal recessive disorder and is associated with hemorrhages.
Elevated levels: Deep-vein thrombosis, myocardial infarction, pregnancy, and sepsis.
v) Fibrin degradation products (FSP/FDP):
These are end products of fibrinogen and cross-linked fibrin on action by plasmin.
These are detected by latex agglutination.
Elevation of FSP (> 10 ug/mL) denotes fibrinolysis.
Primary hyperfibrinogenolysis --- CPB, liver disease.
Secondary hyperfibrinogenolysis --- DIC.
vi) Protamine sulphate test / fibrin monomers:
Soluble fibrin monomers are formed by thrombin activity (i.e. DIC) with (+) test.
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Useful for detecting secondary hyperfibrinogenolysis (DIC) with elevated FSP.
Not detected in primary hyperfibrinogenolysis (as in CPB hemorrhage).
vii) D-dimer (DD) assay:
It is an antigen formed when plasmin digests cross-linked fibrin.
Elevated levels are seen in secondary fibrinolysis (DIC) rather than in primary fibrinolysis.
A single global test for fibrinolysis is measurement of D-dimers in serum (s-DD).
Test accuracy correlates in many conditions except in pregnancy.
Correlates well with other fibrinolytic parameters such as euglobulin lysis time (ELT) and activity
of type 1-plasminogen activator inhibitor (PAI-1).
viii) Euglobulin Clot Lysis time (ELT):
It is a qualitative test for fibrinolysis.
A mixture of plasma, fibrinogen, plasminogen, and plasminogen activators are allowed to form a
clot and time for lysis of the clot is measured.
Shortened clot lysis time demonstrates fibrinolysis.
J. Antithrombin III (AT III) activity assay:
1) Decreased by consumption as in:
Sepsis, disseminated intravascular coagulation, deep vein thrombosis, and pulmonary embolism.
2) Decreased due to low levels of AT III molecule secondary to decreased synthesis of a normal
AT III molecule (autosomal dominant) or production of a dysfunctional AT III molecule (autosomal
dominant).
3) CPB hemorrhage complicating primary hyperfibrinogenolysis doesn't affect AT III levels
except in hemodilution.
K. Factors assay (II, V, VII, VIII, IX, X, XI, XII):
Performed in special situations to pinpoint the bleeding disorder due to specific factor deficiency as
in hemophilia and other suspected factor deficiencies.
L. Von Willebrand factor and Von Willebrand’s disease:
It is a large multimer glycoprotein acts as a carrier for factor VIII in plasma.
Synthesized in endothelial cells and megakaryocytes.
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Acts as a bond between platelets and sub endothelial components such as collagen and heparin
M. Fibrinogen (factor I):
Performed to confirm deficiency states, secondary and primary hypofirinogenemia.
N. Fitzgerald factor assay:
The test is performed to detect kininogen deficiency.
The patients have prolonged PTT with no bleeding, but some patients may manifest
thromboembolic episodes.
O. Fletcher factor assay:
Detects prekallikrein factor deficiency. The patient has prolonged PTT, but has no bleeding
tendency.
It is an autosomal recessive pattern, and some patients may have thromboembolic episodes.
P. Factor Inhibitor Assay:
Factor VIII inhibitors:
May be present in hemophilia A patient that has received blood component transfusions. Patient
develops a severe coagulopathy that is difficult to manage.
May also occur in unrelated conditions with coagulopathy, but levels are variable and disappear
spontaneously.
Q. Lupus Anticoagulant:
It is directed against the Xa-V-phospholipid complex.
There is no tendency of increased bleeding, but markedly prolongs the APTT.
Patients have tendency towards excessive thrombosis and occurs in a variety of conditions:
i) Normal patients, lupus disease 5-10%, and infectious disease.
ii) Lymphoma and acquired immune deficiency syndrome.
iii) Drug exposure - chlorpromazine, procainamide and antibiotics.
Laboratory tests to isolate the lupus anticoagulant:
Reptilase test and kaolin clotting time.
R. Template bleeding time:
The bleeding time is unable to predict aspirin usage.
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There is no predictive correlation with the platelet count.
There is no correlation with surgical bleeding.
Prolonged bleeding time:
i) Von Willebrand factor abnormality or deficiency, ii) Platelet deficiency or abnormality, iii)
Heparin, iv) Aspirin, and v) Anemia.
S. Activated coagulation time (ACT):
Fresh whole blood is added to a tube containing negatively charged particles, and is timed for the
formation of a clot.
The type of negatively charged particle affects the "normal" length of ACT.
E.g.: Celite = 100-170 seconds.
Used with high circulating levels of heparin as in cardiopulmonary bypass.
Aprotinin prolongs the "normal" ACT.
Prolonged ACT: heparin effect, hypothermia, platelet dysfunction, hemodilution, cardioplegic
solutions, hypofibrinogenemia, and factor deficiencies.
T. Thromboelastograph:
Useful for diagnosis of CPB hemorrhage when other tests are inconclusive.
A sample of celite activated whole blood (0.4 mL) is placed into a pre-warmed cuvette. A pin
suspended from a torsion wire is lowered into the cuvette, and the cuvette is rotated in a small arc
fashion (see Figure 7.A).
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Figure 7 Thromboelsatograph. A. Blood cuvette for performing thromboelsatograph: A sample (0.4 mL) of celite
activated whole blood is placed into a pre warmed cuvette, and a pin suspended from a torsion wire is lowered into the
cuvette. The cuvette is rotated in a small arc fashion. B. Interpretation of thromboelastograph: R value: Time period from
initiation of the test to the initial fibrin formation and pin movement; K value: Time from beginning of clot formation until
the amplitude of the TEG reaches 20 mm; α (alpha) angle: Angle between the line in the middle of and the line tangential
to "body” (slope) of the TEG tracing; Maximal amplitude: Greatest amplitude of the TEG tracing; Amplitude at
60 minutes: TEG tracing 60 minutes after the maximal amplitude is recorded; Clot Lysis Index: Amplitude at 60 minutes
expressed as a percentage of the maximal amplitude.

As the fibrin strands interact with the activated platelets on the surface of the pin, the rotational
movement of the cuvette is transmitted to the pin. The stronger the clot the more the pin moves.
Hemoscope is connected to a computer to display the coagulation profile as an outline of a
thromboelastograph and interpreted (see Figure 7B).
Interpretation of Thromboelastograph (TEG):
R value: Time period from initiation of the test to the initial fibrin formation and pin movement.
K value: Time from beginning of clot formation until the amplitude of the TEG reaches 20 mm.
α (alpha) angle: Angle between the line in the middle of and the line tangential to "body" of the TEG.
Maximal Amplitude: Greatest amplitude of the TEG tracing.
Amplitude at 60 minutes: TEG tracing 60 minutes after the maximal amplitude is recorded.
Clot lysis index: Amplitude at 60 minutes expressed as a percentage of the maximal amplitude.
Alterations of the normal TEG pattern:
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i) Coagulation factor activation - R value: Reaction time to initial fibrin formation (normal
5-10 minutes). It is a test of extrinsic and intirinsic coagulation.
ii) Coagulation factor amplification - k value: “Kinetic time” for fibrin cross linkage to reach 20 mm
clot strength (normal 1-2 minutes). Alpha angle is an angle between the line in the middle of and the
line tangential to "body" (or slope) of the TEG. It represents clot formation (normal 53 to 72 degrees).
Both K value and alpha angle measure fibrinogen and platelet numbers.
iii) Maximal amplitude (normal 50-70 mm): It is a measure of platelet aggregation and function.
iv) Amplitude at 30 to 60 minutes after maximal amplitude (MA) represents fibrinolysis. Clot lysis
at 30 minutes (Ly 30) following MA is normally 0-3%.
Thromboelastography may also be used to guide blood product administration in bleeding patients
as below:
R time > 10: Transfuse fresh frozen plasma. K time > 3: Transfuse cryoprecipitate.
Alpha angle < 53: Transfuse platelets. MA < 50: Transfuse platelets.
LY30 > 3%: Administer tranexamic acid or amicar (aminocaproic acid).
Rotational thromboelastometry (ROTEM) provides a trace similar to that of the TEG with related
parameters including clotting time (CT), maximum clot firmness (MCF), tests similar to APTT, PT,
and additional tests to detect heparin effect, qualitative analysis of fibrinogen, and detection of
thrombin inhibitors.

3.5 Interpretation of Coagulation Tests and Diagnosis of
Bleeding Disorder
1) Normal PT and prolonged PTT:
Intact stage II (factor II) and stage III (factor I) clotting and intact common pathway (factor V, X of
stage I clotting).
Indicates defects in intrinsic pathway (factors XII, XI, IX and VIII) of stage I clotting.
2) Normal PTT and prolonged PT:
Intact stage II and stage III clotting, intact common pathway, but indicates defects in extrinsic
pathway of stage I clotting, i.e., (factor VII, tissue thormboplastin, and prothrombin).
3) Prolonged PTT and prolonged PT with normal TT (thrombin time):
Indicates defects in common pathway and either intrinsic or extrinsic pathways.
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Normal stage II and stage III clotting.
4) Prolonged thrombin time (TT):
Occurs due to heparin effect, hypofibrinogenemia, and fibrinolysis. Differentiate the etiology of
prolonged TT (see Table 3.3)
Table 3.3 Analysis of prolonged thrombin time.
Primary Fibrinolysis

Heparin effect

Elevated FDP

Little or no FDP

Reptilase time prolonged

Reptilase time normal

Circulating Plasmin++

No circulating Plasmin

Clot Lysis in 5 minutes

No clot lysis

5) Heparin assay:
Detects excessive heparin and heparin rebounds as cause of excessive bleeding.
Administer 25% of initial calculated dose of protamine every 30 minutes until bleeding ceases.
Excess protamine rarely may cause bleeding, and is detected by:
Prolonged thrombin time and reptilase time, no clot lysis, and no FDPs.
6) Qualitative platelet abnormalities and thrombocytopenia:
Require administration of platelet concentrates for two to three days.
7) Primary hyperfibrinogenolysis (PHF):
a) Increased fibrinolysis (PHF) occurs after CPB though fibrinolytic activity is inhibited after any
surgical procedure.
b) Hypofibrinogenemia and degradation of coagulation proteins (V, VIII, IX and Fibrin) occurs by
activated plasmin.
c) FDPs interfere with thrombin, and platelet function.
Both b and c interfere with hemostasis.
E-aminocaproic acid, an antifibrinolytic may be used routinely for CPB hemorrhage.

3.6 Cardiopulmonary Bypass (CPB) Hemorrhage
If CPB hemorrhage is moderate to severe:
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With evidence of hematuria, oozing from vein -punctures, mucous membranes and are associated
with petechiae → Coagulation disorder.
If bleeding is moderate to severe without above findings and only blood drainage from chest tubes
→ Surgical bleeding.
The CPB hemorrhage is managed by an orderly approach and the summary of management is
shown (see Figure 8).

Figure 8 Management algorithm in a patient with a postoperative (post cardiopulmonary bypass) hemorrhage.
CPB= cardiopulmonary bypass, ACT= activated clotting time, APTT= Activated partial thromboplastin time,
PT= prothrombin time, FDP= fibrin degradation (split) products, FFP=fresh frozen plasma,
CT= chest tubes, Plt=platelet, Bld=bleeding.

Order and evaluate coagulation tests discussed in section 3.4 and also do peripheral blood smear.
May order specific tests for suspected specific causes, i.e., thrombin time, reptilase time, and fibrin
split products to differentiate primary fbrinolysis and excess protaime in blood.
♥ Platelet defects are one of the most common causes of CPB hemorrhage.
Require correction by fresh platelets before coagulation test results are available.
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If there is no response to platelets→ Give fresh frozen plasma (F), cryoprecipitate (C), and
additional protamine (P).
If there is no response to FCP →probable fibrinolysis with increased plasmin and FSP.
↓
Give amicar.

3.7 Von Willebrand’s Disease and Hemorrhage
The disease is caused by the deficiency Von- Willebrand’s factor (vWf) and affects platelet
adhesiveness with qualitative and quantitative abnormality of factor VIII.
Type 1: Decreased vWf is most common disorder.
Type 2: Markedly decreased vWf, but non-functional subunits are present.
Type 3: Absent vWf.
Diagnosis: Normal platelet count, normal PT and PTT, and increased bleeding time.
Confirmation: Abnormal ristocetin assay, reduced vWf in plasma, and reduced factor VIII
coagulation activity.
DDAVP (Desmopressin): Synthetic analogue of the natural hormone vasopressin, but has no
pressor effect.
Indicated in bleeding due to type I vW disease, not in type III or II B. Administration of DDAVP
releases vWf from endothelial cells.
Effect is immediate, with 2-6 fold ↑ plasma concentrations of coagulation factor VIII, Von
Willebrand factor, tissue plasminogen activator, and ↑ in platelet adhesiveness.
Usage: In patients with mild hemophilia A, Von Willebrand's disease, congenital or acquired
platelet dysfunction (due to uremia or intake of drugs such as aspirin), or to reduce surgical blood loss
without known bleeding diathesis.
Optimal hemostatic effect is achieved with a dosage of 0.3 ug/kg given intravenously. Other routes
of administration are subcutaneous injection or intranasal spray.
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3.8

Disseminated Intravascular Coagulation (DIC)

It is characterized by massive systemic activation of coagulation and consumption of platelets and
coagulation proteins. May be associated by suppression of physiologic anticoagulant pathways and
systemic generation of thrombin with impaired fibrinolysis.
Diagnosis:
Patient has risk factors for DIC.
CBC: Decreased platelets.
Prolonged clotting times.
PT – increased (may be normal in chronic DIC).
PTT – increased (may be normal in chronic DIC).
Thrombin time – increased.
Increased levels of fibrin-related markers.
D-dimers – increased in acute and chronic DIC.
Decreased – coagulation proteins, platelet count, and fibrinogen.

B. Blood Component Therapy
3.9 Blood Components
The blood components consist of packed red cells, whole blood, fresh frozen plasma, platelets,
cryoprecipitate, and coagulation factor concentrates (Factor VIII, Factor VII). Fresh frozen plasma
unit size issued depends on volume required. All donations should be from single donors. Familiarize
with the following indications for administration of these components. Observe for adverse reactions
/ complications, and use caution during administration.

3.9.1 Blood Volume
In infants and children it is estimated by combined height and logarithmic weight values. Blood
volume is read directly from height and weight by constructed nomograms. In young infants and
children it varies with weight and body surface area.
Approximate blood volume in infants and children varies between:
80 mL to 90 mL/kg of body weight, or
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1350 to 1860 mL/square meter of body surface area.
The volume percent of cells varies from 35 to 40.
Normal values in infants are lower than in adults for the following:
1. Blood volume estimated by global end-diastolic volume index (GEDVI).
2. Total intrathoracic blood index (ITBI).
Approximate values for blood volume by age and body weight are shown in Table 3.4.
Table 3.4 Blood volume by Age and Body weight.
Premature infants:

90-105 mL/kg

1 month-12 months:

73-78 mL/kg

Newborn:

78-90 mL/kg

1 year-3 years:

74-82 mL/kg.

4-6 years:

80-86 mL/kg

7-18 years:

83-90 mL/kg

Adults: 70-88 mL/kg

3.9.2 Packed Cell Volume
Usual hematocrit (Hct) of PRBC (packed red blood cells) is 65%.
Infuse PRBC no faster than 2-3 mL/kg/hour / or infuse 10 mL/kg aliquots over several hours.
In chronic blood loss as in anemias infuse 1 mL/kg/hour.
𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑏𝑙𝑜𝑜𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 × 𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝐻𝑐𝑡 𝑐ℎ𝑎𝑛𝑔𝑒

Required volume of PRBC =

𝐻𝑐𝑡 𝑜𝑓 𝑃𝑅𝐵𝐶

3.9.3 Fresh Frozen Plasma
Plasma is separated from whole blood and is frozen within 18 hrs after collection. Unit volume
ranges from 150 to 300 mL.
Compatibility testing is not required. ABO compatible plasma should be used if possible.
Restrict group O recipients to group O plasma.
Group AB plasma can be used for all groups in an emergency.
Indications for administration to FFP(fresh frozen plasma):
Acute disseminated intravascular coagulation and INR or APTT are high.
INR or APTT are high with excessive bleeding.
INR or APTT are high before, during, or after major surgery.
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Emergency surgery and/or massive blood loss, and warfarin effect is present in a patient and INR is
high.
Before an invasive procedure and INR or APTT are high.
Associated liver disease before major surgery or invasive procedure and INR or APTT are high.
INR or APTT are high with a liver failure.
Correction of single factor deficiency when a specific factor was not available.
Treatment of thrombotic thrombocytopenic purpura.

3.9.4 Platelets
Platelet Transfusion:
1) Prepared by pooling platelet components separated from multiple units of whole blood (platelets
pheresis or single donor platelets). / or
2) Single donor platelet-pheresis procedure ("Platelets pheresis" or "single donor platelets").
A unit of single donor platelets usually contains the equivalent of six or more platelet concentrates
(dose commonly administered for a single platelet transfusion in an adult).
The plasma of a platelet component should be ABO compatible with the recipient's red cells,
particularly if the recipient is a child.
3) The risk in multiple platelet transfusions is the development of a platelet-refractory state due to
platelet alloimmunization. In vitro demonstration of platelet antibodies (HLA antibodies or
platelet-specific antibodies) confirms the diagnosis.
4) A platelet count should be performed at 10-60 minutes post-transfusion.
A corrected count increment (CCI)* of > 7,500 indicates an acceptable response after transfusion.
If the CCI is < 7500, it suggests alloimunization in the absence of infection, splenomegaly or other
causes of platelet destruction.
* Calculation of CCI:
CCI=

(𝑃𝑜𝑠𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑢𝑠𝑖𝑜𝑛 𝑐𝑜𝑢𝑛𝑡 −𝑃𝑟𝑒 𝑡𝑟𝑎𝑛𝑠𝑓𝑢𝑠𝑖𝑜𝑛 𝑐𝑜𝑢𝑛𝑡 ) 10 11 × 𝐵𝑜𝑑𝑦 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 (𝑀 2 )
𝑈𝑛𝑖𝑡𝑠 𝑜𝑓 𝑝𝑙𝑎𝑡𝑒𝑙𝑒𝑡𝑠 𝑡𝑟𝑎𝑛𝑠𝑓𝑢𝑠𝑒𝑑 × 10 11

One unit of platelet concentrate averages 0.7 × 1011 platelets.
One unit of single donor platelets averages 4.0 × 1011 platelets.
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“Illustration: A child (BSA 0.6𝑀2 ) has a pre- transfusion platelet count of 5000/uL, posttransfusion platelet count of 35000/uL, and has received one unit of a single donor pheresis platelets.
The CCI is

=

35000 −5000 10 11 ×0.6
4.0

×10 11

=

30000 ×0.6
4

= 4500/ul/𝑀2

The 60 minutes post transfusion CCI of > 7500 and 24 hours post transfusion CCI of < 7500 is
suggestive of platelet consumption rather than immune reaction.”
Indications for platelet transfusion:
Excessive bleeding and surgical procedure on CPB.
Massive hemorrhage/transfusion and platelet count < 50 000/ul.
Prophylaxis for major surgery or invasive procedure and platelet count < 50 000/ul.
Bone marrow failure and platelet count < 10000/ul.
Bone marrow failure and platelet count < 20000/ul with risk factors.

3.9.5 Cryoprecipitate
Cryoprecipitated antihemophilic factor is a cold-insoluble portion of fresh frozen plasma (FFP)
that precipitates when FFP is thawed at refrigerator temperatures (1-6°C). It contains clotting factor
proteins from a single donor resuspended in approximately 10 to 15 mL of plasma. Each unit contains
a minimum of 80 IU of factor VIII and at least 150 mg of fibrinogen, in addition to significant
amounts of von Willebrand factor and factor XIII.
Indications for cryoprecipitate transfusion:
A. If fibrinogen test result is available and fibrinogen level is < 1.0 g/L, and is associated with
clinical bleeding.
Trauma or invasive procedure.
Disseminated intravascular coagulation.
B. Hypofibrinogenemia or afibrinogenemia association with bleeding or prior to an invasive
procedure:
Causes of hypofibrinogenemia: Lack of synthesis (e.g., liver disease), consumption (e.g.,
disseminated intravascular coagulation [DIC], dilution (e.g., massive transfusion or intensive plasma
exchange), and inheritable defect.
C. In the following and in association with bleeding or prior to surgery:
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Von Willebrand disease (If DDAVP or von Willebrand factor-containing concentrates are
ineffective).
Hemophilia A (DDAVP and factor VIII concentrate are unavailable in an emergency.
Dysfibrinogenemias (inherited and acquired).
Factor XIII deficiency.

3.10 Complications of Blood Component Therapy
3.10.1 Transfusion Related Acute Lung Injury (TRALI)
It is a clinical diagnosis of exclusion. It is characterised by acute respiratory distress and bilaterally
symmetrical pulmonary edema. Hypoxemia develops within 2 to 8 hours after a transfusion. The Chest
X ray depicts interstitial or alveolar infiltrates with no cardiogenic or other cause of pulmonary edema.
The pulmonary vascular effects are due to cytokines in the transfused product and / or from
interaction between patient white cell antigens and donor antibodies (or vice versa).

3.10.2 Volume Overload
Infants and patients with cardiopulmonary disease are at risk, especially during rapid transfusion.
Avoid unnecessary fluids and use appropriate infusion rates.

3.10.3 Hypothermia
Rapid infusion of large volumes of stored blood contributes to hypothermia.
Infants are particularly at risk during exchange or massive transfusion.
Blood warmers should be used during massive or exchange transfusion.
Additional measures may also be used such as 1) warming of other intravenous fluids, 2) use of
devices to maintain patient body temperature.

3.10.4 Citrate Toxicity
Rapid administration of large quantities of stored blood may cause hypocalcaemia and
hypomagnesaemia as citrate binds calcium and magnesium.
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Patients with liver dysfunction or neonates with immature liver function having rapid large volume
transfusion are most at risk. May result in myocardial depression or coagulopathy. Use replacement
therapy for symptomatic hypocalcaemia or hypomagnesaemia.

3.10.5 Hemolytic Reactions
Patient develops an antibody directed against an antigen on transfused red cells.
The antibody may cause shortened red cell survival, and a delayed hemolytic reaction occurs. Most
delayed hemolytic reactions produce few symptoms or may go unrecognised. A few hemolytic
reactions produce clinical features of fever, jaundice, and lower than expected hemoglobin following
transfusion.
There are reports of serious consequences occurring in critically ill patients.

3.10.6 Hyperkalemia
Occurs due to rapid and massive transfusion of older red cell units in small infants and children.
Blood less than 7 days old is generally used for rapid large volume transfusion in small infants, (e.g.,
cardiac surgery, ECMO, and exchange transfusion). Stored red cells leak potassium proportionately
throughout their storage life.

3.10.7 Antibody Screen
Should be performed as part of pre-transfusion testing. If antibody is detected, it is identified and
appropriate antigen negative blood is provided.
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4.1 Immediate Postoperative Care and Monitoring
4.1.1 Care in the Operating Suite
Optimal postoperative care of patient mandates adequate correction of cardiac lesion both by
physiological and anatomical standpoint. At the end of operative procedure while the child is still in the
operating room one should ensure:
Rewarming to 36.5ºC. Control of bleeding.
Adequate ventilation. Correction of acid-base and electrolyte balance.
Stabilized cardiac function by ensuring:
Maintenance of correct intravascular volume.
Adequate heart rate.
Adequate myocardial contractility and hemodynamics.

4.1.2 Transfer to Intensive Care
After transfer of the patient to ICU inform the multi-professional team:
Anesthetic type, method of perfusion, surgical technique, and duration of aortic clamping (time in
minutes),
Fluids: water and colloid balance, diuresis and urine output,
Invasive lines: venous and arterial catheter placement,
Pacemaker wire and mediastinal or thoracic drainage tube positioning,
Ventilator settings and acid-base balance,
Heart rate, arrhythmias, and use of vasoactive medications,
Any abnormal bleeding or status of coagulation.

4.1.3 Standard Monitoring in Intensive Care Unit
EKG, direct arterial pressure (through invasive line in a peripheral artery), central venous pressure,
temperature probes (nasopharyngeal, rectal, toe, and skin.), pulse oximeters, and sometimes
capnography.
Direct arterial pressure:
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Radial artery catheters are generally preferable.
Catheters in foot vessels may not precisely reflect aortic pressure.
Arterial pressure recorded in infants’ feet is less accurate in the presence of hypothermia.
The central venous pressure line:
Catheter is directly placed in the right atrium at the end of an operative procedure / or Seldinger
technique is used to position the catheter into the internal jugular vein of choice by a surgeon.
Temperature monitoring:
Assesses the body metabolism.
1) Rectal probe or probe near the esophagus:
Provides estimate of body and core temperature.
2) Nasopharyngeal probe:
Estimates brain temperature.
3) Skin temperature probe:
Ideally connected to a toe or finger.
Increased gradient between the core temperature and skin temperature suggests ↓ perfusion of the
tissues. The central-to-toe temperature difference increases in the global blood flow abnormalities.

4.1.4 Supplementary Monitoring
A. Pulmonary artery (PA) and left atrial (LA) pressure lines:
These lines are placed through transthoracic (in operating suite) or transvenous approach.
The severity and type of cardiac disease determines their need.
In small children, the traditional Swan-Ganz 7F or 5F catheter can not be used.
Cardiac output is measured by means of a thermo dilution 2F probe inserted into the pulmonary
artery.
B. On-line monitoring of arterial (aO2) and mixed venous oxygen saturation (MVO2):
These are usually done by fiberoptic catheters placed in a peripheral artery (aO2), the pulmonary
artery, and / or the mid right atrial location (MVO2).
C. Serial echocardiography:
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D. Pulse contour analysis:
It is done by PICCO device. It is a suitable method to monitor cardiac index over a wide range of
indices. Recalibrates with the integrated transpulmonary thermo dilution within a short time frame.
Indications for supplementary monitoring:
i) Significant myocardial dysfunction:
May be encountered in the left coronary anomaly, transposition of the great arteries, and
hypoplastic left heart syndrome.
ii) Pulmonary arterial hypertension (PAH):
PAH is common during or prior to the operative period, i.e., total anomalous drainage of the
pulmonary veins, aortic arch interruption, and truncus arteriosus communis.
iii) Valvular insufficiency:
Valvuloplasty or correction of the atrioventricular canal defect with a suspected residual defect.

4.2 Postoperative Cardiac Output and Cardiovascular Function
Cardiac output (CO) is considered adequate if it is sufficient to meet demands for cellular oxygen.
Adequate CO is an index of adequate organ and skin perfusion.

4.2.1 Determinants of Cardiac Output
A. Preload, afterload, contractility (see also Chapter 1), heart rate, and diastolic function of ventricle.
B. Indirect factors:
These alter the myocardial oxygen supply-demand relationship and cardiac output.
1) Anxiety, pain, temperature, and hemoglobin level.
2) Endogenous and exogenous catecholamines and biochemical composition of blood.
C. Intraoperative factors:
1) Anesthetic type, intraoperative complications, myocardial protection, and degree of
hypothermia during CPB.
2) Duration of CPB, aortic clamping time, and deep hypothermic circulatory arrest (DHCA) use.
3) Morphology and structure of the heart (neonatal vs. older child).
4) Surgical procedure, degree of ventricle muscle incision, and placement of corrective patches.
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Neonatal heart:
i) Contractile force: It is less than that of the adults and children.
Myofibers are fewer (50%) with chaotic pattern, which limits the systolic capacity. Sarcomeres and
mitochondria are small in number.
Calcium storage capacity of the sarcoplasmatic reticulum is immature.
Myocardial contractility (during 1st week) occurs due to circulating catecholamines (epinephrine),
because sympathetic nervous system is immature in myocardium.
Cardiac output in a neonate is maintained primarily by ↑ in heart rate and is dependent on
circulating epinephrine. Neonate is susceptible to parasympathetic stimuli similar to an adult as
enervation is complete.
Myocardial fiber length at baseline level is optimal, so a neonate has reduced diastolic reserve for
volume overload.
Myocardial contractility and ventricular compliance are reduced despite increases in volume load.
ii) Ventricular interdependency: Volume or pressure load imposed on one ventricle influences
filling characteristics of the other ventricle. The dilated right ventricle increases the filling pressure of
the left ventricle. This increased pressure on the left generates elevated pressure on the right sided
ventricle in order to maintain transatrial flow.
iii) Substrate use: Carbohydrates, amino acids, glycogen, glutamate, pyruvate, and lactate are used
for myocardial contraction.
iv) Adaptation to anaerobic metabolism:
Reduced numbers of mitochondria and elevated stores of glycogen reflect this adaptation. It has
greater recovery capacity and tolerance for hypoxic and ischemic insults. But it very vulnerable to
hypoglycemia, alterations in pH, lactic acid, glycemia, and temperature.
Complete maturity of the myocardium occurs only after 2 years of age.

4.2.2 Effects of Cardiopulmonary Bypass (CPB)
Exposure of blood to the prosthetic surface interface damages blood elements and proteins and
triggers a systemic inflammatory response (SIR).
A. Systemic inflammatory response (SIR):
The important components of SIR are as listed below:
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Interstitial edema, activation of coagulation cascade, generation of kallikrein, bradykinin, and
consumption of platelets.
Activation of neutrophils and monocytes with release of vasoactive and cytotoxic substances.
Activation of complement proteins and anaphylatoxins (i.e., C3a and C5a).
Activation of tumor necrosis factor (TNF) and generation of free radicals derived from oxygen.
B. The CPB associated edema:
It occurs due to hemodilution and inflammatory process unleashed by CPB.
Permeability of the capillary vessels is greater in immature individuals (infants) than in adults.
Therefore, prolonged CPB in infants results in ↑ deleterious effects. Overloads the systemic circulation
that is already compromised by the previous heart failure.
C. Deleterious effects of excessive hemodilution in CPB:
i) Greater requirement for blood transfusion and inotropic drugs.
ii) Depressed myocardial contractility with undesirable hemodynamic performance.
D. Treatment of CPB associated edema:
1) Conventional ultrafiltration has limited effectiveness in treatment of CPB associated edema.
2) Modified ultrafiltration (MUF) system and CPB associated edema:
Hemoconcentrator is placed between the aorta and the right atrium following CPB. It reduces total
body water content, improves systolic function, and increases diastolic ventricular compliance.
Subsequent to modified ultrafiltration, increases in hematocrit, fibrinogen, and total plasma
proteins are noted with an elevated systemic arterial pressure.
MUF also decreases serum cytokines and C3a and C5a associated with CPB.
E. Hypothermia:
Profound hypothermia permits reduction of flow through the CPB.
It reduces trauma to blood elements, and it allows total circulatory arrest.
Hypothermia preserves high energy phosphate stores, and it reduces liberation of toxic cerebral
neurotransmitters.
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F. PH management:
pH-stat method: Acidification of blood provides vasodilatation and homogeneous hypothermic
cerebral protection.
Alpha-stat method:
Cognitive development is poor in the late postoperative follow-up in children compared to those
undergoing the pH-stat method.
Alpha-stat has no significant effect on postoperative cardiac function as compared to pH stat method.

4.2.3 Postoperative Cardiovascular Evaluation
The cardiovascular function is evaluated postperatively, by either any one or all of the following
methods when indicated.
Clinical examination, hemodynamic parameters, tissue oxygen indexes, echocardiography,
radioisotope evaluation, and cardiac catheterization and angiogrphy.
1) Clinical evaluation of cardiac output:
It is performed by examination for the following signs and symptoms.
i) Adequacy of level of consciousness, capillary filling, perspiration, and coloring and temperature
of extremities.
ii) Thermal gradient between knees and feet, thermal gradient between core (rectum) and
peripheral (toe) temperature.
iii) Amplitude of peripheral pulse, arterial pressure, and urinary output.
Signs of adequate cardiac output:
i) No cold perspiration or psychomotor agitation, colored (pink) and warm extremities, and feet are
hotter than the knees.
ii) Central to peripheral thermal gradient is < 4 degree centigrade, easily palpable peripheral pulse,
good capillary filling.
iii) Arterial pressure is within the normal limits for the age group* and urinary output is greater
than l mL/kg/hour.
Peripheral vasodilatation usually occurs after 4th postoperative hour. Establishment of adequate
tissue perfusion occurs around 6th postoperative hour.
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2) *Non-invasive blood pressure (BP) measurement in infants and children:
a) Pulse oximeter method correlates better with intra-arterial measurements than those recorded
from the oscillometric device.
b) Differences between the pulse oximeter and intra-arterial measurements were significantly
smaller than, between oscillometric and intra-arterial measurements in children < 15.0 kg.
c) Pulse oximeter waveform change is an accurate and reliable method to measure BP in infants.
3) Tissue oxygen indices and Biochemical markers:
a) Serum Lactate:
i) If serum lactate is > 2.0-3.0 mmol/L, it is evident of tissue hypoxia and a marker of anaerobic
metabolism. It reflects ↓ perfusion, hypoxia, or tissue toxic agent.
ii) After DHCA (< 20°C), or a low cardiac output, the levels often exceed 6-10 mmol/L.
iii) Always correlate with (A-V) O2 differences, O2 transport and O2 consumption for evaluation
(see Chapter 17).
It is ideal to maintain above indexes to normal levels.
b) Troponin, creatinine kinase (MB):
i) Troponin is a specific marker for a myocardial injury.
In infants with cardiac surgery on CPB, ↑ levels of troponin are observed and remain elevated for
72 hours postoperatively.
In infants with cardiac surgery without CPB, troponin levels are not elevated.
ii) Infants from both groups (on CPB and non-CPB) have ↑ creatine kinase MB isoenzyme levels
that progressively decrease over 72 hours.
4) Two-dimensional and doppler echocardiography:
Doppler ECHO is performed postoperatively if needed to evaluate the following:
Analysis of cardiac chambers, operative results, and detection of residual septal defects.
Estimation of pressures inside cardiac chambers.
Calculation of myocardial fiber shortening and ventricular ejection fraction.
Segmental and global myocardial analysis.
Evaluation of position and function of valvular prosthesis.
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Evaluation of pericardial space (for a clot / fluid).
5) Cardiac catheterization (angiography / manometry of cardiac chambers):
Evaluation of systemic-pulmonary artery shunt permeability (Blalock-Taussig shunt).
Evaluation of pulmonary vasculature, subsequent to uni-focalization of pulmonary arteries.
Measurement of residual pressure gradients across cardiac cavities.
Evaluation of cavopulmonary anastomosis, e.g., Fontan procedure or modified Glenn
(bidirectional cavopulmonary ansatomosis).
6) Direct measurement of cardiac output:
a) Fick method:
It is performed by estimation of oxygen consumption (VO2) and the arterial-venous (A-V) O2
difference (in vol %) (see Chapter 17).
Oxygen consumption that is calculated by nomograms is dependent on:
1. a) Heart rate, b) Age, c) Sex, and d) Body temperature.
2. Some of the above factors are variable in the first hours following CPB.
b) Thermo dilution method:
It is most frequently used method in the postoperative care. In small children, it is measured by a
thermo -dilution 2F probe inserted in the pulmonary artery.
Infants and children: Normal is: > 3 L/min/m2.
Moderately reduced: 2.0 to 3.0 L/min/m2 ,
Severely reduced < 2.0 L/min/m2 .
Cardiac index (CI) tends to be lower in the 4th hour and increases beyond 9-12 hours postoperatively.
(CI) < 2.0 L/min/m2 in the postoperative period is associated with a greater number of deaths.

4.3 Low Cardiac Output, Determinants, and Treatment
4.3.1 Myocardial Contractility and Myocardial Edema
Reduced myocardial contractility is the primary cause of low CO, and is often noted in complex
congenital heart disease such as in left anomalous coronary artery, hypoplastic left heart syndrome,
transposition of the great arteries, severe tetralogy of Fallot, and severe pulmonary artery
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hypertension (PAH). Myocardial edema causes ventricular diastolic restriction with ↓ diastolic filling
with decrease in stroke volume.

4.3.2 Decreased Preload (Intravascular Volume)
1) Fluids shift to the interstitial space during first 24 hours as result of CPB induced endothelial
inflammatory process.
2) Vasodilatation during the rewarming period results in active blood loss and ↑ urinary output,
thus decreasing preload.
Right and left ventricular diastolic pressures should equal to respective mean atrial pressures.
Diastolic ventricular volume can be controlled by gauzing both the right and left atrial pressures.
During the postoperative period, the right atrial pressure should remain around 15 mm Hg.
The optimal or maximal atrial pressures (right 18 mm Hg, Left 20 mm Hg) may be maintained in
following specific conditions:
Ventricular hypertrophy or hypocontractility.
Partial obstruction to ventricular outflow.
Pulmonary artery hypertension.

4.3.3 Increased Afterload
It may be associated with ↑ mean arterial pressure for age * (see below).
It occurs primarily by vasoconstriction subsequent to CPB, hypothermia, excessive endogenous
catecholamines, or administration of vasoactive amines.
Increased afterload results in reduction of myocardial fiber length, and consequently leads to
decrease in systolic volume.
* Normal arterial pressure limits by age:
1 to 12 months: Mean arterial pressure does not exceed 100 mm Hg.
Doppler systolic pressure does not exceed 113 mm Hg.
1 year to < 10 years: Systolic arterial pressure does not exceed 130 mm Hg.
Diastolic arterial pressure does not exceed 85 mm Hg.
> 10 years: Systolic arterial pressure does not exceed 140 mm Hg.
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Diastolic arterial pressure does not exceed 90 mm Hg.

4.3.4 Heart Rate
Optimal heart rate varies with age to maintain adequate cardiac output (see Chapter 1).
The heart rate is influenced by intravascular volume, temperature, pain, anxiety, type of surgery,
perioperative rhythm disturbances, anemia, metabolic disturbances, and perioperative use of
chronotropic dugs.

4.3.5 Treatment of Low Cardiac Output
1. Reduction of metabolic demand:
Maintain body temperature around 36.5°C to reduce the general body metabolism.
2. Reduction of respiratory workload:
It is accomplished by institution of mechanical ventilatory support.
i) Respiratory mechanics and settings: These are manipulated by use of PEEP, adjustment of
PaCO2, and pH to improve homodynamic state.
ii) End-points of mechanical ventilation: The following objectives influence decision to wean from
mechanical ventilation.
Control of associated bleeding, maintenance of stable hemodynamics, attaining adequate body
temperature (perfusion), correction of metabolic derangement, and acid-base imbalance.
3. Measures to improve tissue perfusion and oxygen transport:
Address the determinants of cardiac output with a concomitant use of inotropic and vasodilator
agents. For a choice of an inotrope, see the discussion below.
4. Improvement of right ventricular inotropism and control of pulmonary vascular resistance
(PVR):
The pharmacological agents such as sodium nitroprusside, nitroglycerin, prostaglandin [PGE1],
prostacyclin (PGI2), ultra-short acting vasodilators like adenosine, and ATP may be used. The inhaled
nitric oxide, phosphodiesterase inhibitors, and inotropes may also be used to achieve this goal.
In pediatric cardiac surgery, currently, phosphodiesterase inhibitors replaced nitroprusside to
decrease PVR. Phosphodiesterase inhibitors have inotropic, arteriolar, and venous vasodilator effects.
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4.3.6 Inotropes and Vasodilators
A. Dopamine: The physio-pharmacologic effects of this drug are discussed below.
1. Increased myocardial contractility:
By stimulation of postsynaptic beta-1adrenergic receptors and release of norepinephrine from
myocardial presynaptic sympathetic storage sites.
By decreasing enzymatic degradation and reabsorption of norepinephrine.
2. Pulmonary and systemic arterial vasoconstrictor:
Through stimulation of postsynaptic alpha-1 and alpha-2 adrenergic receptors.
3. Vasodilator of renal, spleen, coronary, and cerebral vessels:
By exerting action on dopaminic adrenergic receptors.
4. Dose dependent clinical (pharmacological) effects:
i) Dose of 1 to 2 μg/kg/min:
Vasodilator on the mesenteric and renal circulation.
ii) Doses of 2 and 10 μg/kg/min:
Increased myocardial contractility and coronary flow with ↑ in mean arterial pressure (MAP) and
cardiac index (CI).
In neonates, ↑ cardiac output, ↑ heart rate, and ↑ systemic arterial pressure.
Dopamine is used commonly in low cardiac output states associated with water retention (as in
post CPB).
In neonates, more elevated doses are necessary to obtain the same effects as neonatal myocardium
is less sensitive to the action of dopamine than that of older children,
iii) Doses > 15 μg/kg/min:
At this dosage in postoperative pediatric cardiac surgical patients, it ↑ heart rate, ↑ CI, and ↑
systemic arterial pressure without significant action on systemic vascular resistance.
Since rise in pulmonary vascular resistance occurs, this dosage is not used in patients with
pulmonary artery hypertension.
B. Dobutamine: The physio-pharmacologic effects of the drug are as discussed below.
It ↑ cardiac output, ↓ systemic vascular resistance, and ↓ ventricular filling pressure.
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it is a beta-1 adrenergic receptor stimulant (agonist).
It does not liberate endogenous norepinephrine from receptors.
It has no effect on alpha-adrenergic receptors. Due to positive chronotropic effect, use is limited in
cardiac surgery of children and neonates.
The ideal indication for this drug is in a low cardiac output state not associated with severe
hypotension.
It is a drug of choice with norepinephrine (a vasoconstrictor) in sepsis if cardiac compromise exists.
Start at low doses such as 2.5 ug/kg/min.
Range: of 2 to 20 ug/kg/min.
C. Isoproterenol:
It is a synthetic analogue of norepinephrine and ↑ cardiac output and ↑ systolic arterial pressure. It
is a myocardial beta-1 adrenergic receptor stimulant with inotropic and chronotropic action. Beta-2
adrenergic receptor stimulation promotes peripheral vasodilatation. It is a vasodilator of renal, spleen,
and skeletal muscle vessels, and it decreases systemic vascular resistance (SVR) and ↓ diastolic
arterial pressure.
It is ndicated mainly in the presence of sinus bradycardia or transitory atrioventricular block. In
neonates, isoproterenol improves low cardiac output secondary to persistent arterial hypertension.
Initial dose is 0.01 to 0.05 μg/kg/min for symptomatic bradycardia.
Initial dose is 0.05 to 0.1 μg/kg/min as a positive inotropic agent.
Untoward effects: ↑ In heart rate and ↑ in myocardial oxygen consumption, which leads to
transitory myocardial ischemia.
Elevated doses → sinus tachycardia and ventricular arrhythmias (due to ↓ coronary flow).
D. Epinephrine:
It is an endogenous catecholamine liberated from adrenal medulla, and is derived from
norepinephrine. It stimulates alpha, beta-1, and beta-2 adrenergic receptors.
Depending on the dose, it ↑ heart rate, ↑ systolic arterial pressure, ↓ diastolic arterial pressure, and
relaxation of peripheral vascular bed.
At high doses alpha-adrenergic effect predominates and ↓ skin, gastrointestinal, and renal perfusion.
i) At doses of 0.03 to 0.1 μg/kg/min, beta-1 and beta-2 effects are predominant.
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ii) At doses of 0.1 to 0.2 μg/kg/min, there is a mixed alpha and beta effect.
iii) At doses above 0.2 up to 1 μg/kg/min, the alpha response is predominant.
Epinephrine is indicated in low cardiac output states associated with the following:
Systemic arterial hypotension and compromised coronary perfusion as in post-cardiac surgery and
cardiogenic or septic shock unresponsive to dopamine and dobutamine. It is also effective inotrope in
cardiac arrest.
Adverse effects:
Ventricular arrhythmia (due to subendocardial ischemia) and peripheral vasoconstriction.
E. Norepinephrine:
It is a local adrenergic neurotransmitter with beta-1 and alpha receptor stimulation.
It increases systolic arterial pressure as much as the diastolic arterial pressure.
Norepinephrine increases or decreases the cardiac output depending on the myocardial reserve.
Starting dose: 0.05 to 0.1 μg/kg/min.
F. Phospho-diesterase inhibitors:
These are non-sympathomimetic agents that inhibit the cyclic phosphodiesterase nucleotide, and
increase myocardial and vascular cyclic adenosine monophosphate (cAMP). Elevation of cAMP
increases myocardial contraction by activation of the kinase protein.
Kinase protein facilitates rapid entry of calcium through calcium channels and activates calcium
stores of the sarcoplasmic reticulum.
i) Physiological actions:
It increases myocardial inotropism and contractility, increases arteriolar and venous vasodilatation,
and increases ventricular relaxation during diastole.
ii) Clinical effects (e.g., amirinone):
Increases cardiac index and decreases left ventricular end diastolic pressure,
Reduces ventricular wall stress and impedance to ejection.
Use in congestive heart failure and in postoperative low cardiac output leads to ↓ pulmonary
capillary pressure, and ↓ right atrial pressure.
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In combination with dobutamine administration, causes greater elevation of the cardiac index and
greater reduction in systemic vascular resistance, but does not significantly cause increase in heart rate.
iii) Clinical indications:
Low cardiac output with myocardial dysfunction and elevated systemic vascular resistance
(without severe arterial hypotension).
iv) Side effects:
Hypotension, thrombocytopenia (incidence of occurrence with amrinone is 2.6% vs. 0.4% with
milrinone), and elevation of hepatic enzymes.
v) Drug potency and metabolism:
Milrinone is 10 to 30 times more potent than amrinone. Milrinone does not elevate myocardial
consumption, and is a coronary vasodilator. Milrinone is metabolized primarily in the kidneys (need
dose correction in renal failure).
Amrinone is metabolized by the liver.
a) Amrinone:
Dose: 0.75 ug/kg bolus dose (over time for 2-3 doses) is followed by, a maintenance infusion of
5-10 ug/kg/min.
Neonates:
Bolus doses of 3 to 4.5 ug/kg is followed by
Maintenance infusion 5 to 15 ug/kg/min.
The half-lifeof amrinone is 3 to 15 hours, so use caution in systemic arterial hypotension.
b) Milrinone: Dosing in normal renal function:
50 ug/kg bolus dose over 10 minutes is followed by, a maintenance infusion of 0.375 to
0.75 ug/kg/min.
The half-life of milrinone in CHF is 2-3 hours.
G. Vasodilators:
These agents are used as an adjuvant to inotropic therapy to reduce systemic arterial resistance and
enhance ventricular ejection.
a) Sodium nitroprusside:

166 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Dose: 0.5 to 8 ug/kg/min. It causes arteriolar and venous vasodilatation, controls systemic and
pulmonary hypertensive states, and reduces after load in low cardiac output states post-cardiac
surgery. Phosphodiesterase inhibitors replaced sodium nitroprusside in pediatric cardiac surgery due
to inotropic, arteriolar, and venous vasodilating properties.
b) Nitroglycerine:
Dose: 0.5 to 20 ug/kg/min. It acts as a vasodilator by releasing nitric oxide. Causes vasodilatation
and ↓ ventricular filling pressures.
It is indicated if preload↑ with signs of pulmonary and systemic venous congestion.

4.4

Right Ventricular (RV) Dysfunction and Inhaled
Nitric Oxide (NO)

RV dysfunction is often observed in infants and children in the postoperative period. RV output is
very sensitive to the variations in afterload, so control of pulmonary vascular resistance (PVR) is
extremely important.
Ideal strategies to improve RV function in postoperative period are as follows:
1) Increase RV Inotropism.
2) Optimize RV preload.
3) Control or reduction of pulmonary vascular resistance (PVR).
Pharmacological and ventilatory manipulations are some of the measures commonly used to
achieve reduction of PVR.
Common agents used for controlling PVR:
Sodium nitroprusside, nitroglycerin, and phosphodiesterase inhibitors.
Prostaglandin E1 (PGE1) and prostacyclin (PGI2) are pulmonary vasodilators, but these drugs are
not specific to the pulmonary circulation.
Newer drugs (i.e., Inhaled nitric oxide and ultra-short-acting intravenous vasodilators such as
adenosine and adenosine triphosphate) are used for treating acute pulmonary artery hypertension
(PAH) in pediatric cardiac patients.
Inhaled nitric oxide (NO):
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Produced by the endothelial cells, and maintains blood vessels of lung relaxed (dilated). It is useful
in presence of previous pulmonary hypertension and/or (RV) dysfunction. Rapidly, it is inactivated
by hemoglobin, and no vasodilatation of systemic circulation occurs.
Clinical usage:
Commonly used in severe RV dysfunction with PAH.
Improves pulmonary gas exchange by recruiting more number of pulmonary capillary units.
Start with small doses i.e., 3 to 5 parts per million and may ↑ to 20-40 parts per million.
Prior to NO use, do the following:
1) Adequately sedate the patient.
2) Provide adequate ventilation.
3) Correct acid base abnormalities.
4) Use phosphodiesterase inhibitors to decrease pulmonary artery pressures and improve RV
function, and to improve the efficacy of inhaled NO, see figure 9 and the discussion below.
5) Monitor ventricular function with echocardiography.

Figure 9 *Prolongation of pulmonary vasodilator effects of inhaled NO by phosphodiesterase inhibitors in pulmonary
hypertension. Pulmonary hypertension was induced with U 44619 in lambs. Inhaled NO (40 ppm) was administered
intermittently before and after intravenous infusion of PDE inhibitor, zaprinast (C-GMP specific) and mean PAP was
recorded. Without PDE inhibition, the reduction of mean PAP produced by inhaled NO persisted only 2-3 minutes. With
zaprinast infusion the reduction in PAP was maintained for nearly 90 minutes with only four 4-minute periods of NO
inhalation. NO = nitric oxide, PAP= pulmonary artery pressure, PAH= pulmonary artery hypertension
PDE = phosphodiesterase.*Adapted from the journal of applied physiology, 1995, Vol 78.
The American physiological society.
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Dipyridamole (another PDE inhibitor) has also been used to augment the efficacy of inhaled NO in
human trials. Dipyridamole in high doses may worsen regional myocardial perfusion (especially in
coronary artery disease). Sildenafil may also be used to prolong and augment the effects of inhaled
NO for treatment of PAH.

4.5

Heart Rate, Rhythm, and Conduction Disturbances

1) Normal heart rate:
The normal heart rates for different age groups of children is shown in a table 4.1
Table 4.1 *Age specific normal heart rates (beats/minute).
Age

2%

Mean

98%

Age

2%

Mean

98%

1st week

91

123-130

155-165

1-2 mon

121

149

179

1-3 weeks

107

148

182

3-5 mon

106

141

186

6-11 mon

109

134

169

1-2 yrs

89

119

151

3-4 yrs

73

108

137

5-7 yrs

65

100

133

8-11 yrs

62

90

130

12-15 yrs

60

85

119

% percentiles. mon= months
*Modified from: The Harriet Lane Handbook. A Manual for Pediatric House Officers, 1996, 14th edition. Mosby Year
Book Inc.

2) Sinus tachycardia:
Heart rate greater than 95 percentile for age with a normal sinus rhythm.
Normal R-R and P-P relationship.
Rate may vary with respiration, normal QRS morphology with sinus P waves.
Usual rate < 230/minute. Causes: fever, hypovolemia, sepsis, pain, etc.
Treat underlying cause.
3) Sinus arrhythmia:
Respiratory variation of R-R intervals, with no change in P-R intervals.
Normal sinus P wave with a normal QRS morphology (see Figure 10).
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Figure 10 EKG strip showing sinus arrhythmia. Note the respiratory variation of sinus beats with
constant PR interval, but with changing RR intervals.

4) Sinus bradycardia:
Heart rate less than 5th percentile for age with a normal sinus rhythm.
Causes: Hypoxemia, acidosis, hypercapnia, and increased intracranial pressure.
Treat only in symptomatic patients and correct underlying cause.
Epinephrine: 0.01 mg/kg bolus IV / IO. Repeat every 3-5 minutes prn.
(ET dose 0.1 mg/kg)
Atropine: 0.02 mg/Kg bolus IV, minimum bolus dose 0.1 mg.
Maximum bolus dose: 0.5 mg (child), 1 mg (adolescent).
Isoproterenol drip: 0.1 mcg/kg/minute and increase by 0.1 mcg/kg/minute
every 5-10 minutes, maximum dose 2 mcg/kg/minute.
5) Supraventricular tachycardia:
Normal QRS complexes with or without discernible P waves.
Rate of > 230 beats /minte (bpm); (260-300 bpm in infants).
P waves do not have sinus morphology.
After first 20 beats in the rhythm strip, the QRS morphology is same as sinus rhythm. If QRS is like
in bundle branch block VT is considered (see Figure 11).
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Figure 11 EKG strip of supra ventricular tachycardia. (rate 188 beats per minute).
Note the normal QRS morphology without discernible P waves.

Treatment:
i) Vagal maneuvers: (ice to face and head, carotid massage, valsalva, knee-chest position).
ii) Adenosine: 0.1 mg/kg rapid IV bolus, if there is no effect, repeat a double dose (0.2 mg/kg):
maximum single dose: 12 mg IV.
iii) Other drugs: Digoxin, beta blockers, procainamide (see Chapter 16).
iv) Other measures: Atrial overdrive pacing or synchronous cardio version:
Dose for cardioversion: 0.5-1.0 joules/kg.
In unstable patient, cardioversion should be initially tried.
6) Wolf-Parkinson-White (WPW) tachycardia:
Shortened PR interval and initial slurring of the upstroke of QRS, producing delta wave and
prolonged QRS duration (see Figure 12).

Figure 12 12 lead EKG of WPW syndrome. Note the delta wave (initial slurring of QRS complex) prominent in lead I.
Note also shortened PR interval (100 msec) and prolonged QRS (180 msec).
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Treatment and prevention of SVT:
If delta wave is present: Digoxin or verapamil should not be used.
May use beta- blockers.
Recurrent SVT may require ablation of accessory conduction tract.
7) Atrial flutter:
Normal QRS complexes with flutter (p) waves between QRS.
Atrial rate 250-500 bpm, ventricular rate depends on a variable block, i.e., 1:1 to 4:1 conduction.
92% patients have abnormal heart rate (see Figure 13).

Figure 13 12 lead EKG of atrial flutter with 3 to 1 atrioventricular block (atrial flutter rate of 300 to 375,
ventricular rate 100 to 125 beats per minute).

Treatment:
Drugs: Digoxin, qunidine (oral dose), and procainamide (see Chapter 16-D).
Other measures: Atrial overdrive pacing or synchronous cardioversion with 0.5-1.0 joules/kg
(in unstable patient it is initial Rx)
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8) Atrial fibrillation:
Normal QRS complexes with absent P waves and irregularly irregular R-R intervals. The heart rate
varies (see Figure 14).

Figure 14 12 lead EKG of atrial fibrillation with a controlled ventricular rate. Ventricular rate varies from
130-168 beats per minute. Rhythm is irregularly irregular. Note that there are no discernable P waves.

Treatment:
For control of rapid ventricular rate digoxin / beta blockers are often used.
Quinidine is used to prevent recurrence.
Synchronous cardioversion: 0.5-1.0 joules/kg (in unstable patient it is initial Rx).
The patient is anticoagulated before cardioversion.
9) Premature ventricular contraction:
Wide or prolonged QRS complexes that differ morphologically from a normal (sinus) QRS. ST
segment slopes away from QRS, and T wave is often inverted. Impulse is usually followed by a
compensatory pause (see Figure 15, top strip).
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Bigeminy (alternate normal and abnormal ventricular beat), couplets (two consecutive abnormal
beats) or triplets may occur.

Figure 15 Top strip: Sinus rhythm with two premature ventricular contractions that are followed by a compensatory
pause. Middle strip: Scribble on a rhythm strip representing ventricular fibrillation. Bottom strip: Fusion beats due to
ventricular tachycardia (VT): The first of the narrower complexes is a fusion beat; the next two are capture beats. In some
cases of VT with AV dissociation the SA node may transiently "capture" the ventricles producing a capture beat, which has
a normal QRS duration, or a fusion beat, in which the sinus and ventricular beats coincide to produce a hybrid complex.
It indicates that there are two foci of pacemaker cells firing simultaneously:
the sinus node and a ventricular ectopic focus.

Treatment:
Indicated only in symptomatic patients and / or > 6 PVC's per minute.
Address the underlying abnormality: Metabolic disorder, drugs, myocarditis hypoxia, etc.
Lidocaine: 1 mg/kg IV bolus, followed by an infusion of 20-50 mg/kg/minute.
Other drugs: Procainamide and quinidine (see Chapter 16-D).
10) Ventricular tachycardia (VT):
Greater than three serial PVC's occurring in a rhythm strip, or abnormal QRS's occurring at rapid
rates.
QRS is prolonged and wider than normal upper limit for age.
P waves, if occur, are dissociated and Q waves are absent in V5 and V6.
Fusion beat may occur before and after termination of VT.
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After 10-20 beats, the morphology of QRS differs from a normal sinus beat.
70% have abnormal rate (< 250, in infants 200-500 bpm) (see Figure 16).

Figure 16 EKG strip showing ventricular tachycardia with a controlled ventricular rate of 120 beats
per minute. Note P waves are seen in some leads but are dissociated from QRS complexes.

Treatment:
Treat the underlying abnormality, and if hemodynamically stable give lidocaine, bretylium (see
Chapter 16).
Hemodynamically unstable patients: Cardioversion is used.
11) Ventricular fibrillation:
Rapid irregular ventricular depolarization of low voltage (without definite QRS complexes).
Mimics asystole that is more common in children (see Figure 15. middle strip).
Treatment:
See cardiac arrest algorithms (see Chapter 13).
12) Fusion beat:
It has characteristics of both a sinus beat and a PVC.
QRS resembles an early activation of a sinus and a late activation of PVC (see figure 15, bottom
strip).
13) First degree AV block:
PR interval is prolonged than normal for age and heart rate (see text).
PR interval varies between 0.09 to 0.2 seconds,
PR is short, (i.e., 0.11-0.15) seconds: Occurs with rapid heart rates (140-180 bpm) and in infants
and children < 3 years.
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PR is longer, (i.e., 0.15-0.2) seconds: Occurs with slow heart rates (60-100 bpm) and older children
and adults (see Figure 17)

Figure 17 12 lead EKG of a first degree atrioventricular block. PR interval is prolonged (240 msec).

14) Second degree AV block: Mobitz (type II) block.
Atrial rate > ventricular rate with regular conduction of atrial impulse to ventricle at varying rate.
i.e., 2:1, 3:1, 4:1(skipped ventricular beats).
PR interval does not change (see Figure 18).
Progresses to complete AV block.

Figure 18 EKG strip showing second degree atrioventricular block of Mobitz type II.
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15) Second degree Wenckebach block: Mobitz (type I) block.
Progressive prolongation of PR interval until atrial impulse is not conducted to the ventricle
(dropped ventricular beat occurs).
PP interval is regular and RR interval shortens (see Figure 19).
Does not progress to complete AV block.

Figure 19 EKG strip showing second degree atrioventricular block of Wenckebach (Mobitz type I). Patient has sinus
rhythm with apical non specific ST segment and T wave changes.

16) Complete AV block:
Atrial beats are not conducted to the ventricles.
Slow rate ventricular beats (junctional or ventricular morphology) are not related to atrial beats.
Complete AV dissociation and changing PR intervals (see Figure 20).

Figure 20 Lateral precordial leads V4, V5, V 6 showing complete AV block. Note P waves have no relationship with
QRS complexes and also note changing PR intervals.
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Treatment:
Epinephrine: 0.01 mg/kg bolus IV/I0 or 0.1 mg/kg ET. Repeat every 3-5 minutes.
Atropine: 0.02 mg/kg bolus IV (minimum 0.1 mg, Maximum 0.5 mg in a child Maximum 1 mg in
an adolescent).
Isoproterenol drip: 0.1 mcg/kg/minute, increase every 5-10 minutes by 0.1 mcg/kg/minute,
Maximum dose 2 mcg/kg/minute.
If above drugs fail to improve heart rate and/or reverse AV block pacemaker therapy is indicated.
Pacemaker therapy in emergency:
Connect epicardial temporary wires to a pulse generator.
Modes of pacing:
Atrial pacing, ventricular pacing, and AV sequential pacing.
Sinus rhythm improves cardiac output (CO) by 20% as compared to V-pacing alone.
Sinus rhythm improves CO by 50% in a non-compliant heart.
Pacing rates:
Ideal rates vary with age.
Neonates and young infants: 140-160/minute.
Older infants and young children: 120-140/minute.
Older children and adolescents: 100-120/minute.
Modes of pacing and terminology for modes of pacing:
AAT, VVI, VVT, DDD, DVI
Chamber paced (A, V, or D), A= Atria, V= Ventricle, D= Atria and ventricle
Chamber sensed (A, V or D)
Pacemaker inhibits its own output (I) if senses a native impulse, but fire an impulse if no native
impulse is sensed (D), D= demand pacing.
Pacemaker triggeres (T) impulse, despite presence of a native impulse.
Temporary pacemaker settings:
Rate: as desired.
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Atrial output: 5-10 ma, (milli amperes). Ventricular output: 5-10 ma.
AV interval: 150 to 200 msec.
Ventricular sensing 5-10 mv (milli volts) for demand pacing or VVI.
Use asynchronous mode (> 20 mv) for VVT.
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Patients often require mechanical ventilatory support in the postoperative period.
The duration of support differs with or without reactive pulmonary vascular disease.
Patients without pulmonary vascular disease may be extubated in 4-6 hours postoperatively.
Patients with pulmonary vascular disease need prolonged ventilator support and special care, and
these patients usually have postoperative pulmonary hypertension crises. These candidates are as
follows:
Complete AV canal, truncus arteriosus, obstructed total anomalous pulmonary venous connection
(TAPVC), multiple VSD's, and patients with late pulmonary artery (PA) bands or inadequate PA
bands.
Patients with pulmonary vascular disease do require supplementary monitoring during the
postoperative period for adequate management of ventilator support. These patients require in brief
the following management:
Pulmonary artery line is inserted in OR for monitoring and infusion of drugs (see below).
Use of paralyzing agents (vecuronium) and sedation (fentanyl) in the postoperative period.
Support with mechanical ventilation for a minimum of 24 hours.
After stabilization of respiratory and cardiovascular hemodynamic status and improvement,
withdraw paralyzing agent first.
Patient should not be manipulated or disturbed unless absolutely necessary.
Avoid loud noises to prevent pulmonary hypertensive crises.

5.1

Initial Ventilator Orders

5.1.1 Ventilator Settings
Pressure vs. Volume controlled: Volume to begin with and it meets the goals of ventilation.
i) Mode:
PRVC (pressure regulated volume controlled ventilation) if available / or SIMV (synchronous
intermittent mandatory ventilation) with or without pressure support (PS).
PRVC guarantees tidal volume (TV), and limits the peak airway pressure.
Decelerating wave pattern on the flow in PRVC is well tolerated.
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ii) Respiratory rate (RR): 20
For small children this is lower than their usual spontaneous rate, but larger TV that is delivered
increases the minute ventilation.
For large children decrease rate to 15 or less.
For small infants or neonates increase RR to 30 or higher.
iii) PEEP (positive end-expiratory pressure): 5 mm Hg.
It is slightly above the physiologic range.
PEEP should not be so high as to cause barotrauma / cardiac compromise.
iv) FiO2 (inspired oxygen concentration): (1.0) or 100%
Allows maximal preoxygenation if any thing adverse happens.
Start to wean once everything is stable.
Deleterious effects occur from FiO2 1.0, even for brief periods in those with:
1. Single ventricular physiological correction with outflow into PA (pulmonary artery) and AO
(ascending aorta) occurs in series.
2. Systemic arterial to pulmonary artery shunts (i.e., modified Blalock-Taussig or central shunt).
The cause of adverse effects are due to pulmonary vasodilatation (↓ PVR), and ↑ pulmonary blood
flow, and both can lead to systemic hypoperfusion and hypotension.
In above situations, rapid weaning of FiO2 (preferably to room air or 0.3) should be done to
maintain SaO2 of 70-80%.
Tailor the FiO2 to maintain SaO2 of 80-85% in situations (i.e., bidirectional Glenn, hemi-Fontan)
where free mixing of pulmonary venous and systemic venous blood occurs.
v) Tidal volume (TV): 8-10 mL/kg.
It gives good alveolar distention without significant barotrauma.
Generally use PEEP to maintain lung volume and smaller TV to avoid barotrauma.
TV of 10-12 mL/kg may also be used as the standard range.
vi) Inspiratory time (I time): 0.5 to 1 second.
It is physiological, but use longer I-time for adolescents and bigger children.
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The shorter I-times allow maximal time for exhalation (i.e., in asthmatics and obstructive lung
disease).

5.1.2 Ventlatory Goals
Following parameters are, especially, useful for patients with pulmonary vascular disease.
Keep PaO2 100 mm Hg, blood fully saturated with O2 (100%) ♣
Keep PaCO2 25-30 mm Hg.
Keep pH between 7.5 to 7.55
The patients may require frequent hand ventilation with 1.0 FiO2 .
Suction the airway frequently to prevent pooling of secretions and atelectasis.
The ♣ ideal SaO2 is 80 to 85% with PaO2 of 40 mm Hg in the following:
Bidirectional Glenn, hemi-Fontan, stage I Norwood correction of hypoplastic left heart syndrome
(HLHS), aorto - pulmonary shunts (i.e., modified Blalock-Tausig, or a central shunt), and lesions or
corrections in which free mixing of pulmonary venous and systemic venous blood occurs.

5.1.3 Precautions on Ventilator
A. Peak Pressures:
The airway peak pressures should be kept under 35 if at all possible.
May change to pressure control (PC) mode of ventilation if peak pressure goes into the 40's to 50's
persistently. The latter may imply restrictive lung disease or non-compliant lungs with obstructive
pattern.
One should try other manipulations before change to PC mode.
Improve bronchodilation and evaluate pause pressure.
B. Oxygenation:
Inability to wean the FiO2 is a concern, and get the FiO2 under 60% soon as possible. Failure to
wean implies shunting due to lack of airway recruitment (PEEP too low) / or adult respiratory distress
syndrome (ARDS). Increasing the mean airway pressure may be of use.
C. Ventilation:
The adequacy of ventilation is based on patient’s needs, and is reflected on PaCO2 .
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Shock and metabolic acidosis require higher rates for compensation.
Obtaining a blood gas early 15-20 minutes after on the ventilator will give proper direction.

5.2

Controls in Mechanical (Positive Pressure) Ventilation

5.2.1 Oxygenation
Oxygen uptake by the lungs, though is dependent on a number of factors, it can be manipulated by
mechanical ventilation as described below:
i) Arterial oxygen tension (PaO2 ):
Manipulated by altering inspired oxygen concentration (FiO2 ), alveolar pressure, and ventilation.
ii) Ventilation-perfusion matching:
Intrapulmonary shunting decreases by re-opening the collapsed alveoli. (PEEP) helps to re-open
alveoli, and splint the alveoli open and increases in lung compliance (see Figure 21 and 22).

Figure 21 Lung compliance (unit change in lung volume per unit change in pressure (dv / dp) is
represented by a volume loop curve.
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Figure 22 Addition of PEEP shifts the volume loop curve upward and right representing increased lung compliance
with increased air entry. PEEP= positive end expiratory pressure, dv- change in lung volume,
dp= change in alveolar pressure.

To improve oxygenation do the following:
Increase FiO2, increase mean alveolar pressure, increase mean airway pressure ↑ PEEP, and ↑ I: E
ratio.

5.2.2 Carbon Dioxide (CO2) Elimination
CO2 elimination via the lungs is largely dependent on alveolar ventilation.
𝐴𝑙𝑣𝑒𝑜𝑙𝑎𝑟 𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛=𝑅𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑜𝑟𝑦 𝑟𝑎𝑡𝑒 × (𝑇𝑖𝑑𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 − 𝐷𝑒𝑎𝑑 𝑠𝑝𝑎𝑐𝑒 𝑣𝑜𝑙𝑢𝑚𝑒)
To improve CO2 elimination: ↑ respiratory rate and ↑ tidal volume.

5.2.3 Inspiratory Time, Inspiratory Pause, and I: E ratio
Inspiratory time is the time over which the set tidal volume is delivered (as in volume control
ventilator) or the pressure is maintained (as in pressure control ventilation).
Inspiratory time or I; E ratio:
These parameters are set in time-cycled modes; set tidal volume is delivered in that time. The
ventilation modes can be pressure control (PC), volume control (Siemens and Drager ventilators), or
pressure regulated volume control (PRVC).
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Inspiratory flow is set in volume-cycled modes, (Puritan-Bennett and Bear ventilators). Inspiration
ends when set TV is delivered. In pressure support mode patient determines the duration of
inspiration.
Inspiratory pause time: It is only set in modes where a fixed tidal volume is set and delivered.
Expiratory time is whatever time is left over before the next breath, i.e., as in volume control and
volume preset SIMV modes.
I: E ratio:
(Inspiratory time + Inspiratory pause time): Expiration.
Usually set to 1:2 to mimic usual pattern of breathing.
Advantages/disadvantages of longer inspiratory times:
i) Improves oxygenation by ↑ mean airway pressure (MAP). Longer period of high MAP is
existent over the entire respiratory cycle, by allowing re-distribution of gas from more compliant
alveoli to less compliant alveoli.
ii) Reduces expiratory time and increased risk of gas trapping, intrinsic PEEP and barotrauma.
Poorly tolerated by the patient and deeper level of sedation is needed.
iii) Decreases peak pressure by decreasing the inspiratory flow rate.

5.2.4 Inverse-ratio Ventilation
I: E ratio: 1:1 or 2 to 3:1.
Pressure-controlled inverse-ratio ventilation may be used in for children with severe respiratory
distress syndrome (ARDS).

5.2.5 Trigger Sensitivity (TS)
Determines how easy it is for the patient to trigger the ventilator to deliver a breath. TS may be
flow-triggered or pressure (negative pressure) triggered.
Flow triggering is generally more sensitive.
Smaller the flow or the smaller the negative pressure the more sensitive the trigger. Increasing the
TS is preferable to improve patient-ventilator synchrony (stops "fighting" the ventilator). Excessively
high sensitivity may result in false or auto-triggering.
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5.3

Cardiovascular Effects of Mechanical Ventilation (MV)

5.3.1 Preload
Positive intrathoracic pressure reduces venous return.
Reduction in preload is exacerbated by high inspiratory pressure, prolonged inspiratory time, and
PEEP.

5.3.2 Afterload (T)
Afterload is equivalent to ventricular wall tension (T) during myocardial contraction.
𝑇 = 𝑃𝑡𝑚 × 𝑅

2𝐻

Ptm = transmural myocardial pressure, R = radius, and H = wall thickness of ventricle.
Ptm = (intracavity pressure of the ventricle − pleural pressure)
Positive pressure ventilation by ↑ pleural pressure and ↓ transmural pressure decreases afterload.

5.3.3 Cardiac Output (CO)
Reduced preload will tend to ↓ cardiac output, but reduced afterload tend to ↑ cardiac output. Net
effect on CO depends on left ventricle (LV) contractility.
In patients with normal LVcontractility, mechanical ventilation (MV) tends to ↓ CO.
In patients with decreased LV contractility, MV tends to ↑ cardiac output.
Failure to wean from MV may be due to failure to cope with increased preload and afterload.

5.3.4 Myocardial Oxygen Consumption
It is reduced by positive pressure ventilation with improved myocardial oxygen supply/demand
balance and improved myocardial performance.
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Evaluation of Gas Exchange

5.4.1 Arterial Blood Gas (ABG)
Table 5.1

The normal arterial blood gas values.

PaO2 (mm Hg)

PaCO2 (mm Hg)

′𝐇𝐂𝐎𝟑 (mEq/L)

pH

Infants < 2 years

90

34

20

7.40

Children < 18 years

96

37

22

7.39

Adult

90-110

35-45

22-26

7.35-7.45

PaO2 = Arterial oxygen tension, PaCO2 = arterial carbon dioxide tension.

5.4.2 Analysis of Acid-Base Disturbance
It is based on Henderson-Hasselbach Equation:
i) 10 mm Hg rise or fall in PaCO2 accompanies in 0.08 fall or rise in pH respectively.
ii) 0.15 rise or fall in pH accompanies 10 mEq/L fall or rise in HCO3 − respectively.
iii) Determine the primary disturbance by first noting pH; PaCO2 and then HCO3 −.
Analyze the acid base distrubance by a secondary compensatory change (see Table 5.2).
Table 5.2 Analysis of the acid base disorder.
pH

PaCO2 (mm Hg)

𝐇𝐂𝐎𝟑 (mEq/L)

Acute respiratory acidosis (pure)

↓ (7.26)

↑ (55)

(24)

Acute resp acidosis (compensated)

↓ (7.26)

↑ (55)

27, ↑ by 1 mEq for each
10 mm Hg rise of PaCO2

Chronic resp acidosis (compensated)

↓ (7.3)

↑ (55)

31, ↑ by 4 mEq for each
10 mm Hg rise of PaCO2

Acute resp alkalosis (pure)

↑(7.48)

↓ (25)

(24) 

Acute resp alkalosis (compensated)

↑ (7.48)

↓ (25)

21, ↓ by 1-3 mEq for each

Chronic resp alkalosis (compensated)

↑ (7.44)

↓ (25)

10 mm Hg fall of PaCO2
19, ↓ by 3-5 mEq for each
10 mm Hg fall of PaCO2
Acute metabolic acidosis (compensated)

↓(7.2)

↓(30)

16, ↓ PaCO2 by
1-1.5 × fall in HCO3

Acute metabolic alkalosis (compensated)

↑ (7.5)

↑(44)

36, ↑ PaCO2 by
0.25-1 × rise in HCO3
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5.4.3 Venous Blood Gas (VBG)
Peripheral venous sample:
It is affected by local environmental, circulatory, and metabolic conditions.
May have good correlation for pH, but not for PaO2 .
Central Venous sample:
It may correlate well with acid base status.
Useful for determining shunt fraction and oxygen consumption by estimation of PaO2 and SvO2 .

5.4.4 Capillary Blood Gas (CBG)
It has good correlation for arterial pH, but correlation is only moderate value for PaCO2.
It correlates poorly for PaCO2.

5.4.5 Pulse Oximetry
Oxygen saturation estimation is done non-invasively through light absorption by pulse oximetry, It
differentiates characteristics of oxygenated and deoxygenated hemoglobin.
Oxygen saturation empirically derived from algorithm based on oxyhemoglobin dissociation curve.
It doesn’t estimate O2 delivery to tissues.
For accuracy patients heart rate should match oximeter pulse reading.
The readings are unreliable in hypothermia, hypovolemia, and shock due to improper detection of
patient's pulse.
Spurious reading (high or low) occurs in methemoglobinemia, patient motion, under xenon or
surgical lamps, and electrosurgical interference.
Spurious decrease by intravenous dyes, e.g., methelene blue or nail polish.
Spurious increase by carboxyhemoglobin (smoke inhalation) and cyanide poisoning.
Best to monitor oxygenation in acutely ill, during sleep, during feeding, during periods of exercise,
brdycardias, or periods of apnea.
Marginal decrease in O2 saturation may imply poor oxygen carrying capacity (i.e., anemia, acute or
chronic blood loss).
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5.4.6 Capnography
Infrared spectroscopy measures the CO2 concentration of expired gas or the end-tidal CO2. The
end-tidal CO2 (ETCO2) approximates PaCO2.
Capnography monitors ventilation in mechanically ventilated.
It is useful for detection of ET tube leaks which results in (↓ETCO2 )
Pulmonary vascular obstruction and V/Q mismatches ↓ETCO2 .

5.4.7 Oxy-hemoglobin Dissociation Curve
Most of O2 in blood is bound to Hb (one molecule of Hb binds to 4 molecules of O2). The affinity
of O2 to Hb is dependent on O2 tension and O2 satuaration curve is sigmoid (see Figure 23). The P50
(i.e., 50% of hemoglobin is satuarted with O2) value therefore varies.

Figure 23 Oxy-hemoglobin dissociation curve. Note the curve is sigmoid and oxygen saturation of hemoglobin
molecule plateaus beyond PO2 > 70 mm Hg. Solid line represent a normal curve. Normal P50
(O2 saturation of Hb is 50%) value is PO2 of 30 mm Hg. Shift of curve rightwards (broken line) ↑ the P50
value (PO2 > 30 mm Hg) and oxygen is readily released from Hb, a situation that persists in tissues. Shift
of curve to left (broken line) ↓ the P50 value (PO2 < 30 mm Hg) with increased binding of O2 to Hb
molecule. Note ↑ DPG (diposhoglycerate), ↑ temperature, ↓ Ph, and increased CO2 (Bohr effect)
shifts the curve to right with more release of O2 from hemoglobin. ↓ Temperature, ↓ DPG, and
alkalosis increase the binding of O2 to Hb with less O2 release.
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Shift of curve to left: (P50 value ↓ i.e., O2 tension, in which 50% of hemoglobin is saturated with O2
is lower (PO2 40 mm Hg or less). More O2 is bound to hemoglobin (as in lungs to facilitate O2 binding).
It occurs in alkalosis, hypothermia, and hypocarbia.
Shift of curve to right: (P50 value ↑ ie: O2 tension in which 50% of hemoglobin is satuarted with O2
is higher (PO2 55-60 mm Hg). Less O2 is bound to hemoglobin to facilitate delivery to tissues.
It occurs in acidosis, hyperthermia, hypercarbia, and due to ↑ 2, 3 diphospho-glycerate levels.
Bohr effect (effect of CO2 and H + ion on oxyhemoglobin (O2Hb) dissociation curve):↑ CO2 and ↑
hydrogen ions in blood shift O2Hb curve to right and ↓O2 binding to Hb.
↓ CO2 and ↓ H + ions in blood shifts O2Hb curve to left and ↑ O2 binding to Hb
Haldane effect effect of O2Hb dissociation curve on CO2 transport is shown in figure 24.

Figure 24 Section of blood carbon dioxide dissociation curve and Haldane effect. Increased binding of oxygen to
hemoglobin (oxyhemoglobin) dissociates 𝑪𝟎𝟐 from blood, a situation that persists in lungs. Decreased oxyhemoglobin
saturation of blood (as present in tissues) facilitates binding of 𝑪𝟎𝟐 to Hemoglobin. The curve is almost linear. Note at
blood 𝑷𝟎𝟐 of 100 mm Hg, the blood 𝑷𝟎𝟐 is 40 mm Hg and 𝑪𝟎𝟐 content of blood is 48 volumes% (as in lungs). Note at
blood 𝑷𝟎𝟐 of 40 mm Hg, the blood 𝑷𝟎𝟐 is 45 mm Hg and 𝑪𝟎𝟐 content of blood is 52 volumes % as exists in tissues.

This effect is more pronounced than Bohr effect (effect of C0𝟐 ) on 𝑂2 transport.
↑ binding of O2 to Hb (shift of O2Hb curve to left), and ↓ binding of CO2 to Hb releases CO2 from
hemoglobin (as in normally ventilated lungs).
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↓ binding of O2 to Hb (shift of O2Hb curve to right), ↑ binding of CO2 to Hb to take up CO2
released from metabolic pool (as in tissues).
Under normal conditions, the net total transport of C02 is 4 mL/dL of blood carried from tissues to
lungs. It occurs in three forms. i) 7% in dissolved form (0.3 mL), ii) 70% as plasma bicarbonate
(2.8 mL), (carbonic acid is formed in red cells by an enzyme carbonic anhydrase, and HCO3 transfer
from red cell to plasma is facilitated by chloride shift to red cells; inhibition of carbonic anhydrase in
red cells interfere with CO2 , transport and tissue PCO2 increases to 85 to 90 mm Hg), iii) 22 to 25%
in combination with Hb molecule and plsama proteins (0.8 mL to 1 mL).
It is ideal to maintain adequate tissue perfusion and flow, with adequate alveolar ventilation to
promote optimal O2 transport and delivery CO2 transport and elimination.

5.5

Management of Acute Respiratory Decompensation and
Evaluation of Hypoxia / Hypercarbia

5.5.1 Hypoxia
Blood 𝑃𝑎𝑂2 of < 70 mm Hg on supplemental O2 and SaO2 of < 95% is considered as hypoxia if
it occurs in all biventricular corrections with separated systemic and pulmonary circulations.
A. Evaluate for several following causes of hypoxia:
1) Hypoxemic hypoxia: It is characterized by a low arterial O2 tension.
It occurs due to V/Q mismatch (pulmonary embolism, atelectasis, pulmonary edema), intracardiac
shunts, and hypoventilation.
2) Circulatory hypoxia: It occurs due to decreased capillary flow or perfusion.
It is commonly due to crtical decrease in systemic cardiac output, decreased pulmonary blood flow
(through shunts, or imbalance in systemic/pulmonary circulation in single ventricle physiology), and
sepsis.
3) Anemic hypoxia: Occurs due to deficient O2 carrying capacity of hemoglobin.
It is observed in anemias (low hemoglobin content of blood), carbon monoxide poisoning with
elevated carboxyhemoglobin levels. ↑ carboxyhemoglobin levels in blood do not affect blood PO2 and
it may be normal in presence of tissue hypoxia, and methemoglobinemia (nitroglycerin (NTG) infusion
toxicity).
Nitroglycerin infusion toxicity (methemoglobinemia):
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(Nitroglycerin converts ferrous iron to ferric with ↓ binding of Hb molecule to O2 .
(SaO2 and PaO2 spuriously ↑ or normal. The blood turns into choclate brown color on exposure to
atmospheric O2 .
4) Hisotoxic hypoxia: It is due to decreased O2 utilization at a cellular level.
It occurs in cyanide poisoning (cyanide is a byproduct of nitroprusside). It is clinicaaly related to
nitroprusside infusion toxicity. Liver enzme rhodnase converts cyanide to thiocynate and is excreted
by kidney.
The toxic levels of thoicynate is 5-10 mg/dL and should be treated with thiosulphate infusion (see
Chapter 16, section).
B. Management of hypoxia:
Act immediately and perform following maneuvers:
1) Disconnect the ventilator.
2) Use hand ventilation:
While giving appropriate Fi O2 for the patient (i.e., 1.0 for biventricular corrections), perform the
following tasks:
i) Perform thorough physical examination and ensure adequate hemodynamic status and perfusion.
ii) Clear the airway secretions (from upper and lower airways), assure airway patency (i.e., ET tube)
and correct position of ET tube, bilateral chest movement, and bilateral ventilation of lungs.
iii) Get ABG, mixed venous blood gas, and chest roentgenogram.
A. If manual ventilation is adequately accomplished:
Check the hemodynamic status of the patient, and if the patient is:
1) Hemodynamically stable:
Address or exclude ventilator malfunction, reconnect the ventilator, and evaluate the patient by the
results of the tests performed as discussed below.
i) Roentgenogram: Position of ET tube, pulmonary infiltrates, pulmonary edema, atelectasis, and
pleural fluid collections in chest cavity.
ii) Intrapulmonary shunting: Normal < 5%. Greater degrees suggest respiratory causes, which
improve with additional oxygen due to ↑ recruitment of alveolar-capillary gas exchange units.
Intracardiac shunts (fixed) show no improvement in gas exchange with above measures.
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iii) Oxygen transport: The oxygen content of blood and systemic cardiac output are assessed along
with estimate of pulmonary / systemic blood flow ratio (see Chapter 17).
Blood flow is also evaluated by echocardiogram and clinical indices of perfusion.
iv) Oxygen extraction ratio: Normal 25-35, against O2 content of blood.
Increased ratios suggest increased metabolic demand as a cause of hypoxia.
v) Oxygenation index: Normal < 35
Increased index suggests progressive respiratory failure.
2. Hemodynamically unstable patient:
Exclude acute and large accumulations of pleural air and/or fluid/blood, acutely diminshed
pulmonary blood flow (PBF) or pulmonary embolus (PE) in larger children and adolescents. Also
exclude sepsis, hypovolemia, dimished cardiac output and/or cardiac compression.
Stabilize hemodynamic status with judicious administration of fluids, and institute appropriate
measures based on clinical, radiological, and echocardiographic diagnosis.
Manipulate the ventilator settings depending on the cause and optimize O2 transport. Consider
need for ECMO (see Chapter 11).
B. Manual ventilation is difficult:
Immediately evaluate and address the following causes:
1) Obstructed ET tube:
Perform endotracheal suction, differentiate from kinked tube and blocked tube due to mucous
plugs, and blood clot. Change the ET tube if required.
2) No-obstruction of ET tube:
Consider mucous or thrombus obstructing distal to tube or tube malposition with distal obstruction,
re-assess bilateral breath sounds, and perform deep suction of the tube with normal saline lavage.
If pulmonary edema with stiff lungs, bronchospasm, aspiration, or cardiac decompensation are
suspected, perform appropriate measures depending on cause. Give bronchodilators and modify
ventilator settings as needed. Consider ECMO support.
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5.5.2 Hypercarbia
Hypercarbia is defined as PaCO2 of > 45 mm Hg on supportive ventilation. Evaluate the patient
for the following causes of hypercarbia:
A. Inadequate CO2 elimination from lungs:
1) Ventilator circuit problems:
Malfunction such as disconnection, inadequate TV because of poor circuit capacitance, and air
leaks (suggested by ↓ end-tidal CO2 and ↑ PaCO2 ).
Address the above and reconnect the ventilator.
2) Inadequate tidal breaths:
These are secondary to mucous plugs, atelectasis, bronchospasm, pleural space occupying fluid /
air, and increased physiologic dead space with inadequate compensation.
Treat above and improve alveolar recruitment by increasing TV and PEEP.
3) Increased dead space ventilation (↑ physiologic dead space):
It occurs due to ↓ pulmonary blood flow, pulmonary vessel obstruction as in pulmonary embolism
(PE) in older chidren, and decreased alveolar perfusion secondary to ↓ cardiac output.
Address measures to improve pulmoanry blood flow and cardiovascular dynamics.
B. Excess CO2 production:
It occurs in shivering, rewarming, fever, hypermatabolic state, sepsis, and increased respiratory
quotient (RQ). The normal RQ = 0.8
RQ =

𝐶𝑂2 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑚𝐿 /𝑚𝑖𝑛𝑢𝑡𝑒
𝑂2 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑖𝑛 𝑚𝐿 /𝑚𝑖𝑛𝑢𝑡𝑒

Increased RQ (i.e., 0.1) occurs in excessive carbohydrate caloric intake (as in patients on total
parenteral nutrition (TPN).
Address above causes of ↑ CO2 production, limit carbohydrates, and provide lipids as source of
energy.
Conrol shivering my muscle paralysis.
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5.6 Principles of Use of Conventional Ventilators and Settings
5.6.1 Ventilator Cycle
The ventilators are broadly divided into volume cycled or pressure cycled depending on whether
preset volume or pressure is generated by the ventilator to deliver a breath.
(I) Volume Cycled Ventilation
Controls:
a) Respiratory rate (RR). b) Positive end expiratory pressure (PEEP).
c) Inspired oxygen concentration (FiO2 ). d) Inspiratory time (I time).
e) Tidal volume (TV).
The pressure limits are set to avoid elevated inspiratory pressures.
It provides constant ventilation under varying lung compliance.
Part of TV is lost to the compliance of the breathing circuit (3-4 cm/H2 O).
Unable to compensate for volume loss due to air leaks.
Advantages / Disadvantages:
Delivers known tidal volume, but risk of baro-trauma exists.
Uses:
Used in the most ventilated patients, patients in OR (including neonates), and in the postoperative
period.
Control of pH and PaCO2 : Control minute ventilation and set both the respiratory rate and the tidal
volume.
Control of PaCO2 : Adjust the FiO2 and PEEP, may also adjust PIP (positive inspiratory pressure)
by adjusting the tidal volume. Larger TV yields bigger Pmax, but it is rarely done in practice.
(II) Pressure Cycled Ventilation
Controls:
a) Rate. b) PEEP. c) FiO2. d) Inspiratory time. e) Peak inspiratory pressure (PIP).
Inspiration is terminated when airway pressure reaches preset peak value.
TV is dependent on airway pressure and compliance of lungs and chest wall.
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Time cycled-pressure limited ventilation is identical to pressure cycle ventilation with addition of
inspiratory pause (IP). IP maintains airway pressure at preset maximum for a predetermined time. IP
causes airway-alveolar pressure equilibration under varying resistances of ventilatory units and
delivers constant TV, and is a common mode in infants and children.
Advantages / Disadvantages:
Ideal with constant lung/chest wall compliance, and ET tube size (small) mandate air leaks as in
infants and children.
No guarantee of TV, but it is since pressure limited, ↓ risk of barotrauma.
Incomplete exhalation limits TV, and compensatory ↑ RR (breath stacking) may result in abnormal
increase in mean airway pressure.
Uses:
Patients where pressure is a concern, as in ARDS and in neonates.
Control pH and PaCO2 by controlling minute ventilation as below:
Set the RR, but the TV is managed indirectly.
TV is directly proportional to alveolar distension pressure (DP).
Alveolar distension pressure (DP) = peak inspiratory pressure – positive end expiratory pressures
(PIP - PEEP).
TV varies over a range of DPs, and higher the pressures the less TV for a given DP.
Control of PaO2 : Adjust the FiO2, PEEP, and control the PIP (rarely done clinically).

5.6.2 Ventilator Modes
Ventilator modes are divided into either control modes or support modes
Control modes are also commonly known as assist control mode.
Unless specified, all the following modes described below are volume-cycled ventilators. Newer
ventilators and Servo 300 operate in either pressure or volume cycle.
(I) Control Modes
i) AC (assist control) or VC (volume control):
At preset rate and tidal volume, ventilator delivers a full mechanical breath.
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Breath is initiated by the patient or at the set interval. Patient breathing spontaneously above the set
rate will generally receive a full set breath.
Used commonly for patients with weak respiratory effort.
Allows synchrony with the patient for maximal support.
Contraindications: commonly none.
Advantages / Disadvantages:
Comfortable mode, but hyperventilation occurs if not closely monitored.
May not wean the patient from the ventilator in this mode.
Ventilators: LP-10 (a portable ventilator), Servo 900, and infant Star
ii) PC (Pressure Control):
The breath is controlled by the Pmax or swing pressure but not by the set tidal volume. It works
basically like IMV.
Used for neonates and patients with high airway pressures (such as ARDS) to avoid barotrauma.
Contraindications: None. Not tolerated by an awake patient.
Advantages / Disadvantages:
Since pressure limited, it decreases the risk of barotrauma.
Tidal volume is not guaranteed.
Ventilators: All.
iii) Pressure Regulated Volume Control (PRVC):
Volume control / assist control mode.
Adjusts the gas flow rate to deliver set TV at or below the set maximum pressure. Used in patients
with high airway pressures, and can also be used in any patient. May be better mode of ventilation in
awake patients than SIMV.
Contraindications: None.
Advantages / Disadvantages:
Delivers guaranteed tidal volume and minimizes barotrauma.
PRVC ventilation mode has no specific disadvatage.
Ventilators: Servo 300
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iv) Intermittent mandatory ventilation (IMV):
Operates on pressure or volume modes.
Set breath is delivered at a fixed interval. There is no patient interaction.
Used commonly in neonates on the Sechrist.
May be used as a weaning mode.
Contraindications: None. Not tolerated in older patients.
Advantages / Disadvantages:
Delivers regular guaranteed breath.
Does not allow patient to breath with the ventilator.
Does not work with the patient.
Ventilators: Sechrist and others.
(II) Control and Support Modes
These modes of ventilation have set rates.
Spontaneous patients breaths are not controlled.
Can be used in weaning.
i) SIMV (synchronous IMV):
Delivers breath within an interval based on the set rate.
Ventilator waits part of the interval for spontaneous breath from the patient.
Spontaneous breath (SB) is used as a trigger to deliver a full breath.
Delivers a breath automatically at the end of the period if SB is not sensed.
Any other patient breaths during the cycle are not supplemented.
Used commonly in many settings.
Can be used as a weaning mode.
Contraindications: None.
Advantages / Disadvantages:
Allows working with the patient and is well tolerated.
Any other breaths during the cycle are not supplemented.
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Ventilators: All except Sechrist.
ii) SIMV / PS:
Operates on Combination of the two modes (SIMV + IMV).
Patient’s extra breaths in the cycle are supplemented with pressure support (PS).
Used in most situations, including weaning.
Contraindications: None.
Advantages / Disadvantages:
Allows synchrony with the patient. Overcomes resistance in the endotracheal tube and allow easier
spontaneous breathing.
This mode of ventilation has no particular disadvantage.
PS does not complement if patient is not spontaneously breathing.
Ventilators: All except Sechrist.
(III) Support Modes
i) PS (pressure support):
Supports each spontaneous breath with a supplemental air flow.
Achieves a preset pressure to get the air in lungs.
Used in spontaneously breathing patient to overcome the airway resistance of the ET tube.
This mode can be very helpful for weaning.
Advantages / Disadvantages:
Overcomes resistance of ET tube and conducting airways.
Makes spontaneous breathing easier.
High flow rate on the Servo 900C is uncomfortable for some small patients.
Contraindications:
In patient not spontaneously breathing, i.e., patients on muscle relaxants.
Ventilators: All types except Sechrist.
ii) Volume Support:
To maintain a minimum set goal of minute ventilation.
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Variable level of pressure support is delivered on each breath.
Minute ventilation is a goal; so the patient's respiratory rate may fall below the 'set' rate. It can also
be used as a weaning mode.
Stronger the patient’s own respiratory effort, less support is needed from the ventilator, therefore,
the level of pressure delivered will get smaller.
Advantages / Disadvantages:
Decreased number of attempts is needed to wean from a ventilator compared to traditional weaning.
One should need experience to understand and wean chronically ventilated patients.
Contraindications:
In patients that are not spontaneously breathing, as it has no back-up rate.
Ventilator: Servo 300 only.
iii) CPAP (continuous positive airway pressure):
It is an equivalent to PEEP + PS, i.e., positive pressure is maintained through out the respiration.
Inspiratory pressure is also maintained at the CPAP level.
Supports on inspiration but offers resistance on exhalation.
Improves functional residual capacity, ↑ gas exchange, and ↓ work of breathing.
Used for upper airway / soft tissue obstruction or in patients with a tendency for airway collapse.
Used as a final mode prior to extubation.
Contraindications:
In a patient without spontaneous respiratory effort.
Obstructive pulmonary disease (like asthma, COPD)
Advantages / Disadvantages:
Simple, easy to use, but provides no supportive ventilation.
Ventilators: All. It can also be done without a ventilator.

5.7

High Frequency Jet Ventilation (HFJV)

HFJV may be effective in adult and children with severe adult respiratory distress syndrome (ARDS)
failing to be managed by conventional ventilation.
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5.7.1 Indications
1. Increased PIP (> 70-80 cm H2 O in adults) or mean airway pressures on standard ventilators.
2. Hypoxemic respiratory failure in preterm and ARDS in infants and children.
3. Bronchopleural fistula 4. Upper airway instrumentation.
♣ Overall there is not enough evidence to conclude that HFJV reduces mortality or longterm
morbidity in patients with acute lung injury or acute respiratory distress syndrome as compared to
conventional ventilation.

5.7.2 Procedure
Give TV of 3-4 mL/kg or < dead space volume (Vd) at rates of 50-300/minute by high frequency
jet (HFJV), positive pressure (HFPPV) or high frequency oscillation (HFOV)
Give HFJV with 14 gauze needle injector and sliding venture tube for a large TV. The 14 gauze
needle injector and injector – lumen ET tube provide a smaller TV.
Jet ventilator settings:
Frequency: 100-150%, duty cycle (inspiratory time) 20-30%, drive pressure of 5-50 Psig. Adjust
TV by altering % inspiratory time (duty cycle) and drive pressure.
Note:
All high-frequency ventilatory devices do not yield the same clinical results.
In infants HFJV improves hypoxemic respiratory failure unresponsive to HFOV.
Lung volume recruitment strategy during HFOV ↑ gas exchange without compromise in diffusion
of oxygen (DO2 ). There will be incremental increases in MAP (mean airway pressure) to achieve a
PaO2 of > 60 torr, with an FiO2 of < 0.6. This results in ↑ gas exchange and improvement in
PaO2/FIO2 ratio, i.e., reductions in the oxygenation index (p < ∙01) and FiO2 .

5.7.3 Advantages / Disadvantages
↓ MAP (mean airway pressure) and ↓ pulmonary barotrauma.
↓ intracranial pressure and ↓ interference in cardiac output.
Inadequate humidification with inspissation of secretions in the ET tube.
Decreased expiratory volume and tracheal mucosal injury.
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5.8 Weanining from Conventional Mechanical Ventilation (MV)
5.8.1 Prerequisites for Weaning from MV
The patient should exhibit the following characteristics before attempted weaning from MV:
i) Stabilized postoperative cardiovascular function and adequate cardic output and perfusion.
ii) Cessation of bleeding (without need for re exploration) and adequate organ function.
iii) Intact neurological function.
Procedure of weaning:
First stop or wean infusion of paralytic agents and decrease the sedation.
Patients are usually weaned on SIMV/IMV rate with progressive ↓ in IMV rate.
May add pressure support (PS) to patient’s respiratory effort, and then wean from IMV rate.

5.8.2 Criteria for Cessation of MV and Extubation
If the following criteria are met, the patient will be successfully weaned from mechanical
ventilation.
A. Ventilatory mechanics:
PIP (peak inspiratory pressure) usually < 14-16 cm H2 O
PEEP (positive end-expiratory pressure) < 2-3 cm H2O (infants) < 5 cm H2 O in children and
adolescents
PS < 5 cm H2 O in children, < 8 cm H2 O in adolescents.
IMV rate < 4 in infants and children: children may be weaned to CPAP mode beofre extubation.
Maximum negative inspiratory force > 20-25 cm.
TV (tidal volume) > 6 mL/kg
VC (vital capacity) > 10-15 mL/kg (adults and adolescents).
Mechanics of patient’s spontaneous breathing:
The patient has sufficient respiratory effort with ability to clear secretions and has bilateral breath
sounds. Patient’s respiratory rate < 25 to 35 (depends on age) and has maximum negative inspiratory
force > 20-25 cm.
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B. Oxygenation:
PaO2 > 70 on FiO2 of < 40% or P (A-a) O2 of < 350 mm Hg on FiO2 of 100%
Ventilation:
PaCO2 of < 40 mm Hg

5.8.3 Contraindications for Early Extubation
Low cardiac output state.
Pulmonary hypertension and reactive pulmonary vascular disease.
Major central nervous system derangement.
Excessive bleeding requiring re-exploration.
Pulmonary edema (may use diuretics and higher PEEP few hours before extubation trial) and
paralyzed diaphragm (detected by ultrasound).

5.8.4 Preparation for Extubation
Decrease FiO2 gradually to 0.4
Decrease PIP to 20 cm H2 O
Decrease PEEP to 3 cm H2 O
Ventilator rate set to 5-8 breaths/minute.
Some patients may need CPAP (continuous positive airway pressure) trial before extubation.
A. Observe prior to extubation:
1) Signs of respiratory distress.
2) Patient respiratory excursions.
3) Arterial blood gases:
Following blood gas results are ideal for successful extubation:
SaO2 98-100%, PCO2 35-40 mm Hg, normal pH
Ideal blood gas in special situations for a successful extubation is:
SaO2 75-80%, PaCO2 35-40 mm Hg, and normal pH.
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These situations are in aorta-pulmonary shunts, hemi-Fontan, stage I Norwood correction, and
single ventricle physiology with outflow tract (ascending aorta and pulmonary artery) in series.
B) Steps Prior to Extubation:
1) Suction the airway and hand ventilate with oxygen (appropriate FiO2 for the patient), and
extubate during inspiratory effort.
2) Give humidified oxygen via tent or mask. FiO2 is usually 0.1 higher than FiO2 on ventilator.
Watch for strider / bronchospasm, and treat with an appropriate inhalation therapy.
3) Always have ET insertion set available at the bedside.
C. Airway edema and extubation:
May use dexamethasone prior to extubation if airway edema is suspected, or for an extubation after
a prolonged intubation and ventilatory support (see Chapter 16-H).

5.8.5 Problems in Weaning from Mechanical Ventilation
a) Ventilator impedance:
Spontaneous breathing is difficult through ventilator circuit resistance.
PEEP (3-5 cm H2 O) and PS (5 cm H2 O) would overcome the resistance of the circuit of
ventilators.
b) ET tube:
Resistance of a tube (size may be small to allow spontaneous breaths) or an obstructed tube.
c) Fluid and Electrolytes:
Fluid overload (pulmonary congestion/edema) and electrolyte imbalance (i.e., hypophosphatemia).
d) Acid-Base status:
Acid base status (need pH 7.3 to 7.34 for good respiratory drive) is important for successful
extubation.
e) Airway problems:
Bronchospasm, excessive secretions, or over sedation impairs weaning.
f) Nutrition:
High carbohydrate (> 35%) caloric intake ↑ ventilator demands, and malnutrition with poor
respiratory muscle strength impairs weaning.
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g) Over exertion / fatigue:
Respiratory muscle fatigue (RR > 35 to 50/min depending on age) on a spontaneous breathing. Use
CPAP to support patient breaths without mechanical ventilation (MV).
h) Cardiovacular function:
Failure to wean may be due to increased preload and after load, and reevaluate cardiac function.

5.8.6 Parameters Predictive of Successful Extubation
The following parameters are usually suggestive that the patient can be extubted without any
significant postoperative respiratory morbidity.
Normal PaCO2 and PEEP < 2-3 cm H2 O (infants); < 5 cm H2 O (children).
PIP < 14-16 cm H2 O.
IMV rate < 2-4 (infants). Children may be weaned to CPAP.
FiO2 < 40% to maintain PaO2 70 mm Hg, (in biventricular correction).
Maximum negative inspiratory pressure > 20-25 cm H2 O.
♣ Accurate prediction of extubation is difficult. Patient's ability to breathe spontaneously is
multifactorial. Clinical (i.e., age, duration of mechanical ventilation, ventilation mode) and
physiological characteristics (RR, TV, lung compliance, maximal inspiratory force, and airway
resistance) influence extubation success in infants and children.

5.8.7 Other Weaning Indices for Successful Extubation
1. RR (Respiratory rate): breaths/min < 45
2. VT (Tidal volume): mL/kg > 5.5
3. Rapid shallow breathing index (RSBI):

Breaths per minute
mL per kg

<8

4. Compliance, resistance, oxygenation and pressure (CROP) index: mL/kg/breaths/min.
Patients who are successfully extubated would show the following:
Lung compliance (Cdyn: 0.59 ±0.91 versus 0.39 ±0.14 mL/kg/cm H2 O).
Higher PaO2 /FiO2 ratio (382.4 ±181.2 versus 279.8 ±93.9).
Lower PaCO2 (41.3 ±6.7 versus 47.3 ±8.5 mm Hg).
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Spontaneous breathing parameters in successfully extubated would commonly show the following
parameters:
Lower respiratory rates (RR) 36.6 ±17.9 versus 52.8 ±23 breaths/min.
Larger tidalvolumes (VT) 7.3 ±2.6 versus 44.9 ± 1.8 mL/kg.
Negative inspiratory force [NIF]: 41.8 ±15.4 versus35.1 ±12.5 cm H2 O.

5.9

Chest Physiotherapy (CP), Re-intubation, and Oxygen Delivery

CP is often done when taking the child off the ventilator (extubation).
Active chest physiotherapy (tapping or vibrating on the chest) may not be helpful for all infants.
With use of CP only a few children need to go back on the ventilator, and there is no evidence of harm
receiving a short course of chest physiotherapy following extubation.
Humidification systems and the drug surfactant reduced the need for CP.
Expiratory flow increase (EFI) is a method of common chest physiotherapy technique used in
Europe. EFI is performed three times daily until, at least, 24 hours after extubation. There is low
incidence of post extubation atelectasis in infants with use of EFI technique. EFI does not appear to
increase the incidence of brain lesions in many studies.

5.9.1 Inhalation Therapy
It is often used in addition to CP after extubation to improve patient breathing and clearance of
airways during the postoperative period. Both nebulizers and metered-dose inhalers (MDIs) can be
adapted for use in ventilator circuits. MDIs deliver beta-adrenergic and anticholinergic bronchodilators.
MDIs offer several advantages over nebulizers for routine bronchodilator therapy (i.e, combination of
an MDI with an elbow adapter).
Nebulizers are used to deliver bronchodilators, antibiotics, and surfactants.
Beta-adrenergic and anticholinergic bronchodilators are effective in ventilated patients. Inhaled
corticosteroids advocated in infants with bronchopulmonary dysplasia. The sympathomimetic drugs
used in nebulizers are isoproterenol hydrochloride, isoetharine mesylate, metaproterenol sulfate,
fenoterol, and albuterol.
♥ A combination of fenoterol and ipratropium bromide is more effective than a single drug for
nebulization.
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5.9.2 Emergency Re-intubation
Use straight (Miller) laryngoscope blade for children < 10 years.
Use curved (Mac Intosh) laryngoscope blade for older children.
The measurement of the depth of insertion of endotracheal tube (ET) at teeth or lips = 3 ×ET tube
size.
Procedure: Have the patient lying supine on firm surface, head slightly extended, and in midline.
Open mouth with right thumb and index finger. Insert laryngoscope blade holding with left hand and
slide it into the right side of the mouth pushing the tongue to the left. Then advance the blade to
epiglottis-Straight blade tip lifts the epiglottis. The scope is lifted straight up to visualize cords.
Curved blade tip is positioned between the vallecula and epiglottis, and the scope is lifted up to
visualize cords. Advance the ET tube from the right corner of the mouth a few centimeters below the
level of cords. Check for correct position by auscultation and chest x-ray.
Procedures prior to re-intubation:
1). Give 100% oxygen via bag and mask.
2). Administer medications:
Vagolytic (optional): To prevent bradycardia and reduce secretions.
Atropine 0.01-0.02 mg/kg IV, minimum 0.1 mg, maximum 1 mg.
Lidocaine (optional): To blunt cardiovascular response.
Dose: 1-2 mg/kg IV.
3). Cricoid pressure (Sellick maneuver): To prevent regurgitation.
It is done by an assistant.
4). Sedation: Midazolam 0.05 mg-0.1 mg/kg IV / or fentanyl 1-5 mcg/kg IV.
5). Paralytic: Vecuronium 0.1 mg/kg IV / or Pancuronium 0.04-0.1 mg/kg IV.

5.9.3 Selection of Endotracheal Tubes
ET tube size determination: Use the formula below to determine the size.
Internal diameter of ET tube =

(𝐴𝑔𝑒 ∗+16 )
4
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* Age in years, note this formula doesn’t apply for infants < 1 year.
The internal diameter of ET tube that is appropriate for an infant is also determined as shown in
table 5.3. Use uncuffed tubes for children and infants less than 8 years.
Table 5.3 Endo tracheal tube sizes by age in children and adults.(inner diameter in mm).
Premature

2.5–3

New born

3.0-3.5

Infant < 1 year

3.5-4

1 year

4.0-4.5

3 years

4.5-5

6 years

5.0-5.5

10 years

6.0-6. 5

Adolescent

7.0-7.5

Adult

7.5-8.0

5.9.4 Oxygen Delivery Contraptions
(I) Nasal Cannulae
At a flow rate of 1/8 to 4 liters/minute (low flow), provides FiO2 of 22 to 40%. The FiO2 delivery
is influenced by age, inspiratory flow, minute ventilation, and entrained ambient gas. High flows
cause dry mouth, headaches, and gastric distension.
(II) Oxygen Masks
Masks should be clear so regurgitation can be detected.
Increase the dead space.
Cause O2 retention if O2 flow isn't adequate.
Simple Mask:
Delivers FiO2 of 35%-55% at a flow rates of 6-10 liters/minute.
FiO2 delivery is influenced by O2 flow relative to TV and inspiratory flow.
Increased inspiratory ambient air flow through vents decreases FiO2 .
Partial-rebreathing Mask:
Delivers FiO2 of 60-95% and is influenced by tidal volume and inspiratory flow.
O2 Flow rate should be 6 liters/minute to prevent CO2 retention.
Expired gas (CO2 ) mixes with O2 in reservoir bag (valve less).
Expired gas also escapes through mask ports.
Insufficient O2 flow / a leak will collapse the reservoir.

Chapter 5

Respiratory Management and Ventilators

209

Non-rebreathing Mask:
Delivers FiO2 100%, requires tight seal and a high gas flow.
Reservoir bag has one-way valve preventing expired gas to enter bag.
Valve opens on negative inspiratory pressure, allowing airflow from bag.
Expired gas escapes through exhalation ports.
Safety valve prevents ambient air to enter bag if O2 source is disconnected.
Venturi Mask:
Delivers specific O2 concentrations between 24%-50%.
O2 flows at a set flow rate through jets (of various sizes) and ambient air flows through entrained
ports. Development of back pressure in a jet results in less ambient air entrained and unpredictable
increase in FiO2 .
Tracheotomy Mask:
Delivers controlled O2 flow and humidity.
FiO2 is unpredictable and should be analyzed on an individual patient.
May be used with venturi circuit with a predictable FiO2 .
(III) Oxygen Hoods
Achieve high O2 concentration.
Used in patients who do not tolerate masks and canulae.
Require high O2 flow (10 liters/minute) to prevent CO2 accumulation.
Develops O2 gradients in a hood.
(IV) Oxygen Tent
Delivers FiO2 up to 50% and can deliver humidified air.
Require high O2 flow to prevent CO2 accumulation.
Develops O2 gradients in tent, O2 leaks, claustrophobic, and hazardous with surrounding sparks.
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6.1

Clinical Assessment of Renal Function

6.1.1 Urine Flow
Monitor fluid balance hourly for several hours (48 to 72 hours) postoperatively.
Note blood loss, (includes blood drawn for testing) urine output, nasogastric suction, insensible
water loss, and fluid intake (including vehicles for drug infusions). This would enable balancing of
intravascular volume, extracellular fluid volume (ECF) and maintenance of adequate renal perfusion.
Adequate urine output during the postoperative period is an indicator of good renal function. The
adequacy of urine output varies in the postoperative period.
During the immediate postoperative period urine output of 2 mL/kg/hour is usually advised due to
expected osmotic diuresis subsequent to hyperglycemia and / or mannitol of priming solution in CPB
cases. This urine flow enables excessive ECF elimination in post CPB cases.
During the later postoperative period (12-48 hours), a) Urine output of 1 mL/kg/hour or 15 mL/m²
is desirable. It reflects adequate extracellular fluid (ECF) volume, renal perfusion and renal function.
b) Urine output < 0.5 mL/kg to 1 mL/kg hour reflects decreased ECF and decreased cardiac output in
presence of good renal function. It is addressed by replenishing ECF volume to achieve adequate
perfusion, homodynamic stability. Infuse volume at a rate of 10 mL/kg of colloid, crystalloid or blood
(if Hct < 30%) in 20 minutes to an hour.
If cardiac output and ECF is restored with normovolemia, persistent oliguria / anuria
(< 0.24 mL/kg/hour) reflects renal dysfunction.
Oliguria is defined if urine output of < 300 mL/m2/24 hours or urine flow of < 0.5 mL/kg/hour in
children and < 1.0 mL/kg/hour occur in infants. Anuria is defined if urine flow is of < 0.24 mL/kg/hour.

6.1.2 Tests of Renal Function
Urine concentration / Specific gravity (SG):
The normal random urine specific gravity (SG) is 1.023 (range 1.003-1.030)
Elevated SG occurs in hypovolemia, deceased renal perfusion, dehydration, cardiac dysfunction,
and inappropriate ADH secretion (SIADH).
Decreased SG occurs in overhydration, hypervolemia, diabetes insipidus, and renal dysfunction
(damage).
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SG is unreliable indicator of renal function / intravascular volume after diuretic usage or glycosuria.
SG > 1018 in presence of dehydration/hypovolemia signifies normal renal function.
Urine electrolytes:
a) Urine sodium and potassium:
Spot (random) check of urine sodium and potassium assesses volume status, hyponatremia, or
renal injury.
Urine Na < 20 mEq/litre: Hypovolemia or hyponatremia.
Urine Na > 40 mEq/litre: Renal tubular damage or SIADH.
Urine K < 10 mEq/liter: Hypokalemia or renal injury.
Kidney conserves Na and excretes K in presence of hypovolemia and decreased renal perfusion
(due to activation of renin angiotensin system and increased aldosterone secretion).
b) Fractional excretion of sodium:
Excretion of sodium by kidney in relation to creatinine clearance is estimated by the equation below:
Fractional excertion of Na (Fe (Na) =

(U Na / Pl Na ) × 100
(U cr / Pl cr )

(UNa, urine sodium; Pl Na, plasma sodium; Ucr, urine creatinine; Pl cr, plasma creatinine)
Fe (Na) < 1% is indicative of volume depletion.
Fe (Na) > 3% is indicative of renal tubular damage or obstructive uropathy.
Urine electrolytes determination is an unreliable indicator of renal function and/or intravascular
volume status after diuretic usage or preexisting pre-renal state such as in congestive heart failure and
cirrhosis of liver.
Urine and Plasma Osmolarity:
Kidneys excrete solutes retaining free water such that the osmotic load (osmolarity) of urine is
greater than that of plasma. In renal tubular injury the ability to concentrate urine is impaired and
urine and plasma osmolarity approaches equal values.
Plasma osmolarity: Normal 285 ±15 mOsm / liter.
Urine Osmolarity: Normal 400-700 mOsm/liter (in presence of normal urine volume).
If urine volume is inadequate, the normal kidney may concentrate urine with maximum solute load
of 1400 mOsm/liter.
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Osmolar Clearance (C osm):
Estimates the concentrating ability of kidneys, so it's tubular function.
C osm (osm/minute) =

U osm × V
P osm

V, volume of urine / minute; P osm, plasma osmolarity; U osm, urine osmolarity.
Free Water Clearance (C 𝐇𝟐 O):
C H2 O (mL/minute) =

V−U osm × V
P osm

V, volume of urine / minute; P osm, plasma osmolarity; U osm, urine osmolarity.
Normal C H2 O: It is usually negative (< - 20). It becomes increasingly negative if concentrating
ability of kidney increases.
Abnormal C H2 O: O or + 10, is indicative of impaired renal tubular function or impaired
concentrating ability of kidney.
C H2 O ≥ (+20) is indicative of water intoxication or diabetes insipidus.
Urine Dipstick:
Protein: Normal is 0 mg to 100 mg/24 hours.
If protein is present by dipstick, do quantitative protein estimation.
Protein of > 150 mg/24 hours indicates renal parenchymal disease.
Serum BUN / Serum creatinine Ratio:
Normal is 10 to 20; may also suggest intrinsic renal disease in face of oliguria.
Elevated > 20: Dehydration, pre-renal azotemia, and GI bleeding.
Decreased < 5: starvation and liver disease.
Creatinine Clearance (Ccr):
It is a measure of GFR (glomerular filtration) and it approximates inulin clearance, except when
GFR is low.
If a timed urine specimen available:
Creatinine clearance is usually estimated for an average BSA (body surface area) of 1.73 m2
Patient creatinine clearance is calculated by the equation below.
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1.73

× 100 × 𝑃𝑎𝑡𝑖𝑒𝑛𝑡

𝐵𝑆𝐴

Ucr = urine creatinine; V= volume of urine per minute; Pcr= plasma creatinine.
Volume of urine for minute= total volume of urine collected / time period of collection in minutes.
E.g., calculation of creatinine clearance in 1.2 𝑚2 BSA patient if urine creatinine concentration is
2 mg/dL, serum creatinine is 1 mg/dL and urine volume is 0.5 mL/minute is shown as below:
Step 1 (2 × 0.5 /1) × 100 = 100
Step 2: 100 × 1.73/1.2 = 144 mL/minute.
If a timed urine specimen is not available:
Estimation of Ccr is based on patient height, K (constant value), and serum creatinine.
Creatinine clearance (Ccr): (mL/minute / for 1.73 m2 BSA) = k × h × Pcr
K = proportional constant, h = height in cm, Pcr = plasma creatinine mg/dL.
K values: Low birth weight infants < 1 year: 0.33
Average birth weight infants < 1 year: 0.45
Children and adolescent girls: 0.55; Adolescent boys: 0.7
Tubular Function:
Proximal renal tubular absorption (function):
It is an estimate of percentage of tubular reabsorption (Tx) of a compound(x) in relation to plasma
concentration:
Tubular reabsorption of compound (Tx) = 1 –

𝑈𝑥 /𝑃𝑥
𝑈𝑐𝑟 /𝑃𝑐𝑟

× 100

The compounds (X) are glucose, electrolytes, amino acids, calcium, and phosphorous.
Ux = urine concentration of a compound in mg/dL, Ucr = Urine creatinine concentration in mg/dL,
Pcr = plasma creatinine concentration in mg/dL, Px = plsma concentration of a compound in mg/dL.
Distal Tubular function:
The function of distal tubule is evaluated by recognition of urine acidification defect by the
following tests:
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a) Random urine pH:
If urine pH > 6 in the presence of systemic metabolic acidosis is suggestive of defect in distal
tubular function. It is confirmed by evaluation of arterial/venous blood gas, serum HCO3 −, and urine
pH.
b) Ammonium Chloride Test: (This test is not usually done)
Administer 75 mEq NH4 Cl/M 2 and measure a fall in serum HCO3 − and urine pH.
Normal: Decrease in HCO3 − is 4-5 mEq/L with a fall in urine pH < 5.5.
It is usually seen 3 hours after administration of the test.
Defect: Urine pH > 5.5 with decreases in serum HCO3 −.

6.2 Differential Diagnosis of Oliguria
6.2.1 Laboratory Evaluation
The following studies should be done (see Table 6.1) to differentiate renal and prerenal causes of
oliguria from inappropriate antidiuretic hormone secretion (SIADH) for optimal management.
Table 6.1 Differentiation of Prerenal and Renal causes of Oliguria.
Pre Renal

Renal

SIADH secretion

Urine sodium

<20 (<40)

>40

>40

Urine osmolality

>500 (>400)

<350 (<400)

>500

Specific Gr

<1.020 (1.015)

< 1.010 (<1.015)

>1.020

Urine Nitrogen

>20

<10

>15

Urine Creatinine

>40 (>20)

<20 (<15)

>30

Urine / plasma Cr ratio

>40

<10

>30

RFI

<1 (<3. 0)

>1 (>3.0)

>1

FE (Na)

<1 (<2.5)

>1 (>3.0)

1

U/P osmolality

>1.3

<1.3

>2

Numbers in parenthesis are for neonates. RFI= Renal failure Index= Urine Na × 100/ Ucr. Pcr. FE (Na) = fractional
excretion of Na = (UNa/pl Na) / (Ucr/Plcr) × 100. U/P=urine / plasma* Modified from Rogers et al: Textbook of
pediatric intensive care, Baltimore, 1992, Williams and Wilkins.
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6.2.2 Renal Ultrasound
Renal ultrasound evaluates renal cortical blood flow and urinary tract patency. This study may
exclude prerenal and post renal causes of acute renal failure (ARF).

6.3

Management of Acute (Parenchymal) Renal Failure (ARF)

Renal failure is either oliguric or non-oliguric with decreased solute clearance and the management
differs between two types of renal failure.

6.3.1 Nonoliguric Renal Failure
Management of these patients with fluids, nutrition, and solutes is like in any patient with a normal
renal function. Blood urea may be elevated. The extent of renal dysfunction is often limited and renal
replacement therapy is unnecessary.

6.3.2 Oliguric Renal Failure
i) Fluid and Electrolytes:
Closely monitor fluid balance, and if necessary by daily weight measurements of the patient.
Use fluid restriction to avoid hypervolemia.
Treat hypervolemia by fluid restriction and / or renal replacement therapy (RRT).
Monitor electrolyte derangements of potassium, sodium, calcium, and phosphorous.
Correct electrolyte derangements by restrictions or additions in IV solutions.
Treat mild to moderate hyperkalemia by medications (see Chapter 3) and by RRT.
ii) Drugs:
Renal doses of dopamine and furosemide:
These drugs are synergistic and may convert oliguric to nonoliguric ARF and may be used in ARF.
Provide all essential medications for postoperative recovery, but modify the dosage.
iii) Blood and Coagulation:
Transfuse packed red cells to keep Hct > 30% (due to ↓ erythropoietin production by kidney).
Desmopressin 0.3 ug/kg in NS, IV infusion over 15-30 minutes (preserves platelet function).
Transfuse platelets to keep platelet count > 100,000/c.mm in patients with bleeding.
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iv) Nutrition:
Maintain nutrition (may use renal formulae) as it is essential for postoperative recovery. The
caloric expenditure is 50% above the normal resting energy needs. Carbohydrates and lipids are the
main source of caloric needs to prevent protein catabolism, urea genesis, and hyperkalemia.
↑ Protein requirements (i.e.: 2 gm/kg) to maintain positive nitrogen balance and wound healing.
Renal replacement therapy may be necessary to provide full nutrition and its volume load.
v) Diuretic therapy:
The indications for diuretic therapy in the presence of acute renal failure are as follows.
1) Persistent oliguria in the presence of adequate preload and adequate renal perfusion or oliguria /
anuria with ↑ preload.
2) Signs of ↑ preload: Pulmonary edema on chest x ray and ↑ respiratory requirements.
May use nitroglycerine and prostaglandin E1 if ↑ preload is due to myocardial dysfunction. The
following diuretics are commonly used.
Furosemide: 0.5 mg/kg dose and repeat prn.
If above is ineffective, use 1-2 mg/kg/doses or as a continuous infusion (see Chapter 16-B
Ethacrynic acid: Useful for patients on chronic diuretic therapy, 1 mg/kg/dose.
Mannitol: Promotes diuresis if intravascular volume ↓, but extra vascular fluid is increased. May be
used in conjunction with diuretics (see Chapter 16-B).
Usually avoid it in renal failure to prevent osmotic load, particularly in neonates.
Additional note:
♣ Continuous infusion of furosemide is found to be an effective and safe method of diuresis in
postoperative cardiac surgery patients.
♣ Continuous infusion of furosemide and mannitol in conjunction with a low dose dopamine
(2 to 3 mcg/kg/min) promotes diuresis.
♣ Furosemide and Mannitol infusion: (concentration of 0.2 gm of mannitol and 1-2 mg of furosemide
in 1 mLof fluid).
Initial rate of infusion: 0.3 mL to 0.4 mL/kg/h, once dieresis is established tailor the rate of infusion
for a diuresis urine flow.
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♣ Diuretics and dopamine / or intravenous fenoldopam were used for renal insufficiency
intraoperatively and postoperatively with success.
At low doses, fenoldopam exerts effects on renal blood flow similar to that of dopamine,
(i.e., agonist effect on renal perfusion and avoids systemic hypotension).
Fenoldopam: Start at 0.05 mcg/kg/hour without a bolus dose and titrate to 0.025 mcg/kg/hour
(mix 0.1 mg/mL solution in 5% dextrose water for a required concentration). During infusion
maintain a steady state systolic blood pressure of 80 mm Hg and diastolic blood pressure of
40 mm Hg. Postoperatively maintain infusion at 0.05 mcg/kg/min.

6.4

Acute Renal Failure and Renal Replacement Therapy (RRT)

The mortality of postoperative acute renal failure (ARF) is of 50-67%.
Early and aggressive management of ARF by renal replacement therapy such as peritoneal dialysis
(PD) or hemodialysis (HD) is indicated.

6.4.1 Indications for Renal Replacement Therapy
Failure of aggressive medical therapy in any of the following is an indication for RRT:
1. Volume overload: Pulmonary edema/hypertension.
2. Metabolic acidosis with pH < 7.2 or serum HCO3 − < 10.
3. Hyperkalemia > 6.5 mEq/L or > 6.0 mEq/L in a catabolic state.
4. Calcium / phosphorous imbalance (hypocalcemic tetany or high serum phosphorous).
5. Blood urea > 150 mg/dL or rapidly rising BUN.
6. Neurological manifestations secondary to azotemia and electrolyte imbalance.
7. Dialyzable toxins and poisons (lactic acid, ammonia etc).
♥ Recent studies indicate that initiation of renal replacement therapies, early in the course of ARF
(acute renal failure), correlates with improved outcome. Therapy is, therefore, initiated early in
course of ARF before onset of hypervolemia, hyperkalemia or azotemia.

6.4.2 Peritoneal Dialysis (PD)
Dialysate (Baxter) is commonly used for peritoneal dialysis.
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Composition of dialysate: Na+ 130 mEq/L, Ca2+ 3.5 mEq/L, Mg 2+ 0.5 mEq/L, Cl− 96 mEq/L,
lactate 40 mEq/L.
Dextrose concentration of dialysate is either: 1.5%, 2.5%, or 4.5%.
Additives: Heparin 100-500 units/liter of dialysate, cephalothin 250-500 mg/liter and potassium
3-4 mEq / liter (if serum K + is < 3.5 mEq/L).
Procedure:
Place intraperitoneal (Tenckhoff) catheter in ICU, and allow the dialysate fluid flow freely through
the catheter into peritoneal space. Empty peritoneal fluid by lowering the PD bag below the patient
after a dwell time. Slow rate of fluid equilibration and ultra filtration occurs across mesenteric vessels.
Usual dwell time is of 15-60 minutes, and the cycle is repeated.
The cycle frequency and composition of dialysate depends on patient’s fluid and electrolyte
composition. The PD is started with a smaller volume and a short dwell time. The cycle frequency,
the dialysate volume and dextrose concentrations are increased for more ultra filtrate.
The usual mean duration of PD is < 2 weeks, and is associated with renal recovery in all survivors.
Aggressive treatment using PD therefore is warranted in ARF.
♥ Some studies showed the operative variables (OV) postoperative variables (PV).
(PV) in ARF patients requiring PD were same in survivors and non survivors.
(OV= length of CPB, aortic cross-clamp time, and hypotension immediately off cardiopulmonary
bypass.
P V= postoperative hypotension, arrhythmias, hematological status, and need for CPR.
Advantages / Disadvantages:
PD doesn’t require systemic anticoagulation and has no potential risk of hemorrhage. PD does not
produce homodynamic compromise.
Catheter complications, like leakage, infection, and visceral injury are less with the silastic
catheters but may occur.
Hyperglycemia, hypoproteinema, and respiratory distress may also occur.

6.4.3 Hemodialysis (HD)
It is indicated in hemodynamically stable patient, and if PD is contraindicated.
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HD is very efficient for removal of solutes (i.e., poisons, ammonia, uric acid), correction of severe
electrolyte imbalance, and fluid load.
Procedure:
Maintain vascular access through arterio-venous shunt or double lumen veno-venous catheter.
Arterio-venous shunt is placed if dialysis is required > 2 weeks with no signs of renal recovery.
The blood is pumped through a porous hollow-fiber membrane that is permeable to solutes
< 2000 Daltons. Dialysate surrounds the membrane providing concentration gradient for selective
removal of K +, urea, and creatinine, but maintains plasma Na+, Cl−, and HCO3 −.
HD is usually performed for 3 to 4 hours/day on every other day.
Disadvantages:
Systemic anticoagulation is required.
May cause hypotension, hypoxemia, hemolysis, and precipitate cardiac arrhythmias.
HD is contraindicated in unstable patient.
The following precautions are taken to avoid hypotension during dialysis:
Trendelenburg position during dialysis.
Decrease the transmembrane sodium and pressure gradient.
Maintain the serum osmolarity by increasing the dialysate Na to 132-140 mEq/liter (prevents rapid
fall in plasma osmolarity).
Transfuse to keep the HCT > 20-25% during dialysis.
Avoid splanchinic pooling of blood (decreasing the gut metabolism by keeping NPO during dialysis).
By substitution of bicarbonate for acetate in dialysate (acetate is a vasodilator).
Use of vasoconstrictors (alpha-1 agonists) such as phenylephrine and norepinephrine during dialysis.

6.4.4 Continuous Renal Replacement Therapy (CRRT)
It is a continuous (arterio-venous / veno-venous) hemofiltration / dialysis.
Continuous flow of ultra filtrate improves fluid management and correction of electrolyte
disturbances. CRRT is useful in renal failure with hemodynamic instability and for filtration of certain
toxins. The technique involves an extracorporeal ultrafiltration technique that removes ECF across
hemofilter which is a porous hollow fiber capillary membrane.

222 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Heparinization at a rate of 7 units/kg/hour is required for circuit. The technique utilizes hydrostatic
pressure gradient between indwelling arterial and venous catheter, or the pressure gradient is created
by a pump between veno-venous catheters.
Arterial systolic BP of 80 mm Hg is required to produce a gradient in A-V circuit for the blood
flow through a hemofilter.
Blood flow through a hemofilter at 50-150 mL/minute clears plasma of water and solutes, the size
of 10,000 daltons (A dalton is the atomic mass unit of a hydrogen atom and the size of giant organic
molecules are expressed in multiples of a dalton, i.e., size of 1.66 × 10−24 grams ), and produces an
ultrafiltrate at a rate of 500-700 mL/hr (blood flow and ultrafiltrate rates are based on a 70 kg patient).
Replacement fluid (resembling ECF without toxic solutes) is infused, simultaneously, through the
venous circuit, at a rate (i.e., 450 mL/hr) to achieve a desired fluid balance (replacement fluid rate is
based on a 70 kg patient).
Dialysate is passed counter-current to the blood flow through a hemofilter for continuous
arterio-venous hemodialysis (CAVHD) or continuous veno-venous hemodialysis (CVVHD).
Peritoneal dialysis solution can be used as a dialysate.
Usual composition of ultrafiltrate:
i) Creatinine 6 mg/dL, urea 80 mg/dL, and phosphate (PO4 ) 3 mEq/L.
ii) Potassium 4 mEq/L, chloride 100 mEq/L, and sodium 140 mEq/L.
Usual composition of replacement fluid:
i) Sodium 150 mEq/L, chloride 114 mEq/L, potassium 0 mEq/L.
ii) Bicarbonate (HCO3 ) 37 mEq/L, magnesium 1.6 mEq/L, and calcium 2.5 mEq/L.
Types of continuous renal replacement therapies:
i) CAVH (continuous arteriovenous hemofiltration).
ii) CVVH (continuous veno-venous hemofiltration).
iii) CAVHD (continuous arterio-venous hemodialysis).
iv) CVVHD (continuous veno-venous hemodialysis).
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6.4.5 Digramatic Sketchs of Continuous Renal Replacement Therapies
(I) Arterio Venous (A-V) / Veno-Venous Scuff
Slow continuous ultrafiltration is by A-V circuit or veno-venous circuit (inserted a pump in the
circuit). It may be employed 24 hours a day/a few hours a day.
Filters with small surface area are utilized, so have low filtration rates. It decreases the fluid
volume, but does not purify blood (see Figure 25A).

Figure 25A Arterio Venous (A-V)/ Veno-Venous Scuff: A= arterial end, V= venous end,
UFC = ultrafiltration control by a pump or a clamp, UF = ultrafiltate, P = pump, * QB= blood flow,
Qf = filtrate flow. * Blood flows are based on a 70 kg patient).

(II) Continuous Arterio-Venous or Veno-Venous Hemofiltration
(CAVH / CVVH):
Employed for extended periods / either days or weeks.
Utilize high flux membranes / solute transport is by convection. Ultrafiltration occurs in excess of
fluid volume load, therefore, requires replacement by a substitution fluid (partially or totally).
Substitution fluid is added before or after a filter. It controls fluid volume and purifies blood.
CAVH is regulated by A-V pressure gradient and the height of a collecting bag.
CVVH is regulated by a blood pump (see Figure 25B).
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Figure 25B Continuous Arterio-venous / Veno-venous Hemofiltration (CAVH. CVVH): A= arterial end, V= venous end,
UFC = ultrafiltration control by a pump or a clamp, UF= ultrafiltrate, P= pump, * QB= blood flow, Qf= filtrate flow.
R= recirculation port, h= height of an ultrafiltrate collecting bag. The height of an ultrafiltrate collecting bag and A-V
pressure gradient regulates CAVH. CVVH is also regulated by the height of an ultrafiltrate collecting bag and
a blood pump. * Blood flows are based on a 70 kg patient).

(III) Continuos Arterio-Venous / Veno-Venous Hemodialysis (CAVHD/CVVHD)
Continuous hemodialysis is employed for extended periods of time. It utilizes low flux membranes
with a counter-current flow of dialysate incorporated into the circuit. Filtration of solute occurs by
diffusion. Ultra filtration is within range of adequate volume control without need for a replacement
fluid (see Figure 25C).

Figure 25C Continous Arterio-venous / Veno-venous hemodialysis (CAVHD / CVVHD): A = arterial end,
V = venous end, UF = ultrafiltrate, P = pump,* QB = blood flow, Qf = filtrate flow, QD = dialysate fow,
Do = dialysate outlet, Di = dialysate inlet, h = height of an ultrafiltrate collecting bag.
* Blood flows are based on a 70 kg patient).
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(IV) Continous Veno-Venous High Flux Dialysis (CVVHFD)
This technique is a modification of CVVHD with a control of inlet and outlet dialysate flow by a
pump. The technique provides high blood flows and dialysate flows resulting in high flux dialysis
(see Figure 25D).

Figure 25D Veno-venous high flux dialysis (CVVHFD): V= (venous end), UF = ultrafiltrate, P= pump,
* Qb =blood flow, Qf= filtrate flow, Do =dialysate outlet, Di =dialysate inlet, P2= pump in dialysate circuit,
h= height of an ultrafiltrate collecting bag. * Blood flows are based on a 70 kg patient).
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Recovery after cardiac operation depends on total recovery of neurological function. Intact
neurological function facilitates maintenance of adequate cardiorespiratory function and removal from
the ventilator and other support systems.
It is difficult to evaluate neurological function until the effect of anesthesia is completely abolished.
Complete neurological evaluation is possible only after the infant is fully awake, since most are
maintained on IV analgesics and sedation post-anesthesia recovery.
Neurological management best addressed during preoperative, intra and postoperative periods:
1) Perform standard and orderly neurological evaluation postoperatively:
a) Glasgow coma scale.
b) Pupils: Reaction and size of pupils.
c) Motor function: Strength, movement of extremities, abnormal motor function, and activity
(seizures).
2) Address predisposing factors of postoperative neurological dysfunction:
A) Hypoxemia, B) Hypothermia, C) Electrolyte imbalance, D) Metabolic acidosis, and
E) Hypoglycemia.
3) Try to address intra-operatively several factors that result in neurological injury i.e., persistent
right to left intra-cardiac shunts.
Acute postoperative neurological injury results in the adverse outcome after cardiac operation. The
long term neurological sequelae involve impairment of cognitive function and focal neurological deficits.
Treatment of acute and severe postoperative neurological event is only supportive, and is often
associated with poor prognosis. Therefore, identifying several risk factors for neurological injury and
adopting several strategies to prevent injury are paramount.

7.1 Risk Factors for Neurological Injury
7.1.1 Preoperative Factors
Age and Periventricular leukomalacia (PVL):
Seen in infants undergoing CPB with or without deep hypothermic circulatory arrest (DHCA). It
has high incidence in neonates compared to infants (54% vs 5%). Neonatal brain is more vulnerable
to hypoxia-reperfusion injury due to immaturity of oligodendrogliocytes.
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Preoperative neurological status:
↑ Prevalence of existing neuro-abnormalities in newborns (> 50%) and infants (38%) undergoing
open heart surgery (OHS).
Preoperative clinical findings:
Hypotonia, jitteriness, motor asymmetries, microcephaly, and seizures (7%).
Above manifestations require thorough preoperative neurological assessment and neuroimaging for
detection of ventriculomegaly, intraventricular hemorrhage, cerebral atrophy, and aqueductal stenosis.
Oxygen saturation:
↑ Incidence of neuro-abnormalities in infants with SaO2 < 85% as compared to SaO2 > 85%.
Therefore, corrective surgery at a younger age is prudent.
Cardiac diagnosis:
Risk of perioperative cerebral injury and long-term neurologic sequelae correlate with the diagnosis.
Highest risk (class IV): Single ventricle with arch obstruction (HLHS).
Moderately severe risk (Class III): Single ventricle without arch obstruction.
Moderate risk (Class II): Two ventricles with arch obstruction.
Low risk (Class 1): Two ventricles without arch obstruction.
Genetic factors:
Following genetic abnormalities are associated with poor neurological outcomes.
1. Apolipoprotein E genotype (Ee2 allele) and postoperative neurodevelopmental dysfunction.
2. Velocardiofacial syndrome (partial deletion of chromosome 21).

7.1.2 Intraoperative Factors
(I) Low Flow CPB VS. Deep Hypothermic Circulatory Arrest (DHCA)
No difference in neurocognitive outcome between both strategies.
Both result in inferior long term neurodevelopmental outcome compared to normal population
(see Figure 26).
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Figure 26 Cerebral blood flow/cerebral metabolic rate of oxygen coupling (CBF/CMRO2) during cardiac surgery.
Group A-moderate hypothermia; Group B-deep hypothermic cardiopulmonary bypass (CPB) with maintenance of
continuous flow, Group C-deep hypothermic circulatory arrest. Stage I = pre CPB; Stages II and III = CPB cold;
Stage IV = CPB rewarming; Stage V = post CPB. Note that despite reductions in CBF, the ratio of CBF/CMRO2 returns to
basleline levels during rewarming and Post CPB in groups B and C. In group B and C the increased ratios reflect
significant reduction of cerebral metabolism due to deep hypothermia. *Reproduced from: Angelo Polito,
Zaccaria Ricci et al, Cerebral blood flow during cardiopulmonary bypass in pediatric cardiac surgery:
Cardiovascular Ultrasound 2006).

Notes: (Cerebral metabolism: Though cerebral blood flow (CBF) decreases in a linear manner,
CMRO2 decreases exponentially with reduction of temperature, thus increasing ratio of CBF/CMRO2
during deep hypothermic cardiopulmonary bypass (DHCPB) favoring luxury perfusion of the brain).
Cerebral blood flow and cerebral vascular resistance:
Profound hypothermia and low-flow CPB (DHCPB) or deep hypothermic circulatory arrest (DHCA)
exhibit increased cerebral vascular resistance and decreased velocity of flow in the middle cerebral
artery (V MCA) in the early postoperative period (occurs with increased frequency with DHCA). This
is not seen with moderate hypothermic CPB. Normal coupling of CBF/CMRO2 is present both before
and after normothermic or moderate hypothermic CPB. During CPB rewarming, CBF returns to
baseline values, except in DHCA where CBF remains decreased.
Deep Hypothermic circulatory arrest and CBF:
Low cerebral perfusion immediately following DHCA is characterized by a prolonged period of
absent diastolic cerebral blood flow velocity (CBFV) in MCA. This finding was explained by an
increased intracranial pressure after total circulatory arrest procedure, while patients subjected to
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continuous low-flow perfusion technique showed CBFV close to baseline values at skin closure.
Delay in rewarming on reperfusion after DHCA improved recovery of a diastolic doppler signal
compared with patients who underwent immediate rewarming. In the group undergoing cold
reperfusion, post bypass CBF velocity was not different from baseline.
Cerebral perfusion pressure, Cerebral blood flow, Pump flow rate, and Mean arterial pressure:
Loss of cerebral auto regulation occurs between 23°C and 25°C. In the absence of cerebral vascular
disease, the flow rate threshold for incurring functional cerebral injury during hypothermic
(25 degrees C) nonpulsatile CPB is less than 1.0 L/min/m2. Cerebral perfusion pressure (CPP) is a
crucial parameter, rather then pump flow rate, in impacting brain perfusion. During moderate
hypothermia and DHCPB (low-flow) there was immediate loss of detectable CBFV in MCA when
cerebral perfusion pressure (CPP) decreased below 9 mm Hg. The cerebral perfusion can be detected
in the MCA in some neonates at bypass flow as low as 10 mL/kg per minute. However a minimum
bypass flow rate of 30 mL/kg per minute is needed to detect cerebral perfusion in all neonates. All
patients with a mean arterial blood pressure (MAP) of 19 mm Hg or greater, regardless of pump flow
rate, have detectable cerebral perfusion by trans-cranial doppler (TCD), but correlation between
MAP and CPB pump flow rates was minimal. However, MAP alone is a poor indicator of CPP.
(II) pH Strategy: Alpha Stat / pH Stat
During CPB, CBF increases with increasing arterial carbon dioxide tension; this response is
diminished by deep hypothermia and age less than 1 year.
In the pH-stat management, PaCO2 is maintained at 40 mm Hg regardless of temperature changes
(temperature-corrected), while in α-stat management PaCO2 is not adjusted (temperature-uncorrected).
During moderate hypothermia CBF decreases significantly only with alpha stat management as
compared to no decrease in pH stat management. However, other studies demonstrated that during
α-stat management CBFV is less pressure passive than during pH-stat management, and that there is a
better matching of cerebral metabolism to CBFV with α-stat management.
DHCA and pH stat:
pH stat is currently recommended for operations involving DHCA.
Alpha stat is favored for operations involving moderate hypothermia.
Advantages of pH stat: It has better cardiac output in the postoperative period, shorter recovery
time to first EEG, a lower incidence of EEG seizures, lower perioperative morbidity and mortality,
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and shorter intensive care unit (ICU) stay. There is no difference in psychomotor development
between alpha and pH stat groups (see Figure 27).

Figure 27 *A. pH-stat management and B. α-stat acid-base management on CPB and changes in cerebral blood flow
(CBF) and cerebral blood flow velocity (CBFV) in infants. There is good correlation of CBF (by xenon-133 clearance
technique) with V MCA (by TCD). CPB=Cardiopulmonary bypass, CBF= Cerebral blood flow (mL/100 g/minute).
V MCA= Flow velocity in middle cerebral artery (cm/second) *Reproduced from: Angelo Polito, Zaccaria Ricci et al,
Cerebral blood flow during cardiopulmonary bypass in pediatric cardiac surgery: Cardiovascular Ultrasound 2006).
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(III) Optimal Hematocrit
Hemodilution impairs oxygen delivery by shifting the oxygen dissociation curve to left. Extreme
hemodilution (hematocrit < 10%) leads to inadequate O2 delivery during early cooling. High
hematocrit (30%, as blood prime) leads to improved cerebral recovery after DHCA.
(IV) Optimal Temperature and Post-Operative Hyperthermia
Hypothermia is the most powerful neuroprotective mechanisms during DHCA.
Cerebral metabolic demand for oxygen (CMRO2 ) ↓ exponentially and results in progressive increase
in ratio of CBF / CMRO2 .
(CBF = cerebral blood flow).
Gradual cooling prior to DHCA reduces neurological events compared to a rapid cooling.
Hyperthermia in rewarming phase significantly increases neurological damage. Maintenance of
normothermia in the postoperative period reduces the incidence of neurological injury.
(V) Pulsatile Flow (Pf) Versus Non-pulsatile Flow (NPf)
Critical opening pressure of the capillary bed is lower with pulsatile flow. At normothermia, CBF
is higher over a wide range of mean arterial pressures with a pulsatile flow. In infants since the
cerebrovascular resistance is low, Pf ↓ mean arterial pressure. There is no concrete evidence in favor
of Pf regard to superior cerebral hemodynamics or neurological outcomes.

7.1.3 Postoperative Factors
(I) Longer ICU Stay
It is a marker for ↓ cardiac output, infection, end organ dysfunction/failure, etc, and is a risk factor
for a long-term neurodevelopmental sequelae.
(II) Clinical or EEG Seizures
If these occur in the immediate postoperative period, they are associated with poor neurological
outcome on a follow-up.
(III) Diastolic Hypotension / Hypoxemia
If any one of the above occurs in postoperative period, it is a risk factor for periventricular
leukomalacia in neonates.
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7.2

Neuroprotective Strategies

These involve inhibition of biochemical and metabolic cascade after ischemia to prevent neuronal
death in pediatric cardiac surgery.

7.2.1 Optimal CPB Techniques
Recommendations:
1. Deep hypothermic circulatory arrest (DHCA) vs. Low flow cardiopulmonary bypass (LF-CPB):
Immediate postoperative outcomes are better with LF-CPB, but there are no differences in long term
outcomes.
2. DHCA: Minimize duration < 41 minutes. Provide intermittent cerebral perfusion for 1-2 minutes
every 15 to 20 minutes.
3. pH management: pH stat for DHCA and alpha stat for moderate hypothermia.
4. Hematocrit: Optimal around 30.
5. Temparature: < 18 degree C for DHCA, No differences are observed between surface and core
cooling. Avoid rapid cooling and cool > 20 minutes before DHCA. Avoid rapid re-warming and
hyperthermia post-operatively.
6. Modified ultra filtration: Reduces cerebral edema and SIR (systemic inflammatory response).

7.2.2 Neuroprotective Drugs
Methyl prednisolone: Reduces inflammation with early recovery of cerebral function post-CPB.
Dose: IV 8 mg/kg 8 hours and 2 hours preoperatively in neonates (high risk group).
Following are not recommended or no data to support any benefit in humans.
Barbiturates: Reduces high energy phosphates (detrimental in DHCA), suppresses EEG activity.
Allupurinol, NAC (N-acetyl cysteine) reduces free radical injury. NAC improves myocardial function.
NMDA antagnosists (magnesium, selfotel): Reduce excitotoxicity.
Aprotinin: It helps recovery of cerebral high energy phosphates, but has no benefit in CPB of children.
Calcium channel blockers (nimodipine): It reduces reperfusion injury due to calcium influx.
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7.2.3 Selective Cerebral Perfusion
(I) Retrograde Cerebral Perfusion (RCP)
Brain is perfused retrograde via superior vena cava. Used in adults undergoing aortic arch
reconstruction, but has limited application in children as small amounts of blood returning into field
retrograde will result in unsatisfactory exposure.
(II) Cerebroplegia
University of Wisconsin solution containing adenosine (NMDA blocker): It potentially reduces the
excitotoxicity associated with ischemia-reperfusion injury. But no randomized controlled trials of
this strategy have been done in children.
(III) Antegrade Cerebral Perfusion
A special and small aortic cannula placed through right innominate artery selectively perfuses the
brain. Other brachiocephalic vessels and descending aorta are snared. This technique eliminates
DHCA with improved neurological outcomes.

7.3

Neurological Monitoring

7.3.1 Functional Studies
Electro-encephalogram (EEG),
electromyography (EMG).

somatosensory-visual,

auditory

evoked

potentials,

and

7.3.2 Cerebral Blood Flow Velocity
It is estimated by doppler ultrasonography of middle cerebral artery (MCA) by a trans-cranial
doppler. A 50% reduction in blood flow is considered significant.

7.3.3 Cerebral Oxygenation
Jugular venous bulb saturation and NIRS (near infra-red spectroscopy) is a method for monitoring
the oxygenation in blood and in the brain tissue of a neonate. Absorption of light in the wavelength
range 700-1000 nm through such tissue is measured, which is then used to calculate changes in the
concentration of cerebral oxygenated and de-oxygenated haemoglobin (HbO2 and Hb) and hence,
cerebral blood volume (CBV). Studies have shown clear changes in HbO2, Hb and CBV with hypoxia
and bradycardia. These changes may be implied in the occurrence of hypoxic/ischemic brain injury.
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7.3.4 Biochemical Markers
CPK-BB, lactate, neuron-specific enolase (NSE), S-100 protein, and myelin basic protein are
markers for brain injury. Cerebral ischemia during CPB correlates with elevated lactate and CPK-BB.
Duration of CPB correlates with appearance of S-100 protein. CNS dysfunction post-CPB correlates
with presence of markers such as S-100 protein and NSE.

7.3.5 Glasgow Coma Scale (GCS)
The scale comprises three tests: Eye, verbal, and motor responses.
Three values separately as well as their sum are considered.
Lowest GCS (the sum) score is 3 (deep coma or death), highest is 15 (fully awake person)
(see Table 7.1).
Table 7.1 Glasgow Coma Scale.
1

2

3

4

5

6

Eyes

Does not
open eyes

Opens eyes in
Opens eyes in
response to painful
response to voice
stimuli

Opens eyes
spontaneously

N/A

N/A

Verbal

Makes no
sounds

Incomprehensible
sounds

Utters
inappropriate
words

Oriented,
Confused, disoriented converses
normally

Motor

Makes no
movements

Extension to
painful stimuli

Abnormal flexion
to painful stimuli

Flexion / Withdrawal Localizes painful Obeys
to painful stimuli
stimuli
Commands

N/A

Tests for assessing Glasgow Coma Scale:
Best eye response (E):
There are 4 grades.
1. No eye opening,
2. Eye opening in response to pain:
Responds to pressure on the patient's finger nail-bed. If this does not elicit a response, supraorbital
/ sternal pressure or rub may be used.
3. Eye opening to speech. But not to be confused with an awaking of a sleeping person; such receive
a score of 4, not 3.
4. Eyes opening spontaneously.
Best verbal response (V):
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There are 5 grades:
1. No verbal response.
2. Incomprehensible sounds (moaning but no words).
3. Inappropriate words. Random or exclamatory articulated speech, but no conversational exchange.
4. Confused. Responds to questions coherently, but there is disorientation and confusion.
5. Oriented. Patient responds coherently and appropriately to questions such as the name and age,
where they are and why, the year, month, etc.
Best motor response (M):
There are 6 grades.
1. No motor response.
2. Extension to pain adduction of arm, internal rotation of shoulder, pronation of forearm,
extension of wrist, (decerebrate response).
3. Abnormal flexion to pain adduction of arm, internal rotation of shoulder, pronation of forearm,
flexion of wrist, (decorticate response).
4. Flexion/withdrawal to pain flexion of elbow, supination of forearm, flexion of wrist when
supra-orbital pressure is applied; pulls part of body away if nail bed is pinched.
5. Localizes to pain purposeful movements towards painful stimuli; e.g., hand crosses mid-line and
gets above clavicle when supra-orbital pressure is applied.
6. Obeys commands (the patient does simple things as asked).
Interpretation of Glasgow Coma Scale:
Individual elements as well as the sum of the score are important.
The score is expressed in the form "GCS 9 = E2 V4 M3 at a specific time."
Generally, comas are classified as:
Severe GCS ≤ 8, moderate GCS 9 – 12, and minor GCS ≥ 13.
If the patient is intubated and with severe facial/eye swelling, it is impossible to test the verbal and
eye responses. In these circumstances, the score is given as 1 with a modifier attached, e.g., 'E1c'
where 'c' = eyes closed, or 'V1t' where t = intubated.
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A patient with eyes closed because of eye swelling (E1c), and intubated (V1t) with a motor
response score of 3 for abnormal flexion has a composite score of 'GCS 5tc’.
Pediatric Glasgow Coma Scale (PGCS):
The verbal performance of even a healthy child is expected to be poor.
The GCS has limited applicability to children < 36 months of age.
PGCS is used for assessing younger children.
It comprises three tests: Eye response (E), verbal response (V), and motor reponse (M). The lowest
PGCS (the sum) is 3 (deep coma or death).
The highest PGCS (the sum) is 15 (fully awake and aware infant).
Best eye response (E)
1. No eye opening
2. Eye opening to pain.
3. Eye opening to speech.
4. Eyes opening spontaneously.
Best verbal response (V):
1. No verbal response.
2. Infant moans to pain.
3. Infant cries to pain.
4. Infant is irritable and continually cries.
5. Infant coos or babbles (normal activity).
Best motor response (M):
1. No motor response.
2. Extension to pain (decerebrate response).
3. Abnormal flexion to pain in an infant (decorticate response).
4. Infant withdraws from pain.
5. Infant withdraws from touch.
6. Infant moves spontaneously or purposefully.
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The lowest PGCS (the sum) is 3 (deep coma or death).
The highest PGCS (the sum) is 15 (fully awake and aware infant).
Any combined score of < 8 represents a significant risk of mortality.

7.4 Neurological Injury / Complications
These may present acutely in the postoperative period / or insidiously as transient / long-term
permanent neurocognitive sequelae.
1) Acute neurological disorders: Seizures, cerebrovascular accidents, choreoathetosis, spinal cord
injury, and delayed recovery from anesthesia.
2) Long-term neurodevelopmental sequelae:
i) Cognitive impairment, speech, and language problems.
ii) Visual-spatial and visual-motor skills impairment.
iii) Attention deficit / hyperactivity disorder, motor delays, and learning disabilities.

7.4.1 Seizures
The incidence is 6% for early seizures (occur in first postoperative week) and are transient. The
incidence is 20% for ictal activity on (EEG) monitoring. These correlates with poor
neurodevelopmental outcomes and abnormal MRI at ages 1 and 2½ years.
Seizures with stroke carries poor prognosis as compared to isolated “post-pump” seizures. The risk
factor is DHCA if it’s longer duration, as in correction of D-TGA with VSD. Cerebrovascular
accident (stroke): Occurs in patients with uncorrected congenital heart disease.
Clinical presentation of seizures:
The presentation varies depending on the age.
In infants, focal seizures or changes in mental status occur.
In older children: focal motor deficits, language, and visual deficits occur.
Contributing factors for seizures:
↑ CVP (predisposing to cerebral venous thrombosis), emboli, prosthetic material, residual defects,
fenestration, procoagulant shift in the humoral clotting, and SIR (systemic inflammatory response)
secondary to CPB.
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7.4.2 Choreoathetosis (Movement Disorders)
Its incidence is of 0.5-19% of children undergoing OHS.
Transient and mild form: It is confined to distal extremities, and is seen in infants < 10 months.
Progressive and severe form: It involves proximal extremities, and occurs in children > 1 year, with
high 40% incidence of mortality. Its associated with high incidence of persistent neurodevelopmental
defects.

7.4.3 Spinal Cord Injury
Paraplegia:
Incidence: 0.41% and associated with surgery of descending thoracic aorta.
Risk factors: Poor collateral circulation (infants), pre-subclavian coarctation, stenosis of left
subclavian artery, re-coarctation repair, prolonged duration of aortic cross clamping, hyperthermia,
higher level of aortic clamping, hypotension of upper body, and elevated intraspinal pressure.
Preventive Techniques: Temporary ascending to descending aorta bypass, hypothermia, CSF
drainage, localized cooling of spinal cord, and use of corticosteroids, naloxone, and papaverine.

7.5 Treatment of Neurological Complictions
7.5.1 Seizure Disorders
Treatment varies depending on the type of seizure disorder.
Definitions of seizure disorders:
Seizure: Paroxysmal cortical neuron discharge results in alteration of motor, sensory, or cognitive
function.
Epilepsy: Occuerence of two or more seizures not precipitated by a nown cause.
Status epilepticus: Recurrent or prolonged seizure lasting 30 minutes without regaining consciousness.
Febrile seizure: Generalized seizure related to febrile illness without neural cause (low seizure
threshold). Usually treatment is not indicated, but need neurologic evaluation if onset is 24 hours
after febrile illness; seizure lasts for 15 minutes or more with focality, and two episodes of seizures
occur within 24 hours.
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Neonatal Seizures: Paroxysmal electrical or behavioral alterations including tonic, myoclonic,
clonic, or subtle events due to CNS immaturity.
Etiologic agents:
i) Hypoxic brain injury, idiopathic (primary), metabolic, and genetic.
ii) Acquired cortical lesions (e.g., infection, air- embolus / stroke, hemorrhage, etc.).
Diagnosis: Determine whether the seizure is primary generalized or primary partial.
1. Primary generalized (generalized EEG changes at onset).
2. Primary partial (focal EEG changes at onset of seizure):
A. Partial-simple (consciousness preserved) with motor, sensory, and autonomic changes.
B. Partial-complex (unconsciousness).
C. Partial with secondary generalization: Grandmal tonic clonic seizures.
Treatment:
It is individualized; risk of further seizure is weighed against risk of treatment related
complication.
Ensure adequate airway, oxygenation, and circulation.
Correct the metabolic abnormality (especially in neonatal seizures).
Hypoglycemia:
0.25-0.5 g/kg IV bolus of (10% dextrose solution) followed by 8 mg/kg/minute drip if required.
Hypocalcemia:
10 mg/kg of elemental calcium given as calcium gluconate by slow IV infusion.
Medications:
a) Phenobarbital: 15-20 mg/kg IV loading dose.
Repeat additional boluses of 5-10 mg/kg, IV as necessary up to 30-50 mg/kg.
If there is no satisfactory response, add phenytoin and / or benzodiazepine.
b) Phenytoin: 15-20 mg/kg IV loading. Do not give > 1 mg/kg/minute. Give drug under ECG
monitoring.
c) Diazepam: 0.3 mg/kg IV bolus or 0.3-0.8 mg/kg / hour IV infusion.

242 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

d) Lorazepam: 0.05-0.1 mg/kg/IV over 2-5 minutes.
e) Pyridoxine: Supplement with 50-100 mg IV during seizure.
EEG monitoring should be done for refractory neonatal seizures.
Persistent Seizures (Status Epilepticus):
Immediate treatment:
1. Assure adequate airway (A), breathing (B), and circulation (C) (plus intravenous access).
Stabilize vital signs.
2. Administer adequate FI02 and treat hypoglycemia.
3. Laboratory tests: CBC, serum electrolytes, Ca2+, Mg 2+, glucose, urea, ceatinine, bilirubin, liver
enzymes, and blood cultures (for suspected infection only).
4. Clinical assessment by history and physical exam.
5. Pharmacological therapy:
Lorazepam: 0.05-0.1 mg/kg IV up to 4-6 mg / or
Diazepam: 0.3 mg/kg IV (rectal dose 0.5 mg/kg) up to 6-10 mg.
May repeat lorazepam or diazepam every 5-10 minutes as necessary.
If seizures persist despite above medication:
Phenytoin 15-20 mg/kg at 1 mg/kg/minute slowly (maximum rate 50 mg/minute),
or
Phenobarbital: 20 mg/kg IV at 1 mg/kg/minute slowly.
If seizure still persists:
Give a loading dose of phenobarbital if phenytoin is used above or
Give additional loading of dose of phenobarbital 10 mg/kg IV.
Obtain neurological consultation.

7.5.2 Coma
1. Clinical Assessment:
a) History sequence, physical exam for BP, pulse, and respiratory pattern.
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b) Temparature, abnormal posture, pupils, focal neurological signs and deficits, and monitor
Glasgow coma scale.
2. Laboratory Evaluation:
Tests are based on above findings: CBC, electrolytes, serum glucose, ammonia, serum lactate,
blood gas, and blood culture.
3. Radiological examination: CT scan of head and electroencephalogram (EEG).
4. Management: Immediately perform ABCs of resuscitation.
Airway and breathing: Assure adequacy of airway, adequate oxygenation, and gas exchange.
Circulation: Establish stable vital signs.
Dexstrostick: D 25W, 2-4 mL/kg IV bolus for hypoglycemia.
5. Optional therapy: (may not be indicated for postoperative hypoxic brain injury).
Naloxone: 0.1 mg/kg IV, maximum 2 mg/dose; may repeat if necessary.
Thiamine: 50 mg IV. It is given in deficiency states and before glucose administration.
Reduce intracranial pressure if it is suspected to be elevated.
6. Neurological consultation.

7.5.3 Increased Intracranial Pressure (ICP)
1. Clinical assessment:
a) History, visual and gaze changes, irritability, change in mental status, lethargy, and bulging
fontanel.
b) Cushing's response (hypertension, bradycardia, abnormal respiratory pattern.), neck stiffness,
cranial nerve dysfunction, i.e., paralysis of upward gaze or abduction, abnormal posturing,
neurological deficit, and papilledema.
2. Management:
1) A. Elevate head of the bed 30 degrees and observe cardiac monitor.
B. Lab tests: CBC, electrolytes, glucose, urea, and blood culture (for suspected infection).
C. CT scan of head and neurological consult.
(Above are done in that order, presumed that ABC of resuscitation are taken care of).
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2) Fluid restriction: It is done in hemodynamically stable patients.
Mannitol 0.25-1 gm/kg IV or / and furosemide 1 mg/kg to decrease intracranial pressure.
3) Maintain paralysis and sedation in intubated patient, but avoid ketamine in induction.
4) Keep PaCO2 of 25-35 mm Hg.
5) Treat hyperthermia.
6) Do not lower BP in elevated ICP.
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Nutritional Support in Pediatric Patients
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Nutritionist assesses the patients that are not fed orally for 48 hours postoperatively, and the
patients that are admitted to pediatric intensive care unit (PICU).
Following patients are at an increased nutritional risk:
1) Postoperative:
Post cardiac surgery and other major surgical procedures.
2) Cardiopulmonary disease:
Congenital heart defects, bronchopulmonary dysplasia, and cystic fibrosis.
3) Hyper metabolic states:
Major trauma, closed head injury, spinal cord injury, and sepsis.
4) Other conditions:
Short gut syndrome, inflammatory bowel disease, hepatic failure, muscular dystrophy, etc.

8.1

Protocol for Nutritional Support in Infants and Children

8.1.1 Nutritional Assessment
Dietary intake history: History of feeding problems, loss of appetite, recent weight loss, and relevant
past medical history.
Physical Examination: Identify nutritional deficiency lesions.
Anthropometric measures: Weight, length, and head circumference for children < 3 years of age.
Laboratory tests: Serum chemistry-10, CBC, and total protein/albumin.

8.1.2 Set Nutritional Targets
The nutrional targets in a pediatric intensive care unit (ICU) patient are broadly divided into three
stages to address the metabolic requirements of postoperative stress by adequate management of
electrolyte and fluid intake, protein intake, and the calroc needs.
i) Stage I: It is a period during ICU day 1 to 2.
Fluid and electrolyte management during stage I is paramount.
It restore tissue perfusion and fluid balance.
ii) Stage II: It is a period during ICU day 3 to 10.
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Metabolic resuscitation: Aim to limit protein catabolism and elevated glucose levels. Meet BEE
(basal energy expenditure) with significant protein source, then progress to BEE × Stress factor (see
Table 8.1, 8.2) as tolerated.
This phase may continue with moderate to severe infection beyond day 10.
iii) Stage III: It is day 8 to 10 and beyond. It is nutritional recovery and repletion phase.
During this phase aim full target nutrition and use BEE × injury factor or even higher using RDA
table (see Table 8.3).
One might provide calories for catch-up growth once stress subsides and growth resumes during
this stage.

8.1.3 Nutritional Targets in Malnourished Infants
Initiate nutrition by day #3. Achieve BEE × Stress factor by day # 5 to 6.

8.1.4 Nutritional Targets in Older Children and Infants with
Good Nutritional Status
Initiate nutrition by day #3 to 5. Achieve BEE × Stress factor by day #5 to 8.
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Table 8.1 *Basal Energy Needs for Infants and Children.
Age 1wk to
10 months

Age 11 to
36 months
Metabolic Rate

Age 3 to
16 years
Metabolic Rate

Weight

(kcal/day)

Weight

(kcal/day)

(kg)

Male or Female

(kg)

Male

3.5

202

9.0

4.0

228

4.5

Metabolic Rate
Weight

(kcal/day)

Female

(kg)

Male

Female

528

509

15

859

799

9.5

547

528

20

953

898

252

10.0

566

547

25

1046

996

5.0

278

10.5

586

566

30

1139

1092

5.5

305

11.0

605

586

35

1231

1190

6.0

331

11.5

624

605

40

1325

1289

6.5

358

12.0

643

624

45

1418

1387

7.0

384

12.5

662

646

50

1512

1486

7.5

410

13.0

682

665

55

1606

1584

8.0

437

13.5

701

684

60

1699

1680

8.5

463

14.0

720

703

65

1793

1776

9.0

490

14.5

739

722

70

1886

1874

9.5

514

15.0

758

741

75

1980

1973

10.0

540

15.5

778

760

10.5

566

16.0

797

782

11.0

593

16.5

816

802

* Adapted from the university of Virginia health system. Pediatric nutrition

Table 8.2

*Stress Factors.

Clinical Condition

Stress Factor

Maintenance without Stress

1.0-1.2

Fever

12% per degree > 37°C

Routine/elective surgery, minor sepsis

1.1-1.3

Cardiac failure

1.25-1.5

Major surgery

1.2-1.4

Sepsis

1.4-1.5

Catch-up Growth

1.5-2.0

Trauma or head injury

1.5-1.7

* Adapted from the university of Virginia health system. Pediatric nutrition
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Once clinically improved and beyond the critical phase of their illness (Day 7-10 and beyond), then
RDA table (table 8.3) is used for determination of caloric and protein requirements. But due to limited
activity, 70-90% of the RDA may be appropriate for children > age 3.
Table 8.3 *Recommended Dietary Allowances (RDA).

Infants

Children

Males

Females

Age

Weight

Height

Calories

Protein

Fluid

(years)

(kg)

(lbs)

(cm)

(in)

(kcal/kg)

(gm/kg)

(mL/kg)

0.0-0.5

6

13

60

24

108

2.2

140-160

0.5-1.0

9

20

71

28

98

1.5

125-145

1-3

13

29

90

35

102

1.23

115-125

4-6

20

44

112

44

90

1.2

90-110

7-10

28

62

132

52

70

1.0

70-85

11-14

45

99

157

62

55

1.0

70-85

15-18

66

145

176

69

45

0.8

50-60

11-14

46

101

157

62

47

1.0

70-85

15-18

55

120

163

64

40

0.8

50-60

* Adapted from university of Virginia health System. pediatric nutrition

8.1.5 Outcomes of Nutritional Therapy in the Pediatric ICU Patient
Nutritional therapy in a healthy or unstressed patient differs from nutrition in a stressed and
hyper-metabolic patient. Induced metabolic stress and overfeeding may ↑ metabolic demands on the
lungs and liver and may result in ↑ mortality.
Morbidity of overfeeding: It causes in excess CO2 production, ↑ minute ventilation, pulmonary
edema, and respiratory failure. It also causes hyperglycemia and ↑ infection rates. It induces
lipogenesis due to ↑ insulin production, immunosuppression, and hepatic complications such as fatty
liver and intrahepatic cholestasis.

8.1.6 Calorie and Protein Needs in Critically Ill Children
For determining protein and calorie needs of infants and children during critical illness, one should
not use the standard RDA tables initially, to calculate energy requirements. Calorie and protein needs
may be determined as follows:
Estimate basal energy needs (BEE), see Table 8.1.
Determine stress factor, see Table 8.2.
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Total calories = BEE × Stress factor.
Patient's protein requirements: Total protein = Protein by RDAs × Stress factor (see Table 8.3).
Evaluate and adjust recommendations based on nutrition monitoring.

8.1.7 Alternate Methods of Estimation of Calorie Needs
The following alternate methods of determination of caloric needs in critically ill chidren are
simple, and these methods can be readily applied.
(I) Simple Estimation of Calorie and Protein Needs in Infants and Children
One may use the following simple method of estimation of calorie and protein needs in infants and
children (see Table 8.4).
Table 8.4

Estimation of calorie and protein needs in infants and children.

Age

Kcal/kg/day

Protein gm/Kg/day

Preterm infant

120-140

3-4

Term infant-1yr

90-120

2-3

1-7 yrs

75-90

1-1.2

7-12 yrs

60-75

1-1.2

12-18 yrs

30-60

0.8-0.9

>18 yrs

25-30

0.8

>18 yrs

25-30

0.8

(II) WHO Recommendations (for Children > 1 Year)
According to the World Health Organization (WHO) the total energy needs for children > 1 year of
age with critical illness is estimated by the following equation and using the table 8.5.
Total energy expenditure (TEE) =Resting energy expenditure (REE) × Stress factor.

Chapter 8

Nutritional Support in Pediatric Patients

251

Table 8.5 Resting energy expenditure (for children > 1 year).
Age in Years

Sex

REE

1-3 years

Male

60.9 ×(W) −54

Female

61.0 ×(W) −51

Male

22.7 ×(W) + 495

Female

22.5 ×(W) + 499

Male

17.5 ×(W) + 651

Female

12.2 ×(W) + 746

Male

15.3 ×(W) + 679

Female

14.7 ×(W) + 496

3-10 years

10-18 years

18-30 years

W = weight in Kg, REE= resting energy expenditure.

(III) Intravenous Calories For infants < 1 Year Age During Post Cardiac Surgery
Preterm infant: 90-110 kcal/kg/day.
Full term infant: (0-6 months) 90-100 Kcal/kg/day.
Older infant: (6-12 months) 80-100 Kcal/kg/day.
(IV) Seashore Formula
Basal energy needs (BEE) in critically ill children are estimated by Seashore formula as described
below.
BEE (Kcal/day) = 55−2 × age in years) × weight in Kg.
Total daily energy needs = BEE + BEE (activity + maintenance + injury).
Activity 0.1-0.25, Maintenance 0.2, Simple trauma 0.2, Multiple trauma 0.4,
Sepsis 0.13 per degree > 37°C rise in temperature, Burns 0.5-1, Growth 0.5

8.1.8 Caloric Needs in Adolescents and Adults
Harris-Benedict equation:
Men:
BEE (Kcal/day) = 66 + (13.7 × weight in Kg) + (5 × height in cm) – (6.8 × age in years).
Women:
BEE (Kcal/day) = 65 + ( 9.6 × weight in Kg) + (1.7 × height in cm) – ( 4.7 × age in years).
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Total energy needs = BEE+ BEE (activity + disease / Injury factor).
Activity (bed rest 0.2, ambulatory 0.3), Simple injury 0.15-0.3
Severe infection / Multiple trauma 0.3-0.75, Burns 0.25 (10% burns) to 1.15 (70% burns).

8.1.9 Calculation of Catch-Up Growth
The full term infants and children with sub-normal growth due to chronic illness or
malnourishment require additional calories and protein to achieve catch-up growth and these needs
are added to the daily calorie requirements.
Kcal/kg =

𝑅𝐷𝐴 𝐾𝑐𝑎𝑙 𝑝𝑒𝑟 𝐾𝑔 𝑓𝑜𝑟 𝑤𝑒𝑖𝑔 ℎ𝑡 𝑎𝑔𝑒 ♦ × Ideal weight

Kg ♥

𝐴𝑐𝑡𝑢𝑎𝑙 𝑤𝑒𝑖𝑔 ℎ𝑡

♦ Age at which present weight is at the 50th percentile.
♥ 50th percentile for age or ideal body weight for height.

8.2

Total Parenteral Nutrition (TPN) in the PICU Patient

Patients who are unable to meet their nutritional needs via the oral or enteral route will require TPN.
TPN should be started in infants or a previously malnourished by hospital day #3. TPN should be
started in a previously well nourished children by hospital day #3 to 5.

8.2.1 Indications for TPN
Critical illness (trauma or sepsis) in the face of ileus or abdominal trauma.
Persistent GI intolerance / post-cardiac surgery.
Gastrointestinal (GI) anomalies and conditions.
Inflammatory bowel disease.
Short gut syndrome (during initial course of the disease).
Cancer in the presence of malnutrition and/or requiring intensive chemotherapy.

8.2.2 Initiation of TPN
The following nutrients and additives make up the solution of TPN at the initiation of orders.
(I) Dextrose
Recommended: 40-60% total calories, caloric value: 3.4 Kcal/gm.
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Begin at 10-15% dextrose (depends whether the line is peripheral or central).
Advance by 2.5-5% per day in older infants and children until endpoint is reached.
Advance by 5-10% per day in adolescents until endpoint is reached.
Endpoint solution for peripheral TPN is DW12.5%.
Endpoint solution for central TPN is between DW 20%-25%.
Excess of carbohydrate calories results in adverse effects such as hyperglycemia, hepatotoxicity,
cholestasis, glycosuria, and osmotic diuresis.
Insulin and TPN:
Insulin is often administered to treat hyperglycemia from stress or TPN.
The objective is to maintain serum glucose < 150 mg-200 mg/dL.
Add 1 unit of regular insulin per 10 grams of carbohydrate calories / or 75% of the prior day's
sliding scale insulin dose to the TPN bag.
(II) Protein
Recommended non-carbohydrate protein calories: 15% of total calories.
Caloric value of protein: 4 Kcal/gm.
Requirement for protein:
Pre-term infant: 2.5-3.5 gm/kg/day. Full term infant: 2.5-3 gm/kg/day.
Infant < 1 year: 1.5-3 gm/kg/day. 1 to 10 years: 1-2 gm/kg/day.
11-18 years: 0.8-2 gm/kg/day.
Amino acid solutions:
Several solutions (Aminosyn, FreAmine, etc.) are available.
Solutions contain 3.5% to 10% solution and 5-15 gm of nitrogen per liter.
i) Nephramine 5.4%, contains essential amino acids plus histidine for renal failure patients.
ii) Hepatamine and FreAmine 8%, 6.9% contain high levels of branched chain amino acids for
hepatic failure.
iii) TrophAmine: Used in infants < 1 years of age.
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Provides essential amino acids, and amino acid profiles are within normal neonatal target range.
Use of this solution ↓ cholestasis, and improves calcium and phosphorus solubility by ↓ pH of the
solution.
Begin at 1.5-2 gm/kg per day and advance to endpoint goal by Day 2.
In renal insufficiency or renal failure, limit protein to 1.0 gm/kg/day on 1st day of TPN.
(III) Lipids
Recommended intake: 30-50% of total calories and 1-3 gm/kg/day (maximum 3.5 gm/kg/day).
Caloric value: Intralipid 10% = 1 Kcal/mL. Intralipid 20% = 2 Kcal/mL.
Begin at 1.0 gm/kg and advance by 1.0 gm/kg per day.
Endpoint goal: Infants: 3 gm/kg.
Children and adolescents: 1-2.0 gm/kg.
Endpoint depends on lipid clearance and age.
Essential Fatty Acid (EFA) Requirements:
Minimum dose: 0.5-1.0 gm/kg per day (20% Intralipid, 2 kcal/cc).
EFA deficiency state: Impaired wound healing, increased susceptibility to infections,
thrombocytopenia, and flaky dry skin.
(IV) Electrolytes
The following are daily requirements of electrolytes in parenteral TPN.
Sodium: 2.0 to 6.0 mEq/kg/day or an average of 3.0 mEq/kg/day.
May add 2-4 mEq/Na+ for each 100 mL of TPN solution.
Potassium: 2.0 to 6.0 mEq/kg/day or an average of 3.0 mEq/kg/day.
May add 2-4 mEq/K+ for each 100 mL of TPN solution.
Chloride: 2.0 to 8.0 mEq/kg/day or an average of 4.0 mEq/kg/day.
May add 2-3 mEq/Cl− for each 100 mL of TPN solution.
Calcium: 2.0 to 4.0 mEq/kg/day.
May add 0.5-2 mEq of Ca2+ for each 100 mL of TPN solution.
Phosphate: 1.5-3 mEq/kg / day.
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May add 1.5-2.5 mEq of phosphate for each 100 mL of TPN solution.
Magnesium: 0.25-2.0 mEq/kg/day, or an average of 1.0 mEq/kg/day.
May add 0.3-0.5 mEq of Mg 2+ for each 100 mL of TPN solution.
Daily Requirements for Calcium and Phosphorous:
The daily requirements for electrolytes such as calcium and phosphorous vary in infants and
children to not only sustain growth but meet the metabolic needs of critical illness. The following are
the recommendations for daily needs which varies with the age of the patient.
Table 8.6

Requirements for calcium in mEq/kg/day.

Preterm to term infants

Older children (10-40 kg)

Adolescents (>40 kg)

3.0-4.0

1.0-3

1.0-1.5

Table 8.7 Requirements for Phosphorous in mEq/kg/day.
Preterm to term infants

Older children (10-40 kg)

Adolescents (>40 kg)

3.0-4.0

1.0-3

1.0-1.5

The optimal Ca2+ to P2+ ratio for preterm and term infants is a 1 to 1.7:1 moles. The total of Ca2+
and P 2+ cannot exceed 5.2 mEq/100 mL in standard amino acid solution, but can be 7.2 mEq/100
mL for TrophAmine.
(V) Trace Elements
Table 8.8 Requirements of trace elements in TPN: (mcg/kg/day).
Pre-term

Term

Pediatric

Selenium

2

2

2 (maximum 30 mcg/day)

Zinc

300

300

100-300

Chromium

0.2

20

0.3

Manganese

2-10

2-10

2-10

Copper

20

100

20

The following solutions provide required trace elements:
Neonatal Trace-4 (for < 3 kg infant): 0.2 mL/kg/day.
Pediatric Trace-4 (for > 3 kg to 39 kg): 0.2 mL/kg/day (maximum 8 mL/day).
Other trace elements: Cobalt and iodine.
Trace elements and deficiency states:
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i) Selenium: Selenocysteine is the biologically active form, and it is active site of enzymes involved
in oxidation-reduction reactions. Protects against oxidant stress and ↑ immuno-responsiveness.
Deficiency: Muscle weakness and pain and cardiomyopathy; add this trace element if the patient is
on TPN > 30 days.
ii) Copper: Component of metalloenzymes of iron metabolism, oxidative metabolism, free radical
detoxification, and synthesis of hemoglobin, elastin, and collagen. Ceruloplasmin is an acute phase
reactant and ↑ after infection, injury, or inflammation.
Deficiency: Anemias. Liver has significant copper stores, and deficiency occurs only after
prolonged dietary abstinence.
iii) Chromium: chromium-containing glucose tolerance factor potentiates action of insulin.
Deficiency: Signs and symptoms similar to type 2 diabetes and cardiovascular disease.
iv) Manganese: Requirement is very low and even during prolonged TPN
Deficiency: Retardation of growth, skeletal and muscular abnormalities, and neurological signs.
v) Zinc: Component of metallo-proteins which control protein and nucleic acid synthesis.
Deficiency: Retardation of growth, hypogonadism, acrodermatitis, ophthalmic lesions, and
deficiency in cell-mediated immunity.
(VI) Vitamins and Optional Additives
The following vitamins and the other additives are added to the TPN solution.
1) MVI (multi -vitamin injection), pediatric: MVI-12;
< 2.5 Kg infants: 2 mL/day. Children > 11 years: 10 mL/day.
> 2.5 Kg infants: 5 mL/day.
2) Vitamin K:
0.2 mg/day is added routinely when using MVI-12.
3) Optional additives:
a) Zantac: 1-2 mg/kg/day.
b) Iron: 0.1 mg/kg/day (maximum 2 mg/liter of TPN) for > 2 months of age.
c) Heparin: 0.5-1 unit/mL of TPN.
d) Insulin: 0.2 to 1 unit for 40 calories of carbohydrate.
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e) L. Carnitine: 10-20 mg/kg/day for < 1.5 kg infant.
i) Physiology of Carnitine:
It is produced in liver and kidneys, and is stored in the skeletal muscles, heart, brain, and sperm. It
is important for transport of long-chain fatty acids into mitochondria, a store house of energy.
ii) Carnitine deficiency and clinical observations:
Deficiency occurs by low dietary levels of the amino acids lysine and methionine, in certain
genetic disorders, liver or kidney problems, and high-fat diets.
a) Carnitine and Shock:
Intravenous carnitine is helpful in treating shock from loss of blood, after a sizeable heart attack, or
sepsis.
b) High cholesterol and carnitine:
↓ Total cholesterol and triglycerides, and ↑ HDL ("good") cholesterol levels.
c) Heart disease, CHF, and carnitine:
↓ likelihood of a subsequent heart attack or ↓ likelihood to develop CHF if it is given soon after a
heart attack. It may help treat CHF, and improves exercise capacity in CHF.
d) Down's syndrome and carnitine:
L-acetylcarnitine improved visual memory and attention.
Colloid Supplements:
Albumin and blood may be administered early in severe hypoprotinemia and anemia.
The colloids only maintain (colloid) osmotic pressure, blood volume, and cardiovascular
hemodynamics. The albumin’s half life is too-long to be used as a nutrient. Intravenous albumin
spares body's labile proteins.

8.2.3 Advancement of Total Parenteral Nutrition
To meet the metabolic demands of the critical illness and achieve anabolic state and growth, the
ingredients of the TPN solution are advanced as tolerated by the patient. The following are general
recommendations for advancement of the TPN solution (see Table 8.9).
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Table 8.9 Advancement of total parenteral nutrition.
Starting

Day 1-2

Day 3-4

Day 5-7

Protein (gm/kg),

1.5-2.0

2.0-3.5

Achieve end point.

Dextrose (%),

5-10%

10-15%

10-12.5%, IV peripheral
20-25%, IV central

Fat Emulsion (gm/kg),

1-1.5

2–3

Achieve set goal.

8.2.4 Writing of TPN Orders
1) Determine daily fluid requirement by weight and BSA:
In patients on total parenteral nutrition, it would underestimate fluid requirements by 12-15 mL/kg
/ day due to elimination of endogenous water production by orally given calories (see Table 8.3,
dietary allowance of fluid).
In infants begin with infusion of 100 mL/kg / day for need of carbohydrate utilization rate of
0.4 to 0.9 gm/kg/hour (or 2-4 kcal/kg/hour), and infusion is increased to tolerance levels of
130-150 mL/kg /day.
2) Determine caloric requirements:
Refer to the above given formulae and tables for basal needs, stress factor, and for catch up growth.
3) Determine protein requirements:
Refer to the above formulae, stress factor, and growth factor.
Maintain non-protein calorie / nitorgen ratio of 150 to 200: 1
1 gm of Nitrogen is equivalent to 6.25 gm of protein.
4) Constitute appropriate solution:
Mixture of amino acid (Aminosyn) and / dextrose solution is to provide calories in a desired
volume. Provide at least 30-40% total caloric need in the form of lipids daily, or lipid infusion may be
given three times a week to provide essential fatty acids (EFA’s).
5) Determine electrolyte requirements:
For calculation of daily requirements include content in amino acid solutions.
Provide adequate amounts of daily calcium and phosphorous.
It is crucial to maintain potassium balance: serum K + should be normal.
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Potassium supplementation restores depleted intracellular stores and maintains positive nitrogen
balance and anabolic phase, and glucose utilization is associated with intracellular movement of
potassium. Glycosuria also results in obligatory renal loss of potassium and should be replaced.
Intracellular movement of glucose and uptake (anabolism) require intracellular shift of potassium.
Therefore, provide adequate K to prevent glycosuria and hyperglycemia before considering insulin
infusions.
6) Add Trace elements and multivitamins:
Infants: Neonatal trace-4: (for < 3 kg): 0.2 mL/kg/day.
Infants and children: Pediatric trace-4 (for > 3 kg-39 kg): 0.2 mL/kg/day.
Note: Above formulary may not provide all required trace elements (see requirements above)
Twice a week transfusion of plasma or albumin may also provide all essential trace elements.
7) Add Optional additives and Medications:
Zantac, regular insulin, iron, and carnitine. Iron may be added to infusion or iron stores are
replenished with a blood transfusion.
8) Chose a solution:
TrophAmine (6% and 10%) contain crystalline essential and non-essential amino acids. All amino
acids are of (“L”-isomer) except glycine.
Protein (gm/liter): 58 in 6% solution; 97 in 10% solution.
Nitrtogen (gm/liter): 9.3 in 6% solution; 15.5 in 10% solution.
Sodium (mEq/liter): 5 in 6% solution; 0 in 10% solution.
Acetate (mEq /liter): 54.4 in 6% solution; 97 in 10% solution.
Chloride (mEq /liter): < 3 in 6% solution; < 3 in 10% solution.
Osmolarity (m0sm/liter) 525 in 6% solution; 875 in 10% solution.
Illustrative calculation: TPN orders for a 12 kg 2 year old infant 72 hours post-cardiac surgery, on
a ventilator support:
TPN Initial orders (day 1-day 2):
a) Total fluid volume: 1100 mL/24 hours (92 mL/kg).
Body weight method: (10 kg × 100 mL) + (2 kg × 50 mL) = 1100 mL/24 hours.
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Note: above volume is underestimated by elimination of endogenous water production from orally
ingested calories.
b) Basal energy needs (BEE) = 643 Kcal (table 8.1) (may also use alternate methods).
c) 30% of calories are provided in the form of 20% intralipid (96 mL).
Kcal (643) × 0.3) / 2 = 96 mL of 20% lipid (provides 1.6 gm of fat /kg bw).
20% Intralipid (20 gm/100 mL; 2 kcal/mL; 10% Intralipid (10 gm/100 mL; 1 Kcal/mL).
d) 70% of non-protein caloric intake is given in the form of 1004 mL of 13% dextrose.
Fluid remaining from total fluid allowance for a non-protein dextrose calories:
1100-96 = 1004 mL/24 hours.
Above volume may be reduced if net fluid balance is positive due to drug infusions.
Equation 1. (Kcal (643) ×0.7) / 3.4 = 132 gm.
Equation 2. (132 × 100)/1004 = 13% of dextrose.
(1 gm of dextrose yields 3.4 Kcal).
e) Initial protein given = 1.5 gm/kg = 12×1.5 = 18 gm in 12 kg infant
Equation 3. (18 × 100) / 1004 = 1.8% amino acid solution.
1004 mL of 1.8% amino acid and 12.7% dextrose provides needed calories and protein. This
solution also provides additional protein calories = 18 × 4 = 72
TPN orders for (Day 3-10):
Fluid volume 115 mL-125 mL/kg (RDA table) / or fluid required (bw method) +15 mL/kg (for
endogenous water metabolism) = 1280 mL
Total calories = BEE (643) × Stress factor (1.5) = 965 Kcal (may use alternate methods).
Provide 40% calories as Intralipid.
Total protein = Initial protein (18 gm) × Stress factor (1.5) = 27 gm.
or protein (RDA) (1.23 gm/kg) ×stress factor (1.5) = 23 gm.
Use above mentioned calculations to give appropriate solution. as below:
Intralipid = (965 kcal ×0.4)/2 = 193 mL of 20% Intralipid / 24 hours (3.5 gm / fat /kg/day or 386 kcal)
20% Intralipid= (20 gm/100 mL; 2 kcal/mL).
Non-protein calories= 60% calories, in the fluid volume (1280− 193) = 1087 mL.
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Equation 1. (965 kcal × 0.6)/3.4= 170 gm of dextrose.
Equation 2. (170 × 100)/ 1087 = 15.6% of dextrose.
Equation 3. (27 gm × 100)/1087 = 2.5% amino acid solution.
1087 mL of 15.6% dextrose and 2.5% amino acid solution /24 hours.
(Above solution provides additional protein calories, i.e., 27 × 4 = 108 kcal)

8.2.5 Monitoring of Patient on TPN
Daily weight and fluid balance.
Estimate fractional urine and blood sugar every 6 hours; daily serum electrolytes, BUN and
creatinine, calcium, phosphorous, and magnesium until stable; then blood sugar, electrolytes, BUN
and creatinine, Ca2+, P 2+, and Mg 2+ 2 - 3 times per week.
Once a week do a complete blood count, hepatic panel, and triglycerides. Do serum osmolarity,
serum protein, and urine osmolarity weekly or occasionally.

8.3

Enteral Nutrition in Pediatric Critical Illness

8.3.1 Benefits of Enteral Nutrition
Trophic effects on the GI tract: Stimulation and maintenance of the gut mucosa.
Improved hepatic function compared to TPN, and simplifies fluid and electrolyte management.
Reduced metabolic and infectious complications.
Reduced incidence of pathogen entry / bacterial translocation into peritoneum or circulation.
Provision of at least 10-15% of caloric need as "trophic feedings" (enteric feeds) minimizes gut
atrophy and potential for bacterial translocation and increased infection risk.

8.3.2 Selection of an Enteral Feed
Proper formula selection in a pediatric patient is influenced by:
1) Type of formula:
a) Osmolarity, renal solute load, caloric density, and viscosity,
b) Nutrient composition: Type and amount of carbohydrate, fat, and protein.
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2) Patient’s factors:
Age, diagnosis, nutritional requirements, and gastrointestinal function.

8.3.3 Continuous Tube Feeding
Usually begin at 0.5-1.0 cc/kg/hr, then progress as below:
Table 8.10 Progression of continuous tube feedings.
Weight (Kg)

Initial Infusion Rate

Daily Increases

Goal Rate

2-15

2-15 cc/hr

2-15 cc/hr q 4-8 hr

15-55 cc/hr

or (1 cc/kg/hr)

or (1 cc/kg)

8-25 cc/hr

8-16 cc/hr q 4-8 hr

or (0.5-1 cc/kg/hr)

or (0.5 cc/kg)

15-25 cc/hr

15-25 cc/hr q 4-8 hr

or (0.5 cc/kg/hr)

or (0.5 cc/kg)

25 cc/hr

25 cc/hr q 4-8 hr

16-30

30-50

> 50 kg

45-90 cc/hr

70-130 cc/hr

90-150 cc/hr

8.3.4 Intermittent Tube Feeding
Table 8.11 Progression of intermittent tube feeding.
Weight (Kg)

Initial Volumes

Daily Increases

Goal Volume

2-15

5-30 cc q 3-4 hr

5-30 cc q 6-8 hr

50–200 cc q 4 hr

12-30

20-60 cc q 4 hr

20-60 cc q 6-8 hr

150-350 cc q 4 hr

> 30

30-60 cc q 4 h

30-60 cc q 6-8 hr

240-400 cc q 4 hr

8.3.5 Composition of Commonly Used Enteral Feeds
Following tables (8.12, 8.13) summarize the substrate composition of commonly used enteral diets
including their mineral content.
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Table 8.12 Relative composition of enteric formula / diets in Infants.
Milk,

Similac

Similac-24

Isomil

Prosobee-24

Progestimil

Similac PM 60/40

Cal /100 mL 67

68

80.6

67.6

81.1

68

67.6

Osmolarity

300

300

380

200

240

320

280

Carbohyd

6.8

7.3

8.5

6.9

8.2

6.8

6.9

Protein

1.0

1.4

2.2

1.7

2.4

1.9

1.5

Fat

4.0

3.65

4.25

3.69

4.3

3.8

3.78

Calcium

14

26.4

36.4

35.1

38

31.8

19

Phosphorus

9

18.8

36.5

32.9

38.9

28

12.3

Sodium

7.8

6.8

12.1

12.8

12.7

11.5

6.8

Potassium

13.5

18.2

27.4

18.9

25.2

18.9

14.9

Carbohyd:

L

L

L

S/CS

CSS

D/CSS

L

Protein:

Mk

Nf Mk, Wh Nf Mk

Sp

Sp

Casein Hydrol

Wh, cas

Fat:

Mk

Sa, So, Cn

So, Cn, Sa Po, Su, Cn, So

Mct, Co, Su

Co, So, Cn

Source of

So, Cn

Carbohydrate, potein, and fat concentration in gm/100 mL, electrolytes in mEq/litre, osmolarity excpressed in mOsm/kg,
Mk = milk, NfMk = non fat milk, L = lactose; CS = corn syrup, CSS = corn syrup solids, D = dextrose, S= sucrose,
Cas = caseinate, Wh = whey protein, Sp = soy protein, Sa = saflower oil, So = soy oil, Co = corn oil, MCT oil,
Cn = coconut oil, Su = sunflower oil, Po = palm olein. High levels of oleic acid are present in Sa, Su, and So.

Human milk, Similac: These are milk based formulae used to feed term and sick infants who are
not in need of special nutritional requirements.
Similac-24: Milk formula, used in fluid restriction and for increased caloric demand.
Isomil: Indicated in milk intolerance and in lactase deficiency.
Prosobee-24: Soy formula indicated in fluid restriction and for increased caloric demand.
Progestimil: Indicated in infants requiring low molecular weight peptides or amino acids.
Similac PM 60/40: Useful in infants in cardiovascular / renal diseases benefiting from low mineral
levels.
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Table 8.13 Relative composition of enteric formula / diets in children / adults.
Pediasure*

Isocal+

Vivonex**

Ensure Plus@

Vivonex Plus#

Cal / mL

1

1.06

0.8

1.5

1.0

Osmolarity

335

270

360

690

650

Carbohyd

11

13.5

13

20.8

19.0

Protein

3.0

3.4

2.4

5.4

4.5

Fat

5.0

4.4

2.4

4.8

0.67

Sodium

17

23

17

43

27

Potassium

34

34

31

47

27

CH source:

Md, S

Md

Md, Ms

S, Md, CSS

Md, Ms

Protein

Cas, Wh

Cas, Sp

L amino acids

Cas, Sp

L-amino acids

Fat

Sa, So, MCT

So, MCT

MCT, So

Ca, Sa, Co

So

CS = corn syrup, CSS = cornsyrup solids, D = dextrose, S = sucrose, Md = maltodextrin, Cas = caseinate,
Wh = whey protein, Sp = soy protein, Sa = saflower oil, So = Soy oil, Ca = canola oil, Co = corn oil, MCT oil,
Ms = modified starch, CH source = carbohydrate source. Carbohydrate, potein and fat concentration in gm/100 mL,
electrolytes in mEq/liter, osmolarity expressed in mOsm/kg.
* commonly used in children 1-10 years, + commonly used in adolescents / adults ** Elemental (modified protein)
formula used in children, @ high caloric density formula used in adolescents / adults, # Elemental (modified protein)
formula used in adolescents / adults

8.3.6 Modifying of Enteral Formula (Caloric and Nutrient Density)
Indications:
In children who are unable to take adequate formula volume to meet nutritional needs.
Modified formula provides greater caloric or nutrient density by following methods:
1. Increase concentration:
↑ the amount of formula base or decrease the amount of free water.
2. Supplementation:
Add following macronutrients to ↑ caloric density without increasing other nutrients:
1) Carbohydrate source:
Polycose liquid 2 cal/mL; Polycose powder 3.8 cal/gm (1 tbsp = 6 gm, 23 cal).
2) Fat source:
Microlipid 4.5 cal/mL, Vegetable oil 8 cal/mL, MCT oil 7.67 cal/mL (doesn't contain essential
fatty acids).

Chapter 8

Nutritional Support in Pediatric Patients

265

3) Protein source:
Promod powder 4.2 cal/gm (1 tbsp= 4 gm).
Whole milk: 157 cal / 8oz, protein 8 gm/8oz, fat 8.9 gm/8oz, carbohydrate (lactose) 11 gm/8 oz.

8.3.7 Management of Complications of Tube Feedings
Nausea and Vomiting:
Maintain head of bed elevated and consider prokinetic medications.
Initiate tube feeding at low rates and advance slowly.
Consider alternate feeding routes i.e., duodenal/jejuna routes.
Constipation:
Increase free water intake, choose fiber containing formula, or add fiber or prune juice.
Diarrhea:
Switch to continuous feedings. Begin at slow infusion rate and advance slowly as tolerated.
Reduce feeding rate to a previously tolerated rate, and advance more slowly as tolerated.
Use fiber containing formula or add fiber to the tube feeding.
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Usual postoperative course in cardiac surgery does not require intense mamagement. Infection,
bleeding diathesis, organ dysfunction, or neurological injury may result in prolonged postoperative
illness requiring prolonged supports of renal, cardiovascular, and respiratory systems, and may be
complicated by altered endocrine and metabolic functions. The optimal management of glucose, fluid,
and electrolytes is crucial during prolonged and critical illness. It is important to recognize and manage
endocrine dysfunction of organs such as adrenal cortex, thyroid, pancreas, and pituitary glands in a
prolonged critical illness.

9.1 Adrenal Cortex and Acute Adrenal Insufficiency
Adrenal cortex produces 3 steroid hormones, i.e., glucocorticoids (cortisol), mineralocorticoids
(aldosterone, 11-deoxycorticosterone), and androgens (dehydroepiandrosterone). The primary
hormone of importance in acute adrenal crisis is cortisol.

9.1.1 Physiology of Cortisol
i) Enhances gluconeogenesis:
By proteolysis, protein synthesis inhibition, fatty acid mobilization, and enhanced hepatic amino
acid uptake.
Induces insulin secretion and also decreases insulin sensitivity.
ii) Anti-inflammatory effect:
Stabilizes lysosomes, reduces leukocytic responses, and blocks cytokine production.
iii) Immune modulation:
In cortisol deficiency cell-mediated immunity ↓, but phagocytic activity is preserved.
iv) Miscellaneous effects:
Facilitates free water clearance, enhances appetite, and suppresses adrenocorticotrophic hormone
(ACTH) synthesis.

9.1.2 Physiology of Aldosterone
Aldosterone is released in response to Angiotensin II via the renin-angiotensin-aldosterone axis
activation. It is released in hyperkalemia, hyponatremia, and by dopamine antagonists. Kidney is the
primary target organ and influences reabsorption of sodium and secretion of potassium and hydrogen.
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Aldosterone ↑ activity of enzyme (Na+/K + ATPase) and promotes Na+ transport (reabsorbtion)
and ↑ carbonic anhydrase activity.
The net effect is increased intravascular volume.
The renin-angiotensin-aldosterone system is unaffected by exogenous administration of
glucocorticoids.
ACTH deficiency has a relatively minor effect on aldosterone levels.

9.1.3 Adrenocortical Insufficiency
Adrenocortical insufficiency is clinically classified as a primary and secondary.
i) Primary adrenocortical insufficiency:
Adrenals are unable to meet the physiologic needs despite pituitary release of ACTH.
The etiology of primary adrenocortical insufficiency may be due to one of the following:
a) Infiltrative / autoimmune diseases.
b) Adrenal exhaustion from severe chronic illness.
c) Bilateral massive adrenal hemorrhage (BMAH):
BMAH:
BMAH occurs in severe physiologic stress such as in myocardial infarction, septic shock, and
complicated pregnancy.
It may also be a complication of blood coagulation or thrombo-embolic disorders.
ii) Secondary adrenocortical insufficiency:
1). Exogenous steroids suppresses the hypothalamic-pituitary-adrenal (HPA) axis with decreased
ACTH secretion. The rapid withdrawal of exogenous steroid may precipitate secondary adrenocortical
insufficiency and adrenal crisis.
2). Sudden stress demands increased cortisol requirements in excess of the adrenal glands' ability
to respond. In acute illness, a normal cortisol level may reflect relative adrenal insufficiency.
(I) Incidence
Primary adrenal insufficiency:
It occurs in 19-54% of critically ill patients with septic shock. BMAH was seen in 1.1% of general
hospital autopsies and was demonstrated in 15% of patients dying in a shock.
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Secondary adrenal insufficiency:
Occurs in 31% of patients admitted to a critical care unit. It is noted in 76% of all patients with
septic shock and 0.01-0.1% of patients undergoing cardiac surgery.
(II) Clinical Notes and Highlights
1). Cortisol level is predictive of mortality, and correlation of cortisol level and mortality is U shaped.
Both low and high levels of cortisol are associated with increased mortality. Descending arm of a
mortality curve is due to positive hemodynamic effect (fluid retention, ↑ number of catecholamine
receptors, it’s influence on inotropic and vasopressor responses, and prevention of receptor
destabilization), metabolic, and immunological effects.
2). Severe illness causes relative adrenal insufficiency (AI) as cortisol levels are insufficient to meet
the demands. In severely ill, basal plasma cortisol reponse threshold is 0.68 mmol/L. Cirrhotics are
susceptible to septic shock, and relative AI was observed in 51.5%-68%. The lack of an adequate
cortisol increment was a risk factor for mortality.
Steroid administration was associated with higher shock resolution and survival rate.
3). Transient AI is a cause of refractory shock in preterm and very low birth weight infants.
Therapy with hydrocortisone or dexamethasone is life saving in those not responded to inotropic
agents and volume supplementation.
4). ↓ Adrenal function causes poor outcome of patients with respiratory failure.
Hydrocortisone supplementation ↑ success of weaning from mechanical ventilation.
5). Low-dose steroids restore hemodynamic stability in catecholamine-dependent septic shock.
Therapy should be continued in responders as they suffer from relative AI. Challenge with repeating
low-dose steroids may be tried if hypotension recurs. Administration of hydrocortisone
(i.e., 200–300 mg) does not increase mortality in septic shock. It should be given for patients with
sepsis and shock until the relative AI is excluded.
6). Serum cortisol normally increases in acute stress reactions to infection, shock, burns, surgery, and
trauma. Though hypercortisolemia promotes infections (after long-term therapy), but due to relative AI
in these situations steroid dose should be increased in case of infection, surgery, or any stressful
situation.

Chapter 9

Endocrine and Metabolic Management in Critically Ill

271

(III) Survival
BMAH patients rarely survived before availability of hormonal testing and CT scanning. The
expected survival is 85% for diagnosed and treated BMAH.
Treatment of acute adrenal crisis (AAC) without BMAH has survival similar to severe illness
without ACC. Prompt diagnosis and management of acute adrenal crisis, therefore, is paramount.
(IV) Clinical Diagnosis
The suggestive clinical features of acute adrenal insuffiency are hyperthermia or hypothermia,
unexplained shock, usually refractory to fluid and pressor resuscitation, nausea, vomiting, and
abdominal pain. The chronic adrenocortical insuffiency (Adisson’s disease) develops over months to
years and hyperpigmentation, anorexia, and weight loss are primary symptoms.
A. Clues in History
1) Prior steroid use: 0.3 mg/kg/day (or 20 mg) of prednisone or its equivalent for 5 days during past
12 months. Normally it requires only 1 month to recover adrenal function in patients receiving
physiologic doses.
Inhaled steroids: Use of a high dose (> 0.8 mg/d) over a prolonged duration increases the risk.
Fluticasone may cause suppression of adrenal cortex even at a lower dose.
Topical steroids: Risk of adrenal crisis ↑ if used over a large surface area for a prolonged duration,
and use of occlusive dressings and a highly potent drug.
Adrenocorticotropin therapy: Prior ACTH usage for a known primary or secondary adrenocortical
insufficiency.
2) Anticoagulation and bleeding diathesis.
3) Newborn patient with a complicated pregnancy.
4) Severe physiologic stress: Sepsis, surgery, trauma, and burns.
5) Infective organisms: Haemophilus influenza, Staphylococcus aureus, Streptococcus pneumonia,
meningococcemia, and fungi.
6) Prior drug use:
Ketoconazole, phenytoin, rifampin, and mitotane.
Rapid withdrawal of long-term steroid therapy.
7) AIDS, invasive or infiltrative disorders, and tuberculosis.
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B. Differential Diagnosis
Sepsis and acute abdominal pathologies.
C. Laboratory Diagnosis
1) Serum chemistry:
Abnormalities noted in 56% of patients.
Hyponatremia, hyperkalemia, hypoglycemia, and metabolic acidosis.
Hyponatremia is common but is not diagnostic.
2) Serum cortisol: < 20 mcg/dL in severe stress or after ACTH stimulation is diagnostic.
3) ACTH test: It is dagnostic. (increase of < 9 mcg/dL of serum cortisol above baseline 30 and
60 minutes after ACTH dose of 250 mcg IV in an adult patient (4 mcg/kg in a child).
Notes:
A single measurement of cortisol level is difficult to interpret.
The insulin tolerance test is the golden standard for diagnosis of adrenal insuffiency (AI). The test
is contraindicated in critically ill, cerebrovascular, or cardiovascular or seizure disorders.
4) Cosyntropin test:
High-dose and Low-dose (cosyntropin dose 250 ug and 1 ug,) tests:
In both the tests, ACTH levels ↑ greater than the physiological levels induced by stress
(e.g., surgery).
High-dose test: It is better, but time consuming (plateau reaches about 90 min).
It is good in patients who do not respond to endogenous ACTH.
ACTH concentration ↑ as high as 26-400 pmol/L.
Low-dose test: It is adequate to evaluate AI, and make treatment decisions.
The test is comparable to the insulin–induced hypoglycemia test.
5) Cortisol test: Give a single low dose of hydrocortisone (200–300 mg). A rapid clinical and
hemodynamic improvement suggests relative AI.
6) Complete blood count: Anemia (mild and nonspecific), lymphocytosis, and eosinophilia (highly
suggestive) may be noted.
7) Serum thyroid level: It assesses for multiple endocrine, autoimmune, and infiltrative disorders.
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8) Other studies: These are done to further evaluate and recognize AI.
i) Microbial cultures: Infection is a common cause of acute adrenal crisis.
Blood and other cultures are done as needed.
ii) Radiological imaging:
Abdominal CT scanning and ultrasound: Visualize adrenals for--- hemorrhage, atrophy, infiltrative
disorders, and metastatic lesions. Adrenal hemorrhage appears as hyperdense and bilaterally enlarged
adrenal glands.
Chest radiography: Assess for granulomatous or malignant disease, sarcoidosis, and lymphoma.
D. Electrocardiography
Deep negative T waves were seen in acute adrenal crisis.
Prolongation of the QT interval may induce ventricular arrhythmias.
E. Biopsy and Histolgy
Primary adrenocortical failure: Evidence of infection, infiltrative disease, or other condition.
Secondary adrenocortical insufficiency: Atrophy of the adrenals or no histological evidence.
Bilateral adrenal hemorrhage: Moderate amounts of blood replaces gland tissue.
(V) Treatment
A. High Points
A supra-physiological dose of glucocorticoid is the only definitive therapy.
Dexamethasone: Use as an initial drug of choice. It does not interfere with serum cortisol assay. It
has little mineralocorticoid activity, so fluid and electrolyte therapy is essential. Perform a short
ACTH stimulation test during resuscitation.
After completion of the test give hydrocortisone IV every 6 hours (to provide mineralocorticoid
support)
♥ Do not delay glucocorticoid therapy to wait for results of ACTH stimulation test.
B. Management of Adrenal Crisis
1. Lab evaluation:
Order blood glucose, electrolytes, serum cortisol, and serum ACTH before steriod administration
in all suspected cases. In older children, order serum renin and aldosterone.
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2. Volume expansion:
Administer normal saline (20 mL/kg) to maintain BP, and give D5 NS to maintain blood glucose.
3. Steroids (stress dosing):
Bolus dose: Hydrocortisone IV (4 × 12.5 mg/m²).
(i.e., 4 times the daily maintenance dose of steroid).
Dose in infants: 25 mg of hydrocortisone.
Dose in children: 50-100 mg every 6 hours.
Maintenance: 50-100 mg/m2/24 hours as a continuous infusion or in 4 divided doses.
4. Fluid and electrolyte therapy:
Aggressive fluid replacement is essential with 5% or 10% intravenous dextrose and saline
solutions, i.e.: normal saline (20 mL/kg) to maintain BP and D5 NS to maintain blood glucose.
5. Treatment of hyperkalemia:
Fludrocortisone, a mineralocorticoid, may also be given.
6. Empiric antibiotic thrapy:
Search for a precipitating cause (i.e., infection) and administer antibiotics.
7. Treatment of coagulopathy:
Give fresh frozen plasma to reverse coagulopathy.
8. Inotropic drugs and Vasopressors:
Vasopressors (e.g., dopamine, norepinephrine) are administered to combat hypotension.

9.2

Sodium and Water Metabolism, Juxtaglomerular Apparatus, and
Posterior Pitutary Function

Hyponatremia is the most common in critically ill postoperative patients.
Hyponatremia is defined as a serum sodium of ≤ 135 mEq/L. Total body sodium may be ↑ or ↓ in
the presence of increased extracellular free water.
Increase in total body sodium with ↑ extracellular free water leads to hypotonic hyponatremia, and
normal or ↓ total body sodium with ↓ or normal extracellular fluid leads to hypertonic hyponatremia.
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9.2.1 Hyponatremia
Hyponatremia is divided into hypertonic hyponatremia, normotonic hyponatremia, and hypotonic
hyponatremia depending on the tonicity of the blood.
(I) Hypertonic Hyponatremia
Total body sodium is normal, but serum sodium falls due to other osmoles in the serum. Serum
osmolarity is increased, and water shifts from the intracellular compartment to extracellular
compartment. Other osmotic molecules include glucose, mannitol, or maltose.
The relationship of blood glucose / serum sodium:
Serum sodium ↓ by 1.6 mEq/L for each 100 mg/dL of serum glucose > 100 mg/dL.
Serum sodium ↓ by 2.4 mEq/L for each 100 mg/dL of serum glucose > 400 mg/dL.
(II) Normotonic Hyponatremia
Total body sodium is normal, but serum sodium falls with a normal serum osmolality.
The plasma water fraction (normal 92-94% of plasma volume) falls with ↑ in fats and proteins as
seen in hyperlipidemia and paraproteinemia (pseudohyponatremia).
(III) Hypotonic Hyponatremia
Serum sodium falls with decreased serum osmolality.
The kidneys are unable to handle excretion of free water to match oral intake.
The status of effective intravascular volume divides hypotonic hyponatremia into: a) Hypovoemic,
b) Hypervolemic, and c) Euvolemic.
A. Hypovolemic Hypotonic Hyponatremia
Indicative of hypovolemia and concomitant solute depletion.
1. Consequent to depleted intravascular volume, ↑ sympathetic tone, and ↓ stretch on the
baroreceptors (the great veins, aortic arch, and carotid bodies) results in decreased renal perfusion with
↑ renin, angiotensin, and aldosterone secretion.
2. Consequently sodium absorption ↑ in the proximal tubules of the kidney with ↓ delivery of
solute to distal diluting segments causing ↓ renal free water excretion.
3. Concomitant and appropriate ↑ in serum ADH, further impairs free water excretion.
4. Angiotensin is a potent stimulant for thirst with ↑ free water intake and limited water excretion.
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All above mechanisms lead to hypovolemic hyponatremia.
Cerebral salt wasting (CSW):
5. After neurologic procedures (or cerebrovascular problems, ↑ ICP, intracranial hemorrhage, etc)
despite ↓ plasma volume, serum renin and aldosterone levels fail to rise appropriately due to
disrupted sympathetic neural input into the kidney causing CSW.
6. Release of one or more natriuretic factors also cause renal salt wasting seen in CSW.
7. Volume depletion leads to ↑ plasma vasopressin levels and ↓ free water excretion.
Distinguishing between CSW and SIADH is challenging.
Fluid restriction is the treatment of choice in patients with SIADH.
Infusion of isotonic saline to correct the volume depletion is effective in reversing the hyponatremia
in CSW, and euvolemia will also suppress the release of ADH.
Medications associated with hypovolemic hyponatremia:
Chlorpropamide (potentiates renal action of ADH).
Carbamazepine (possesses antidiuretic property).
Diuretics: Thiazides, in contrast to loop diuretics, impair the ability to excrete free water and more
prone to cause hyponatremia than loop diuretics.
Desmopressin: Hyponatremia is a common adverse effect (acts as a pure V2 agonist).
The treatment of choice for hypovolemic hypotonic hyponatremia is saline infusion.
B. Hypervolemic Hypotonic Hyponatremia
Total body sodium increases with increased body water, and is recognized by clinically detectable
edema or ascites.
E.g., Congestive heart failure, liver cirrhosis, nephrotic syndrome, and hypoproteinemia (albumin
level < 1.5-2 g/dL).
Decrease in effective circulating volume stimulates physiologic mechanisms of impaired water
excretion as seen in hypovolemic hypotonic hyponatremia.
The treatment is free water restriction and diuresis to induce negative water balance.
Note: In renal failure and hyponatremia, serum osmolality may be normal or high due to urea
retention. But it should be treated as per hypotonic hyponatremia.
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C. Normovolemic Hypotonic Hyponatremia
This is a very common cause of hyponatremia in the hospitalized and ICU patients.
It is due to non-osmotic and non-volume related vasopressin (SIADH) secretion.

9.2.2 Syndrome of Inappropriate ADH Secretion (SIADH) and Hyponatremia
It is characterized by retention of water, loss of sodium, (hypotonic hyponatremia), inappropriately
concentrated urine in the presence of hypervolemia or normovolemia with a normal renal, adrenal, and
thyroid function.
Water retention and sodium loss are due to sustained endogenous release of ADH or ADH-like
substances without normal physiological or pharmacological stimuli to ADH release. It is often a
self-limited disorder that lasts only a few days or weeks.
(I) Incidence
SIADH is associated with many surgeries, including cardiothoracic and neurologic, patients on
positive-pressure ventilation, anesthetic agents, and tumors (e.g., carcinoma of the bronchus).
(II) Pathophysiology of SIADH:
The following are implicated in the etiology of SIADH:
A. Ectopic production of ADH.
B. Osmotically inappropriate secretion of ADH by the neurohypophysis.
C. Hypoxia and ↓ venous return resulting in congestion of neurohypophysis.
(occurs in some cardiopulmonary conditions)
D. Altered osmoregulation of ADH release by hypothalamus (CNS injury).
ADH is synthesized in the supraoptic and paraventricular nuclei of the hypothalamus, and is
transported in active form and is stored in the posterior pituitary..
ADH secretes normally in response is to ↓ intravascular volume and hyperosmolar serum. ADH
acts on cells of the distal renal tubules and collecting duct via the cAMP pathway. An increased level
of cAMP ↑ free water absorption.
(ADH is also a potent vasoconstrictor at 2.5 to 20 pg/mL, a supraphysiological range).
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SIADH (due to non-osmotic release), ↑ water in the extra and intracellular compartments.
Increased plasma and ↑ ECF (extracellular fluid) decreases renin activity and aldosterone levels, with
↑ urinary Na excretion.
The decreases in plasma sodium and other solutes such as blood uric acid and urea also occurs.
(III) Clinical Symptoms and Diagnosis
Headache, muscle cramps, anorexia, nausea, vomiting, confusion, coma, convulsions, and death.
Some or all of the above symptoms are difficult to evaluate in infants and children.
The first sign of SIADH is ↓ urine output with an associated ↑ urine specific gravity. Close
observation of ↓ urine output and ↓ serum sodium may help diagnose SIADH early.
Constellation of signs in SIADH:
Serum hypoosmolality (< 275 mOsm/kg).
Inappropriate urinary concentration (urine osmolality > 100 mOsm/kg).
↑ urinary excretion of sodium in absence of renal disease / hypovolemia.
Exclude hypovolemic hypotonic hyponatremia, renal, adrenal, or thyroid dysfunction.
Exclude any medication that might cause hyponatremia.
Perform an additional workup if urine output is decreased and with increased urine specific gravity.
Check serum level of sodium. If the level is less than 130 mEq/L, check serum and urine osmolality
and urine sodium
If serum osmolality is < 275 mOsm/kg H2 O, and urine osmolality is > than 100 mOsm/kg with
urine Na > 20 mEq/L, assess the intravascular fluid volume directly by CVP or challenging with a
bolus of fluid.
Confirmation of a diagnosis of SIADH:
The diagnosis of SIADH is confirmed if the following criteria are met:
a) CVP is high normal or high, and no change in urine osmolality in response to fluid challenge.
b) Normal function of kidneys, adrenals, and thyroid gland.
c) Rule out other causes of SIADH.
ADH level is elevated immediately after surgery and 6 hours postoperatively.
Serum osmolality decreases below normal within 6 hours after surgery.
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Close observation of decreases in urine output and the serum level of sodium may help diagnose
SIADH early.
ADH may rise postoperatively as a physiological response to hypovolemia or hypotension.
(IV) Differentiatial Diagnosis of SIADH
The SIADH should be differentiated from following causes of hypotonic hyponatermeia:
1. Hypothyroidism and adrenal insufficiency (primary or secondary): Increase in nonosmotic
vasopressin release and ↓ sodium reabsorption, cause hypotonic hyponatremia. Random cortisol level
check is misleading in acute illness if it is normal (should be high). Adrenal insufficiency and
hypothyroidism should be part of the hyponatremic workup, and hyponatremia responds promptly to
hormone replacement.
2. Iatrogenic infusion: Most common precipitant in surgical patients is infusion of hypotonic fluids,
coupled with non-osmotic release of ADH (occur a few days after most surgeries) causing free water
retention and hyponatremia. Acute hyponatremia is very common also among hospitalized children
and adults.
3. NSAIDs: Inhibit prostaglandin formation. Depletion of prostaglandins ↑ NaCl reabsorption
(prostaglandins are natriuretic) in ascending limb of Henle and consequent ↑ medullary tonicity and ↑
ADH action on collecting duct.
4. Nephrogenic syndrome of inappropriate antidiuresis (or NSAIDs):
It is heriditary disorder. SIADH-like clinical and laboratory picture in male infants with neurologic
symptoms due to hyponatremia are present. But plasma arginine vasopressin (AVP) levels are
undetectable. Mutations cause V2 receptor activation, and ↑ cAMP in the collecting duct principle
cells increases water absorption. Water restriction improves serum sodium levels and osmolality.
Current treatment is fluid restriction and urea administration to induce osmotic diuresis.
5) Other causes:
a) Severe malnutrition (low protein and high water intake diet).
b) Compulsive free water intake exceeding the dilutional capacity of the kidneys (> 0.3 L/kg/day)
with a mandatory solute loss of 50-100 mOsm/kg in urine limits the ability of the kidney to handle the
free water. It can produce hyponatremia. In contrast to SIADH, the urine is maximally dilute.
c) Primary polydipsia: A central defect in thirst regulation and abnormalities in ADH regulation
impairs free water excretion as seen in psychotic patients.
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d) Hyponatremic-hypertensive syndrome: It is a rare syndrome, characterized by severe hypertension
with renal artery stenosis, hyponatremia, hypokalemia, and severe thirst. Other manifestation is renal
dysfunction with natriuresis, hypercalciuria, renal glycosuria, and proteinuria. Angiotensin mediated
thirst and nonosmotic release of vasopressin provoked by angiotensin II are likely mechanisms causing
pressure natriuresis (sodium depletion) and hyperaldosteronism (potassium depletion). The plasma renin
activity is high. The correction of the renal artery stenosis resolves the problem.
The following are established criteria for diagnosis of SIADH:
i) Normal hepatic, renal, and cardiac function.
ii) Normal thyroid and adrenal function.
iii) Hypotonic hyponatremia and clinical euvolemia or absence of intravascular volume depletion.
iv) Urine osmolality > 100 mOsm/kg. It is generally > 400-500 mOsm/kg with a normal renal function.
v) Urinary sodium > 20 mEq/L on a normal salt diet (or on a routine balanced salt IV infusions).
vi) ↓ Serum uric acid (↓ uric acid reabsorption parallels ↓ proximal tubular sodium reabsorption).
(V) Treatment of SIADH
Eliminate the cause of SIADH: i.e., Drug, disease, or tumor etc.
Avoid volume expansion in SIADH.
In CNS disorders, it can be acute and self-limited and remits spontaneously within 2 or 3 weeks.
One may wait for the inappropriate ADH secretion to cease, but hyponatremia should be treated.
Type of treatment of hyponatremia is dictated by severity.
i) Mild hyponatremia with minimal symptoms:
Decrease in the intake of free water and increase in oral intake of salt may be adequate.
ii) Severe hyponatremia and CNS manifestations:
Controversy exists on the rate and level of sodium that is to be corrected.
The objective is to increase the plasma osmolality.
Rapid correction causes a demyelinating disease (CPEM), producing quadriparesis, mutism,
pseudobulbar palsy, seizures, and death.
Risk of CPEM is greater if serum Na+ is corrected > 12 mEq/L in 24 h or 18 mEq/L in 48 h.
Duration of hyponatremia is, therefore, important in deciding rate of correction.

Chapter 9

Endocrine and Metabolic Management in Critically Ill

281

Acute (< 48 hours) postoperative hyponatremia has ↑ risk of complications from hyponatremia per
se, therefore, rapid correction in acute process is rarely associated with demyelinating complications.
Chronic hyponatremia should be corrected in a controlled fashion.
The maximal ‘serum Na+ correction rate is < 0.5 mEq/L per hour or total correction of
< 12 mEq/L in the first 24 hours and < 18 mEq/L in the first 48 hours.
Monitor serum serum Na+ and urine output to stop treatment promptly if SIADH acutely remits,
especially if hypertonic saline (i.e., 3%) is used.
Drug therapy of SIADH:
1) Lithium carbonate and demeclocycline:
These drugs increase excretion of free water by blocking ADH effect on the collecting duct.
The drug use is associated with risk of severe complications. These are indicated, therefore, only in
situations below.
a) Patients in whom ↑ salt intake and water restriction is contraindicated or not tolerated.
b) Failure of conventional therapy.
2) ADH antagonists (or arginine vasopressin (AVP) antagonist, vaprisol):
It treats severe hyponatremia quickly. It is used for management life-threatening sodium/water
imbalance in euvolemic and hypervolemic hyponatremia.
3) Vasopressin receptor antagonists:
Intravenous conivaptan is a vasopressin receptor (V1A and V2 receptors) antagonist. Oral tolvaptan
selectively inhibits the binding of arginine vasopressin (AVP) to the V2 receptor and has greater
affinity for the receptor than that of AVP. Both conivaptan and tolvaptan induce excretion of
electrolyte-free water and are used for management life-threatening hyponatremia in euvolemic and
hypervolemic hyponatremia.

9.2.3 Diabetes Insipidus (DI)
DI is either acquired, idiopathic, or inherited as an autosomal dominant or a recessive trait.
(I) Physiology of ADH
Hypothalamus regulates ADH (vasopressin) secretion in response to ↑ plasma osmolality, ↓ arterial
pressure, and ↓ blood volume.
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There are three subtypes of vasopressin target organ receptors:
1. V1 : Vascular bed (mediating vasoconstriction).
2. V2 : Kidney (water reabsorption).
3. V3 : central nervous system effects.
Plasma ADH is transported to receptor (V2 ) sites on the collecting duct (CD) cell membrane.
Activation of vasopressin receptor occurs through a G protein-adenylate cyclase coupling and causes
↑ cyclic AMP production and stimulates protein kinase A. This in turn leads to ↑ recycling of the
protein aquaporin or exocytic insertion of aquaporin into the luminal surface of CD cell membrane.
Aquaporin ↑ water entry into the cell from the lumen of collect duct and concentrates urine by
water reabsorbtion.
In central diabetes insipidus (ADH deficiency or resistance) CD is unable to concentrate urine.
Reabsorbtion of most of solutes (sugars, amino acids, electrolytes) is complete by the time the urine
has reached CD segment of the nephron. The inability to conserve water depletes body water but
leaves sodium unaffected. The result is an extremely diluted and increased urine output, resulting in
hypernatremia. Polydipsia follows as the thirst mechanism urges replenishment of body water.
Nephrogenic diabetes insipidus (NDI): It is due to defective or absent (V2 ) receptor sites on CD. It
is either x-linked or autosomal dominant / recessive defect. X-linked variety accounts for about 90%
of NDI cases.
(II) Causes of Diabets insipididus (DI)
1) Acquired- nongenetic:
Destruction of paraventricular or supraoptic nuclei of hypothalamus or posterior pituitary by ↑
intracranial pressure (ICP), tumor, or ablation. All lead to ↓ vasopressin secretion.
2) Inherited (genetic):
A. Central Diabetes Insipidus (CDI)
i) Autosomal dominant: Mutation in arginine vasopressin (prepro-AVP2 ) gene.
ii) Autosomal recessive: Wolfram syndrome.
Both result in ↓ vasopressin secretion. CDI is also associated with diabetes mellitus, optic atrophy,
and mental retardation.
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B. Nephrogenic Diabetes Insipidus (NDI)
X-linked: Mutations occur in arginine vasopressin receptor V2 (AVPR 2 ) gene,
Autosomal: It is either dominant or recessive due to mutations in aquaporin gene (AQP2 ).
(III) Diagnosis of DI
Diagnosis of DI may be difficult in infants and children due to lack of specific signs, therefore, high
index of suspicion are warranted. Central diabetes insipidus (CDI) tends to develop rather suddenly.
1. The earliest signs:
Young infants: Vigorous suck with vomiting, fever without apparent cause, constipation, and
excessively wet diapers from urination.
Older infants and children: Irritability (due to moderate dehydration and hypernatremia), fever,
nocturia, and fecaliths may be palpable in the abdomen.
The severely dehydrated patients have rapid and thready pulse, hypotension, and may progress to
hypovolemic shock.
2. Laboratory Investigations:
A) Specific gravity of first morning urine.
B) Serum Na+ and osmolarity.
C) Blood urea.
D) 24 hour urine collection.
Dilute urine, with high serum sodium and osmolarity establishes the diagnosis.
Serum Na+ may be as high as 170 mEq/L and serum osmolarity > 300 mOsm/kg.
Prerenal azotemia (↑ blood urea) is present with severe dehydration.
24-hour urine (total) output is high, and with decreased urine osmolar (solute) excretion / day.
Serum K + and Serum Ca2+ levels and polyuria: Some of the patients with hypokalemia or
hypercalcemia exhibit polyuria as they interfere with urine concentration. Some infants may exhibit
constitutional hyposthenuria normally, and distinguishing from pathological inability to concentrate
urine is difficult.
The definitive diagnostic study is the water deprivation test, and is used to confirm the diagnosis.
To distinguish between CDI and NDI, response to a vasopressin analogue is indicated.
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3. The water deprivation test:
Obtain baseline urine and blood for osmolality and electrolytes. Deprive the patient of water after
breakfast until significant dehydration occurs.
(Limit water deprivation to 4 hours for infants and 7 hours for children).
Limit dehydration to 2-5% loss of body weight, and weigh the patient every 2 hours. Monitor urine
specific gravity hourly; if the specific gravity is ≥ 1.014, terminate the test, and obtain urine and blood
specimens for osmolality.
But if polyuria persists despite dehydration, administer intranasal desmopressin and replace urine
output with fluids. After 4h (2h in infants), obtain urine and blood for osmolality.
Interpretation of the test:
The normal response to dehydration or desmopressin acetate (DDAVP):
a) Urine osmolality > 450 mOsm/kg.
b) Urine / serum osmolality ratio: ≥ 1.5.
c) Increase in urine / serum osmolality ratio from baseline of 1.0 or more.
A normal response: Central diabetes insipidus (CDI) and psychogenic diabetes insipidus.
Abnormal response (no response): Nephrogenic diabetes insipidus (NDI).
(IV) Treatment of Diabetes Inspidus
1. Fluids:
In addition to maintaining fluid balance, decrease insensible water loss (by limiting activity),
especially in presence of massive urinary water loss. Heat exposure should also be minimized.
2. Diet:
In infants, provide a breast milk diet to decrease solute load. Protein should comprise 6% of caloric
intake. Reduce sodium to 0.7 mEq/kg/day. In children, 8% of caloric intake is given as protein to
enable normal growth. Reduce sodium to 0.7 mEq/kg/day.
3. Medications:
Desmopressin: It is a medication of choice for central diabetes insipidus (CDI).
Desmopressin is not effective for nephrogenic diabetes insipidus (NDI) as receptor sites in the
kidney are unresponsive.
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Desmopressin is available in parenteral, intranasal, and oral dosage. Correctly calculate the dose as
it varies depending on the preparation used.
4. Other medications:
Chlorpropamide and thiazide diuretics:
Results in a 25-75% reduction in urine volume and can be used in combination with each other in
CDI.
Thiazides, amiloride, and indomethacin or aspirin: These drugs combined with a low-solute diet
may be useful in NDI.
A. Pituitary hormones:
i) Desmopressin acetate (DDAVP)
It is a synthetic vasopressin analogue (arginine vasopressin) of pituitary ADH.
Increases water resorption (ADH effect) at distal renal tubular epithelium, It has no vasopressor
effect. It has very short natural half-life, and is safely used also in distingushing CDI from NDI.
Drug is supplied as parenteral (4 mcg/mL), nasal (100 mcg/mL rhinal tube), and oral (0.1 - and
0.2-mg tab) forms.
Pediatric:
IV/SC: 0.05-0.5 mL/day (0.2-2 mcg/day) divided b.i.d.
Intranasal: 0.05-0.3 mL/day (5-30 mcg/day) q. dalily or divided b.i.d. / t.i.d.
Oral (children > 4 years): 0.05-0.2 mg/day divided b.i.d. / t.i.d.
Adolescents and adults:
IV/SC: 0.5-1 mL/day (2-4 mcg/day) divided b.i.d.
Intranasal: 0.1-0.4 mL/day (10-40 mcg/day) divided b.i.d. / t.i.d.
Oral 0.1-1.2 mg/day divided b.i.d. / t.i.d.
ii) Vasopressin (pitressin):
↑ Water resorption at distal renal tubular epithelium and collecting ducts.
(ADH effect): ↑ vasoconstriction of renal tubular, coronary, cerebral, pulmonary, portal, intrahepatic,
splanchnic, and peripheral vessels.
Use only the aqueous preparation which has a short half-life.
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Vasopressin tannate in oil which has a longer action should not be used.
Pediatric:
IV: 0.5 mU (0.0005 unit)/kg/hour is given as a continuous, infusion initially.
Dilute in 0.9% NS or D5W to make 0.1-1 U/mL.
Dosage may be doubled q. 30 min prn; not to exceed 10 mU/kg/h.
IM/SC: 2.5-10 U b.i.d. /q.i.d. prn.
Adult:
IV: As in pediatrics, 0.5 mU (0.0005 unit)/kg/hour is given as a continuous infusion, initially.
Dilute in 0.9% NS or D5W to make 0.1-1 U/mL.
Dosage may be doubled q. 30 min prn; not to exceed 10 mU/kg/h.
IM/SC: 5-10 U b.i.d. / q.i.d.; not to exceed 60 U/day.
B. Diuretic agents:
i) Thiazides (hydrochlorothiazide):
↑ iso-osmotic NaCl reabsorption in proximal tubule with ↑ water absorption.
↓ delivery of Na and ↓ delivery of free water to the distal tubule, and ↓ water loss from collecting
ducts.
Pediatric:
< 2 years: 2-4 mg/kg/day PO divided b.i.d. /q.i.d. (not to exceed 37.5 mg/day).
> 2 years: 2-4 mg/kg/day PO divided b.i.d. /q.i.d. (not to exceed 100 mg/day).
Adult:
25-50 mg/daily PO.
ii) Amiloride (Midamor):
Potassium-sparing diuretic and ↓ risk of hypokalemia in combination with thiazide. Amiloride and
hydrochlorothiazide are synergistic with respect to antidiuresis.
Pediatric:
Titrate dose gradually, not to exceed 20 mg or 1.73 m2/day PO divided b.i.d. /q.i.d.;
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Adult:
5-10 mg/day PO, not to exceed 20 mg/day.
C. Nonsteroidal anti-inflammatory agents:
Act synergistically with thiazides to diminish urine volume. Precise mechanism is unknown.
Indomethacin (Indocin):
Nonsteroidal prostaglandin inhibitor with antipyretic properties.
Pediatric:
< 2 years: Not usually recommended.
> 2 years: 2 mg/kg/day PO divided b.i.d. /q.i.d. doses; not to exceed 150 mg/day.
Adult:
25 mg PO b.i.d. /q.i.d. not to exceed 200 mg/day.
D. Sulfonylurea compounds:
Cause a syndrome identical to inappropriate ADH secretion.
Alternative Rx to desmopressin and can be used in combination with thiazide diuretics.
Chlorpropamide (Diabinese):
In CDI, interacts with the renal receptors and promotes renal response to ADH.
Pediatric:
Initial dose: 50 mg/day PO, may increase by 50 mg/day increments every 3-5 days. The total dose
should not exceed 150 mg/day.
Carefully monitor blood glucose.
Adult:
Initial dose: 150-250 mg/day PO, increase in 50 mg/day increments every 3-5 days. Total dose
should not to exceed 750 mg/day.
Clinical notes on Vasopressin:
Vasopressin and its analogs were studied for treatment of relative vasopressin deficiency states as
in sepsis, vasodilatory shock (VDS), intraoperative hypotension, and cardiac resuscitation.
i) Vasopressin infusion (0.01-0.04 U/min) ↓ catecholamine requirements in VDS and sepsis. A
bolus dose of (1 mg) of terlipressin (V1 agonist) reverses refractory hypotension in the following:
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Intraoperatively in anesthetized patients, septic shock, and chronic liver failure.
ii) During CPR, a 40-U bolus replaces 1st or 2nd bolus doses of epinephrine, regardless of the initial
rhythm.
iii) Vasopressin (VP) is also a 'rescue' pressor agent (short term resuscitation benefit) in the setting
of prolonged out of hospital CPR for ventricular fibrillation in adults.
iv) VP may be beneficial during prolonged pediatric cardaic arrest in the following conditions.
(Failure of conventional CPR, advanced life support, and epinephrine therapy.)
v) VP infusion is routine treatment for DI during brain death evaluation and organ recovery, and a
low dose infusion exerts a pressor effect, without major organ toxicity. VP infusion allows weaning
from alpha agonists without adverse affect on transplant organ function.

9.3

Thyroid Functional Abnormalities

Hypothalamic-pituitary-thyroid axis disturbance are seen in ICU patients.
Thyroid hormones are involved in the function of following:
1) Cardiovascular system (↑ heart contractility, ↑ cardiac output, and ↓ vascular tone).
2) Respiratory system (ensures central respiratory drive).
3) Skeletal muscles (prevents muscle weakness and myopathy).
Absence or ↓ thyroxine (T4), ↓ triiodothyronine (T3) → heart dysfunction and ventilation problems.
Chronic hypothyroidism leads to decrease in cardiac output and increase in systemic vascular
resistance.

9.3.1 Physiology of Thyroid Hormone
Sequential deiodination metabolizes T4 to T3 (3, 5, 3’-tri-iodothyronine) or
(3, 3’-di-iodothyronine), then monoiodo-thyronines and thyronine.

T2,

> 40% of secreted T4 is mono-deiodinated in the 5' position to yield T3 (3, 5, 3’-tri-iodothyronine).
A similar or less amount of T4 is mono-deiodinated in the 5 position to yield rT3
(3, 3’, 5’-tri-iodothyronine).
♥ During illness T4 is disproportionately shunted to produce rT3, and cannot be converted back to
active form of T3, but only be deiodinated to T2.
Euthyroid sick syndrome or Sick euthyroid syndrome (ESS or SES):
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Most of the normal T3 is produced as a result of peripheral 5’-deiodinationof T4.
During severe illness, changes occur in T4 metabolism causing ↓ T3 and ↑ reverse T3 (rT3)
production. The changes in T4 metabolism are either due to ↓ function of 5’-deiodinase (type 1) or ↑
production of rT3, or ↓ elimination of rT3/ or induction of type 3 deiodinase.
T3/rT3 ratio is reduced but with a low or normal TSH and T4 levels.

9.3.2 Euthyroid Sick Syndrome and Cardiopulmonary Bypass
Cardiopulmonary bypass leads to functional hypothyroidism characterized by ↓ T3 and ↑ reverse T3.
Low T3 causes hemodynamic consequences similar to that of chronic hypothyroidism. T3
supplementation to the ischemic and injured heart increases ventricular contractile performance. T3
supplementation after cardiac surgery improves hemodynamics and morbidity and mortality.
♥ Routine administration of T3 to patients undergoing cardiac surgery is not recommended. In
animal experiments, T3 repletion ameliorates postischemic cardiovascular dysfunction. T3 helps in
weaning from CPB in weaning failures despite maximal inotropic support.
0.8 microgram/kg dose of T3 ("rescue" agent) increases cardiac output and decreases systemic
vascular resistance (SVR) in the post-ischemic CPB. T4 reduced vasopressor needs in children with
cessation of hemodynamic instability.

9.3.3 Low T3 Syndrome
Etilogy: Acute episode is due to relative hypotension to the hypothalamic–pituitary axis and
cytokine-mediated suppression of T3 production.
The cytokines (including IL-6, IL-1, and tumor necrosis factor-α) suppress 5' deiodinase, leading to
shunting of T4 into rT3, which suppresses TSH.
Low T3 syndrome is differentiated from the ESS by measuring reverse T3 levels.
Deficit in T3 production also leads to ↓ r T3, but in ESS rT3 levels are elevated.
Low T3 syndrome is a strong predictor of death in cardiac patients.
Free T3 (fT3) < 3.1 pmol/L was the most important predictor of cumulative death. Low fT3 levels
are seen in NYHA class III-IV as compared to NYHA I and II.
T3/rT3 ratio and T4 levels were predictive for mortality.
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9.3.4 Treatment Considerations, Morbidity, and Survival
Combination T4/T3 therapy might be of value during the period of decreased production. Maintain
the T4, the 'storage form' of the hormone in the normal range.
It is conventional to not to treat ESS with levothyroxine because it will all be shunted into rT3. One
might treat ESS in cardiac patients with T3 (and not T4) to facilitate cardiac recovery. T3 improves
hemodynamic parameters after open-heart surgery. T3 administration after an acute MI is associated
with a better left ventricular ejection fraction. Increasing CPB time is associated with decreasing free
T3 and TSH hormones. T3 replacement benefits infants after prolonged post-CPB. Infants on
ventilation 48 hrs, the free T3 levels are lower (0.9 pmol/L) than those extubated earlier. T3
replacement ↑ myocardial performance, ↑ recovery of circulating levels of T3, and ↑mixed venous
oxygen saturation (SaO2).
There is no convincing study to demonstrate T3 usag improves clinical outcome in children. More
studies are needed for T3 supplementation in children undergoing open-heart surgery.
i) Open-heart surgery in neonates:
Decrease in free thyroxine (FT4) and ↓ TSH are due to the severity of illness and complicated
postoperative course.
FT4 was lower in group with high inotropic support, higher risk score for mortality, and longer
duration of ventilation.
ii) Intensive care unit patients:
The mortality may be predicted as non-survivors have ↓ TSH and ↓ total T3, but there are no
differences in total and free T4 levels.
♣ 49% increase in odds of deceased survival for every 10 ng/dL ↓ in serum total T3 level is
observed.
iii) Patients with cardiac arrest or myocardial infarction:
Nonsurvivors have lower T3 level than survivors (0.72 vs 0.9 ng/mL).
Low total T3 correlates with severity of myocardial infarction.
iv) Duration of cardiopulmonary resuscitation:
Longer resuscitation decreases serum T3 levels without increase in serum TSH and may be related
due to ESS.
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v) Severe or critical illness:
Impaired function of the hypothalamus and inappropriate secretion of TSH leads to low TSH levels
and pulsatile pattern of secretion is lost. But the infusions of TSH and GH (growth hormone)
releasing peptide-2 (GHRP-2) stimulates pulsatile TSH secretion. Administration of TRH alone
elevates the TSH, T3, and T4.
The hormonal supplementation as a combined treatment with TRH, gonadotropin releasing
hormone (GnRH), and GHRP-2 activates pituitary-thyroid axis and produces anabolic effects (↑ levels
of testosterone, estradiol, and osteocalcin; decrease in urea genesis). Further studies are needed to
prove its efficiency in reducing mortality.
vi) Thyroid hormones:
1. Controversial for use in ICU patient with ESS, as it is easier to diagnose ESS than to treat it
properly. Watch and wait strategy and avoiding hormone Rx is reasonable option in many cases.
Patients on dopamine and steroids have low TSH levels and exercise caution in treatment of ESS,
which may further decrease TSH levels.
2. T 4 infusion stabilizes cardiovascular system in organ donors and need ↓ doses of vasopressors.
3. Rx with T3: ↑ Function of left ventricle after ischemic injury and cardiac surgery in children.
4. Substitute thyroid hormones to facilitate cessation of the mechanical ventilation if hypothyroidism
is diagnosed (about 3% of the ICU patients).
5. Hepatic deiodinase is a selenoprotein and sensitive to selenium deficiency.
Selenium supplementation → quicker normalization of T4 and rT3 levels.

9.4

Insulin and Blood Glucose Control

Hyperglycemia (↑ blood glucose) in the severely ill is due to production of endogenous glucose
and insulin resistance. Blood glucose (BS) level in severely ill patients was 50% higher than in the
healthy. But basal and total parenteral feeding induced insulin in severely ill was also 3 times higher.
The mortality in critically ill increases in parallel with the mean blood glucose level.
The mortality is lowest of 9.6% with BS in a range of 4.4–5.5 mmol/L (80-100 mg %). The
mortality is highest 42.5% with BS level > 16.7 mmol/L (300 mg %). The mortality is also high with
BS < 4.4 mmol/L vs 4.5–5.5 mmol/L (22.9% vs 9.6% respectively) due to episodes of hypoglycemia
and underlying disease.
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9.4.1 Consequences of Hyperglycemia
i) Impaired cytokine network:
Enhances pro-inflammatory response, induced by tumor necrosis factor and interleukin-(IL-6).
Accelerates apoptosis due to ↑ free radical formation, and increases risk of septicemia. Alters function
of leukocytes with defective opsonic activity. Causes excessive immunoglobulin glycation and
inactivation.
ii) Multiple organ failure (MOF):
The production of endothelial NO (nitiric oxide) decreases due to increased asymmetric
dimethylarginine (ADMA) and increased endothelial NO synthatase (eNOS) inhibitor. As a
consequence, hypercoagulable state ensues with platelet hyperactivity.
The organ damage during ischemia or reperfusion is due to induction of inhibitor NO synthatase
(iNOS). iNOS mediates inflammatory response and results in liberation of ↑ amounts of adhesion
molecules such as ICAM-1 and E-selectin.
Hyperglycemia may be corrected by intensive insulin treatment. It should be understood that
insulin not by itself, but lowered BS level is beneficial.
Improved blood glucose levels leads to the improvement in patients’ outcome.

9.4.2 Insulin Treatment Protocols
Two regimens exist to manage hyperglycemia during postoperative period or critical illness.
(I) Intensive Insulin Treatment Protocol
The objective of this protocol is to maintain blood glucose level between 4.4 and 6.1 mmol/L
(80-110 mg %).
(II) Conventional Insulin Regimen
In this regimen, blood glucose level is maintained between 10 and 11.1 mmol/lL or (180-200 mg %).
Insulin is administered if glucose level is > 11.9 mmol/L (215 mg %).
(III) Advantages of Intensive Insulin Treatment
It may be used in surgical intensive care patients. It results in 42% decrease in mortality in the intensive
care unit treated patients as compared to those without this treatment (mortality 4.6% vs. 8.0%), and the
benefit is pronounced if the intensive care unit stay is > 5 days (mortality 10.6% vs. 20.2%).
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There is 46.0% reduction in the incidence of septicemia.
There is 22.0% reduction in the risk of polyneuropathy.
Shorter duration of intensive care unit stay is observed than conventionally treated patients
(12 vs. 15 days).
This regimen has prevented renal failure and reduced the need for blood transfusions, due to ↓
hemolysis or ↓ toxic effect of elevated glucose level on hemopoiesis.
Above beneficial effects may also be seen in the medical ICU patients with noted events such as:
i) Earlier weaning from mechanical ventilation and earlier discharge from ICU and the hospital, but
no reduction in hospital mortality or mortality in the ICU at day 3.
ii) 11.0% reduction in mortality in 3 to 4 yrs in diabetics with myocardial infarction.
iii) 15.0% reduction in short-term mortality.
(IV) Sliding Scale Insulin Regimens
These are beneficial for diabetics, crtically ill, and postoperative patients with hyperglycemic episodes.
The regimens provide no benefit in diabetics if used without a standing dose of intermediate-acting
insulin. The sliding scale is empirical only and be adjusted per patient weight, disease, and activity.
1. Daily insulin requirement in diabetic patients:
Type I diabetes mellitus = 0.6-0.7 u/kg BW/day.
Type II diabetes mellitus = 0.3 u/kg BW/day.
Sliding scale insulin covers as units per glucose elevations of 50 mg/dL > 150 mg/dL.
The lower dose of insulin is used in the following conditions:
a) Type I diabetes mellitus (lower weight patient).
b) Renal failure (50% of Insulin is excreted by kidney).
The higher dose of insulin is used in the following conditions:
a) Type II diabetes mellitus (increased weight patient).
b) Corticosteroid use and sepsis or severe illness.
2. Sliding scale insulin protocols:
Use regular or rapid acting insulin as bolus every 4-6 hours.
Insulin (dose) schedule varies depending on sensitivity for insulin (see Table 9.1).
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Table 9.1 Insulin sensitivity and insulin sliding scale.
Regular Insulin Dose
*Very low

Medium

+ High

BG in mg/dL

Units

Units

Units

150-199

0.5

2

3

200-249

1

3

4

250-299

1.5

5

7

300-349

2

7

10

> 350

2.5

8

12

BG= blood glucose, * insulin sensitive, + insulin resistant

Above sliding scale may be modified by estimating insulin sensitivity:
Use a "rule of 1800" to calculate the dose.
BG change per unit of insulin = 1800/total insulin required daily for BG control.
If 45 units/day controls BG, (1800/45) = 1 unit drops BG 40 mg/dL.
3. Insulin protocol in Prior diabetics:
i) Basal Insulin should not be eliminated even to those not eating, and if the patient is on Lantus
before, continue at a usual dose.
If the patient is on NPH before use a.m dose at 50% of usual dose, p.m dose at 100% of usual dose.
ii) Use also sliding scale protocol (with rapid acting, e.g., Lispro or regular insulin), the goal is to
keep BG < 150 mg/dL.
Estimate insulin sensitivity and calculate how many units are needed to drop BG 50 mg/dL.
If (for example) 1 unit drops BG 50 mg/dL, the sliding scale would be:
BG 150-199: 1 unit, BG 200-249: 2 units, BG 250-299: 3 units,
BG 300-349: 4 units, BG > 350: 5 units.
iii) Add coverage for meal intake:
It is use for Type I diabetes, and is considered also for Type II diabetes.
It is added to sliding scale insulin coverage above.
It is based on per carbohydrate, add 1 unit of insulin per a carbohydrate.
Example: For 3 carbohydrate meals add 3 units.
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(per carbohydrate is based on when BG increases > 60 mg/dL).
Pediatric Insulin Sliding Scale
In pediatric ICU patient the management of hyperglycemia is often done by insulin sliding scale to
keep the blood glucose concentration between 6 to 10 mmol/L.
Insulin is given via central or peripheral IV line. 50 units of soluble insulin (Actrapid) in 50 mL 0.9%
sodium chloride solution makes up 1unit /mL
Table 9.2 Pediatric insulin sliding scale regime in ICU patients.
* Blood glucose mmol/L

Insulin infusion (units/kg/hr)

>20

0.1

15.1- 20

0.07

10.1- 15

0.05

5-10

0.02

<5

stop infusion

*1mmol/L = 18.18 mg of blood glucose /dL. If the child is diabetic preoperatively consult pediatric endocrinologist.

Subcutaneous insulin may be used for patients in whom hyperglycemic episodes are controlled,
and diabetic ketoacidosis if present is managed (see Table 9.3).
Table 9.3 *A 6 hourly sliding scale insulin for subcutaneous insulin (SC).
Age in years

** Blood Glucose (BG) mmol/L
5-10

10-15

15-20

> 20

0-5

0.5 U/kg/dose

0.5 U/kg +0.5 U

0.5 U/kg +1 U

Switch

5-12

0.2 U/kg/dose

0.2 U/kg +0.75U

0.2 U/kg +1.5 U

back to

12-18

0.25U/kg/dose

0.25U/kg+ 1U

0.25U/kg+ 2U

Insulin infusion

*The above sliding scale is based on maintenance of target BG for age and additional bolus doses for target
BG >5.5mmol/L. ** Target BG mmol/L (0-5yrs- 5.5-11.1; 5-12yrs- 4.4-8.3; 12-18yrs-4.4-8.3)

9.4.3 Diabetic Ketoacidosis
It is characterized by hyperglycemia, ketonuria, ketonemia, and metabolic acidosis (pH < 7.3,
serum HCO3− < 15 mEq/L).
History and physical examination: The salient features in diagnosis and management are as
mentioned below.
i) History of prior diabetes and its management. Elicit for inciting causes, infection, etc.
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ii) Assess for degree of dehydration, rapid respirations, mental and physical status, weight, etc.
iii) Avoid rapid correction of hyperglycemia as it complicates cerebral edema.
iv) Perform hourly dextrosticks and every 3 hour electrolyte and blood gas managements.
(I) Initial Therapy
1. Fluid Management: It is assumed 10-15% dehydration is existing.
For example, water deficit in a 10 kg child with 10% isotonic dehydration (see Chapter 2) is
calculated as shown below.
(% dehydration × patient weight in kg × 1000 g / kg) /100
= 10 × 10 × 1000/100 = 1000 mL
During 1st hour give ( ½ the water deficit) in the form of normal saline or Ringer’s lactate.
May be given 20 mL/kg if fluid load is a concern and should reevaluate.
First 8 hours, ½ NS is given to replace ½ of the remaining water deficit + urine output
+insensible losses (it also covers 40% of maintenance fluid).
Next 16-24 hours, ½ NS is given to replace the remaining water deficit + 60% of maintenance fluid.
2. Insulin drip is started after fluid bolus and achieving hemodynamic stability; 0.1 unit/kg of
regular insulin IV bolus is followed by a continuous drip of 0.1 unit/kg/hour.
3. Glucose management:
Estimate hourly blood glucose, glucose drop should not exceed 80-100 mg /dL/hour.
If drop is < 50 mg / dL /hour, increase insulin to 0.14-0.2 units/kg/hour.
If drop is > 100 mg /dL/hour, continue infusion of insulin 0.1 unints/kg/hour and add 5% dextrose
to intravenous fluid. 5% dextrose may also be added to intravenous fluids if glucose ranges between
250-300 mg/dL.
4. Electrolyte management:
Potassium: DKA (diabetic ketoacidosis) patients are K + depleted, insulin further depletes K +.
Give maintenance K + and deficit K + in 24 hours after establishing adequate urine output.
Phosphate: DKA patients are PO4 depleted, insulin further depletes PO4
Replace K + as 1/2 phosphate and 1/2 chloride for first 8 hours.
Replace K + as KCL next 16 hours (do not give excess PO4 ).
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Bicarbonate use is controversial, may be considered if initial pH is < 7.10.
(II) Further Therapy
If ketosis is resolved, pH is > 7.3 and serum HCO3− > 15 mEq/L, start enteral nutrition. If it is
tolerated, administer subcutaneous (SC) insulin and discontinue insulin drip 1 hour after SC dose is
given as further described below:
1. For a recent (newly diagnosed) diabetics:
i) During first 24 hours after insulin drip is stopped:
Subcutaneous insulin: (regular insulin) 0.1-0.25 units/kg every 6-8 hours.
ii) Subsequent 24 hours and later:
Subcutaneous Insulin: 2/3 of the previous day total insulin as a.m. dose and 1/3 as p.m. dose.
Give 2/3 NPH insulin and 1/3 regular insulin for a.m. dose.
Give 1/2 NPH insulin and 1/2 regular insulin for p.m. dose.
May give additional regular insulin 0.1 unit/kg before each meal.
2. For known and prior diabetics:
Start their usual insulin regimen.
Usual daily maintenance in children: 0.5-1 unit/kg.
Usual daily maintenance in adolescents: 8-1.2 units/kg.
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10.1

Wound Infections

10.1.1 General Classification
The operative wound is classified by the nature of the would whether it is clean or contaminated,
the location of the wound, and the risk of infection as follows:
i) Clean wound:
Wound criteria: Elective, non-emergency, non-traumatic, and primarily closed.
No acute inflammation; no break in technique; respiratory, gastrointestinal, biliary, and
genitourinary tracts are not entered. Infection risk (< 2%).
ii) Clean-contaminated wound:
Wound criteria: Urgent or emergency case that is otherwise clean, minor break in technique,
elective opening of respiratory, gastrointestinal, biliary / genitourinary (GU) tract with minimal
spillage. Infection risk (< 10%).
iii) Contaminated wound:
Wound criteria: Major break in technique; penetrating trauma < 4 hours old.
No purulent inflammation; gross spillage from gastrointestinal tract. Entry into biliary or GU tract
in the presence of infected bile or urine. Chronic open wounds waiting to be grafted or covered.
Infection risk (20%).
iv) Dirty wound:
Wound criteria: Penetrating trauma > 4 hours old, purulent inflammation (e.g., abscess),
preoperative perforation of respiratory, gastrointestinal, biliary or genitourinary tract. Infection risk
(40%).

10.1.2 Factors of Wound Infection
Several local wound factors and systemic factors are associated with an increased risk of infection
as discussed below.
Systemic Factors:
Diabetes, corticosteroid use, obesity, extremes of age, malnutrition, recent surgery, massive
transfusion, multiple (3 or more) preoperative co-morbid medical diagnoses.
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Local Factors:
Foreign body, use of electrocautery, injection with epinephrine, wound drains, hair removal with
razor, and previous irradiation of`the site.

10.1.3 Pathogens of Wound Infection
The following micro-organisms are the potential pathogens of the wound infection.
a) Gram-positive cocci:
Beta-hemolytic streptococci (Streptococcus pyogenes),* enterococci (Enterococcus faecalis), and
staphylococci (Staphylococcus aureus/MRSA).*.
b) Gram-negative aerobic rods:
Pseudomonas aeruginosa*
c) Gram-negative facultative rods:
Enterobacter species, Escherichia coli, Klebsiella species, and Proteus species.
d) Anaerobic bacteria:
Bacteroides, and Clostridium species.
e) Fungi:
Yeasts (candida) and Aspergillus.
* Most common causative organisms associated with wound infections.

10.1.4 Recognition of Wound Infection
1) Signs of inflammatory process:
Wound erythema, pain, localized heat, cellulitus and edema of the wound.
2) Further criteria:
Abnormal smell, pain and/or tenderness at the time of dressing change.
Discolored, purulent, and viscous wound discharge.
Discoloration of tissues at the wound margins.
Friable and bleeding granulation tissue despite gentle handling of the wound (if non adhesive
wound management materials are used).
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Abscess and delayed healing not previously anticipated.

10.1.5 Diagnosis of Wound Infection
Simple following laboratory techniques would confirm the diagnosis of wound infection.
i) Wound swabbing:
It is the most common sampling method.
It identifies the causative organism (s) and possible sensitivities to antibiotics.
ii) Blood: Elevated white cell counts.
iii) Elevated serum C-reactive protein (CRP).
(CRP normally is not found in the serum).
iv) Quantitative analysis (e.g., wound biopsies):
Aids in recognition of an increased bacterial burden.

10.1.6 Treatment of Wound Infection
Objectives:
Have overall assessment and treat the patient, and not the infection alone. Reduce rather than
eradicate the bacterial burden within the wound margins. Wound management with compounds
containing silver or iodine ↓ the bacterial burden. Systemic antibiotics are essential for the
management. Select most appropriate antibiotic based on culture and sensitivities. Topical antibiotics
use is not justified for colonized or infected wounds. Systemic and topical antibiotics are not justified
for chronic infected wounds.
Topical agents:
A. Iodine:
Iodine is used in two forms:
i) Cadexomer iodine - a polysaccharide starch containing 0.9% elemental iodine.
ii) Povidone iodine - an iodophor composed of elemental iodine and a synthetic polymer.
Indications: Wound cleansing, wound bed preparation, and prevention and management of wound
infection.
B. Silver Compounds:
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Silver interferes with electron transport of bacteria and inhibits bacterial multiplication. Dressings
containing silver may be used but silver ions have to be able to enter a bacterial cell.
i) Silver sulphadiazene:
Safe broad-spectrum agent for topical use.
Silver is released slowly in concentrations that are selectively toxic to bacteria and fungi.
May be used in the management of acute and chronic wounds.
ii) Other silver products:
May sustain the interaction of silver with bacteria in the wound.
May be more effective in preventing/controlling local infection.
C. Further interventions:
These interventions reduce bacterial burden on the wound surface:
i) Autolytic or enzymatic debridement.
ii) Surgical debridement and maggot therapy.
iii) Topical negative pressure (TNP) or vacuum-assisted closure (VAC) is used in conjunction with
secondary dressings as required.

10.2

Sternal (Mediastinal) Infection

It is the most common infection leading to significant morbidity and mortality (mortality ranges
0.15% to 8%) after open heart surgery.

10.2.1 Diagnosis of Deep Sternal Infection
Symptoms and Signs:
a) Wound discharge, fever, leukocytosis, and elevated C-reactive protein in the blood.
b) Evidence of bacterial growth (cultures of pus or soft tissue from the mediastinum):
1) Staphylococcus aureus, including MRSA is the most common pathogen.
2) Gram-negative organisms account for < 10% of wound pathogens.
Pseudomonas aeruginosa, Serratia marscens, and Enterobacter cloacae.
3) No organisms may be isolated (< 20%).
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c) Sternal instability.

10.2.2 Management of Deep Sternal Infection and Operative Technique
A. If wound infection is clinically suspicious:
Do early wound exploration and drainage under local anesthesia, and send for bacterial and fungal
cultures. Pack the wound with wet dressings for 2 to 3 days.
B. Give vancomycin IV until wound tissue culture and sensitivity tests are known. If the systemic
signs of infection are under control with a diagnosis of deep sternal wound infection, do the following:
1. Reopen the sternotomy under general anesthesia.
2. Remove all sternal wires.
3. Debride sternal edges until healthy solid bone with briskly bleeding margins are found.
4. Resect the entire sternum if the bone is necrotic and soft with oozing pus.
5. Send for culture the subcutaneous tissue, mediastinal fluid, and sternal bone.
6. Irrigate the wound with antibiotic solution (500 mg of vancomycin in 1 L of normal saline).
7. Advance pectoralis major muscle (PMM) flaps as discussed below:
Use the left PMM flap to cover the lower mediastinum and the right PMM flap to cover the upper
mediastinum. The flaps can be easily advanced to the midline without tension (see Figure 28).

Figure 28 Design of right and left pectroalis muscle flaps for treatment of deep sternal wound infection.1) a. Dashed
lines represent division of clavilcular attachment and lower costal attachment of right and left muscles. Division of a
lower costal attachment of pectoralis major muscle fibers may further require separation from external oblique muscular
digitations to completely free the muscle flap b. Division of humeral insertion of the muscle to gain additional mobility of
the muscle flap. 2) Left muscle is used to cover the lower sternal defect and right muscle is used to cover upper sternal
defect after a thorough debridement of infected and necrotic sternum.
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Operative technique of PMM flaps:
Flaps are raised from medial to lateral side in the avascular plane.
Dissection plane is beneath the PMM using minimal diathermy.
Dissect superiorly to the level of the clavicles, and laterally as far as the anterior axillary line.
Left PMM flap: Split the clavicular and sternal segments.
Divide the tendon insertion from the humerus for sternocostal component of the muscle flap.
Preserve thoraco-acromial pedicles of artery and nerve.
Right PMM flap: Split the clavicular and sternal segments.
May not need division of the tendon insertion from the humerus
Thoracoacromial pedicles of artery and nerve are preserved.
Approximate and fix both PMM flaps to the edge of the defective chest wall using a non
absorbable polypropylene suture.
Insert a closed suction drain above and under the muscle flaps before closure.
Irrigation catheter may be inserted for antibiotic irrigation postoperatively.
The skin is closed with interrupted nylon sutures.
8. Choice and duration of antibiotic therapy in sternal infection:
Determine the choice of antimicrobial coverage by culture and sensitivity results.
Duration of treatment is for 4 weeks if WBC counts and C-reactive protein concentrations are
normalized.
Duration is for 6-8 weeks if WBC counts and C-reactive protein concentrations are not normalized
or with positive blood cultures.

10.2.3 Clinical Notes on Deep Sternal Infection
Mortality of sternal infection post-cardiotomy ranges 0.15% to 8%.
Risk factors for sternal infection:
Children with asplenia syndrome and the child who has undergone cardiac transplantation.
Association with the use of ß-adrenergic drugs: A 20-fold increase in the risk in adults requiring
ß-adrenergic drugs post cardiac surgery.
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Obstructive pulmonary problems: Mechanical strain on the sternotomy incision creates sternal
instability and dehiscence. Dehiscence leads to seeding of infection.
Management strategies of sternal infection:
The management of sternal infection is controversial and varies from simple debridement with
antibiotic irrigation and sternal closure to liberal use of omentum, PMM, and rectus abdominus
muscle flaps (latter are used, especially in adults). Extensive surgical debridement, and early sternal
reconstruction with either omentum, PMM, or rectus abdominus muscle flaps yields good results in
majority.
Early recognition of sternal infection and early and aggressive debridement of all infected material
is essential, plus systemic antibiotic treatment for control of sepsis. The management algorithm in
suspected sternal infection is shown in figure 29.

Figure 29 Management algorithm for a suspicious sternal wound infection in children. IV=intravenous,
PMM=Pectoralis major muscle, * Wound cultures consist of debrided sternal tissue and infected mediastinal tissue,
**Parenteral antibiotics are chosen based on results of deep wound cultures.

Chapter 10

Wound and Postoperative Infections and Management

307

If adequate debridement is done, reconstruction should be done at same sitting or 2 days later.
Prolonged open dressing and growth of granulation is not necessary. The latter strategy is time
consuming and has not demonstrated good results.
Important points in selection of muscle flaps or omentum for coverage:
1. The ability of muscle flaps and omental flaps to control and eliminate sepsis is well documented.
2. Choice of a flap is dependent on surgeon’s preference, patient age, size, gender, and presence of
percutaneous enterostomies.
3. Use of rectus abdominis muscle and omental flap requires additional abdominal incisions that
increase postoperative pain and may compromise respiratory functions.
4. Harvesting of the rectus abdominis muscle creates a risk of herniation or a diffuse bulging
through the defect.
5. Laparotomy to harvest the omentum may cause fibrous adhesions and possibly small bowel
obstruction.
6. Pectoralis major muscle (PMM) is readily accessible and has an excellent blood supply,
i.e., thoracoacromial artery, segmental pedicles from the internal thoracic artery branches of the
lateral thoracic, and intercostals arteries.
7. Potential risk for disturbance of breast development with use of PMM flaps in females.
High Points in use of PMM Flaps:
1. PMM is delicate with indistinct tissue planes in children, especially in infants and neonates.
2. Vascular pedicle is much smaller and less resilient to stretching.
3. Sternum and ribs are highly cartilaginous and offer a poor defense against contamination.
4. Debridement should be conservative to preserve future growth, but should remove all non viable
and infected tissue.
5. In patients with palliative surgery (i.e., shunts) tissue hypoxia and resultant polycythemia may
impair wound healing, and graft viability.
6. Reentry should be considered for staged or corrective operations.
7. PMM flap techniques are easy, promotes wound healing, facilitates additional operations,
produces minimal growth, and developmental problems.
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10.3 Pneumonias in the Intensive Care Unit
These pneumonias are classified as:
1. Postoperative pneumonia.
2. Ventilator-associated pneumonia.
3. Pneumonia in unventilated moderately or critically ill hospitalized inpatients.
Postoperative pneumonias is one of the most common hospital-acquired pneumonias.

10.3.1 Causative Organisms
1. Staphylococcus aureus (methicillin-sensitive and resistant MRSA strains).
2. Pseudomonas aeruginosa.
3. Enteric gram-negative bacteria (i.e., Enterobacter species, Klebsiella pneumoniae, Escherichia
coli, Serratia marcescens, Proteus species, and Acinetobacter species).

10.3.2 Predisposing Factors
1. Prior Antibiotic treatment:
Increases the likelihood of polymicrobial infection. The methicillin-resistant S. aureus and
pseudomonas infections are common.
2. Duration of hospitalization influences the etiological organism:
4 to 7 days stay: S. aureus, Pneumococcus, and Haemophilus influenzae are the most commonly
implicated.
> 7 days and increasing duration of intubation: Enteric gram-negative organisms are common.
3. High-dose corticosteroids:
↑ Risk of Legionella and pseudomonas infections.

10.3.3 Symptoms and Signs
1. Non- intubated patients:
Same as those for community-acquired pneumonia.
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2. Intubated patients:
Fever and ↑ respiratory and/or heart rate, ↑ purulent secretions, or changes in respiratory parameters
with worsening hypoxemia.
Leukocytosis with a new infiltrate on a chest x-ray taken for evaluation of new symptoms or signs
are highly suggestive of postoperative pneumonia.
Nevertheless, no specific symptom, sign, or x-ray finding is sensitive for the diagnosis of pneumonia.

10.3.4 Diagnosis
1) Exclusion: Exclude other (non-infectious) causes of pulmonary deterioration, such as:
Acute respiratory distress syndrome (ARDS), pneumothorax, and pulmonary edema.
2) Gram stain and culture of endotracheal aspirates: It’s value is controversial, as specimens are
contaminated with colonizers as well as pathogens. Positive culture may or may not indicate infection.
3) Bronchoscopic sampling of lower airway secretions:
Quantitative culture may yield more reliable results, but this approach on outcomes (diagnosis and
treatment) are controversial.
4) Bronchoalveolar lavage fluid: Measurement of inflammatory mediators (i.e., concentration of
soluble triggering receptors expressed on myeloid cells) has a future role in the diagnosis.

10.3.5 Treatment
Initial antimicrobial therapy:
Should cover both resistant gram-negative and gram-positive organisms.
Multiple regimens exist, but chose the regimen that suits the patient.
Antimicrobial Therapy Options:
1) Carbapenem (imipenem-cilastatin): 7 mg/kg (adult 500 mg) IV q. 6 h. /or
Meropenem: 15 to 30 mg/kg (adult 1 to 2 g) IV q. 8 h.
2) Monobactam (aztreonam): 15 to 30 mg/kg (adult 1 to 2 g) IV q. 8 h. / or
Ticarcillin (antipseudomonal β-lactam): 45 mg/kg (adult 3 g) IV with or without clavulanic acid q. 4 h.
3) Piperacillin: 45 mg/kg (adult 3 g) IV with or without tazobactam q. 4 to 6 h.
4) Ceftazidime: 30 mg/kg (adult 2 g) IV q. 8 h / or
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Cefepime: 15 to 30 mg/kg (adult 1 to 2 g) IV q. 12 h. given either alone or combined with an
aminoglycoside:
Gentamicin / tobramycin 1.7 mg/kg IV q. 8 h. or 5 to 6 mg/kg once a day /or
Amikacin 5 mg/kg IV q. 8 h. and/or
Vancomycin 15 mg/kg IV (adult 1 g) q. 12 h.
Linezolid may be used for MRSA in patients who cannot take vancomycin.
Daptomycin should not be used for pulmonary infections.

10.4

Invasive Fungal Infection (Candidiasis)

Synonyms: "Disseminated candidiasis", "systemic candidiasis," and "hematogenous candidiasis".
Candida spp. can invade and cause disease in virtually any organ of the body.

10.4.1 Risk Factors
Granulocytopenia, colonization with candida, severity of illness, prior surgery, solid-organ
transplantation, bone marrow transplantation, type/duration of chemotherapy and graft-versus-host
disease.
Risk factors in neonates: Gestational age, low Apgar score, prolonged ICU stay, shock, use of H2
blockers, and intubation.

10.4.2 Clinical Mnifestations
Very often completely are non-specific or manifest the following:
1. Fever and Sepsis Syndrome:
Fever is often the only clinical clue of on a high risk patient. Progressive sepsis with multi-organ
failure in surgical patients may indicate invasive candidiasis.
Persistent unexplained fever and sepsis not responding to broad spectrum antibiotics is typical for
acute forms of invasive candidiasis, and recognize the need for empirical antifungal therapy in
neonates, non-neutropenic, and selected non-neutropenic patients.
2. Cutaneous Lesions:
Macronodular rash isolated to extremities, abdomen, or covering the entire body occurs in 15% of
neutropenic patients with invasive candidiasis.
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Biopsy of lesions show small oval blastopores with buds and pseudohyphae in deeper layers of skin,
and dermis. (Heroin addicts show a rash consisting of papules, pustules, nodules, and folliculitis.)
3. Retinal Lesions:
Majority of patients have nonspecific retinal lesions, and appear similar to diabetic/hypertensive
retinopathy in documented candidemia. Retinal examination has limited value as a diagnostic tool in
high risk patients for invasive candidiasis, but with negative blood cultures for Candida species. So
testing is not needed.

10.4.3 Laboratory Diagnosis
Invasive disease should be distinguished from colonization.
Knowledge of the pathogenetic mechanisms leading to invasion is informative.
A. PCR-based method:
Potential tool for a diagnosis of systemic invasive candidiasis.
Detect and identify fungi directly from human venous blood.
Species-specific hybridization probes are used, and PCR amplicons were analyzed.
Between 2 to 10 fungal cells/mL of spiked blood samples could be detected.
Correctly identifies Candida albicans, C. glabrata, C. krusei, C. parapsilosis, and C. tropicalis
B. Microbiology:
1) Gram stain:
Gram-positive 4-6 micrometer, thin-walled, ovoid yeasts with budding and pseudohyphae, but the
stain is not always positive.
2) Tissue Culture:
Biopsy specimens, aspirates, or surface culture:
Requires only 1 to 3 days for growth of C. albicans, C. parapsilosis and C. tropicalis. It takes slightly
longer for C. krusei and C. glabrata on any standard medium. The colonies are smooth, creamy, and
glistening, but some species produce coarser colonies.
3) Blood culture (BC):
Recovering candida from blood is a key for diagnosis of invasive candidiasis.
BC is positive in < 50% of autopsy-proven invasive candidiasis.
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The lysis-centrifugation method is sensitive and positive in 58% of invasive infection, and
estimates number of colonies of candida per mL of blood.
Other techniques: BacTEC high-blood-volume fungal media (HBV-FM) and the BacT/Alert
system has equal sensitivity.
4) Urine culture:
Candiduria is common in the hospitalized patients with urinary catheters (colonization). It is
difficult to decide if candiduria is clinically relevant, and absolute colony count or the presence of
WBC’s in urine is not consistently helpful to diagnose invasive infection.
Asymptomatic candiduria in the low-risk patient is of no clinical relevance, and the presence of
colonization in a high risk patient increases the risk of invasive candidiasis, but it alone is rarely
diagnostic.
5) Surgical wound or drainage or peritoneal fluid:
Isolation of candida from these sources is not diagnostic of localized infection as candida is
frequently recovered from these sites in surgical patients. But entertain the possibility of candidal
peritonitis if candida is isolated from the peritoneal fluid.
6) Sputum or bronchoalveolar lavage:
Candida species are normal commensals of the human mucous membranes and the mouth.
Specimens from the airways (respiratory tract of severely ill) are frequently contaminated with
candida. Isolation of candida in the sputum has only a loose association with documented pneumonia
as clinically relevant candidal pneumonia is quite rare.
7) CSF Fluid:
Positive culture is due to CNS candidiasis and and more so, in neonatal candidiasis. Positive
cultures are rare in adults, and contamination should be entertained.
C. Serology and biomarkers:
Many numbers of tests are able to detect the presence of invasive candidiasis.
But none of the tests has been shown to have clinical applicability as 1) candida species are normal
commensals, 2) serological tests become positive only after the diagnosis is strongly suggested by
other data.
1) Antibodies for candida: Seen late in the course of disease, and has limited use in immune
suppressed patients.
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2) Antigens: Mannan: Sensitivity ~70%, short serum half-life. It is complicated measurement
technique.
3) D-Glucan: Cross reactivity with multiple fungi and appears sensitive.
4) Candida enolase: Low sensitivity and specificity. Testing of multiple serum samples increase
sensitivity.
5) Glycoprotein: Sensitivity and specificity varies, generally < 60%. Testing of multiple serum
samples increases sensitivity. Colonization produces positive results.
6) Metabolites: D-arabinitol / L-arabinitol
Values of urine D-arabinitol/L-arabinitol ratio in a suspected infection in a neutropenic patient:
↑ levels are not commonly associated with candidemia during course of the infection, and the test is
of no use in guiding the initiation of antifungal therapy. ↑ D-arabinitol/L-arabinitol ratio is seen in the
late phase of infection.
Pneumonia is the most common manifestation of invasive candidiasis, and 53% patients have ↑
D-arabinitol/L-arabinitol ratio, and was associated with a mortality of 67%. Patients who died had
higher D-arabinitol/L-arabinitol ratio than the survivors. Detection of ↑ D-arabinitol/L-arabinitol
ratio during empirical Rx with amphotercin-B is associated with poor prognosis.
D. Histopathology:
Multiple small abscesses (1 to 5 mm) are noted in the parenchyma of affected organs, and
neutrophils form circumscribed acute abscesses. Intracapillary yeasts (round, 5 to 7 microns) with
budding and pseudohyphae suggests acute infection.
Classic granuloma formation with giant cells suggests chronic infection.
Candida are observed using the methenamine-silver staining and periodic acid-Schiff's stain.

10.4.4 Therapy of Invasive Candidiasis
Classification of antifungal agents for treatment of Candidiasis:
i) Azoles: These inhibit the synthesis of ergosterol by blocking 14-alpha-demethylase.
E.g., fluconazole.
ii) Allylamines and non-azole ergosterol biosynthesis inhibitors: These lead to reduced ergosterol
biosynthesis and related to the azole antifungal agents.
E.g., terbinafine acts by inhibiting squalene epoxidase.
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iii) Antimetabolites: These are DNA substrate analogs that leads to incorrect DNA synthesis, e.g.,
flucytosine.
iv) Glucan synthesis inhibitors: These inhibit the enzyme necessary for production of glucan, a key
component of the fungal cell wall, and these produce significant antifungal effects, e.g., caspofungin.
v) Polyenes: These binds the fungal cell membrane, causing the fungus to leak electrolytes, e.g.,
amphotericin B.
vi) Miscellaneous systemic agents: These agents disrupt the mitotic spindle.
E.g., griseofulvin.
Choice of an antifungal agent:
The drug should act promptly and effectively as hematogenous candidiasis has a mortality of 40%.
Therapy should be available in a parenteral form for administration. Amphotericin B is a highly
effective and its lipid-associated forms are less toxic and effective, but all preparations result in a
certain degree of unavoidable toxicity.
Fluconazole (parenteral): It is an alternative therapy for invasive candidiasis.
Itraconazole (parenteral): It is an additional choice, but the anti-candida spectrum is same as
fluconazole.
Flucytosine: It has an excellent activity against candida, but the dose is adjusted for renal
dysfunction and challenging to use with difficulty in quickly obtaining serum levels.
Glucan synthesis inhibitors: These drugs, combined with their low toxicity, provide broad
anti-candida activity and an alternate choice for amphotericin B.
Common therapeutic choice:
Amphotericin B is the broadest spectrum therapy currently available.
Dose: 0.5-1.0 mg/kg/day for amphotericin B deoxycholate.
3 mg/kg/day for lipid preparations of amphotericin B.
C. glabrata and C. krusei have higher MICs to amphotericin B, so maximal doses are used. Due to
the frequent prior use of azoles in neutropenic patients, amphotericin B is preferred.
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10.5 Bacterial Sepsis and Therapy
Definition of Sepsis: Patient has symptomatic bacteremia, with or without organ dysfunction as a
result of overwhelming infection with active multiplication of bacteria in the bloodstream.

10.5.1 Pathophysiology
Due to sustained bacteremia, circulating bacterial products mediated by cytokine release produces
various clinical effects on the host:
Impaired pulmonary, hepatic, or renal function results from excessive cytokine release. The
cytokines (previously termed endotoxins) play major role in the septic process.
Sources of infection:
A. Intravenous (IV) line infections:
If other sources of sepsis are eliminated, strongly suspect IV line sepsis, especially, if IV line has
been in for a prolonged period (more than a week).
Central IV lines are commonly associated with bacteremia or sepsis.
Peripheral venous lines and arterial lines are rare cause of bacteremia.
B. Intra-abdominal, thoracic, pulmonary, pelvic or urinary tract source:
Positive history or physical examination is elicited for antecedent conditions predisposing to
pneumonia, intestinal or hollow viscus inflammation, perforation or abscess, pyelonephritis,
congenital abnormal collecting system, and previous surgery.
C. Increased risk group:
These are patients with diabetes, systemic lupus erythematosus (SLE), those on steroids, or those
with absent splenic function.

10.5.2 Symptoms, Signs, and Diagnosis
Fever and impaired mental status if hypoperfusion is present.
Physical examination:
Increased breathing rate (results in respiratory alkalosis) warm or cold skin depending on the
adequacy of organ perfusion.
Systematic examination may suggest a potential source, i.e.,
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Infected IV site (only 50% of central IV-line infections show evidence of infection), abdominal
tenderness, costovertebral angle (CVA) tenderness etc, pleural effusion/pericardial effusion, or
unimpressive examination with absent physical findings.
Exclude pseudosepsis before starting extensive workup and empiric antibiotic therapy.
Signs and Symptoms of Pseudosepsis and Recognition:
Fever, chills, leukocytosis with a left shift, increased cardiac output, and ↓ peripheral vascular
resistance with or without hypotension. One should differentiate these clinical findings resulting
from true sepsis (see Table 10.1).
Table 10.1 Clinical differentiation of sepsis and pseudo-sepsis.
Pseudo sepsis

Sepsis

No bacteremia

Bacteremia from thoracic, GI, GU, pelvic, and IV source

102ºF

102ºF / or more

Tachycardia

Hypothermia

Respiratory alkalosis

Mental status changes

Hypotension

Hypotension

No definite source of infection

Identifiable infectious / process/source

(--) blood culture

Positive buffy coat smear or (+) blood cultre

↑CO and↓ Peripheral vascular resistance

LV dilatation

CO = cardiac output, GI = gastrointestinal, GU = genitourinary, IV = intravenous, LV = left ventricle, (--) = negative,
(+) = positive.

Diagnostic Investigations:
i) Blood cultures:
The negative blood culture results are mandatory to rule out pseudosepsis.
The cultures might suggest the underlying disease process:
Bacteroides fragilis → colonic or pelvic source.
Klebsiella species or Enterococci → frequent in gallbladder or urinary tract infection (UTI) than
intra abdominal source.
ii) CBC count:
Leukocytosis with variable degrees of a left shift present in numerous conditions. It is a nonspecific
diagnostic finding.
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iii) Gram stain & Culture:
A. Perform the following cultures:
1) Urine, including urinalysis if urosepsis is suspected.
2) Drainage site, i.e., chest drain, intrapleural fluid, etc, from suspected sites.
Paracentesis is done for gross ascites. Thoracentesis is performed for pleural effusion.
3) Central IV line: Remove the line and send the tip for a semi-quantitative culture.
IV line sepsis may be diagnosed if the following criteria are met:
a) Blood culture results are positive and demonstrates 15 or more colonies.
b) Catheter tip isolate matches the blood culture isolate.
B. Buffy coat smears (of white cells) from peripheral blood:
The buffy coat smear is stained with gram or acrdine orange. It is best and rapid test, and if it is
positive, it shows morphology of the bacteria causing bacteremia. It helps to base empiric
antimicrobial therapy.
iv) ECG and cardiac enzymes:
These tests are performed for diagnosis of an asymptomatic myocardial infarction or damage,
unexplained fever, leukocytosis, and hypotension. Asymptomatic myocardial infarction is common
in the elderly with a recent major surgery, and is frequent in diabetic and uremic conditions.
v) Imaging Studies:
1) Chest radiograph:
It rules out pneumonia / or may differentiate causes of pulmonary infiltrate due to pulmonary
emboli, pulmonary hemorrhage, pleural effusion, ARDS, and heart failure. Acute respiratory distress
syndrome (ARDS) on a chest x-ray suggests extrthoracic source of infection.
2) Ultrasound:
Abdomen: Suboptimal for the detection of abscesses or perforated hollow organs.
It is useful only if the biliary tract obstruction is suspected.
3) CT scan or MRI:
Abdomen: These are performed if intra-abdominal (non biliary) source of infection is suspected
and delineates intrarenal and extrarenal pathology.
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4) Gallium or indium scans:
These have no place in the initial workup of acutely ill septic patients.
vi) Invasive procedures for diagnosis:
a) Swan-Ganz catheter:
Swan-Ganz hemodynamic parameters re not to be used to diagnose sepsis.
1) Most septics have ↑ cardiac output and ↓ peripheral vascular resistance but converse is not true,
i.e., cannot rule out sepsis (if normal or ↓ CO and ↑ or normal SVR). In Pseudosepsis Swan-Ganz
readings are compatible with sepsis of non- IV, abdominal, or genitourinary (GU) source.
2) Swan-Ganz catheter data is used only to manage the fluid status. It may also assess left
ventricular (LV) dysfunction in patients with acute myocardial infarction.
b) Biopsy and Histological findings:
There are no specific findings caused by sepsis in various organs.

10.5.3 Antimicrobial Therapy of Sepsis
It provides a coverage for the resident flora of the organ presumed to be the source of the sepsis.
Empiric regimens:
These are given until tissue culture and sensitivity tests are available.
No one drug/regimen is superior to another.
Alternative agents may be used alone or in a combination.
The following recommendations are only the general guidelines.
i) Monotherapy: It is a single drug treatment with one of the following:
Imipenem, meropenem, cefoperazone, ampicillin / sulbactam, and piperacillin/tazobactam.
ii) Combination Therapy: Either two or more drugs may be used in a combination treatment:
Clindamycin or metronidazole plus either levofloxacin, aztreonam, trimethoprim/sulfamethoxazole
(TMP-SMZ), or an aminoglycoside.
1) Treatment of IV line sepsis:
Empiric therapy:
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A. Infections due to methicillin-resistant Staphylococcus aureus (MRSA) is infrequent, so do not
use vancomycin empirically for IV-line infections.
B. If coagulase-negative staphylococcus (Staphylococcus epidermidis) is recovered from the blood:
a) Treatment requires removal of the central line, but no vancomycin therapy as
coagulase-negative staphylococcus is a low-virulent organism.
b) If the central-line cannot be removed: Use empiric suppressive vancomycin therapy, but
minimize vancomycin use to prevent the emergence of Enterococcus faecium (a
vancomycin-resistant Enterococcus (VRE).
i) Monotherapy:
Imipenem, meropenem, cefoperazone, or cefepime.
ii) Combination therapy:
Anti-staphylococcal penicillin, e.g., 1. nafcillin or linezolid plus 2. aztreonam, plus
3. aminoglycoside or a quinolone.
2) Biliary tract infections:
Empiric therapy:
The common biliary tract pathogens are Escherichia coli, Klebsiella, or Enterococcus faecalis.
Usually coverage is not needed for staphylococci and anaerobes, except in diabetics with
emphysematous cholecystitis in which the infection is caused by anaerobes and / or Clostridium
perfringens.
Monotherapy:
Imipenem, meropenem, piperacillin, or cefoperazone.
3) Intra-abdominal / pelvic infections:
Empiric therapy:
The lower abdomen/pelvic pathogens are aerobic gram-neg Coliform bacilli and Bacteroides
fragilis.
The antibiotic coverage is not needed for enterococci as these are permissive/opportunistic
pathogens. Potent anti-Bacteroids fragilis and aerobic gram-negative bacillary coverage is essential,
in addition to surgical drainage or repair of intra-abdominal viscera.
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i) Monotherapy:
Imipenem, meropenem, piperacillin/tazobactam, or ampicillin/sulbactam.
ii) Combination therapy:
Clindamycin or metronidazole plus either of the following drugs:
Aminoglycoside, aztreonam, or levofloxacin.
4) Urosepsis:
Empiric therapy:
The primary pathogens of urosepsis are gram-negative aerobic bacilli, e.g., Coliforms or
Enterococcus faecalis (not E. faecium, or VRE).
Rrare uropathogens such as Pseudomonas aeruginosa, Enterobacter, and Serratia are associated
with urological instrumentation.
Therapy is determined by the causative organisms as mentioned below:
a) Aerobic gram-negative bacilli infection:
Monotherapy: Aztreonam, levofloxacin, 3rd or 4th generation cephalosporins, or aminoglycoside.
b) Enterococci (E. faecalis) infection:
Monotherapy: Ampicillin or vancomycin (in penicillin-allergic patient).
c) Urosepsis due to unknown pathogenic organisms:
i) Monotherapy: Piperacillin, imipenem, meropenem, levofloxacin, and aztreonam.
ii) Combination therapy: Aminoglycoside plus ampicillin.
5) Empiric therapy for other causes of sepsis:
a) Infection of Prosthetic devices or Acute bacterial endocarditis:
Infection is usually due to Staphylococcus aureus.
The antibiotic of choice is nafcillin or / anti-staphylococcal cephalosporin or / carbapenem or /
linezolid or / clindamycin in combination with or without rifampin.
b) Pneumococcal or meningococcal sepsis:
The antibiotic of choice is penicillin G with a beta-lactam.
If meningococcal meningitis is associated with sepsis, the selected antibiotic should penetrate CSF.
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6) Sepsis of unknown origin:
Common sources of sepsis: Distal gastrointestinal (GI) tract, GU tract / pelvis / IV-line site.
Organisms to be covered from GI/GU tract and pelvis:
Aerobic gram-negative bacilli (Coliforms), B. fragilis, and Enterococci (E. faecalis, not VRE).
i) Empiric monotherapy:
Meropenem, imipenem, cefoperazone, piperacillin/tazobactam, and sulbactam/ampicillin.
ii) Empiric combination therapy:
(1) Levofloxacin plus either clindamycin or metronidazole / or
(2) Aztreonam plus either clindamycin or metronidazole / or
(3) Cefepime plus either clindamycin or metronidazole / or
(4) Aminoglycoside plus either clindamycin or metronidazole.

10.5.4 Antimicrobial Agents for Treatment of Sepsis
1. Imipenem (Primaxin):
Indicated for multi-organism infections if other drugs do not provide coverage or contraindicated.
Pediatric < 12 years: Not established, suggest 15 mg/kg/dose IV q. 6 h.
Pediatric > 12 years and adult dose: 1 g IV q. 6 h.
Adjust dose in renal insufficiency.
Generally avoid use in children < 12 years; avoid use in those with CNS disorders/seizures.
2. Meropenem (Merrem):
Semisynthetic carbapenem antibiotic that inhibits bacterial cell wall synthesis.
Pediatric < 10 years: Not established, suggest 15 mg/kg/dose IV q. 8 h.
Pediatric > 10 years and adult dose: 1 g IV q. 8 h.
Adjust dose in renal impairment. If pseudomembranous colitis and thrombocytopenia occurs,
discontinue the medication immediately.
3. Cefoperazone (Cefobid):
Beta-lactam antibiotic that inhibits bacterial cell wall synthesis.

322 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

It is a third-generation cephalosporin with antipseudomonal and antistaphylococcal activity. It is
only cephalosporin with anti-enterococcal (E. faecalis) activity.
Active against Staphylococcus aureus (MRSA), aerobic gram-negative bacilli, E. faecalis, and
Bacteroides fragilis.
Pediatric < 10 years: Not established, suggest 30 mg/kg/dose IV q. 12 hours.
Pediatric > 10 years and adult dose: 2 g IV q. 12 hours.
May increase in prothrombin time or INR; may need prophylactic administration of Vit K 10 mg
IM q. 1 week to all ill patients receiving any beta-lactam antibiotic.
4. Levofloxacin:
It is a quinolone and exerts bactericidal effect by interfering with DNA gyrase in bacterial cells. It
is highly active against gram-negative and gram-positive organisms.
Pediatric < 10 years: Not established, suggest 7.5 mg/kg/dose IV q. 24 hours.
Pediatric > 10 years and adults: 500 mg IV q. 24 hours.
Superinfections may occur with a prolonged or repeated therapy.
5. Moxifloxacin (Avelox):
It inhibits A-subunits of DNA gyrase, and inhibits bacterial DNA replication and transcription.
Pediatric < 18 years: Usually not recommended.
Pediatric > 18 years and adult: 400 mg PO/IV q. daily.
Contraindicated in documented hypersensitivity for the drug, and if the patient has known Q-T
prolongation, administration concurrently with drugs that cause Q-T prolongation is not indicated. In
a prolonged therapy, periodically evaluate renal, hepatic, and hematopoietic systems. Superinfections
may occur with a prolonged or repeated antibiotic therapy. Fluoroquinolones may induce seizures,
tendinitis or tendon rupture.
6. Piperacillin/tazobactam (Zosyn):
It is a semi synthetic extended-spectrum penicillin. It inhibits bacterial cell wall synthesis binding
to specific penicillin binding proteins (PBPs), like most of the anti-pseudomonal penicillins.
Tazobactam increases piperacillin activity against Staphylococcus aureus, Klebsiella, Enterobacter,
and Serratia species, and it has greatest increase in activity against B. fragilis. Tazobactam does not
increase anti-Pseudomonas aeruginosa activity of piperacillin.
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Zosyn is indicated in intra-abdominal and pelvic infections due to aerobic Coliform gram-negative
bacilli and B. fragilis. Enterococci are permissive and opportunistic pathogens and do not require
special coverage.
Pediatric dose < 10 years: Not established, suggest 65 mg/kg/IV q. 8 hours.
Pediatric > 10 years and adult dose: 4.5 g IV q. 8 h (piperacillin 4 g/tazobactam 0.5 g).
May cause renal impairment; may interfere with platelet function.
7. Sulbactam/ampicillin (Unasyn):
A combination beta-lactam and beta-lactamase inhibitor. It suppresses bacterial cell wall synthesis
by binding to specific PBPs. Sulbactam increases effectiveness against beta-lactamase producing
microorganisms and increases the activity of ampicillin against S. aureus, Klebsiella, Enterobacter,
and Serratia species; I has greatest increase in activity against B. fragilis.
Pediatric < 10 years: Not established, suggest 45 mg/kg IV q. 6 hours.
Pediatric > 10 years and adult: 3 g IV q. 6 h (ampicillin 2 g / sulbactam 1 g).
8. Metronidazole (Flagyl):
Binds to ribosomes in bacterial cells. It is highly active against most anaerobes including B fragilis,
but is not active against aerobic gram-positive or gram-negative organisms. In intra-abdominal or
pelvic infections, always use this drug in combination with an antibiotic active against aerobic
gram-negative bacilli. Pediatric < 10 years: Not established, suggest 15-30 mg/kg IV in divided doses.
Pediatric > 10 years and adult: 1 g IV q. 24 h.
9. Clindamycin (Cleocin):
Exerts a bacteriostatic effect and interferes with bacterial metabolism at the ribosomal level. It is
highly active against all staphylococci except MRSA.
It has no anti-enterococcal activity, excellent against B. fragilis, but is not active against aerobic
gram-negative bacilli. In mixed intra-abdominal or pelvic infections, always use in combination
therapy with an antibiotic active against aerobic gram-negative bacilli.
Pediatric: < 10 years: Not established, suggest 8-10 mg/kg IV q. 8 hours.
Pediatric: > 10 years and adult: 600 mg IV q. 8 h.
10. Aztreonam (Azactam):
A monobactam that inhibits cell wall synthesis during bacterial growth.
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It is active against most gram-negative bacilli, but is not active against B. fragilis or enterococci.
Adjust dose in renal insufficiency.
Children: 90-120 mg/kg/day divided IV/IM q. 6-8 h.
Adult: 2 gm IV q. 8 h.
11. Ertapenem (Invanz):
Ertapenem binds to penicillin binding proteins and inhibits bacterial cell wall synthesis. Stable
against degradation by various beta-lactamases, penicillinases, cephalosporinases, and it has
extended spectrum against beta-lactamases, but it is hydrolyzed by metallo-beta-lactamases. Exercise
caution if hypersensitivity reactions to penicillin, cephalosporins, other beta lactams, or other
allergens occur.
Children: (> 3 months to 12 years): 15 mg/kg IV q. 12 h; not to exceed 1 gm /day..
Children (> 12 years) and adults: 1 gm q. daily for 14 days (IV) and 7 days (IM).
Decreased dose in renal failure: Creatinine clearance (CrCl) < 30 mL / min /1.73 m2 : 500 mg IV q. d.

10.6

Antimicrobial Prophylaxis

Used in pre / perioperative care 1) to reduce the incidence of postoperative wound infection and
2) to prevent infective endocarditis.

10.6.1 Prophylaxis of Wound Infections
i) General selection of an antibiotic:
An appropriate prophylactic antibiotic should be:
a) Effective against microorganisms anticipated to cause postoperative infection.
b) Achieve adequate local tissue levels and cause minimal side effects.
c) Not expensive and not likely to select virulent organisms.
d) Microbial context of the wound and the hospital environment may influence the choice.
First-generation cephalosporin (cefazolin) is an adequate prophylaxis for the majority of
procedures as staphylococcus species may cause infection in the majority of procedures that do not
violate mucosa or a hollow viscus.
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For alimentary, hepatobiliary, and genitourinary tract procedures, the coverage should be
influenced by site-specific flora (i.e., gram-negative and anaerobic microorganisms). In these cases
cefotetan or cefoxitin is a suitable agent.
ii) For patients allergic to cephalosporins:
Staphylococcus coverage: Vancomycin is an alternative drug.
Gram-negative organism’s coverage: Aminoglycoside may be used.
Anaerobic organism’s coverage: Metronidazole or clindamycin may be used.
Aztreonam can also be combined with clindamycin but not with metronidazole in the above setting.
iii) Administration of an antibiotic:
The timing of an administration is critical, ideally within 30 minutes, and certainly within two
hours of the time of incision. One should always give first dose before the skin incision is performed.
For longer procedures, readminister the drug at intervals of 1 or 2 times the half-life of the drug
(using the same dose). For gross contaminated wounds, due to severe trauma require a repeated dosage.

10.6.2 Antimicrobial Prophylaxis of Cardiac Procedures
For patients undergoing cardiac procedures, the following guidelines may be followed for using
antimicrobials as prophylaxis.
Prophylaxis against S. aureus and S. epidermidis is indicated.
There is no superiority of any particular antibiotic regimen, and all are equally effective
(i.e., penicillin, 1st and 2nd generation cephalosporins, or vancomycin).
Usually cefazolin is an ideal agent, but consider institutional choice due to high rates of
methicillin-resistant S. aureus or S. epidermidis.
Cardiopulmonary bypass (CPB) reduces the elimination of drugs, and additional operating room
(OR) doses are not necessary.
Most centers continue therapy for 24 hours, or until invasive lines and chest tubes are removed.
♥ Note:
1). On meta-analysis, second-generation cephalosporins, cefamandole, and cefuroxime performed
better than cefazolin, with an approximate one and one-half-fold reduction in wound infection rate, in
cardiothoracic prophylaxis.
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2). Prophylaxis > 48 hours was not associated with improved infectious outcomes.

10.6.3 Antibiotic Prophylaxis of Infective (Bacterial) Endocarditis (IE or BE)
It is not necessary for most patients, as it might create more harm than good.
Prophylaxis is recommended for high and moderate risk cardiac conditions in the perioperative
period in patients undergoing dental and other procedures.
i) High risk cardiac pathology:
a) Prosthetic cardiac valves, including bioprosthetic and homograft valves, and history of prior
infective endocarditis.
b) Complex cyanotic congenital heart disease:
Single ventricle states, transposition of the great arteries, and tetralogy of Fallot.
c) Unrepaired or incompletely repaired cyanotic congenital heart disease.
d) Completely repaired congenital heart defect with prosthetic material or device, i.e., during the
first 6 months after the procedure.
e) Repaired congenital heart defect with a residual defect at the site of a prosthetic material.
f) Surgically constructed systemic-pulmonary artery shunts or conduits.
g) Cardiac transplant which develops a problem in a heart valve.
ii) Moderate risk cardiac pathology:
a) Acquired valvular dysfunction (e.g., rheumatic heart disease).
b) Hypertrophic cardiomyopathy.
c) Mitral valve prolapse with valvular regurgitation and/or thickened leaflets.
d) Cardiac malformations other than those listed in the high-risk or negligible-risk categories.
iii) Negligible risk cardiac disease/procedure, (BE prophylaxis is not recommended):
a) Isolated secundum atrial septal defect (ASD).
b) Surgical repair of ASD, VSD or PDA (without a residual defect beyond six months).
c) Previous coronary artery bypass graft surgery.
d) Mitral valve prolapse without valvular regurgitation or thickened leaflets.
e) Cardiac pacemakers (intravascular and epicardial) and implanted defibrillators.
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f) Previous Kawasaki disease without a valvular dysfunction.
g) Previous rheumatic fever without a valvular dysfunction.
h) Physiologic, functional, or innocent heart murmur.
The presence of non-ejection click even without a murmur may warrant prophylaxis.

10.6.4 Procedures Requiring Endocarditis Prophylaxis
i) Dental Procedures:
a) Dental extractions.
b) Periodontal procedures including surgery, scaling, root planing, probing, and intraligamentary
local anesthetic injections.
c) Prophylactic cleaning of teeth or implants, where bleeding is anticipated.
d) Root canal instrumentation or surgery only beyond the apex.
e) Subgingival placement of antibiotic fibers or strips.
f) Dental implant placement and re-implantation of avulsed teeth.
ii) Other Procedures:
a) Tonsillectomy and/or adenoidectomy, and procedures that involve respiratory mucosa.
b) Bronchoscopy with a rigid bronchoscope.
c) Sclerotherapy for esophageal varices and esophageal stricture dilation.
d) Endoscopic retrograde cholangiography with biliary obstruction and biliary tract surgery.
e) Procedures that involve intestinal mucosa, prostate, cystoscopy and urethral dilation.

10.6.5 Procedures Not Requiring Endocarditis Prophylaxis
i) Cardiac catheterization, including balloon angioplasty.
ii) Implanted cardiac pacemakers, implanted defibrillators, and coronary stents.
iii) Incision or biopsy of surgically scrubbed skin, circumcision and endotracheal intubation.
iv) Tympanostomy and tube insertion uninfected urethral catheterization.
v) Bronchoscopy using a flexible bronchoscope with or without biopsy.*
vi) Transesophageal echocardiography* or endoscopy with or without gastrointestinal biopsy.*
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(* prophylaxis may be optional for high risk patients).

10.6.6 Prophylactic Antibiotics
Standard general prophylaxis:
Amoxicillin: Children 50 mg/kg, adults 2.0 g PO 1 hour before the procedure.
Ampicillin: It is given if the patient is unable to take oral medications. Children 50 mg/kg IM or IV;
adults 2.0 g IM or IV within 30 minutes before the procedure.
If the patient is allergic to penicillin, consider following antibiotics.
i) Clindamycin: Children 20 mg/kg; adults 600 mg PO 1 hour before the procedure or/
ii) Cefadroxil or Cephalexin: Children 50 mg/kg; adults 2 g PO 1 hour before the procedure or/
iii) Azithromycin or Clarithromycin: Children 15 mg/kg; adults 500 mg PO 1 hour before the
procedure.
If the patient is allergic to penicillin, and is unable to take oral medicines use one of the following
drugs:
i) Clindamycin: Children 20 mg/kg, IV, adults: 600 mg IV within 30 minutes before the procedure or/
ii) Cefazolin: Children 25 mg/kg IM or IV; adults: 1.0 g IV within 30 minutes before the procedure.
The total pediatric dose should not exceed the adult dose. Cephalosporins should not be used in
patients with an immediate-type hypersensitivity reaction (i.e., urticaria, angioedema, or anaphylaxis)
to penicillins, though some prefer IV prophylaxis for high risk patients, i.e., recurrent endocarditis or
prior prosthetic valve endocarditis.
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A. Mechanical Circulatory Support Systems
The Mechanical circulatory supports are used to unload the heart and provide adequate perfusion
of the organs in end stage heart failure and / or cardiac dysfunction in a variety of clinical situations
for varying lengths of time. The mechanical circulatory support systems comprise of intraaortic
balloon pumps, extracorporeal membrane oxygenation (ECMO) with centrifugal pump circuits, and
ventricular assist devices (VADs).
Intraaortic balloon pumps are used in refractory low cardiac output states in children after open
heart surgery and may result in > 50% long-term survival.
Extracorporeal membrane oxygenation (ECMO) with centrifugal pump circuit is a common
support system and offers biventricular and pulmonary support. This support is widely used in
children, particularly in small infants after cardiac operations and in severe respiratory failure. This
mode of support is only suitable for a short term application.
Ventricular assist devices (VADs) are used for a long term support of the left ventricle or both the
right and left ventricle, and allow patients full mobilization.

11.1 Intraaortic Balloon Pump (IABP)
11.1.1 Principles
There is a common misconception that increased elasticity of the aorta in children prevents
effective augmentation. The IABP usage, therefore, in young children is very rare.
Effective counterpulsation is achievable in the highly elastic aorta of young children.
Children with ↓ cardiac output states are likely to have an associated right ventricular (RV) failure
and pulmonary problems.
In children with congenital heart disease with severe left ventricular (LV) failure, poor RV and
pulmonary function are not supportable with IABP.
IABP and left ventricular assist devices (LVAD) are limited to supporting the left ventricle.
In refractory low cardiac output states in children ECMO is a common mode of support because it
offers biventricular and pulmonary support.

Chapter 11

Mechanical Circulatory Support, Heart Transplantation, and Heart and Lung Transplantation

331

11.1.2 Physiologic Effects of IABP
Unloads the ventricle in the ejection phase of the cardiac cycle by balloon deflation. Myocardial
blood flow ↑ during the filling phase by diastolic augmentation (by balloon inflation).
Net results: ↑ myocardial oxygen supply, ↓ myocardial oxygen demand.
Increases endocardial viability ratio (EVR).
Promotes myocardial recovery from ischemic injury.
IABP allows reduction of doses of inotropic drugs quickly.

11.1.3 Indications for IABP
1) Patients with severe preoperative ventricular dysfunction.
2) Patients that cannot be weaned from CPB. The cardiac failure is due to a prolonged surgery with
extended cross-clamp times or preoperative ventricular dysfunction.
3) Patients with sudden deterioration in ICU after a good surgical repair.
4) Progressive deterioration of ventricular function in ICU.
Note: (adrenaline at doses > 0.5 µg/kg/min is a strong indication for initiating IABP and with a
Fontan procedure, use of even a low dose of adrenaline may prompt IABP use.)
Fontan procedure and IABP:
The incidence of failure to retrieve poor ventricular function after the Fontan procedure is high. In
a failure after Fontan, in addition to ventricular failure, exhaustive search is done for residual
obstruction or other defects. IABP, post Fontan reduces pulmonary vascular resistance by ↓ afterload,
decreases end-diastolic and filling pressures, and ↑ myocardial oxygen supply.
Survival for children requiring IABP therapy post Fontan is only 10-11%, but the overall survival
rate of children weaned from balloon is 50 to 71%.
Note:
1) IABP indication due to failure to wean from CPB is not an ideal indication for use of ECMO or
LVAD. IABP is not a substitute for ECMO or LVAD.
2) Use of IABP before need for ECMO or LVAD arises, it prevents ventricular deterioration.
3) Start IABP use, well before ventricular function is not capable of sustaining the cardiac output.
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11.1.4 Technique of IABP Operation
i) Selection of a balloon catheter:
Follow Datascope guidelines based on the age and weight for the selection of an appropriate
catheter. Pediatric catheter is smaller, contains no pressure monitoring lumen, and is not pre-wrapped.
In general, a balloon that approximates 50% of a normal predicted stroke volume for each patient is
appropriate. The balloon size may be smaller than recommended because of small femoral artery size.
Larger patient (> 50 kg) may receive 34-cc ‘adult’ balloon.
ii) Site of balloon insertion:
A. Smaller infants (median weight 4.5 kg):
Utilize the purse-stringed cardioplegia delivery site and insert directly via the ascending aorta. The
chest was left open and the wounds are covered with a silicone membrane sutured to the skin.
B. Larger infants (median weight > 5 kg):
Direct cut down to the artery, and insert balloon directly via the common femoral artery or via a
5-mm Gore-Tex sleeve, anastomosed end to side to the femoral artery.
Verify the balloon position in all techniques by a roentgenogram.
iii) Pumping console:
The Datascope System 97 or 90 pumping console with a pediatric volume-limiting chamber is
employed. Do manual filling of the catheter balloon with helium hourly. Do manual adjustment for
augmentation timing for any changes in heart rate > 10 beats/min to ensure optimal diastolic
augmentation and presystolic dip.
iv) Balloon pump deployment and timing:
Once IABP is deployed, the arterial monitoring is transferred to the IABP console and the tasks
below are undertaken.
a) Monitor the following:
Femoral arterial, central venous and left atrial pressures, systemic arterial oxygen saturation,
electrocardiogram, and core and skin temperatures.
b) Heparin infusion:
Administer heparin while the patient is on the balloon pump.
Adjust the heparin dose to keep (APTT) 1.5 to 2 times the normal value.
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c) Timing of balloon: See Figure 30, 31 and 32 and the discussion in the following pages.

Figure 30 Timing (Inflation and deflation) of intra-aortic balloon pump: Top strip: QRS complex on EKG represents
myocardial depolarization. ST segment and T wave on EKG represents myocardial repolarization and coincides with
ventricular systole. Ventricular diastole corresponds to TP interval on EKG. Middle and Lower strips: Arterial pressure
tracing with and without balloon pump assistance: Normal arerial pressure tracing showing dicrotic notch and relation
ship to ventricular systole and ventricular diastole. Balloon inflation point at the beginning of diastole corresponds to
dicrotic notch on arterial tracing and end of T wave on EKG. Balloon deflation corresponds to the beginning of systole or
beginning of ST segment on EKG. SPTI = systolic pressure time index, DPTI = diastolic pressure time index.

Inflate the balloon at the beginning of ventricular diastole which corresponds to end of T wave on
EKG / or dicrotic notch on arterial tracing.
Deflate the balloon at the beginning of ventricular systole which corresponds to the beginning of
ST segment on EKG.
The balloon is normally operated on “EKG collapse mode” which indicates that the balloon is
operated in an inflated mode with regular balloon deflation triggered by R wave on EKG. This
mechanism can be disabled by the operator and can be turned on to a “pressure mode” which
indicates that the balloon console (as in Datascope) senses arterial pressure tracing for proper timing
of balloon deflation and inflation.
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The systolic pressure time index (SPTI) represents the area under arterial pressure tracing in
ventricular systole. It is decreased by the assistance of a balloon pump due to decreased end-diastolic
pressure (pre-systolic dip) and decrease in systolic pressure. Systolic pressure time index correlates
with myocardial oxygen demand. The diastolic pressure time index (DPTI) represents the area under
arterial pressure tracing in ventricular diastole. It is increased by the assistance of a balloon pump due
to augmented diastolic pressure (suprasystolic diastolic argumentation). Diastolic pressure time index
correlates with myocardial oxygen supply.
The arterial wave forms of a patient assisted with IABP are shown in figures 31 and 32. Balloon
assistance increases the diastolic pressure, as well decreases systolic and aortic end-diastolic pressure
or presystolic dip. Suprasystolic diastolic augmentation (or pressure increase) is not often achieved in
patients under 2 years of age, even after maximum balloon augmentation.
Physiologic changes invoked by counter pulsation: a) Increase in the diastolic pressure-time index
(DPTI) which ↑ myocardial oxygen supply. b) Decrease in the tension-time index which ↓ myocardial
oxygen demand (see Figure 30). c) Increase in enocardial viability ratio (EVR), and promotes
recovery from myocardial ischemia.

Figure 31 Arterial wave form at the start of IABP counter-pulsation as augmentation is reduced from maximum (left) to
minimum (right). Most likely it is due to a gas loss in a balloon catheter. Even at maximum augmentation, suprasystolic
augmentation is not achieved. This is frequently seen in patients less than 2 years of age. Suprasystolic augmentation
could often be achieved by induced peripheral vasoconstriction (i.e., active cooling to a core temperature of 34°C and
to suppress tachycardia above 200 beats/min).
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Figure 32 Arterial wave form of a patient with IABP in 1:1 (left) and 1:2 (right) frequency. Suprasystolic diastolic
augmentation is achieved as well as a lowered aortic end-diastolic pressure or presystolic dip.

11.1.5 Weaning from IABP
a) Criteria to begin weaning from the IABP:
i) Hemodynamic stability with signs of good cardiac output.
ii) Reduced inotropic requirement, usually milrinone and/or dobutamine at 5 µg/kg/min.
iii) Normal BP for age, normal CVP, and LAP < 10 mm Hg.
iv) Improved myocardial contractility on echocardiography.
v) Satisfactory urine output (greater than 2 mL/kg/hr).
vi) Central/peripheral temperature gradient is not more than 2°C.
vii) No metabolic acidosis.
b) Procedure of weaning:
1. Augmentation is reduced to 50% by pressing the augmentation reduction button every 5 minutes,
until the visual indicator on the console corresponded to 50% reduction.
2. If 50% reduction is tolerated for 4-6 hours, ↓ balloon frequency from 1:1 to 1:2 for 3-4 hours.
3. Then ↓ balloon frequency to 1:3 for 3-4 hours, before finally terminating IABP support and
removing the catheter.
Usual weaning process may take 10-12 hours.
c) Removal of a balloon catheter:
If the catheter is introduced into a femoral artery via a Gore-Tex sleeve, remove the catheter, ligate
Gore-Tex sleeve, and trim the sleeve, leaving a short stump / or repair the femoral artery by a direct
suture using 7/0 prolene.
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d) Expected outcomes:
70% of patients may be successfully weaned from the IABP and the long term survival is about
60%. In selected children with refractory low cardiac output, after open heart surgery, > 50% long
term survival is expected.
The mean duration of balloon pump support is 127 hours, with a range of 12-260 hours both in a
long and short term survivors. Follow all long term survivors in the outpatient clinic with serial
echocardiograms.

11.1.6 IABP Complications
1. Limb ischemia.
2. Cerebrovascular accidents and renal and mesenteric ischemia. It occurs due to excessive balloon
length and inappropriate size in small children.
Mesenteric ischemia may present as a difficult diagnostic problem in infants.
3. Augmentation problems:
Supra-systolic augmentation may not be achieved even at maximum inflation of a balloon. This is
frequently seen in patients < 2 years of age.
Supra-systolic augmentation could often be achieved by induced peripheral vasoconstriction (i.e., by
active cooling of the patient to a core temperature of 34°C and suppress tachycardia > 200 beats/min).

11.2

Extracorporeal Membrane Oxygenation (ECMO)

It is established treatment of severe but amenable lung or heart failure in neonates and children.
The principle of extracorporeal circulation during CPB is applied and adapted for a long-term use.
Forms of ECMO: The most common are veno-arterial (VA) and veno-venous (VV).
A. Blood is drained from the venous system in both modalities.
B. Oxygenation of blood is through an oxygenator (membrane).
C. Blood is returned to venous system in VV ECMO, but no cardiac output is provided. VV ECMO
can provide sufficient oxygenation for several weeks.
D. Blood is returned to arterial system in VA ECMO and cardiac output is provided.
E. Circuit is primed with blood.
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ECMO is commonly used in neonatal intensive care units for newborns in pulmonary distress and
in some pediatric patients.

11.2.1 Initiation of ECMO
A) In the operating suite:
Cannulae are placed into the large blood vessels (SVC, aorta), similar to open heart surgery for
veno-arterial (VA) ECMO, and the cannulae are connected to ECMO circuit.
B) In the intensive care unit:
Small incision is made along the right side of the neck.
A cannula is placed in the internal jugular vein in the neck (IJV), leading to the right atrium of the
heart. For veno-venous ECMO, another cannula is placed in the femoral vein for blood return. For a
veno-arterial ECMO, another cannula is placed in a large artery (carotid artery or femoral artery)
(see Figure 33). The cannulas are connected to the tubing of the ECMO machine and bypass
circulation is begun.

Figure 33 Veno-arterial extracorporeal membrane oxygenation circuit in cardiorespiratory failure:
Blood is drained from the right atrium through a canula placed in IJV and returned to (AO).
Cardiac output is provided. Oxygenation can be provided for several weeks by veno-venous ECMO.
IJV=internal Jugular vein, AO =aorta.
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11.2.2 Indications for ECMO
A. Neonates:
It is indicated in right, left, and biventricular failure with a low cardiac output subsequent to repair
of a congenital heart defect. Primary pulmonary hypertension of the newborn (PPHN), meconium
aspiration syndrome, respiratory distress syndrome, streptococcal sepsis (group B), asphyxia, and
congenital diaphragmatic hernia (CDH) are other common indications.
Selection criteria for ECMO in neonates with respiratory distress:
i) Reversible lung injury, no major untreatable cardiac malformation or lethal malformations, no
coagulopathy, and no major intracranial hemorrhage.
ii) On mechanical ventilation for 10-14 days or less and failure of maximal medical therapy, with
gestational age > 34 weeks (relative criteria) or birth weight > 2 Kg (relative criteria).
Qualifying criteria for ECMO in infants with respiratory distress:
These are applied only when the infant has reached maximal ventilatory support of FiO2 1.0, with
a peak inspiratory pressures (PIP) as high as 35 cm H2 O.
1) Alveolar-arterial (A-a) gradient of 600-624 mm Hg for 4-12 hours at sea level.
(AO2 − aO2 ) gradient = (PB mm Hg – water vapor pressure in mm Hg ) −

( 𝑃𝑎𝐶 O 2 + Pa O 2 )
Fi O 2

PB, 760 mm Hg, water vapor pressure, 47 mm Hg. The calculation should be made on FiO2 of 1.0
2) Oxygenation index (OI) > 40 in 3 of 5 (postductal gas) samples obtained 30-60 minutes apart.
Equation:
𝑂𝐼 =

𝑀𝐴𝑃 × 𝐹𝑖𝑂2 × 100
𝑃𝑎𝑂2 𝑓𝑜𝑟 2 𝑡𝑜12 ℎ𝑜𝑢𝑟𝑠.

MAP = mean airway pressure in cm H2 O.
3) Acute deterioration with any one of the below:
a) PaO2 less than or equal to 30-40 mm Hg for 2 hours.
b) pH less than or equal to 7.25 for 2 hours.
c) Intractable hypotension.
ECMO in pediatric patients:
Indications:
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1. Right, left, and biventricular failure with a low cardiac output (CO) post - repair of a congenital
heart defect (CHD). It is a frequent indication in neonates as well. 2. Pulmonary vasoreactive crisis
with severe hypoxemia, and / or low CO post-repair of CHD. 3) Bridge to cardiac surgery in
profound low CO with end-organ damage related to CHD. 4) Bridge to cardiac transplant. 5) Bridge
to recovery from cardiomyopathy secondary to renal failure, myocarditis, and burns.
There are no clear set of inclusion or exclusion criteria exists for ECMO use in pediatric patient.
Assessment of the patient's condition and the institutional experience dictates its use.

11.2.3 Patient Management on ECMO
A. Pulmonary system (These are often applied for neonates in respiratory failure):
i) Ventilator settings:
Intermittent ventilation (IMV) rate of 10 to 20/min.
FiO2 of 0.30, PIP of 15-25 cm H2 O.
Positive end-expiratory pressure (PEEP) of 3-5 cm H2 O.
High PEEP of 12-14 cm H2 O may be used to avoid atelectasis.
ii) Pulmonary toilet:
It should be strict and require frequent ET suctioning, usually every 4 hours depending on
secretions.
iii) Chest radiograph: It is taken daily.
End points: Await pulmonary recovery to be accomplished.
B. Cardiovascular system:
i) Systemic perfusion:
The perfusion should be adequate, and maintain adequate ECMO flows and intravascular volume.
The flow rates range from 100 mL/kg to 125 mL/kg.
The volume status is assessed clinically by urine output and physical signs of perfusion.
ii) Maintain stable hemodynamics:
Assure adequate central venous pressure and mean arterial blood pressure.
Above may assure adequate intravascular volume.
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iii) Inotropic agents:
May be used to enhance patient (native) cardiac output.
iv) Echocardiogram:
1. Excludes any major heart anomaly that requires immediate intervention if ECMO is initiated
prior to a definitive diagnosis as in respiratory distress (due to obstructed total anomalous pulmonary
venous connection).
2. To monitor progress or improvement in ventricular function.
C. Central nervous system:
CNS complications are related to the degree of hypoxia and acidosis.
Avoid paralytic agents and perform regular neurologic examinations.
Get head ultrasound before beginning ECMO in a neonate.
Reevaluation with serial head ultrasounds may be needed on a daily basis after any major event.
Give aggressive treatment for patients with seizures or suspected seizures (i.e., Rx with phenobarbital).
D. Renal system:
i) Oliguric phase: Oliguria during first 24-48 hours on ECMO may result in acute tubular necrosis
(associated with capillary leak and ↓ intravascular volume as ECMO triggers an acute inflammatory
like reaction).
ii) Diuretic phase: It begins within 48 hours on ECMO and it is earliest sign of renal recovery. But
if oliguria persists > 48-72 hours, one may use diuretics and add hemofiltration / hemodialysis filter
to the circuit if renal failure does not improve.
E. Hematologic considerations:
i) Hemoglobin: Maintain at 12-15 gm% using packed red blood cells (PRBCs).
ii) Platelets: Give platelet infusions to maintain platelet counts > 100,000 (as platelet consumption
occurs during ECMO).
iii) ACT (activated clotting time): Maintain at 180-240 seconds to avoid bleeding complications.
F. Infection control:
Strict aseptic precautions are required.
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Obtain cultures from the circuit at least once per day. Based on institutional experience, the
protocol frequency may vary.
Appropriate cultures (e.g., fungal and viral) should be sent as needed.
G. Fluids, electrolytes, and nutrition:
Require close monitoring of fluids and electrolytes.
Patient's weight increases in the first 1-3 days on ECMO because of fluid retention. High-energy
requirements are met using hyper alimentation techniques (see Chapter 8).
H. Commonly used medications:
i) Sedatives: After stabilization, minimal sedation either with fentanyl, midazolam, or morphine is
required.
ii) Inotropic drugs: ↓ dopamine, dobutamine, and epinephrine doses, once ECMO is on.
iii) Diuretics: Furosemide is required for mobilization of tissue fluids (see Chapter 16-B).
iv) Gastric antisecretory drugs: Use H2 antagonists for a prevention of GI tract bleeding
(see Chapter 16-G).
v) Phenobarbital: It is often used for treatment of seizures (see Chapter 16-A).
vi) Antibiotics: These are given based on institutional experience (see Chapter 16-I).

11.2.4 ECMO Complications
(I) Mechanical Complications
1. Clots in the circuit:
It is the most common mechanical complication.
Major clot → oxygenator failure, consumption coagulopathy, and emboli.
2. Cannula placement technique:
Damage to the internal jugular vein and massive mediastinal bleeding.
Dissection of the carotid / femoral arterial intima may lead to aortic dissection.
3. Air in the circuit:
It ranges from a few bubbles to a complete venous air lock due to a dislodged venous cannula, a
small tear in the vein wall, or high PO2 in the blood may lead to this problem.
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4. Oxygenator failure:
Results in ↓ exchange of oxygen or carbon dioxide or consumptive coagulopathy.
Replace membrane immediately.
5. Others: Cracks in connectors, pump, heat exchanger, and circuit and monitoring equipment
malfunction.
Management of circuit failure:
Clamp the venous line immediately and open the bridge.
Clamp the arterial line, and remove the patient from the ECMO.
Bag the patient with FiO2 of 1.0, or institute pre-ECMO ventilator settings immediately.
Fix the circuit problem.
(II) Hemorrhagic Complications
Bleeding is the most common complication of ECMO.
A head ultrasound is done every day to look for suspected intracranial bleed.
Hemorrhage at surgical site, cannula site, hemolysis, disseminated intravascular coagulation (DIC),
intrathoracic, abdominal, or retroperitoneal hemorrhage may occur.
Thrombocytopenia (sequestration, dilution, ↓ production, ↑ consumption of platelets) may also be
noticed.
(III) Cardiac Complications
1) Myocardial stunning: ↓ left ventricular shortening fraction by > 25% occurs at start of ECMO
and returns to normal after 48 hours.
2) Hypertension: ↑ the risk of hemorrhage and stroke.
3) Arrhythmias: Occur due to hypoxia and electrolyte imbalance.
4) Symptomatic patent ductus arteriosus and pericardial tamponade.
(IV) Pulmonary Complications
Pneumothorax is a potential complication and as well pulmonary hemorrhage.
(V) Renal Complications
Oliguria: It is common during the early part of ECMO.

Chapter 11

Mechanical Circulatory Support, Heart Transplantation, and Heart and Lung Transplantation

343

Acute tubular necrosis: Occurs in some patients and requires haemofiltration and/or dialysis.
(VI) Gastrointestinal Tract
Hemorrhage: Occurs due to stress, ischemia, or bleeding tendencies.
Direct hyperbilirubinemia and biliary calculi occur due to hemolysis and diuretic usuage,
prolonged fasting, and TPN.
(VII) Neurologic & Vascular
Seizures, intracranial bleeding, brain infarction, and limb ischemia.
Cause: systolic hypertension, ligation of the carotid artery and IJV, cannulation of the femoral
artery in larger children, heparinization, thrombocytopenia, and coagulopathies.
(VIII) Infection and Sepsis
The frequent manipulation in circuit increases the risk of sepsis.
(IX) Metabolic
Acid-base Distrubances: Acidosis or alkalosis.
Potassium: Hyperkalaemia or hypokalaemia.
Sodium: Hypernatraemia or hyponatraemia.
Calcium: Hypercalcaemia or hypocalcaemia.
Glucose: Hyperglycemia or hypoglycemia.
(X) Drug Serum Concentrations
Altered serum concentration of drug occurs due to increased volume of distribution.
Therefore, dose alterations of drugs may be necessary.

11.2.5 Weaning from ECMO
(I) Respiratory Failure
A trial period without ECMO is scheduled:
1. If the patient demonstrates adequate gas exchange, and is on reasonable ventilator settings.
2. If the patient tolerates a pump flow of 10-20 mL/kg/min with a minimum of 200 mL/min.
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(II) Ventricular Dysfunction
If improved ventricular function is demonstrated on ECHO, and the patient tolerates gradual
weaning of pump flows until 10-15 mL/kg.

11.2.6 Morbidity, Mortality, and Survival of ECMO
1) Oral feeding:
Despite normal suck and swallow reflexes, 33% have a feeding problem after ECMO.
2) Somatic growth:
Normal in infants who survive, poor growth should be evaluated due to other causes.
3) Bronchial asthma:
15% require oxygen a month after ECMO, and ↑ rate of hospitalizations occur for pulmonary
conditions.
4) Nonpulmonary and surgical conditons:
Result in higher rate of re-hospitalization.
5) Neurological disabilities:
a) Sensorineural: Incidence of 6% (range, 2-18%); developmental delay of 9%.
b) Abnormal brainstem auditory-evoked response (BAER):
25% have mild-to-moderate threshold elevation.
c) Sensorineural hearing loss: Occurs after 1 year in 9% (range, 4-21%).
d) Cortical visual impairment: Mild degree is seen after posterior brain injury. The visual function
improves usually in a long term.
Routine ophthalmic examinations during ECMO are not recommended.
e) Seizure disorders: By clinical and EEG criteria, 20-70% of neonates while are on ECMO, the
incidence of epilepsy is 2% at the age 5 years.
f) Neuromotor deficits:
These are rare; mild hypotonia to gross motor delay and spastic quadriparesis may occur.
g) Psychosocial morbidity:
The social problems, academic difficulties at school, and attention deficit disorder may occur.
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Mortality and Survival of ECMO:
In general, only 4% of all ECMOs are initiated for postcardiotomy patients.
44% of all ECMO instituted patients may be successfully weaned.
The immediate survival: (death occurrs in the first 24 hours after the de-cannulation). It is 66% in
neonates, 33% in older infants.
The late survival: (death occurrs > 24 hours after the de-cannulation).
70% of late survivors have normal mental and somatic status.

11.3 Ventricular Assist Devices (VADs)
11.3.1 Indications
Patients awaiting heart transplantation, myocarditis, and cardiomyopathy that might achieve
complete cardiac recovery.
Usage of VAD for several days to 14 months in children with myocarditis and cardiomyopathy
increases survival and led to discharge of 78% of the infants under 1 year old.

11.3.2 Types of Devices (VADs)
True VADs are either extracorporeal pulsatile pneumatic system or implantable electrical systems
of varying designs and functional principles.
1) VADs for use in children and adolescents:
(for BSA > 1.2 m2 or children of age > 5 years)
i) Thoratec (Thoratec Laboratories Corporation), ii) Novacor (Baxter Healthcare
Corporation, Irvine, CA), and iii) The axial flow DeBakey VAD (Micromed Technology Inc., The
Woodlands, TX).
2) VADs for use in small children and Infants:
(for BSA < 1.2 m2 or age < 5-6 years)
Berlin Heart Excor and the Medos HIA device (miniaturized extracorporeal, pneumatic VADs).
(further discussion on VADs, the technique of insertion, postoperative management in patients on
VADs is beyond the scope of this text).
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B. Heart Transplantation
11.4 Care of a Heart Transplant Patient
11.4.1 Preoperative Care
It is paramount to optimize cardiac, renal, respiratory, neurologic, and metabolic functions of a
child needing a heart transplant. This would ensure the best outcome after a transplant. Among all
children waiting for heart transplantation, the mortality rate prior to transplantation is approximately
15-20%. For infants with hypoplastic left heart syndrome (HLHS), the mortality during the waiting
period is significant when the infant has to wait > 3 months.
Other important measures:
A. Dctus dependent physiology: For patients with ductus dependent circulation, use lowest dose
possible of prostaglandin. Usual dose: 0.1-0.2 mcg/kg/min.
B. Pulmonary and systemic blood flows: Balance the pulmonary and systemic blood flows by
managing systemic arterial oxygenation. This may require adding nitrogen to the inspired gas mixture
to render delivered oxygen at less than a fractional inspired oxygen (FiO2 ) of 0.21 in certain infants.
C. Management of heart failure:
Optimize management of children with advanced heart failure.
D. Palliative surgical procedures:
Atrial septostomy:
For a significantly restricted interatrial communication, a balloon atrial septostomy or surgical
septectomy may be necessary.
Stenting of the patent ductus arteriosus and pulmonary artery band (hybrid Norwood): It may be
used to allow children of (HLHS) to wait for a transplant without prostaglandin E1 (PGE1 ) infusion.
The child can be discharged and wait for a transplant outside the hospital.

11.4.2 Postoperative Care
Immediate postoperative management of a heart transplant child is similar to the management of
any pediatric cardiac surgical patient with emphasis on maintenance of adequate perfusion,
oxygenation by mechanical ventilation, fluid and electrolyte balance, maintenance of adequate renal
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function, and prevention of infection. Specific details pertaining to postoperative care of heart
transplantation are the following:
(I) Management of Pulmonary Hypertension
(The donor right ventricle is not tolerant of significant pulmonary hypertension and acute graft
failure is one of the largest contributors to early mortality).
Mainstay therapy:
1. Sedation.
2. Hyperventilation (alkalinization).
3. Use of inotropic agents with minimal pulmonary vasoconstrictive effects.
4. Vasodilator therapy.
(Inhaled nitric oxide and sildenafil are used in this setting).
Sildenafil: A wide range of doses and patient variability has been reported, therefore, careful dose
titration is necessary.
Pulmonary hypertension control: 0.5 to 3 mg/kg/dose orally every 6 to 12 hours.
Facilitation of inhaled nitric oxide wean after pulmonary hypertension control:
0.3 mg/kg/dose orally is given once 70 to 90 minutes prior to inhaled nitric oxide discontinuation.
Neonates and infants: Multiple dose therapy is given consisting of 0.22 to 0.47 mg/kg/dose every
6 hours to facilitate weaning from inhaled nitric oxide in patients who have previously failed (average
duration: 28 days).
(II) Prostaglandin Therapy
For patients receiving PGE1 prior to transplantation, continue for at least 1-2 days and then wean
gradually over 3-5 days to prevent rebound pulmonary hypertension.
(III) Broncho-Pulmonary Toilet
Many children receive larger donor organs than their native hearts. This may lead to compression
of lung parenchyma. Aggressive pulmonary toilet is indicated and close observation for respiratory
compromise is required, especially after the initial extubation.
(IV) Post Transplantation Medications and Perioperative Immunosuppression
1. Inotropes and vasodilators:
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Isoproterenol is most commonly used. It maintains adequate heart rate for age of the patient and
cardiac output. Other inotropes may be used as indicated. The following concentrations of drugs will
allow easy variation of drug amount per mL to permit constant infusion rates at prescribed dosage.
Isoproterenol 1 mL/hr = 1 mg/kg/hr, Dopamine 1 mL /hr = 5 mcg/kg/min
Dobutamine 1 mL /hr = 5 mcg/kg/min,
Milrinone / Amrinone 1 mL /hr = 5 mcg/kg/min.
Epinephrine 1 mL /hr = 0.05 mcg/kg/min.
Norepinephrine 1 mL /hr = 0.05 mcg/kg/min.
Nitroglycerin 1 mL /hr = 1 mcg/kg/min.
Nitroprusside 1 mL /hr = 0.5 mcg/kg/min.
Tolazoline 1 mL /hr = 1 mg/kg/hr.
2. Anti-hypertensives:
Enalapril: 0.1-0.5 mg/kg/day po in divided doses.
Captopril: Infants: 0.25-0.6 mg/kg/dose, titrated upward in 2-4 doses.
Maximum dose: 4 mg/kg/day.
Children: 0.5-2 mg/kg/day every 8-12 hrs to a maximum of 6 mg/kg/day. Maximum dose
450 mg/24 hours.
Propranolol: 2-4 mg/kg/day po in 2 to 4 divided doses.
Metoprolol:1-5 mg/kg/day po in 2 divided doses.
Verapamil (25 mg/mL): 2-7 mg/kg/day po in 3 divided doses.
Nifedipine: 0.6 mg-0.9 mg/kg/day po in 3 to 4 divided doses.
Hydralazine: 0.75-3 mg/kg/day po in 2 to 4 divided doses.
Prazosin: 0.05 mg/kg as test dose, then 0.25 mg to 1.5 mg/kg/day po in 4 divided doses.
Minoxidil: 0.2-1.0 mg/kg/day po in 1 or 2 doses.
3. Calcium channel blockers:
These are used as prophylaxis for post-transplant coronary artery disease and to improve renal
perfusion.
Verapamil: Infants < 6 months of age: 5 mg/kg/day, 3 divided doses.
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Diltiazem: Infants > 6 months of age:1 mg/kg/day, 2 divided doses.
4. Prostaglandin (PGE1 ): Initial dose is started at 0.05 micrograms/kg/min; weaned off over
several days (5 to 7 days) following transplantation. Most commonly used for patients on PGE1 prior
to transplantation or for patients in whom pulmonary hypertension is anticipated.
5. Antimicrobials for prophylaxis:
Cefazolin: Give until central lines are removed. Further antimicrobial therapy depends on specific
culture results.
Infants < 1 month: 20 mg/kg/dose IV every 12 hours.
Infants > 1 month: 25 mg/kg/dose IV every 8 hours.
6. Antiviral drugs:
a. Ganciclovir: Used in recipients who receive CMV positive grafts as a specific treatment for
CMV.
Dose: 10 mg/kg/day, in divided doses q. 12 hours for 14-21 days.
Decrease the dose for renal insufficiency.
b. Acyclovir:
Used as a prophylaxis against CMV. Not necessary to use if gancyclovir has been given.
Dose: 30 mg/kg/day divided t.i.d. for 3 months after transplantation.
7. Anti-platelet drugs:
Aspirin: 3-5 mg/kg/day, if platelet counts are chronically > 500,000.
Give 1/2 baby ASA tablet for infants.
8. H2 Receptor antagonists:
Ranitidine (Zantac): Give while administering methylprednisolone.
Dose: Intravenous: 1-2 mg/kg/day divided q. 6 to 8 hours.
Oral: 2-4 mg/kg/day divided q. 12 hours (15 mg/mL solution).
9. Immunosupressive drugs:
A. Cyclosporine: IV infusion is maintained at 0.1-0.2 mg/kg/hour.
Start oral cyclosporine when oral feedings are well tolerated.
Dose of 10-20 mg/kg/day is given in divided doses every 8-12 hours.
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Measure blood levels of cyclosporine daily until stable, then twice a week.
Maintain a target level of 250-300 nanograms per mL (whole blood).
A child < 4 years of age should receive t.i.d. dose due to rapid metabolism in younger children.
Infants with impaired renal function may be maintained on lower target ranges.
Infants with absorption problems may be given intravenous preparation of cyclosporine orally.
Cyclosporine dosage may also need to be adjusted because of drug interactions.
B. Azathioprine:
3 mg/kg/IV or orally once daily. Start on first postoperative day.
May be given during pre-transplant period in older children and adolescents.
Dose is adjusted to keep WBC count > 4000 /mm3 .
C. Methylprednisolone (solumedrol):
20 to 25 mg/kg IV every 12 hours × 4 doses during the first two days after transplantation.
20-25 mg/kg IV every 12 hours × 8 doses for treatment of rejection.
D. Prednisone:*
0.15 mg to 0.3 mg/Kg/day. Wean over 3 to 6 months period.
Maintain at 0.1 mg/Kg/day after 6 months in patients without rejection.
(*Protocols using double drug therapy (cyclosporine and azathioprine, or methotrexate) for
maintenance would not use this drug, to prevent graft atherosclerosis and chronic-steriod induced
complications).
(* Protocols using triple drug therapy (cyclosporine, azathioprine, and steroid) for maintenance
would discontinue this drug after long term in children).
E. Mycophenolate mofetil (Cellcept).
Commonly used for recalcitrant rejection and would replace methotrexate.
Used also as an alternative to azathioprine for maintenance therapy.
Experience is limited for use in young children.
Dose: 250 mg po b.i.d., gradually advance to a maximum dose of 2 gm per day (older children and
adults).
Patients are at an increased risk of developing lymphomas and skin malignancies.
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Common side effects: Increased susceptibility to infection, lymphoma, diarrhea, leukopenia, sepsis
(generally CMV viremia), and vomiting.
F. Antithymocyte serum (ATS):
Used as a rescue therapy during episodes of moderate or severe acute rejection and/or is
unresponsive to steroids.
It is also used also as a prophylaxis after transplant for infants > 30 days of age.
Dose: 0.5 mg/kg/dose IV for 7-10 days.
G. Antithymocyte globulin (ATGAM):
Used as a rescue therapy during episodes of moderate or severe acute rejection and/or is
unresponsive to steroids.
Dose: 15 mg/kg/day for 7-10 days.
H. Methotrexate:
It is an alternative rejection treatment or for a maintenance therapy.
Dose: 10 mg/m2 /week.
Administered as a single dose or as 3 doses given q. 12 hours, or 3 times weekly.
Keep WBC count > 3000 /mm3 .
I. Tacrolimus (FK506/Prograf):
Used for recalcitrant rejection or maintenance immune-supression alternative to cyclosporine.
Induction drug level is 10-15 ng/mL for 3 weeks.
Maintenance drug level is 8-10 ng/mL.
FK506 should be administered at least one hour prior to, or 2 hours after feeding.
J. Intravenous immune globulin (IVIG, Sandoglobulin):
Dose: 400 mg/kg (12% solution) intravenously.
Repeat the dose × 2 during the 1st week after a transplantation.
Repeated doses may be given if increased immune suppression is needed.
Dose of 2 gm/kg (9% to 12% solution) may be used for severe rejection or prior to re-transplantation.
K. Sirolimus, Rapamycin (rapamune):
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The drug is for use only in older children > 13 years and adults with solid organ transplants.
It should be used in combination with cyclosporine and corticosteroids for the first 12 months
following transplantation.
After first 12 months following transplantation, any adjustments to the immunosuppressive
regimen should be considered on the basis of the clinical status of the patient.
Dose: Initiate with a loading dose of up to 15 mg on day 1 post-transplantation.
Give an initial maintenance dose of 5 mg/day on day 2 post-transplantation and thereafter. A
trough level should be obtained between days 5 and 7 to adjust the daily dose. Careful attention to
clinical signs/symptoms, tissue biopsy findings, laboratory parameters, and drug concentration
should form the basis for adjustment of the dose. Frequent dose adjustments based on
non-steady-state drug concentrations can lead to overdosing or under dosing because sirolimus has a
long half-life. Once sirolimus maintenance dose is adjusted, patients should continue on the new
maintenance dose for at least 7 to 14 days before further dosage adjustment.
Calculate the new dose as below:
New rapamune dose = current dose ×

target concentration
current concentration

A loading dose should be considered, in addition to the new maintenance dose when it is required
to increase sirolimus trough concentrations.
Sirolimus loading dose = 3 × (new maintenance dose − current maintenance dose)
Maximum dose administered on any day should not exceed 40 mg.
Monitor trough concentrations for at least 3 to 4 days after a loading dose.
L. Total lymphoid irradiation (T.L.I.):
It is reserved for severe chronic rejection, unresponsive to other therapies.
One should not withdraw other immunosuppressive drugs until effect of TLI is documented. Total
dose is 800 rads.

11.4.3 Protocol for Perioperative Immunosupression
Several protocols exist for preoperative immunosupression. The general guidelines for
perioperative immunosupression and maintenance immunosupression are discussed below:
(I). Mainstay therapy:
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It consists of drugs A+B+C+D+E as described below:
A 1) Cyclosporine:
Give 0.1 mg/kg/h IV when the donor is identified, it is stopped during surgery, and is restarted after
transplantation. It is switched to po when possible,
Alternate dosing schedules for cyclosporine:
IV infuson: 2 to 4 mg/kg/day once a day over 4 to 6 hours / or
1 to 2 mg/kg / twice a day over 4 to 6 hours / or
2 to 4 mg/kg/day as a continuous infusion over 24 hours.
Oral capsules: 8 to 12 mg/kg/day orally in 2 divided doses.
Oral solution: 8 to 12 mg/kg orally once a day.
Doses are usually titrated downward with time to a maintenance dose as low as 3 to 5 mg/kg/day.
All doses should be adjusted to achieve the desired therapeutic concentration.
(maintain a target trough cyclosporine level of 250-300 ng/mL).
Or
A 2) Tacrolimus (FK506):
0.15 mg/kg Orally or 0.03 mg/kg IV during pretransplant period.
If tacrolimus is used preoperatively, continue postoperatively, and begin the dosing when the
patient is stable postoperatively with diuresis.
Dose: 0.075 to 0.15 mg/kg/day or 0.0015 mg/kg/hour IV infusion.
Adjust the dosing to trough whole blood (ELISA) level of 15 to 20 ng/mL.
In addition to either cyclosporine or tacrolimus give the following drugs.
B 1) Azathioprine:
2 mg/kg IV infusion is given over 1-2 hours during pretransplant period.*
(* Given in older children and adults)
2 to 3 mg/kg/day is administered postoperatively for all patients.
Adjust the dose to maintain a WBC count of at least 5 ×1000 / mm3 .
Or
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B 2) Mycophenolate mofetil (MMF, Cellcept):
Give IV or orally at 500 mg/m2 /dose during pretransplant period.
Give IV or orally twice daily at 500 mg/m2 /dose during postoperative period.
Adjust the dose to maintain an MMF level of 2.5-5 mcg/mL and a WBC count of at least
4 × 1000 / mm3 .
C) Methylprednisolone:
Give 20 mg/kg/IV every 12 hours for 4 doses.
(May give one dose of methylprednisolone intra-op at the time of induction or after CPB is
discontinued).
D) Antithymocyte globulin (Thymoglobulin) (induction immunosupression therapy):
It is given in children older than 30 days at a dose of 1.5 mg/kg/day once daily for the first 5 days.
E) Prednisone:
0.3 mg-0.15 mg/kg/day. Wean over 3 to 6 months period.
Maintain at 0.1 mg/kg/day after 6 months in patients without rejection.
(Some protocols omit in children)
(II). Adjunctive therapy:
A) Intravenous immune globulin:
Give a dose of 2 g/kg administered at 500 mg/kg/day for 4 days.
Daily dose is given over 12 hours, beginning right after the transplantation.
B) Ranitidine:
Give while the patient is receiving methylprednisolone.
C) Ganciclovir:
Give for 2 weeks in recipients who are CMV positive or who receive a CMV-positive donor.
Dose: 5 mg/kg IV over 1 hr every 12 hours for 14 days post-transplant.
D) Aspirin:
Give 3-5 mg/kg/day if the platelet count is chronically > 500 ×1000 / mm3 .
Immnuno suppressive medications at discharge:
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Cyclosporine (Neoral): 10-20 mg/kg/day, is given orally, in divided doses every 8-12 hours
depending on blood levels.
Azathioprine emulsion (Imuran) (10 mg/cc): 3 mg/kg/day, orally, once daily.
The following medications are taken during the first three months after transplantaion:
Poly-vi-sol, Acyclovir, Fer-in-sol, Nystatin.
(III). Maintenance of immunosupression:
1. Nnormal renal function;
All drug doses are adjusted based on history of rejection and drug toxicity.
Commonly used drugs:
A. Tacrolimus: 0.1 to 0.2 mg/kg/day or cyclosporine: 2.5 to 5 mg/kg/day.
B. Prednisone: 0.1 to 0.15 mg/kg/day.
(Some protocols omit prednisone in children).
C. Azathioprine: 1 to 2 mg/kg/day.
2. Abnormal renal function:
A) Methylprednisolone:
Give 20 mg/kg/IV every 12 hours for 4 doses.
(May give one dose of methylprednisolone 3-6 hours preoperatively. Start 1st postoperative dose
8 hours after arrival to ICU and 1 hour before OKT3).
B) Orthoclone (OKT3):
5 mg IV q. daily × 5 days, then 2.5 mg IV q. daily × 3 days.
Start 1st postoperative dose 10 hours after arrival to ICU.
C1) Azathioprine:
2 mg/kg IV infusion over 1-2 hours during pre-transplant period.
2 mg/kg/day postoperatively.
Adjust the dose to maintain a WBC count of at least 5×1000 / mm3 .
Or
C2) Mycophenolate mofetil (MMF, Cellcept):
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Give IV or orally at 500 mg/m2 /dose during pretransplant period.
Give IV or orally twice daily at 500 mg/m2 /dose during postoperative period.
Adjust the dose to maintain an MMF level of 2.5-5 mcg/mol and a WBC count of at least
4×1000 / mm3 .
D) Prednisone:
0.25 mg / kg/q. 12 hours to start on 2nd postoperative day, until 1st biopsy is performed.
If biopsy is clean, taper to 0.15 mg/kg/q. 12 hours.
If biopsy is not clean, maintain 0.25 mg / kg/q. 12 hours until 2nd biopsy, then initiate it taper.
E) Cyclosporine:
3-4 mg/kg/po q. 12 hours to be started on postoperative day 5 and is continued.
Dose is usually titrated downward with a time to a maintenance dose as low as 2.5 to 5 mg/kg/day.
Dose should be adjusted to achieve the desired therapeutic concentration.
(Maintain a target trough cyclosporine level of 250-300 ng/mL).

11.4.4 Rejection Surveillance and Treatment
Routine endomyocardial biposies are mandatory since patients do not manifest EKG voltage changes
or congestive heart failure, suggestive of rejection until late. High degree of suspicion is needed, and
endomyocardial biposy is warranted to document rejection.
(I) Clinical Signs and Symptoms of Graft Rejection
a) General:
Irritability, malaise, changes in feeding pattern, changes in sleeping pattern, bradycardia, resting
tachycardia, and changes in resting cardiac rhythm.
Presence of S3 (third heart sound), S4 (fourth heart sound), gallop rhythm, arrhythmias
(supraventricular arrhythmias, premature ventricular contractions), conduction changes, and
decreasing EKG voltage.
b) Signs and symptoms of decreased myocardial contractile function:
Cool and mottled extremities, oliguria, diaphoresis, and hepatosplenomegaly.
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Echocardiographic evidence of reduced contractile function (♠ interpretation of rejection due
to“remodeling” effects is taken into account if donor/recipient size mismatch is > 200%, and the child
may require the administration of a calcium channel blocker to relax the myocardium).
c) Signs and symptoms of congestive heart failure:
Tachypnea, rales, hepatosplenomegaly, increasing cardiomegaly, and pulmonary edema and/or
pleural effusion.
Rejection should be confirmed histologically in cases of persistent or equivocal signs and
symptoms. Biopsy is also performed, in general, a week after completion of therapy for rejection. The
endomyocardial biopsies are performed under echocardiographic or fluroscopic guidance, and the
right heart catheteriezation may be performed at the time of biopsy. Usually 4 to 5 specimens are
obtained for a procedure and may be placed in Hanks solution or preserved in formalin.
General time schedule for biopsies:
Every week ×6 weeks, then bi-weekly ×3. Then after first 3 months after transplantation, monthly
for 6 months, and then nine months after transplantation. The intervals for biopsies may be
determined on an individual basis.
Acute rejection should be treated using one of the rejection protocols.
(II) Clinical Symptoms and Signs Based Rejection Treatment
A. Asymptomatic and/or minimal symptoms:
Methylprednisolone:
Infants: 20-25 mg/kg q. 12 hours IV × 8 doses.
Older children: 250-500 mg every 12 hours × 8 doses.
Ranitidine: Used while on steroids.
Furosemide: Used as necessary.
Manage hypertension antihypertensive medications (see Chapter 16).
B. Moderate to severe symptoms:
Methylprednisolone: It is given as above.
Thymoglobulin (equine):
1.5 mg/kg/day IV for 7 days in ICU setting, or
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Antithymocyte serum (rabbit):
0.5 cc./kg/day IV for 7-0 days in ICU setting, or
Antithymocyte serum (ATGAM) (equine):
15 mg/kg/day IV for 7-10 days in intensive care setting.
(dilute to 1 mg/mL in D5W or D5 1 2 NS).
Methotrexate:
10 mg/m2 once a week; once a week.
Tacrolimus (FK506, Prograf):
One may consider conversion of treatment to use of tacrolimus.
OKT-3:
Rarely, it is used in young children.
Dose: 3-5 mg IV.
Administration: Give as a bolus for 5-10 days, infuse over 10 minutes.
Intravenous or oral steroid administration should continue while the patient is on OKT3.
Benadryl: 1 mg/kg/IV given slowly before OKT-3 infusion is begun.
Tylenol elixir or suppository (for age) is given as necessary.
Extracorporeal membrane oxygenation (ECMO):
Optional rescue therapy.
Ranitidine:
Oral dose: 2-4 mg/kg/day divided every 12 hours
IV dose: 1-2 mg/kg/day in divided doses every six to eight hours
Furosemide: as necessary
Emergency kit:
It is used in case of anaphylaxis
Methylprednisolone (125 mg), epinephrine (1:10,000), and benadryl (50 mg)\
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*(III) Treatment Based on Histological Grading of Rejection by Endomyocardial Biopsy &
Histological Grading of Rejection
Histological grading of rejection:
A. No therapy needed (grade 0 to 2):
1. No rejection (Grade 0):
Sparse lymphoid infiltrates are present on biopsy specimens.
2. Mild rejection (Grade 1A):
Focal perivascular or interstitial infiltrates are present with mild intensity.
3. Focal moderate rejection (Grade 1 B):
Diffuse but sparse infiltrates are present as 1A, but there is no myocyte damage.
4. (Grade 2):
Only one focus with aggressive infiltration and/or a focal myocyte damage.
B. Grades with treatment threshold:
Low moderate rejection:
1. Grade 3A:
Multifocal aggressive infiltrates are present and/or presence of myocyte damage.
(Multiple foci may be present in only one fragment or scattered throughout the several fragments).
2. Grade 3B:
Diffuse inflammatory process.
The intensity of the lymphoid infiltrate may vary but > 1B.
The important feature of this grade is the presence of myocyte damage.
Myocyte damage must be present in at least 2 fragments, and some degree of infiltration is present
in most fragments.
3. Severe acute rejection (Grade 4):
Diffuse and polymorphous infiltrate with or without edema, hemorrhage, and vasculitis. The
infiltrate is more intense and more widespread than 3B with a conspicuous myocyte damage.
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*(IV) Treatment of Rejection
Several protocols exist for treatment of rejection. The general guidelines of rejection therapy based
on histology, clinical and hemodynamic changes are discussed below:
1) Mild rejection (Grade 1A and Grade 1 B):
No treatment needed. Re-biopsy in one month.
2) Focal moderate rejection (Grade 2):
a) Azathioprine or cellcept: Maintain the dose, the patient is currently on.
b) Cyclosporine: Maintain the dose, the patient is on and recheck levels.
c) Prednisone: Dose is maintained or increased to 0.15 to 0.25 mg/kg q.12 hrs × 7-14 days.
(dosage depends on clinical condition and the time since the transplant, and taper prednisone dose
to the maintenance dose level over 10 days).
3) Low moderate rejection (Grade 3A, 3B):
A. Patients without hemodynamic alterations or with a minimal hemodynamic compromise:
Patients may be treated out-patient, but rebiopsy should be done 5-10 days after rejection therapy.
a) Azathioprine or cellcept: Maintain the current dose.
b) Cyclosporine: Maintain the current dose and recheck levels.
c) i. Prednisone:
(It is given in patients without hemodynamic compromise and/or > 6 weeks post-transplant):
1.5 mg/kg/day for 3 days, then at 0.15 to 0.25 mg/kg q. 12 hrs, and taper to the maintenance dose
level over 10 days.
Or
c) ii. Methyl prednisolone:
(It is given in patients with minimal hemodynamic compromise and/or < 6 weeks post-transplant):
5 to 20 mg/kg/IV daily × 3 days (dose is dependent on degree of compromise or histology), then
reinstitute prednisone at 0.15 to 0.25 mg/kg q. 12 hrs, and taper to the maintenance dose level over
10 days.
B. Patients with moderate or significant hemodynamic compromise (Grade 3 A, 3 B & Grade 4):
Patient should be admitted. Re-biopsy should be done 5-10 days after rejection therapy.
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a) Grade 3A with moderate hemodynamic compromise and > 6 weeks post-transplant:
Methyl prednisolone 5 to 20 mg/kg/IV daily × 3 days, and follow the same drug protocol as in A:
(a+b+c ii).
b) Grade 3A and 3B with significant hemodynamic compromise and Grade 4:
a) Azathioprine or cellcept: Maintain the current dose
b) Cyclosporine: Maintain the current dose and recheck levels.
c) i). Orthoclone (OKT3):
5 mg IV q. daily ×4 days, then 2.5 mg IV q. daily ×3 days (if OKT3 antibody screen is negative).
Or
c) ii). Horse antithymocyte globulin (HATG)’ Replace ‘screen ispositive)’ with ‘screen is positive):
5 mg/kg daily × 5 to 7 days.
d) Methyl prednisolone 1.5 mg/kg/IV daily ×3 days, 1 hour before OKT3 or HATG administration,
then give the drug below i.e., e).
e) Prednisone:
0.25 mg/kg q. 12 hours on days 4 to 7. Begin to taper to a baseline dose on day 8.
*(V) Treatment of persistent rejection
A. Grade 3A, 3B and 4 with hemodynamic compromise:
a) HATG: 5 mg/kg/day IV × 5 to 7 days.
b) Methylprednisolone: 1.5 mg/kg IV on day 1, 1 hour before HATG administration.
c) Prednisone: Hold on day 1, but to continue the maintenance dose daily.
d) Azathioprine or cellcept: Maintain the current dose.
e) Cyclosporine: Maintain the current dose and recheck levels.
f) Rebiopsy in 5 days.
B. Grad 3A, 3B and 4 without hemodynamic compromise:
a) Azathioprine or cellcept: Maintain the current dose.
b) Cyclosporine: Maintain the current dose and recheck levels.
c) Prednisone: Maintain the current dose.
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d) Methotrexate:
0.1 mg/kg po two consecutive days every week, for 4-8 weeks or 10 mg/m2 /week; once a week.
e) Rebiopsy in 7-14 days.
C. Optional Treatments of Persistent Rejection::
Consider the following treatments:
1. Use of OKT3 if it is not used previously. 2. Switch to FK506.
3. Use of sirolimus. 4. Replacing azathioprine with cellcept.
5. Total lymphoid radiation. 6. Photopheresis. 7. ECMO. 8. Re-transplantation.
(*III, *IV, *V. Adapted from the protocol for Immunosupression in a heart transplant. Department
of Cardiothoracic Surgery. Newark Beth Israel Medical Center, UMDNJ, New Jersey. Publication of
2001)

C. Heart-Lung Transplantation
11.5 Postoperative Management of a Heart and Lung Transplant
Management of a heart and lung transplant child is similar to the management of any pediatric
cardiac surgical patient, with meticulous attention directed to cardiac and pulmonary support. The
postoperative course consists of approximately a two week hospitalization period.

11.5.1 Cardiopulmonary Care
A. Cardiac support:
1. Maintain adequate perfusion: Maintain adequate blood pressure, cardiac rhythm, and heart rate
for age (rate is usually kept at 110-120 bpm).
2. Management of pulmonary hypertension.
Institute measures to decrease pulmonary hypertension (see Chapter 4 & Chapter 11, section B.
Heart transplantation).
Isoproterenol is commonly used to maintain adequate heart rate and decrease pulmonary
hypertension.
B. Respiratory support:
Intubation and mechanical ventilation:
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Usually requires for 24 to 48 hours after surgery.
(Early extubation is a goal of postoperative management as prolonged mechanical ventilation is
associated with increased morbidity and mortality).
Following immediate postoperative measures would achieve the shortest intubation time:
1. Maintenance of adequate perfusion.
2. Maintenance of adequate gas exchange.
3. Maintenance of adequate renal function.
Rapidly wean FiO2 to the lowest, and maintain PaO2 > 70-75 mm Hg to avoid O2 toxicity, and use
PEEP of 3 cm to 5 cm H2 O.
Double lung or single lung transplantation requires prolonged intubation with paralysis and
sedation to prevent pulmonary hypertensive crises.
Lung transplant recipients of cystic fibrosis, often require prolonged weaning, before extubation
due to hypercarbia.
Use diuretics, renal doses of dopamine for diuresis, and avoid nephrotoxic drugs.
Diuretics are very important with the use of cyclosporine for immunosupression.
It is critical to follow the steps below to achieve the above goal of shortest intubation:
1. Ventilator support: Require careful ventilator management.
2. Management of fluid balance: It should prevent volume overload, hypotension, and renal
dysfunction.
3. Meticulous handling and care to prevent infection.

11.5.2 Blood Volume and Fluid Balance
Keep patients hypovolemic during the first few days after surgery.
Optimize Hct and O2 transport (see Chapter 5).
Use maximally concentrated intravenous medications. Use diuretics routinely.
(majority of patients experience postoperative pulmonary edema due to increased pulmonary
vascular permeability that results from ischemia and reperfusion injury and due to the interruption of
the pulmonary lymphatics).
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11.5.3 Prevention and Treatment of Infection
Pay meticulous attention to hand washing technique.
(there is no evidence that treatment using isolation is more effective than meticulous attention to
hand washing).
(I) Prophylactic Broad Spectrum Antimicrobials
Give 1st or 2nd generation cephalosporins and an aminoglycoside / or
3rd generation cephalosporins IV during first 7-10 days after transplant and may be continued
during rest of hospitalization.
(II) Antimicrobials for Patients with Cystic Fibrosis
Anti-pseudomonas antimicrobials: These are given IV for 7-10 days.
IV drugs are followed by aerosolized tobramycin or colistin for 8 weeks.
(III) Pneumocystitis Prevention
Trimethoprim-sulfa: It is given only for 3 days / each week.
(IV) Cytomegalovirus Infection or Exposure
Gancyclovir:
5 mg/kg/IV daily for 6 to 9 weeks for CMV positive donor or recipient mismatch or infection.
(V) Surveillance Cultures (Blood, Sputum, Urine)
Performed routinely to isolate bacteria, fungus, or viral organisms and treat infections. The central
lines, IV access sites, and ET tube are the source of bacteremia or pneumonias during 1st week
post-transplant.
(VI) Fungal Infections
Aspergillosis:
Localized (pulmonary) or systemic aspergillus infection or tracheal colonization is common in
cystic fibrosis patients. Give itraconazole or amphotercin B
Candidiasis:
Colonization is more common than invasive infection.
Treat infection with amphotercin B, fluconazole, or itraconazole.
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(VII) Viral Infections
CMV infection:
The infection is diagnosed by positive sputum or positive buffy coat culture of bronchial washings.
i) Treatment of mild to moderate infection:
Acyclovir (oral): 80 mg/kg/day in 3 to 4 divided doses.
Acyclovir (IV): 1500 mg/m2 /day in 3 divided doses.
ii) Treatment of severe infection:
Foscarnet (phosphonoformic acid):
90 to 120 mg/kg/day as a single infusion, once daily for 14 to 21 days.
CMV immune globulin IV:
100 mg/kg infusion every other day for 3 days, then once a week based on CMV antigenemia assay.
Administration of CMV immunoglobulin:
Begin infusion at 15 mg/kg/hour, if no reaction occurs, double the infusion rate every 30 minutes
until 60 mg/kg/hour, and complete the prescribed dose at this rate.
Varicella:
Give IV acyclovir:
Children < 1 year: 30 mg/kg/day in 3 divided doses for 7 to 10 days.
Children > 1 year: 1500 mg/m2 /day or 30 mg/kg/day in 3 divided doses for 7-10 days.
Herpes simplex:
Acyclovir (oral): 1000 mg/day in 3 to 5 divided doses 7-14 days.
Maximum dose 80 mg/kg/day in 3 to 5 divided doses.
Acyclovir (IV):
Children < 1 year: 15 to 30 mg/kg/day in 3 divided doses for 7 to 14 days.
Children > 1 year: 750 to 1500 mg/m2 /day in 3 divided doses / or
15 to 30 mg/kg/day in 3 divided doses for 7-14 days.
RSV (respiratory syncytial virus):
Give ribavirin as inhalation aerosol.
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Continuous aerosolization: 12 to 18 hours/day for 3 to 7 days.
Aerosol concentration 20 mg/mL (6 g reconstituted with 300 mL of sterile water or NS).
(use with Viratek small particle aerosol generator).
Intermittent aerosolization: (high dose aerosol): 2 g over 2 hours 3 times / day.
Aerosol concentration 60 mg/mL (6 g reconstituted in 100 mL of sterile water)
Influenza A:
Give amantadine *
Dose: Children 1 to 9 years: 5 mg/kg/day in 2 divided doses, maximum 150 mg/day.
Children 10-12 years: 5 mg/kg/day in 2 divided doses, maximum 200 mg/day.
Adults: 200 mg/day in 1 to 2 divided doses.
(* duration of treatment is for 24 to 48 hours after patient becomes asymptomatic).
Measles, influenza B, and parainfluenza:
Give ribavirin as inhalation aerosol.
Continuous aerosolization: 12 to 18 hours/day for 3 to 7 days.
Aerosol concentration 20 mg/mL (6 g reconstituted with 300 mL of sterile water or NS).
(Use with a Viratek small particle aerosol generator).
Intermittent aerosolization: (high dose aerosol): 2 g over 2 hours 3 times / a day.
Aerosol concentration 60 mg/mL (6 g reconstituted in 100 mL of sterile water).
Epstein-Barr (EB) virus:
Supportive and symptomatic treatment only.

11.5.4 Immunosuppression Medications
See below for detailed discussion.

11.5.5 Transfer Out of Intensive Care
It is done after inotropic and pressor medications are discontinued, and the patient is extubated and
stable; thoracic catheters, arterial, and central venous access lines are removed. Continue the
intravenous antibiotics while the patient is in the hospital.
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11.5.6 Physical Therapy and Rehabilitation
It is initiated in the intensive care unit, and is increased in intensity as the patient becomes
ambulatory. In order to minimize nosocomial infection, facilitate rehabilitation and discharge patients
from hospital to post-transplantation housing that is near the thehospital. Here, patients continue to
attend regular sessions of physical therapy.

11.5.7 Bronchoscopy and Transbronchial Biopsy
The timing of surveillance bronchoscopy procedures varies from centre to centre.

11.6

Immunosuppressant Therapy of a Heart-Lung Transplant

11.6.1 Induction Immunosuppression
Induction immunosuppression may be used in an attempt to minimise the risk of development of
brochiolitis obliterans (BO). Acute rejection is a well established risk factor for the development of BO.
It has not been definitive that these agents are effective in achieving this outcome, therefore, usage
is not common and varies according to a treatment centre.
Agents used for induction are potent and increase the risk for infection postoperatively.
Induction agents:
A. Lympholytic agents. B. Interleukin (IL)-2 receptor antagonists.
A. Lympholytic agents:
Lympholytic agents contain antibodies to human lymphocytes and derived from animal serum.
These agents are administered for 3 to 5 days immediately after transplantation.
For steroid-resistant rejection, treat by administereing for 10 to 14 days.
Adverse effects:
↑ incidence of infection.
↑ risk of post-transplantation lymphoproliferative disease (PTLD) and leukopenia.
Cytokine release syndrome (i.e., chills, fever, vomiting, diarrhea, and headache).
Agents:
1. Rabbit antithymocyte globulin (RATG) [thymoglobulin].
2. Muromonab-CD3 (OKT3) [orthoclone].
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3. Equine antithymocyte globulin (lymphocyte immune globulin) [ATGAM].
Rabbit antithymocyte globulin (RATG) [thymoglobulin]:
Give 1.5 mg/kg body weight administered daily for 3 to 5 days.
Thymoglobulin should be infused over a minimum of 6 hours for the first infusion and over, at least,
4 hours on subsequent days of therapy.
Muromonab-CD3 (OKT3) [orthoclone]:
Pediatric patient < 30 kg: 2.5 mg IV once a day for 5 to 7 days.
> 30 kg: 5 mg IV once a day for 5 to 7 days.
Lymphocyte immune globulin [ATGAM]:
15 mg/kg/day for 3 to 5 days.
B. IL-2 Receptor Antagonists:
These are monoclonal antibodies that specifically bind to the IL-2 receptor on activated T cells.
Some trails showed that these agents ↓ frequency of acute rejection in adult lung transplants. No
evidence that these agents ↓ frequency of brochiolitis obliterans (BO) or acute rejection in pediatric
lung transplants.
Agents:
1. Basiliximab (simulect). 2. Daclizumab (zenapax).
These agents differ in their half-lives and the number of doses required for immunosuppression.
Basiliximab (simulect):
It may be used as part of an immunosuppressive regimen that includes cyclosporine and
corticosteroids.
Pediatric patients < 35 kg:
10 mg a dose × 2.
Pediatric patients > 35 kg:
20 mg a dose × 2.
The first dose should be given within 2 hours prior to transplantation surgery.
The recommended second dose should be given 4 days after transplantation. The second dose should
be withheld if complications such as severe hypersensitivity reactions to simulect or graft loss occur.
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Daclizumab (zenapax):
It is used with immunosuppressive regimen that includes cyclosporine and corticosteroids.
10 months to 17 years old: Administered as in adults.
1 mg/kg IV (15 minutes infusion) < 24 hour prior to transplant surgery, then 1 mg/kg IV q. 14 days
× 4 doses.

11.6.2 Maintenance Immunosuppression
Corticosteroids are the most commonly used agents in pediatric lung transplant recipients followed
by calcineurin inhibitors and cell toxins.
Three drug protocols utilize cyclosporine, azathioprine, and steroid.
Two drug protocols utilize FK506 and azathioprine /or cyclosporine and azathioprine.
A. Calcineurin inhibitors:
1. Cyclosporine and 2. Tacrolimus.
(See heart transplant section for a detailed dosing).
Cyclosporine:
0.25 to 0.5 mg/kg IV after transplant (given over 3-4 hours) then give 1.5 to 2.5 mg/hour, and
adjust the infusion rate to maintain whole blood cyclosporine level of 300-350 ng/mL in the
immediate postoperative period.
Tacrolimus:
It is given in the postoperative period when a patient is stable with diuresis.
0.075 to 0.15 mg/kg/day or 0.0015 mg/kg/hour IV infusion.
Both the above agents are the mainstay of immunosuppression.
Both are equal in prevention of BO and improvement of survival.
Drug levels should be monitored on a regular basis.
Doses for lung transplant recipients are usually maintained at higher levels than those for other organ
transplants.
♣ Most pediatric lung transplant centres use tacrolimus-based regimen as their primary
immunosuppression because it has a more manageable adverse effect profile in children.

370 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Gingival hyperplasia and hirsutism that occur with cyclosporine negatively influence the compliance,
particularly, in teenage patients. Aerosolised cyclosporine may provide a substantial survival advantage
to lung transplant recipients receiving the drug.
Adverse effects:
Increased risk of infection, nephrotoxicity, neurotoxicity, GI disturbances, electrolyte derangements,
malignancy, and hypertension.
Cyclosporine may cause gingival hyperplasia and hirsutism.
Tacrolimus may cause more hyperglycemia.
B. Cell toxins:
1. Azathioprine and 2. Mycophenolate mofetil (MMF, cellcept):
(see heart transplant section for a detailed dosing).
In lung transplantation, studies have not shown a clear benefit of one agent over the other.
Azathioprine:
Give 2 mg/kg IV during the pre-transplant period, 2 mg/kg IV during the postoperative period then
2 mg/kg IV daily until dosing of 3 mg/kg/PO is begun. Dosing is often determined by white blood
cell count.
Adverse effects for both azathioprine and cellcept include myelosuppression, infection, and nausea.
Azathioprine may cause hepatotoxicity and rash.
MMF may cause diarrhea and an increased risk of lymphoproliferative disorders.
MMF serum levels can be measured, and dosage is adjusted to maintain adequate serum levels.
C. Corticosteroids:
(see heart transplant section for a detailed dosing).
1. Methylprednisolone:
1 mg/kg / IV in the immediate postoperative period, then daily until PO steroid is begun. Steroids
are the most commonly used group of immunosuppressant agents.
Adverse effects:
Hyperglycaemia, hypertension, growth suppression, bone loss, gastrointestinal disorders, acne,
amenorrhea, cataract, and increased risk of infection. At high doses, it causes alterations in serum
levels of the calcineurin inhibitors.
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D. Rapamycin and derivatives (sirolimus and everolimus):
These agents can be used with either cyclosporine or tacrolimus.
(see heart transplant section for a detailed dosing).
Rapamycin (sirolimus) is rarely used during the first year post-transplant.
It has no role in the early postoperative period because of interference with wound healing. It
causes anastomotic dehiscence and development of interstitial pneumonitis.
Fifteen percent of patients receive this agent by five years post-transplant.
These agents can be used as rescue therapy (for rejection) in renal dysfunction,
These agents are beneficial in patients with chronic rejection. These agents inhibit vascular injury
in vivo and inhibits proliferation of endothelial and smooth muscle cells in vitro.
Dosing is once daily, but in children desirable drug levels are maintained with b.i.d. dosing.
Adverse effects: Hyperlipidemia and myelosuppression.

11.7

Clinical Surveillance of a Heart-Lung Transplant

11.7.1 Transbronchial Biopsy
First surveillance bronchoscopy is commonly performed within the 1st week after transplantation
(it may be within the first 24 hours, in some centers while the patient is still intubated). This would
assess bronchial anastomosis for blood supply, healing, and removal of secretions.
Transbronchial biopsy is performed under fluoroscopic guidance in two different areas of
transplanted lungs for rejection surveillance.
Three to six biopsy specimens are obtained at each procedure.
Protocols for further surveillance transbronchial biopsy vary between treatments centers.
SVHS recommendation:
1. Transbronchial biopsy schedule of 3, 6, 9 to 12 weeks post-transplantation.
2. Additional transbronchial biopsy procedures for new-onset symptoms.
3. Follow-up transbronchial biopsy procedures for acute rejection or CMV pneumonia.
After 1st year post-transplant, transbronchial biopsy is performed every 6 months for surveillance
of BO or in chronic mild rejection.
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11.7.2 Bronchoalveolar Lavage
It is often performed in association with transbronchial biopsy for diagnosis and management of
infections, viral cultures, and buffy coat cultures for CMV infection.

11.7.3 Open Lung Biopsy
It may not be necessary if adequate transbronchial biopsy specimens are obtained. If transbronchial
biopsy specimens are inadequate, open lung biopsy is performed, especially after suspected rejection
and inadequate clinical response to pulse steroid administration. Tissue specimen obtained by
transbronchial biopsy may be inadequate for diagnosis of BO.

11.7.4 Pulmonary Function Tests
Monitor lung function, in addition to blood pressure, temperature, and daily weights. As rejection
or infection frequently results in loss of lung function, children old enough to perform spirometry,
FEV1 estimation should performed 2 weeks after transplant and weekly thereafter. Spirometry and
oximetry are performed at home and changes in daily values are monitored to detect rejection or onset
of BO. In young children, who can not perform spirometry, pulse oximetry is monitored to detect
early changes in lung function.

11.7.5 Echocardiography
It should be part of surveillance to evaluate cardiac function, and to detect any differential rejection
of heart and lungs. Cardiac rejection is rare in the absence of pulmonary rejection, and cardiac
rejection is less frequent in heart lung transplants than in cardiac transplants alone.

11.7.6 Therapeutic Drug Monitoring
It should be a part of the routine post-transplant protocol to prevent side effects from
immunosuppressive agents.

11.8 Management of Rejection of Heart-Lung Transplant
Rejection of a heart lung transplant may be acute that occurs first few days after a transplant or
chronic that may occur subtly in the course of a few weeks or months after transplantation.
(I). Acute rejection: Histology shows perivascular lymphocytic infiltration of lung which might
extend into interstitial airways. The histological changes are graded from 1 to 4.
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(II). Chronic rejection (BO, bronchiolitis obliterans):
Bronchiolitis obliterans is an inflamatory process of small airways with fibrotic and proliferative
changes. It is presumed to be an immune mediated injury.
Late and sudden or progressive decrease in FEV1 suggest onset of BO, even transbronchial
specimens are not diagnostic.

11.8.1 Symptoms and Signs of Rejection
Dry cough, pyrexia, malaise, shortness of breath, and chest tightness with decrease in oxygen
saturation are common.
Inspiratory crackles at bases and friction rubs on auscultation, decrease in oxygen saturation, chest
rontegenogram showing new onset of pleural effusions or hilar pulmonary infiltrates that are often
symmetrical, and pulmonary edema are all suggestive of rejection in the absence of pulmonary
infection.
Chest x-ray may also be normal. Spirometry reveals decreased FEV1 or FEF.

11.8.2 Treatment of Rejection
Acute rejection: Give pulse steroids.
Methylprednisolone:
Infants: 20-25 mg/kg q. 12 hours IV × 8 doses.
Older children: 250-500 mg every 12 hours × 8 doses.
(See heart transplant section for a detailed dosing).
Perform open lung biopsy if there is no rapid clinical response.
Chronic rejection: Give pulse steroids:
Methylprednisolone:
Infants: 20-25 mg/kg q. 12 hours IV × 8 doses.
Older children: 250-500 mg every 12 hours × 8 doses.
If there is no rapid response, give either:
1. Antithymocyte globulin or 2. OKT3.
(See heart transplant section for detailed dosing)
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11.8.3 Treatment of Refractory Rejection
1. Antithymocyte serum (ATGAM) (equine):
15 mg/kg/day IV for 7-10 days is given in intensive care setting.
Dilute to 1 mg/mL in D5W or D5 1 2 NS / or give
2. Thymoglobulin (equine): 1.5 mg/kg/day IV for 7 days is given in ICU setting.

11.8.4 Treatment of Lymphocytic Bronchitis: (B1 or B2)
Methotrexate 0.1 to 0.2 mg/kg once a week / or
Immune globulin 100 mg/kg IV.
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12.1 Pleural Effusions
Chest tube (CT) drainage that is sanguineous or sero-sanguineous lasts usually for a day or two
after an uncomplicated open heart surgical (OHS) procedure. Prolonged (> few days) sanguineous
and bloody drainage after OHS may be related to a poor surgical technique or bleeding diathesis.
Meticulous attention to a surgical technique and principles of hemostasis with adequate reversal of
anticoagulation prevents the above problem.
Persistent drainage of serous or asanguineous fluid (> few days or a week) is due to collection of
fluid in the pleural space (pleural effusion) and should be further evaluated.

12.1.1 Normal Fluid Movement in Pleural Space
Pleural effusion develops when more fluid enters the pleural space than is removed. Normally,
7-15 mL/kg/day (5 to 10 liters/day in an average adult) of protein free fluid flows from parietal
pleural surface into pleural space and is absorbed by visceral pleura leaving only < 1-2 mL of fluid in
the space with the protein content of < 1.5 gm/100 mL (see Figure 34).

Figure 34 *Diagram depicting pleural and capillary hemodynamics responsible for normal movement of fluid and
lymph in the pleural space. The numbers in parenthesis indicate pressures in cm of H2O. * Adapted and modified from
GIBBON’S Surgery of the Chest, ed 4. Philadelphia, WB Saunders CO, 1983.
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The driving forces for the movement of fluid from parietal pleura to pleural space are:
1. Capillary hydrostatic pressure (30 cm H2 O) of parietal vessels (or systemic capillaries).
2. Negative intrapleural pressure (5 cm H2 O).
3. Colloid osmotic pressure (8 cm H2 O) of pleural space fluid.
The opposing force for the above movement of fluid is:
1. Colloid osmotic pressure (34 cm H2 O) of capillary blood.
Fluid moves into the pleural space from parietal capillaries with a net force of (30 cm + 8 cm + 5 cm
˗ 34 cm of H2 O) 9 cm of H2 O.
Fluid from the pleural space is reabsorbed into the viscceral pleural surface capillaries.
Driving pressure for the above fluid movement (pleural space to visceral pleura) is:
Colloid osmotic pressure of visceral (pulmonary) capillaries (34 cm H2 O).
The opposing forces for the above movement of fluid from pleural space to visceral pleura are:
1. Pulmonary capillary hydrostatic pressure (11 cm H2 O).
2. Negative intrapleural pressure (5 cm H2 O).
3. Colloid osmotic pressure (8 cm H2 O) of pleural space fluid.
Fluid moves from pleural space into visceral pleural capillaries with a net force (34 cm ˗ 11 cm + 5 cm
+ 8 cm H2 O ) of 10 cm H2 O.
Protein that is leaked into the pleural space cannot be absorbed by diffusion due to high colloid
osmotic gradient in the capillaries, but is removed by lymph.
Normal lymph flow is 2-7 mL/kg/24 hours, leaving only < 1-2 mL of fluid in the pleural space with
a protein content of < 1.5 gm/100 mL.

12.1.2 Mechanisms of Formation of Pleural Effusion
↑ Intestitial fluid in the lungs secondary to ↑ pulmonary capillary pressure, ‘e.g., heart failure and
Fontan circulation.
↑ Pulmonary capillary permeability (i.e., pneumonias).
↑ Negative intrapleural pressure (i.e., atelectasis).
↑ Pleural membrane permeability and obstructed lymph flow (i.e., pleural malignancy and infection).
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↓ Plasma oncotic pressure (e.g., hypoalbuminemia).

12.1.3 Etiology of Pleural Effusions
Infants and children:
The most common cause is nosocomial or community acquired pneumonia.
The postoperative effusions are due to nosocomial pneumonia, heart failure, and Fontan circulation.
Adults:
Most common causes are heart failure, pneumonia, pulmonary embolism, malignancy, and
tuberculosis.
Other causes:
Diaphragmatic defects (hepatic hydrothorax).
Thoracic duct rupture (chylothorax).
The pleural effusions are broadly divided into transudative and exudative effusions based on the
mechanism of formation.
A. Transudative effusions:
Transudates result from imbalances in hydrostatic and oncotic forces.
Common causes: Fontan circulation, heart failure, and cirrhosis.
Rare causes: Atelectasis, constrictive pericarditis, SVC obstruction, nephrotic syndrome,
peritoneal dialysis, and urothorax (uremic effusion).
Transudative effusions usually respond to diuretics.
B. Exudative effusions:
These result from alteration of local factors influencing the accumulation of pleural fluid.
Common causes:
Pneumonia, pulmonary embolism, tuberculosis, and malignancy.

12.1.4 Diagnosis of Prolonged Chest Tube Drainage
Prolonged chest tube drainage during the postoperative period should be thoroughly investigated,
and the diagnosis should be ascertained as a cause of the effusion or accumulation of fluid in the
pleural space, systematically, as discussed.

Chapter 12

Miscellaneous Considerations 379

(I) Clinical History
1) Perioperative patient with any of the following conditions is prone for pleural effusion.
Congenital heart disease / heart failure with elevated pulmonary capillary pressure, Fontan
circulation, trauma to lymphatic / thoracic duct, prolonged postoperative bleeding, bleeding diathesis,
perioperative pneumonias, and pulmonary embolism.
The following preexisting conditions in a patient may also influence formation of pleural effusion
in the postoperative period.
Auto-immune disease, community acquired pneumonia, pulmonary tuberculosis, and malignancy.
2) Analysis of pleural fluid.
3) Optional and specific diagnostic tests of pleural fluid.
(II) Analysis of Pleural Fluid
A. Gross appearance of pleural fluid:
1) Turbid pleural fluid:
Caused either by cells and debris as in empyema, or by a high lipid levels in chylothorax.
2) Blood-stained fluid (i.e., fluid Hct > 1% of blood Hct):
Post-cardiac surgery (trauma), pulmonary embolism, pneumonia, and malignancy.
3) Pleural fluid Hct > simultaneous blood Hct:
Hemothorax.
B. Biochemical Characteristics:
These differentiates effusions as transudates or exudates.
Light's criteria (100% sensitive) may be used for differentiation of transudates from exudates.
Initially analyze pleural fluid to determine whether the effusion is a transudate or an exudate. Pleural
fluid needed for the test is 20 mL for basic and 60 mL if further diagnostic studies are required.
a) Determine concomitant serum and pleural fluid total protein and LDH levels.
b) If the patient was/is on diuretic therapy, determine concomitant serum and pleural fluid albumin
also.
Light criteria:
Pleural fluid is transudate if none of the following criteria are met;
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Fluid is exudate if one or more criteria are met.
1) Pleural fluid / serum protein levels ratio > 0.5
2) Pleural fluid / serum LDH levels ratio > 0.6
3) Pleural fluid LDH level > 2/3 of the upper normal of serum LDH.
Above criteria are less accurate for transudates due to congestive heart failure and patients on
diuretics. Longer is the diuretic therapy, more likely, the fluid will have exudative characteristics.
If there is high suspicion of pleural effusion as a transudate due to congestive heart failure,
determine the serum-to-pleural fluid albumin gradient (i.e., serum albumin level − pleural fluid
albumin level).
A gradient < 1.2 g/dL is exudative effusion.
A gradient > 1.2 g/dL is transudative effusion.
20% of effusions caused by CHF fulfill criteria for an exudative effusion, post-diuretic use.
In above cases the diagnosis of transudative effusion is most likely if:
1) serum and pleural fluid protein levels difference is > 3.1 gm/dL.
2) Serum and pleural fluid albumin gradient > 1.2 gm/dL.
(III) Optional and Specific Diagnostic Tests of Pleural Fluid
Clinical presentation may determine the need for further biochemical and microbiological studies.
Exudative effusions usually require further investigation of pleural fluid as discussed below:
1) WBC count with differential
Pleural fluid is sent in an anti-coagulated tube for total and differential white cell count.
2) pH, glucose, and amylase levels
pH: Fluid is collected anaerobically in a heparinized syringe and analyzed by a blood-gas machine.
pH < 7.20 in parapneumonic effusion indicates the need to drain the fluid.
If a pleural fluid pH value is inconclusive, pleural fluid glucose levels are done.
Glucose:
If pleural fluid glucose level is of < 60 mg/dL, it identifies complicated parapenumonic effusion.
A pH value < 7.30 is associated with poorer response to chemical pleurodesis and ↓ survival in
malignant pleural effusions.
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Amylase:
If pleural fluid amylase is > upper normal of serum amylase, it suggests esophageal perforation / or
a malignancy.
3) Adenosine Deaminase (ADA)
ADA is an enzyme that plays an important role in lymphoid cell differentiation.
ADA level > 40 U/L has 90-100% sensitivity and 85-95% specificity for tuberculous pleurisy.
The specificity for TB is > 95% if exudates are only lymphocytic.
4) Cytological analysis:
10 mL of pleural fluid is adequate for testing.
Cytological analysis is performed in suspected pneumocystis carinii infection, mailgnancy, and in
suspected exudative effusions with normal fluid glucose and amylase levels.
Cytology is positive in only 60% of malignant effusions.
Cytology is usually negative with mesothelioma, sarcoma and lymphoma.
5) Staining: Gram stain, acid-fast bacilli (AFB), and fungal (KOH).
AFB staining is positive rarely (in 5%) in tuberculous pleurisy, unless patient has tuberculous
empyema.
6) Culture and sensitivity:
It is performed for suspected aerobic and anaerobic bacterial organisms and fungi.
Culture yield is increased if blood culture bottles are inoculated at bedside with a pleural fluid.
Cultures identify microorganisms in 40% of parapneumonic effusions.
If fluid is grossly purulent, culture is positive in 70% of cases.
If tuberculous effusion is suspected, culture of both the pleural fluid and sputum is obtained.
The yield of sputum culture in tuberculous effusion is only 10 to 60%.
Mycobacterium is difficult to be isolated in tuberculous effusion in > 60-70% as tuberculous
pleuritis develops due to delayed hypersensitivity. About one third of patients with tuberculous
effusion have a negative PPD skin test.
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(IV) Further Diagnostic Studies
The following studies are to be done on basis of the gross appearance of the pleural fluid or if a
specific condition is suspected.
i) Centrifugation:
It should be performed if the pleural fluid is turbid, milky, bloody, or brown, and if chylothorax is
suspected. If supernatant of the pleural fluid remains opaque after centrifugation, study the fluid
chemistry for triglyceride, cholesterol and total lipid levels and microscopic examination of the
sediment.
Lipoprotein analysis demonstrates chylomicrons in the pleural fluid.
A ratio of pleural fluid to serum creatinine level > 1 confirms urinothorax.
Straw-colored pleural effusion with ammonia (urine) odor suggests urinothorax.
ii) Immunologic studies of the pleural fluid:
Rheumatoid factor titer, antinuclear antibody level, amylase isoenzyme determination, or
immunohistochemical studies are performed.
iii) Hematocrit of the pleural fluid:
In hemothorax, the pleural fluid hematocrit is > 50% of the serum hematocrit.
Traumatic thoracentesis:
Traumatic thoracentesis should be differentiated from hemothorax by the following criteria:
a) Non-uniform red discoloration of fluid during aspiration.
b) Clotting of the fluid within minutes (due to presence of platelets).
c) Absence of hemosiderin-laden macrophages.
One may perform 2nd thoracentesis in the following situations:
1. The suspected malignant effusion and initial pleural fluid cytological examination is negative.
2. A parapneumonic effusion with a borderline biochemical indicators for CT tube drainage.
3) Suspected acute tuberculous pleurisy with non-diagnostic pleural adenosine deaminase (ADA)
levels.
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iv) Blood studies:
Blood cultures (2 tests, preferably from different sites and one-half hour apart) are performed, and
ensure determination of serum glucose, amylase, and arterial pH.
Confirmatory diagnosis: After analyzing several tests of the pleural fluid and blood, one can make
a confirmatory diagnosis of the etiology of the effusion by ordering more specific tests dictated by
clinical suspicion of the disease (see Tables 12.1, 12.2).
Table 12.1

*Routine Pleural Fluid Tests in Pleural Effusion.

Test

Test result

Inference and Comments

Glucose

< 60 mg/dL
(3.3 mmol/L)

Empyema or complicated parapneumonic effusion, 20% of TB effusions,
(< 10%) of malignancy, rheumatoid arthritis. Pleural fluid with low glucose
levels also have low pH and high LDH levels

LDH

> 2/3 of normal Any condition causing an exudate. Very high levels of LDH (> 1000 U/L) found
serum LDH
in complicated parapneumonic and 40% of tubrculous effusions

LDH fluid/serum
> 0.6
ratio

Any condition causing an exudate. If LDH criteria are met, but not protein
criteria for exudative effusion, it is parapneumonic or malignancy

Protein
0.5
fluid/serum ratio

Any condition causing an exudate. Pleural fluid protein level > 3 gm/dL suggests
an exudates. This criteria alone misdiagnoses 10% exudates and 15% transudates

WBC Count and
Empyema, other exudates (not common). WBC count is lower than expected in
> 10,000/cumm
differential
purulent fluid due to presence of dead WBC cells and debris
Eosinophils

>10%

Diagnosis is non confirmatory in 1/3 of eosinophillic pleural effusions. Presence
of air or blood in the pleural space may be the cause

Lymphocytes

>50%

Tuberculosis, pulmonary embolism, post CABG surgery. Pleural lymphocytosis
> 90% suggests lymphoma, or tuberculosis

Neutrophils

>50%

pulmonary embolism, parapneumonic effusion. 7% of acute tuberculos pleurisy,
and 20% of malignant pleural effusions

Red blood cells

>100,000/cumm

Parapneumonic effusion, pulmonary embolism, trauma, malignancy. Fluid
hematocrit of < 1% is insignificant

Adenosine
deaminase

>40 units/L

60% empyema, 5% malignancy, rheumatoid arthritis

(ADA)

(667 nkat/L)

30% complicated parapneumonic effusions, >90% of tuberculosis. Due to low
prevalence of tuberculous pleurisy, ADA is not routinely done

Cytology

Positive

Malignancy, actively dividing mesothelial cells may mimic adenocarcinoma

Modified from: PORCEL M J, and LIGHT WR, Diagnostic Approach to Pleural Effusion in Adults. Am Fam Physician.
2006.
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Table 12.2
Test

*Specific Pleural Fluid Tests in Pleural Effusion.

Test result

Inference and Comments

pH

< 7.20

Complicated parapneumonic effusion or empyema, < 10% of malignancy, < 10%
of tuberculosis, esophageal perforation. Obtain in effusions if infection is
suspected. A low pleural fluid pH indicates the need for CT tube drainage in
only parapneumonic effusions

Amylase

> Upper normal

Pancreatic disease, malignancy, (< 20% of cases), esophageal rupture. Amylase
in esophageal rupture and malignancy is salivary type

Cholesterol

> 45-60 mg/dL

Any condition causing exudate. Obtain in suspected chylothorax and
pseudochylothorax. This test alone misdiagnoses 10% exudates, 20%
transudates

Triglycerides

>110 mg/per dL

Chylothorax. Obtain if pleural fluid is cloudy or milky. Not all chylous effusions
are milky.

HCT fluid /
Blood ratio

≥ 0.5

Hemothorax. Obtain if pleural fluid is bloody

NT-pro BNP

> 1500 pg/mL

Heart failure. Do in suspected heart failure, if exudate criteria are met

Polymerase chain
Positive
reaction (PCR)

Consider if infection is suspected. Sensitiviy to detect tuberculos pleurisy ranges
40-80%, but much lower if TB cultures are negative.

Interferon

variable points

Consider if ADA is unavailable and tuberculosis is suspected.

Culture

Positive

Confirmation of infection and obtain in all parapneumonic effusions, positive
gram stain or culture mandates prompt CT drainage

*Modified from: PORCEL M J, and LIGHT WR, Diagnostic Approach to Pleural Effusion in Adults. Am Fam Physician.
20061220.

12.1.5 Technique for Chest Tube (CT) Drainge
May use conventional CTs (French size) or Blake tubes depending on size of the infant and child.
Blake drains (10F, 15F, and 19) are safer and more efficient than conventional CTs.
Advantages of use of Blake tubes:
Blake drains (10F, 15F, and 19F) are safer and more efficient than conventional CTs. Blake drains
remove the same amount of fluid drained as with conventional tubes with use of smaller size tubes,
and facilitates earlier removal, with fewer occurrences of recurrent effusions.

12.1.6 Pleurodesis
Indications:
Pleural effusion lasting more than a week in postcardiotomy patients.
Methods: Surgical/talc pleurodesis or inntrapleural doxycycline infusion.
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Intrapleural doxycycline infusion:
It can be used in neonates, young infants, and children.
Dose: 19.1 mg/kg/dose.
Doxycycline (parenteral form) is diluted in a normal saline to a syringe concentration of 2-8 mg/mL.
The total dose is injected through a chest tube, and the patient is rotated according to set protocol.
Dose should be remained in the pleural space for at least 6 hours before being drained by CT suction.
Expected results:
Treatment is successful if CT tube output is 0 mL/hr; overall success rate is 90-95%. Treatment
success is not related to concentration of doxycycline.
Mean time from dosing to CT tube removal is usually 5 days (range 8 hr-450 hrs). Chest pain is the
most common adverse effect.

12.1.7 Post Cardiac Surgery Eosinophilic Pleural Effusions
Increased eosinophil counts are present in blood and pleural fluid.
Allergic response might have caused the persistent effusion.
Pleural effusions are characterized by recurrent and persistent effusions with ↑ eosinophil counts.
Treatment:
Corticosteroid therapy is usually recommended.
Effusions resolve within hours after initiating corticosteroid treatment.

12.1.8 Fontan Circulation and Post-Fontan Pleural Effusion
It is a persistent fluid drainage or pleural effusion lasting > 10 to 14 days after Fontan operation.
1. Incidence:
21% to 45% of post-Fontan patients.
Results in prolonged hospitalization (i.e., > 2 to 3 weeks) in 13% to 45% of patients.
2. Contributing / modifying factors of pleural effusion:
A. Factors associated with decreased incidence of pleural effusions and shorter hospitalizations:
1) Creation of a fenestration.
2) Partial exclusion of the hepatic veins during completion of Fontan.

386 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

3) Extracardiac Fontan operation
B. Following factors may not be associated with increased incidence of prolonged effusions:
1) Cardiac function and morphology:
RV or LV morphology, degree of AV valve regurgitation, presence of pulmonary artery stenosis,
and diminished ventricular function.
2) Hemodynamic status:
Age, preoperative O2 saturation, mean pulmonary artery pressure > or < 12 mm Hg, pulmonary
vascular resistance (PVR) > or < 2 Wood units, and left ventricular end-diastolic pressure.
3) Surgical procedure:
Type of Fontan; prior bidirectional Glenn procedure.
C. subclinical viral infection:
Upsets the balance required for adequate flow through a Fontan circuit in the early postoperative
period.
The viral infection ↑ CVP, ↑ transpulmonary gradient, and results in prolonged pleural effusions.
The mean postoperative CVP is statistically related to prolonged pleural effusions.
D. Fontan operation (fenestrated) during the winter respiratory viral season:
If fenestrated Fontan operation is performed during winter months, it may be associated with
prolonged pleural effusions.
3. Morbidity of post-Fontan pleural effusion:
Loss of lymphocytes and plasma proteins, as seen in chylothorax.
Reduced cell-mediated and humoral immunity.
Increased risk of postoperative infection.
4. Pleurodesis in post-Fontan pleural effusion:
Indications:
Pleurodesis is usually required in 15 to 17% of effusions.
If CT drainage is prolonged and high-volume, pleurodesis is often indicated..
Initially, the patient should be on a low-fat diet.
If above is not successful, keep the patient NPO and give total parenteral nutrition.
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Once the drainage has ceased, the patient is again placed on a low-fat diet.
Pleurodesis is usually done if significant drainage recurs after re-feeding.

12.2

Chylothorax

Chylothorax and chylopericardium are effusions of lymph in the pleural and pericardial cavities,
characterized by a milky fluid due to high triglyceride content and presence of chylomicrons.
Chylomicrons are often detected by lipoprotein electrophoresis.

12.2.1 Types of Chylothorax
A). Traumatic chylothorax:
Cardiothoracic operations are principal causes such as:
Congenital heart surgery complicated by elevated venous pressure and / or trauma to the thoracic
duct. It may occur in concurrent with chylopericardium.
B). Nontraumatic chylothorax:
Malignant lymphoma is the most common cause.
Other causes: Infection, thrombosis of SVC, lymphangiectasis, metastatic cancers, malformations
of lymphatic system, lymphangiectasis, and lymphangioleiomyomatosis.

12.2.2 Postoperative Chylothorax
A. Incidence and Mechanisms of formation of postoperative chylothorax:
Recent ↑ incidence from previously reported 1% or less to 2.5% to 4.7%.
Occurs in children after several cardiothoracic procedures.
Several congenital heart operations are more prone to this complication.
Incidence is attributed to ↑ complexity of the surgery and earlier feeding after surgery. Increased
pressure in the systemic vein exceeding that in the thoracic duct, and damage to the duct and / or
disruption of accessory lymphatics are possible causes.
B. Cardiac operations associated with chylothorax:
The most frequent cardiac procedures implicated in chylothorax formation are mentioned below.
Repair or reconstruction of the right ventricular outflow tract.
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Repair of tetralogy of Fallot.
Repair of pulmonary atresia with or without VSD.
Bidirectional cavopulmonary shunt.
Fontan-type of correction (duration of chylothorax after Fontan is significantly longer).
Right ventricular dysfunction after a cardiac procedure (repair of tetralogy of Fallot) predisposes to
↑ systemic venous pressure and increases the risk of chylothorax formation.
C. Surgical procedures in the vicinity of the thoracic duct:
Systemic-pulmonary arterial shunt, aortic coarctation repair, and ligation of PDA are more prone
to this complication.
The location of postoperative chylothorax is left sided 60%, right sided 13%, and bilateral in 27%
(in bidirectional Glen and modified Fontan).

12.2.3 Diagnosis of Chylothorax
Milky fluid drains from the chest tube and testing of the fluid depicts:
i) Sudan staining is positive for fat globules.
ii) Triglyceride levels ↑ (> 1.1 mmol/L) or > 110 mg/dL.
Triglyceride < 50 mg/dL usually rules it out, unless the patient has not been on enteral fat intake.
If triglyceride level is indeterminate (i.e., 50 to 110 mg/dL), lipoprotein electrophoresis is required.
iii) WBC count:
Ranges from 90 to 30,500 cells/mm3 with lymphocyte predominance (> 80%) and sterile culture.
iv) Protein content: The fluid content of protein varies from 2.4 to 77.4 gm/dL.

12.2.4 Conventional Management Strategy of Chylothorax
(I) Conservative Therapy
Chylothorax may resolve in up to 75% to 85% of patients with conservative treatment. The
treatment is as follows:
i) Chest tube drainage and pericardiocentesis: In addition to pleural drainage, pericardiocentesis
may also be needed to relieve the symptoms of cardiac tamponade. Pericardial catheter may be placed
for continuous and complete drainage.
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ii) Modified diet:
Non-fat milk or food supplemented with MCT (medium chain triglycerides) oil, vitamins and
minerals is recommended.
The above diet may be given for at least 30 days.
iii) TPN with bowel rest:
Patients should be kept on NPO and are given TPN if chyle reaccumulates, or there is no
improvement 1 to 2 weeks after MCT-rich diet treatment. The usual trail period for treatment with
medium chain triglycerides (MCT) or TPN is up to 30-45 days (average duration 12 days).
Risk factors for failure of conservative management:
1) Persistence of chyle output > 3 weeks duration.
2) Lesions associated with ↑ systemic venous pressure.
(II) Surgical Therapy and Interventions
Indications:
1. The chyle loss of > 100 mL/kg/year of age in children for a 5-day period, i.e., a 11 kg, 2 year old
infant with a chyle loss of > 2200 mL/5 days (> 100 ×11× 2 = > 2200 mL).
2. No decrease of chyle flow after 14 days of conservative treatment (above treatment I) or
3. Onset of evidence of nutritional complications.
4. Surgical intervention is usually indicated for a drainage that lasts > 4 weeks.
Surgical procedures:
Pleurodesis, ligation of the lymphatic ducts, ligation of the thymus gland, and pleuroperitoneal
shunting.

12.2.5 Current Management Strategy of Chylothorax
Octreotide therapy (long-acting synthetic analogue of somatostatin):
Octreotide use is suggested prior to surgery in prolonged drainage refractory to conservative
management.
i) Mechanism of action of octreotide:
Directly ↓ lymph excretion acting on the vascular somatostatin receptors.
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Indirectly ↓ lymph flow, by ↓ splanchnic, hepatic, portal blood flows and inhibiting intestinal motility.
ii) The indications for octreotide therapy:
1) Persistent chyle leak for > 2 weeks of conservative treatment.
2) Significant drainage that exceeds 10 mL/kg/day (octreotide may be started even after 1 week of
conservative treatment).
3) Failure of surgical intervention:
Surgical failure due to diffuse chyle leak after extensive surgical dissection or anatomic variations
of the thoracic duct, further octreotide therapy may be required.
iii) Administration of octreotide:
Norvatis (subcutaneous octreotide):
Give at a starting dose of 10 ug/kg/day in 3 divided doses.
Increase the dosage by 5 to 10 ug/kg/day every 72 to 96 hours to a maximum of 40 ug/kg/day.
Continuous intravenous infusion:
Dose range: 0.3 to 10 ug/kg/hour (common median dosage is 2.8 ug/kg/hour).
iv) Weaning of octreotide:
Start weaning after 3 days of insignificant chyle output (< 10 mL/day).
Decrease the dose by 10 ug/kg/day daily and the drug is withdrawn rapidly over 3 to 4 days.
v) Complications of octreotide therapy:
A. Established and common:
Hyperglycemia or hypoglycemia, cardiopulmonary side effects, and gastrointestinal disturbance
(abdominal distension).
B. Uncertain complications:
Hypoalbuminemia, septicemia, ↓ immune response, and necrotizing enterocolitis.
C. Other complications:
Essential fatty acids deficiency, lymphopenia, pneumonia, bacterial sepsis, and candidiasis.
vi) Expected results and comments on octreotide therapy:
Chylothorax may completely resolve in > 80% of conservative treatment failures about 2 weeks
after starting octreotide.
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It may reduce total chyle loss and duration of postoperative stay.
Useful adjunctive therapy in the management of postoperative chylothorax.
Octreotide therapy may be started soon the diagnosis of chylothorax is made due to documented
clinical benefits and absence of significant complications.
In postoperative chylothorax, though initial conservative management without octreotide use is
justified, earlier institution of octreotide in patients at risk of prolonged chyle loss (as those with
elevated systemic venous pressure) may be indicated.

12.2.6 Complications of Chylothorax
Essential fatty acids deficiency, lymphopenia, pneumonias, bacterial sepsis, and candidiasis.

12.2.7 Mortality of Chylothorax
Ranges from 7 to 7.8%.
50% of deaths are due to uncontrolled sepsis.
25% of deaths are due to heart failure.
25% of deaths are due to pulmonary hypertensive crisis.
Hospital stay: Duration of stay in survivors ranges from 13 to 135 days (median 32 days).

12.3 Necrotizing Enterocolitis (NEC)
Though the diagnosis and surgical management of NEC in perioperative cardiac patient is beyond
the scope of cardiothoracic discipline, its knowledge, early recognition, and management by
coordinated efforts of all involved in care of the infant is crucial.

12.3.1 Incidence
Occurs in approximately 25,000 babies per year in a low birth weight infants.
Incidence of NEC increases to approximately 1 in 18 (5.5%) in infants weighing < 1.5 kg.
Premature infants that live longer have a greater chance of developing NEC.
Serious form of NEC in infants has 25% mortality despite current advances in treatment. NEC
accounts for 15% of all deaths occurring after 1 week of life in infants of (< 1.5 Kg).
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12.3.2 Etiology and Pathogenesis
Definite cause is not known, but more often it is multifactorial.
A. Poor intestinal blood flow and bacterial infection are critical to the development of NEC.
Decreased blood pressure, ↓ blood volume, or ↓ blood oxygen saturation at birth are probable
causes. Decreased intestinal blood flow caused by bacteria or other causes and premature infant are
two most important factors for developing NEC. Risk factors associated with premature infant for
NEC are:
Immature intestinal cells with decreased gastric, pancreatic, and intestinal secretions.
Absence of important breast milk components due to lack of breast - feeding.
B. Poor motility of intestine results in stasis and permits intestinal bacteria to multiply.
C. Administration of antibiotics alters the patient's normal intestinal bacteria.
Infant in ICU with heart / lung failure is exposed to strong "intensive care" bacteria.
D. Feeding formulas provide nutrition for the bacteria in the intestine.
E. Inadequate immune system in premature cannot fight off the infection.
End Result: 1. Necrosis and perforation of the intestine as bacteria enter the intestinal lining in
presence of intestinal damage due to ↓ blood supply.
2. Ineffective bacterial killing due to ↓ defense and immune systems.

12.3.3 Pathology of NEC
NEC commonly occurs in the last part of small intestine (ileum) followed by colon. Large and
small intestines are involved together in 44% of NEC cases.
NEC involves either a single (in 50%) or multiple portions of the intestine.
In most severe form of NEC, at least 75% of the intestinal necrosis occurs.
Morphology:
Patchy areas of bleeding into the wall of the intestine occurs with gas inside the intestinal wall.
Swelling and blood in the intestinal middle layer results in patchy loss of the inner lining. Necrotic
bowel segments are interspersed with a normal appearing segments. The intestinal mucosa has multiple
ulcers with wide areas of damage. Air in the intestinal wall occurs as a result of gas-forming bacteria
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entering the intestinal wall. Tissue reaction to bacteria is only minimal early but is evident later during
healing. Stricture formation occurs in 5% to 10% of patients who recover from the initial NEC episode.

12.3.4 Clinical Presentation of NEC
A. Symptoms and Signs:
The typical patient is a premature and in ICU, with medical / surgical problems (disease occurs
rarely in the first few days of life).
Patient has recently been fed, and has inability to tolerate feeds.
Vomiting (green/yellow) in 75% and diarrhea in 20% are initial symptoms.
Blood in the stools (massive bleeding is rare) may occur.
Soft distended abdomen is the most common, and it becomes firm and tender with progression of
the disease.
Discoloration (red / blue) with swelling of the abdominal wall occurs in 5% of patients.
A mass of intestines occasionally, can be felt on palpation.
Early signs of bacteremia and sepsis are present as mentioned below:
i) Lethargy, low blood pressure, and unstable temperature.
ii) Low heart rate and/or breathing difficulties.
iii) Need for oxygen and mechanical ventilation.
B. Laboratory Findings:
None of the laboratory tests can make absolute diagnosis of NEC.
i) WBC count:
WBC is high or low, a low WBC count suggests severe infection and poorer outcome.
ii) Platelet count:
A low platelet count is frequent, platelets being consumed by bacterial toxins.
′

Platelet counts < 100,000/mm3 occurs in > 80% of patients.
Decreasing platelet count is probably the most helpful indication of worsening NEC.
iii) Clotting time:
It is prolonged, with increased APTT and PT.
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iv) Blood gas analysis:
Metabolic acidosis: Occurs in > 70% to 90% due to ↓ blood flow to the intestine. It also signifies
worsening status of NEC patient.
v) Radiological Signs:
♣ NEC may be present even in the absence of all of the following x-ray signs.
i) Pneumatosis intestinalis (air in the wall of the intestine):
It is the hallmark of NEC and occurs in 98% of patients. It is frequently seen in infants who have
been fed compared with unfed infants, but eventually is seen in all NEC patients. This sign may come
and go and is a common early, rather than a late finding. In severe NEC extensive pneumatosis
involves large portions of small and large intestine (see Figure 35).

Figure 35 Antero-posterior roentgenogram of an abdomen of an infant with necrotizing entero-colitis showing dilated
large and small intestine with pneumatosis intestinalis. Note small air bubbles and linear gas shadows in the bowel wall.
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ii) Portal vein gas: (Presence of air in the portal vein leading to the liver):
Gas in the intestinal wall is absorbed into the portal venous system.
Portal venous gas comes and goes and accounts for the fact that it is not often seen. Portal vein gas
is present in 60% of patients with severe NEC.
iii) Pneumoperitoneum (air outside of the small intestine):
It may be indicative of perforation and is seen in 10% to 20% of patients.
Only 2/3 patients with an intestinal perforation noted at operation, have free air on the x-ray.
iv) Ascites (free fluid in the abdominal cavity):
In 10% of patients, abdominal distension is seen with gas-filled intestinal loops in the center, and is
surrounded by a white haziness.
25% patients with surgically proven intestinal perforation have ascites.
15% of proven intestinal perforations have no ascites, no free air on x-rays of the abdomen.
Combination of ascites and portal vein gas has been associated with ↑ mortality rate.
v) Fixed loop sign (non-moving single or several loops of dilated small intestine):
Loops small bowel remain unchanged in position for 24 to 36 hours, and is referred to as the
persistent loop sign. It suggests the death of a segment of intestine.
vi) X-ray contrast studies:
Performed infrequently in NEC due to rsk of intestinal obstruction and perforation.
Indications for contrast studies:
For diagnosis of NEC in premature, to differentiate NEC from other diseases, and in patients in
whom the diagnosis of NEC has been in question.
Contrast studies are done in later phase of NEC to identify stricture or obstruction of the intestine.
Contrast studies findings:
Ulcers in the intestinal lining, spasm and a thickened bowel wall, narrowing of the intestine, and air
in the bowel wall.
vii) Ultrasound:
Plain x-rays are all that is required for diagnosis, though ultrasound is used in some. Portal venous
gas shows as bright white spots or lines within the liver.
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Air in the wall of the intestine can be identified occasionally by a ultrasound.
Ultrasound is most helpful to detect ascites.
C. Confirmatory diagnosis:
The above clinical setting combined with physical examination and x-ray findings should be used
to established the diagnosis of NEC.

12.3.5 Treatment
Conservative:
In the absence of intestinal death or perforation, the initial Rx of NEC is without an operation. 80%
of NEC is managed by (NG) suction, intravenous fluids, and IV antibiotics.
1) Nasogastric (NG) suction:
↓ Gas in the stomach and intestines by applying suction to the tube.
2) Intravenous fluids:
Maintains fluid balance and effective circulating volume.
A normal blood pressure must be maintained to continue to have blood flow to the intestine and
diminish the risk of further intestinal damage.
Electrolytes and blood acid-base status should be maintained at normal levels.
Intravenous nutrition should be initiated as soon as it is practical to do so.
3) Antibiotic therapy:
♣ Most important part of care is antibiotic therapy and antibiotics used vary according to the
typical bacteria in each hospital.
Most common usage is combination of three antibiotics:
I.e., ampicillin with gentamicin, flagyl / or clindamycin, and vancomycin.
In some ICUs cefotaxime and vancomycin are used.
The antifungal agents are added for candida infections.

12.3.6 Monitoring the Course of NEC
i) Continue NG suction until complete recovery of intestinal function (often takes 10-14 days).
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ii) Perform frequent physical examination, x-rays of the abdomen, and platelet and white blood
cell counts.
iii) Perform arteial blood gas: oxygen satuaration, carbon dioxide, and pH.
iv) Antibiotics are continued for 10-14 days in severe cases.
If there are no ongoing or progressive signs of intestinal necrosis, administer small quantities of
dilute formula (usually 10-14 days after intestinal rest). Oral feedings are advanced if they are tolerated.

12.3.7 Surgery of NEC and Indications
A. Persistent or progressive signs of infection (i.e., deteriorating heart or lung function, often in
conjunction with a falling platelet count).
B. X-Ray evidence of intestinal perforation (pneumoperitoneum) or dead intestine. ♣ Not all with
intestinal perforation have air in the abdomen. Pneumoperitoneum generally requires an operation,
especially if patient is getting sicker.
C. Progressive deterioration on physical exam:
I.e., increasingly distended abdomen, abdominal mass, and/or redness of the abdominal wall.
D. X-Ray evidence of:
* a) Fixed enlarged (dilated) loop of intestine.
● b) Fluid in the abdomen.
♠ c) Portal vein gas.
* Fixed loop of a dilated intestine for more than 24 hours strongly suggests intestinal death.
* It is an accurate estimate of intestinal death and is seen in approximately 60% of dead intestines.
● If ascitic fluid is confirmed by ultrasound, 20% to 40% of patients have a dead intestine.
● On examination of a needle sampled fluid, if bacteria are found or the fluid is green or brown in
color an intestinal perforation is likely.
♠ 85% of patients with portal vein gas require an operation, and all of these patients have dead
intestine at the time of the operation.
E. Reduction of 50% in platelet count after initiation of NEC treatment is a strong index of
continuing infection and need for an operation.
F. Persistent acid production (metabolic acidosis).
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♣ None of above findings by themselves indicate that dead or perforated bowel is present.
Probably best sign of dead intestine is continuing low platelet count despite platelet transfusions.
Optimal time for an operation is just at the time of intestinal death or perforation.
1. The goals of surgical intervention:
i) Remove dead or dying intestine, and bring ends of the resected intestine out onto the abdominal
wall without a primary anastamosis.
ii) If the remaining intestinal length is of concern, suspicious areas of the intestines may be left
intact, and a second look operation is performed after 24 hours.
iii) If the entire intestine is dead, no intervention is indicated.
2. Alternative surgical strategies:
These are applicable in small neonates with NEC, especially if:
i) Perforation of the intestine is diagnosed. In such an instance, place a drain into the abdomen via
an incision in the right lower abdomen.
ii) If clinical deterioration continues on observation, perform laprotomy and if a short segment of
necrotic intestine is present, excise the segment with primary anastamosis.

12.3.8 Treatment Results and Complications of NEC
The survival rate is 65-70%.
Widespread infection and prematurity are causes of mortality.
Complications:
i) Intestinal (postoperative) fistulas.
ii) Necrosis of exteriorized loop of intestine.
iii) Intestinal strictures:
Most patients have just one stricture, but multiple strictures may occur.
11% to 35% of NEC develops strictures.
The most common site is the large intestine (70%), followed by the ileum (15%).
Of colonic strictures, 60% involve the left side of the colon.
Perform a dye study of the colon and downstream intestine before the ileal stoma closure.
In conservatively treated NEC, > 50% of colonic strictures present with intestinal obstruction.
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12.3.9 Long-Term Outcomes of NEC
25% to 30% of survivors have some form of impairment on long-term such as short gut syndrome,
inability to tolerate feeds, and need for a long-term hyper alimentation. The more advanced the NEC,
the more the problems are with growth and development.
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(Mandatory * PALS procedures below are implemented in all algorithms)
1) Initiate BLS (basic life support): ABC’s of life support.
A. Assure adequate airway.
B. Assure adequate breathing (oxygenation and air exchange).
C. Assure adequate circulation (chest compressions if needed).
♦ 2) Attach monitor / defibrillator.
Check the electrode, paddle and pacer position, and contact with skin.
♦ 3) Attempt and / or assess endotracheal intubation and vascular access.
♦ 4) Administer epinephrine every 3 to 5 minutes. Consider higher or escalating doses for 2nd and
3rd doses (see Chapter 14, CPR drug doses).
Consider alternate infusions like dopamine, anti-arrhythmics, and buffers.
♦ 5) Attempt to recognize and treat the following:
i) Hypoxemia, hypothermia, and hypovolemia.
ii) Head injury, heart block, hypokalemia, or hyperkalemia.
iii) Metabolic disorders (acidosis, ketosis, alkalosis).
iv) Drug overdose, toxins, and/or poisons.
v) Tension pneumothorax, cardiac tamponade, and/or pulmonary thromboembolism.
* PALS = pediatric advanced life support
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13.2 PALS Bradycardia Algorithm
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13.3 Tachycardia Algorithm and Inadequate Perfusion
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13.4 Tachycardia Algorithm with Adequate Perfusion
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Table 14.1 *Drugs of common use during pediatric cardiopulmonary arrest and symptomatic arrhythmias.
DRUG

DOSE

REMARKS

ADENOSINE

0.1 mg/kg (IV, IO)
Repeat dose: 0.2 mg/kg
Maximum single dose: 12 mg

Rapid IV bolus (IO also)
Monitor EKG

Puleseless VF/VT
Perfusing tachycardia

5 mg/kg IV, IO
5 mg/kg IV or IO
Maximum 15 mg/kg/day

Rapid IV bolus
IV over 20-60 minutes
Do not use routinely with other
drugs that prolong QT

ATROPINE

0.02 mg/kg IV
Minimum dose 0.1 mg
Maximum dose
Children 0.5 mg
Adults: 1 mg

Can be given IV, IO or ET
Tachycardia, Pupillary dilation
(but pupils are reactive)

20 mg/kg (0.2 mL/kg)

Slow IV push
Hypocalcemia
Hypermagnesemia
Preferable through central line
Bradycardia
Ca blockers toxicity

AMIODARONE

CALCIUM CHLORIDE
10% (100 mg/mL) IV or IO
(27.2 mg/mL/elemental Ca)

IV = Intravenous, ET = Endo-tracheal, IO = Intra-osseous, Ca = calcium, VF = Ventricular fibrillation,
VT = Ventricular tachycardia.
# For ET route use higher doses (2-10 times the IV dose). Dilute with 3-5 mL of normal saline and follow with several
positive pressure ventilations.
* Modified from Lippincot Williams & Wilkins. “Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Part 10: Pediatric Advanced Life Support. The American Heart Association in Collaboration with
the International Liasion Committee on Resuscitation.” Circulation, 2000, 102 ( 8 suppl): 1308.
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Table 14.2 *Drugs of common use during pediatric cardiopulmonary arrest and symptomatic arrhythmias.
DRUG

DOSE

REMARKS

10% = 100 mg/mL.
(9 mg/mL of elemental Ca)
(IV or IO)

60 to 100 mg/kg
0.6 to 1 mL/kg

Slow IVpush for hypocalcaemia
Ca blockers toxicity and
Hypermagnesemia
Preferable through central line

DEXTROSE
(10%, 25%, 50%)

(IV, IO) 0.5 to 1 g/kg
1-2 mL/kg
50%
2-4 mL/kg
25%
5-10 mL/kg
10%

for hypoglycemia

LIDOCAINE
Infusion:

(IV. IO, ET) 1 mg/kg
IV. IO (start after a bolus)
20 to 50 mcg/kg/minute

Rapid bolus
1 to 2.5 mL/kg/hour of
120 mg/100 mL solution

NALOXONE

< 20 kg or < 5 Yrs- 0.1 mg/kg
> 20 kg or > 5 Yrs- 2 mg

Reversal of narcotics effect
use small repeated doses
(0.01 to 0.03 mg/kg)

PROCAINAMIDE
(perfusing tachycardia)

Loading 15 mg/kg, IV, IO

Infuse over 30 to 60 minutes
Not recommended for use with
drugs that prolong QT

CALCIUM GLUCONATE

EPINEPHRINE

Neonatal Resuscitation

Higher ET doses
not recommended
(IV. ET) 0.01 to 0.03 mg/kg
IO route not commonly used
(1:10,000 solution, 0.1 to 0.3 mL/kg)
In newborns use umblical vein
Repeat every 3 to 5 minutes
IO space is small in premature,
May use IO in neonates and infants

Bradycardia

(IV IO) 0.01 mg/kg
(1:10,000 solution, 0.1 mL/kg)
(ET) 0.1 mg/kg
(1:1000 solution, 0.1 mL/kg)

Tachyarrhythmias, Hypertension

IV= Intravenous, ET = Endo-tracheal, IO= Intra-osseous, Ca = calcium.
# For ET route use higher doses (2-10 times the IV dose). Dilute with 3-5 mL of normal saline and follow with several
positive pressure ventilations.
* Modified from Lippincot Williams & Wilkins. “Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Part 10: Pediatric Advanced Life Support. The American Heart Association in Collaboration with
the International Liasion Committee on Resuscitation. ” Circulation, 2000, 102 ( 8 suppl):1308.
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Table 14.3 *Drugs of common use for pediatric cardiopulmonary arrest and symptomatic arrhythmias.
DRUG

DOSE

REMARKS

MAGNESIUM SLPHATE
(500 mg/mL)

(IV, IO) 25 to50 mg/kg
Maximum dose 2 g/dose

Rapid infusion
for torsades
Hypomsgnesemia
10 to 20 minute infusion for Asthma
refractory to beta adrenergic agonists

NALOXONE

< 20 kg or < 5 Yrs- 0.1 mg/kg
>20 kg or > 5 Yrs- 2 mg

Reversal of narcotics effect
use small repeated doses
(0.01 to 0.03 mg/kg)

First Dose: (IV. IO) 0.01 mg/kg
(1:10,000 solution, 0.1 mL/kg)
(ET) 0.1 mg/kg
Subsequent Doses: Repeat first dose
Or may escalate 10 times
(0.1 mg/kg or 0.1 mL /kg of 1:1000) IV. IO
(1:1000 solution, 0.1 mL/kg)
Repeat every 3 to 5 minutes

High IV, IO or ET doses
such as 0.2 mg/kg of
may be effective

1 mEq/kg/dose

Infuse slowly and provide
adequate ventilation.

EPINEPHRINE

Pulseless arrest

SODIUM BICARBONATE
(1 mEq/mL, 0.5 mEq/mL)
(IV or IO)

IV = Intravenous, ET = Endo-tracheal, IO = Intra-osseous.
# For ET route use higher doses (2-10 times the IV dose). Dilute with 3-5 mL of normal saline and follow with several
positive pressure ventilations.
* Modified from Lippincot Williams & Wilkins. “Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Part 10: Pediatric Advanced Life Support. The American Heart Association in Collaboration with
the International Liasion Committee on Resuscitation.” Circulation, 2000, 102 (8 suppl):1308.
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15.1 Routine Drug Preparation
Table 15.1

Method of preparation of cardiac inotropes with a standard drug concentration.

DRUG

Dose

Constitution

Concentration

Doubutamine

5-20 mcg/kg/min

(6 × BW (kg) in mg)
added to make 100 mL

1 mL/hr = 1 mcg/kg/min

Dopamine

2-20 mcg/kg/min

(6 × BW (kg) in mg)
added to make 100 mL

1 mL/hr = 1 mcg/kg/min

Epinephrine

0.1 to 1 mcg/kg/min

(0.6 ×BW (kg) in mg)
added to make 100 mL

1 mL/hr = 0.1 mcg/kg/min

Isoproterenol

0.1 to 1 mcg/kg/min

0.6 ×BW (kg) in mg
added to make 100 mL

1 mL/hr = 0.1 mcg/kg/min

Lidocaine

20-50 mcg/kg/min

120 mg in100 mL

1 mL/kg/hr = 20 mcg/kg/min

BW= body weight

Illustration 1: 12 kg child requires doubutaime infusion at the rate of 9 mcg/kg/minute:
Constitute doubutamine (6 × 12) = 72 mg added to make 100 mL solution. This solution is run at
the rate of 9 mL/hour to deliver 9 mcg/kg/minute (1 mL/hr = 1 mcg/kg/min).
Illustration 2: 12 kg child requires isoproterenol infusion at the rate of 0.3 mcg/kg/minute:
Constitute isoproterenol (0.6 ×12) = 7.2 mg added to make 100 mL solution. This solution is run at
the rate of 3 mL/hour to deliver 0.3 mcg/kg/minute (1 mL/hr = 0.1 mcg/kg/min).

15.2

Concentrated Drug Preparation at Standardized Concentration

15.2.1 Calculation of a Drug Preparation
Patients > 40 kg and patients requiring fluid restriction need more concentrated solutions of drugs.
Calculation under these circumstances is done by the following formula and using any standardized
concentrations given below.
Rate (mL/hr) =

Dose in mcg per kg per minut e × weight in kg × 60 min .hr
Concentration

of drug (mcg per mL )

Illustration: 12 kg child requires doubutaime infusion at the rate of 9 mcg/kg/minute. Due to fluid
restriction calculate the rate (mL/hr) as: Rate (mL/hr) = 9×12×60 / stadarized concentration of drug
(i.e., 1600 mcg/mL).
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= 9×12×60 / 1600 = 4.05 mL/hr deliver 9 mcg/kg/minute of the drug at a drug concentration of
1600 mcg/mL or 160 mg of drug diluted in 100 mL.

15.2.2 Standardized Drug Concentrations (mcg/mL)
Table 15.2

Standardized concentrations (mcg/mL) for commonly used cardiac inotropes.

Doubutamine

800

1600

3200

Dopamine

800

1600

3200

Epinephrine

8

16

60

Norepinephrine

8

16

60

Isoproterenol

8

16

60

15.2.3 Standardized Drug Concentrations (By Patient Weight)
Table 15.3

Standardized concentrations by patient weight for commonly used cardiac inotropes.
Patient Weight (Kg)

Concentration (mcg/mL)

Dopamine / or

2-3

200

Dobutamine

4-8

400

9-15

800

>15

1600

Epinephrine / or

2-3

5

Isoproterenol / or

4-8

10

Nor-epinephrine

>9

20

15.3

Alternate Drip Calculations

To calculate the amount of drug to be added per 50 mL infusion solution:
At a desired infusion rate of (mL/hour) and at a desired dose in mcg/kg/minute use the following
formulae a) and b).
a) Mg of the drug (D*) =

3 × 𝑚𝑐𝑔 𝑝𝑒𝑟 𝑘𝑔 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒

×𝑤𝑒𝑖𝑔 ℎ𝑡 𝑖𝑛 𝑘𝑔

𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑓𝑙𝑢𝑖𝑑 𝑟𝑎𝑡𝑒 (𝑚𝐿 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 )

b) To calculate the VOLUME of the drug needed per 50 mL of solution
Volume (mL) of the drug =
Example:

𝑚𝑔 𝑜𝑓 𝑑𝑟𝑢𝑔 (𝐷∗)
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑟𝑢𝑔 (𝑚𝑔 𝑝𝑒𝑟 𝑚𝐿 )
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2 kg infant to receive doubutamine (D*) 5 mcg/kg/minute at an infusion rate of 0.5 mL/hour. If the
concentration of doubutaimine (D*) solution is 12.5 mg/mL.
a) Mg of the drug D* in 50 mL infusion solution = 3×5 mcg/kg/minute)×2 (kg) / 0.5 = 60 mg of
the drug (D*)
b) Volume of the drug needed per 50 mL of infusion solution is = 60 mg/12.5 mg = 4.8 mL of
doubutamine in 50 mL solution.
Add 4.8 mL of doubutamine (12.5 mg/mL) to 45.2 (50 - 4.8) mL of compatabile solution such as
D5W to yield 50 mL of doubutamine infusion with a concentration of 1200 mcg/mL.
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A. Intensive Care Sedation and Analgesia
VECURONIUM:
Indications: Skeletal muscle paralysis to facilitate endotracheal intubation and maintenance of
mechanical ventilation
Adverse reactions: Cardiac arrhythmias, hypotension, respiratory insufficiency, bronchospasm
Onset of action: 1 to 3 minutes
Duration of action: 30 to 40 minutes
Neonates: Intravenous bolus: 0.1 mg/kg
Maintenance infusion: 0.03 to 0.15 mg/kg/hour
(Usual dos: 0.1 mg/kg/hour)
Infants (< 1 year): Intravenous bolus: 0.1 mg/kg
Maintenance infusion: 0.06 to.0.09 mg/kg/hour
(Usual dose: 0.1 mg/kg/hour)
Infants and children: Intravenous bolus: 0.1 mg/kg
(> 1 year) Maintenance infusion: 0.09 to 0.15 mg/kg/hour
(Usual dose: 0.1 mg/kg/hour)
Adults: Intravenous bolus: 0.1 mg/kg
Maintenance infusion: 0.09 to 0.15 mg/kg/hour
(Usual dose: 0.1 mg/kg/hour)
FENTANYL:
Indications: Sedation and analgesia
Neonates: Intravenous bolus: 1 to 4 mcg/kg, may repeat every 2 to 4 hours
Maintenance infusion: 1 to 2 mcg/kg as an initial dose followed by (continuous sedation and
analgesia) 0.5 to 1 mcg/kg/hour
(Usual dose: 1 mcg/kg/hr)
Infants and children > 1 year:
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Intravenous bolus: 1 to 2 mcg/kg, may repeat every 1/2 to 1 hour
Maintenance infusion: 1 to 2 mcg/kg initial dose followed by (continuous sedation and analgesia)
1 to 3 mcg/kg/hour
(Usual dose: 1 mcg/kg/hr)
Adults:
Intravenous bolus: 0.5 to 1 mcg/kg, may repeat every 1/2 hour; repeat every 5 minutes if higher
doses are needed
PROPOFOL:
Indications: ICU sedation in mechanically ventilated patients
Adverse Reactions: Hypotension, bradycardia, myocardial depression, respiratory depression,
hyperlipidemia, metabolic acidosis
Infants and children: Start with a low dose continuous infusion
Adults: Initial rate of 5 mcg/kg/minute (0.3 mg/kg/hour) as a continuous infusion, increase every
10 minutes by 5 mcg to 10 mcg/kg/minute (0.3 mg to 0.6 mg/kg/hour) until desired sedation is
achieved
Usual dose: 5 mcg to 50 mcg/kg/minute (0.3 to 3 mg/kg/hour)
MIDAZOLAM
Indications: Sedation (anxiolysis) and a continuous sedation of mechanically ventilated patients
Adverse Reactions: Cardiac arrest, hypotension, respiratory depression, apnea, bronchospasm,
myoclonic jerking, nystagmus, muscle tremors
Onset of action: 1 to 5 minutes (IV)
Duration of action: 20 to 30 minutes
Neonates: Intravenous bolus: 0.05 to 0.1 mg/kg
Maintenance infusion: 0.03 mg to 0.06 mg/kg/hour (0.5 mcg/kg to 1 mcg/kg/minute)
Infants and children: Intravenous bolus: 0.05 mg to 0.1 mg/kg
> 2 months: Maintenance infusion: 0.06 mg/kg/hour (1 mcg/kg/minute)
> 6 months: Intravenous bolus: 0.05 mg to 0.1 mg/kg
Maintenance infusion: 0.06 mg to 0.12 mg/kg/hour
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(1 mcg to 2 mcg/kg/minute)
Adults:
Maintenance infusion: 0.02 mg to 0.1 mg/kg/hour (1 to 7 mg/hour)
LORAZEPAM:
Indications: Sedation (anxiolysis) and sedation
Adverse Reactions: Bradycardia, hypotension, respiratory depression, myoclonic jerking, nystagmus
Onset of action: 15 to 30 minutes (IV)
Duration of action: 8 to 12 hours
Infants and Children:
Intravenous dose: 0.05 mg/kg/dose (maximum 2 mg dose); repeat every 4 to 8 hours
Adults: Intravenous dose: 1 to 10 mg/day in divided doses
MORPHINE:
Indications: Sedation, analgesia, and left ventricular failure
Adverse Reactions: Bradycardia, hypotension, CNS depression, respiratory depression, ADH and
histamine release, ocular miosis
Neonates:
Parenteral doses: 0.05 mg/kg every 4 to 8 hrs (IM, IV, Sub); maximum 0.1 mg/kg/dose
Continuous infusion: Initial at 0.01 mg/kg/hour (10 mcg/kg/hour); not to exceed
0.015-0.02 mg/kg/hour
Infants and children:
Parenteral doses: 0.1 mg/kg every 3 hrs (IM, IV, Sub); maximum dose < 15 mg
Continuous infusion: 0.01 mg to 0.04 mg/kg/hour
Adults:
Parenteral doses:.5 mg to 20 mg every 4 hrs (IM, IV, Sub)
Usual dose: 10 mg every 4 hours
Continuous infusion: 10 mg/hour, may increase up to 80 mg/hour as tolerated/needed
NALOXONE (ANTIDOTE)
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< 20 kg or < 5 yrs-0.1 mg/kg
> 20 kg or > 5 yrs-2 mg
For total reversal of narcotics effect, use small repeated doses (0.01 to 0.03 mg/kg)
CHLORAL HYDRATE:
Indications: Sedation and hypnotic
Adverse Reactions: Parodoxical excitement, respiratory depression
Neonates: Anxiety: 25 mg/kg/dose, may repeat every 6 hours
Infants and children: Sedation and anxiety: 25 to 50 mg/kg/day divided every 6 hours (maximum
500 mg/dose)
Hypnotic: 50 mg/kg (maximum 2 g/dose/day)
Adults: Sedation and anxiety: 250 mg thrice a day
Hypnotic: 500 to 1000 mg (maximum 2 g/dose/day)
DEXMEDETOMIDINE:
Indications: Sedation of mechanically ventilated patients
♣ Duration of infusion should not exceed 24 hours.
Adverse Reactions: Hypotension, bradycardia, hyperglycemia, acidosis, hypekalemia, leukocytosis,
oliguria, elevated liver enzymes, bronchospasm
Actions: Alpha- 2 adreno-receptor agonist; produces 'arousable sedation' like NREM sleep by
activity on the Locus Ceruleus of brain stem; analgesia by alpha-2 receptor stimulation in dorsal horn
of spinal cord; stimulates alpha-1 adreno receptors only in large doses
Infants and Children:
Loading (IV) dose: 0.5 to 1 mcg/kg, this should be followed by maintenance infusion of
0.2 to 0.7 mcg/kg/hour
(Titrate the dose to a desired clinical response)
Usual infusion rate: Children < 1 year = 0.4 mcg/kg/hour
Children > 1 year = 0.29 mcg/kg/hour
Adults:
Loading (IV) dose: 1 mcg/kg, is followed by a maintenance infusion of 0.2 to 0.7 mcg/kg/hour
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PHENOBARBITAL:
Indications: Grandmal (generalized-tonic-clonic) seizures, partal seizures, prevention and treatment
of neonatal hyperbilirubinemia, chronic cholestasis, neonatal and febrile seizures, and sedation
Adverse Reactions: Hypotension, circulatory collapse, parodoxical excitement, hyperkinetic activity,
megaloblastic anemia, hepatitis, respiratory depression
Preoperative / procedure sedation:
Children: Oral, IM, IV doses: 1 to 3 mg/kg 1 hour before procedure
Adults: IM dose 100-200 mg 1 hour before procedure
Sedation:
Children: Oral Dose: 2 mg/kg 3 times a day
Adults: Oral, IM doses: 30 to 120 mg/day in 3 divided doses
Hypnotic:
Children: IM, IV doses: 3-5 mg/kg at bedtime
Adults: Oral, IM, IV doses: 100-320 mg at bedtime
Hyperbilirubinemia:
Children < 12 years: Oral dose: 3 to 8 mg/kg/day in 2 or 3 divided doses; maximum of
12 mg/kg/day
Adults: Oral dose: 90-180 mg/day in 2-3 divided doses
Anticonvulsant: Status epilepticus:
Loading dose: intravenous:
Neonates: 15-20 mg/kg as a single dose or may be divided
Infants, children, and adults: 15 to 18 mg/kg in a single or divided dose; maximum loading
20 mg/kg
♣ In some patients may give additional doses of 5 mg/kg/dose every 15 to 30 minutes until seizure
is controlled or a total dose of 30 mg/kg is given.
Maintenance Dose: ♣ Start the maintenance 12 hours after loading dose.
Neonates: 3-4 mg/kg/day once daily; check serum levels and increase to 5 mg/kg/day as needed
Infants: 5 to 6 mg/kg/day in 1-2 divided doses
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Children:
1-5 years: 6-8 mg/kg/day in 1-2 divided doses
5-12 years: 4-6 mg/kg/day in 1-2 divided doses
Children > 12 years and adults: 1-3 mg/kg/day in 1-2 divided doses

B. Diuretics of Common Usage
MANNITOL:
Indications: Reduction of elevated intracranial presssure, prevention and therapy of oliguria /
anuria of acute renal failure, and promotes excretion of toxic solutes
Adverse Reactions: Circulatory overload, hypo/hypernatremia, hypo/hyperkalemia, pulmonary
edema, water intoxication/dehydration
Infants and children: Initial dose: 0.5 to 1 g/kg
Maintenance: 0.25 to 0.5 g/kg every 4 to 6 hours
Adults: Initial dose: 0.5 to 1 g/kg
Maintenance: 0.25 to 0.5 g/kg every 4 to 6 hours
♣ Test Dose: 200 mg/kg may be given over 3 minutes in both children and adults to assess renal
function and produce urine flow of 1 mL/kg/hour (in children), 30 mL/hour (in adults), for the next
3 hours before starting the infusion.
FUROSEMIDE:
Indications: Edema of hepatic, renal, and cardiac diseases
Adverse Reactions: Hypotension, hyponatremia, hypochloremia, hypokalemia, alkalosis, prerenal
azotemia, dehydraion, hyperuricemia, ototoxicity
Onset of action: 5 minutes (IV), 30 minutes (IM), 30-60 minutes (oral)
Duration of action: 2 hours (IV), 6 hours (oral)
Neonates: Oral dose: 1 to 4 mg/kg twice a day
Intravenous dose: 1 to 2 mg/kg twice a day (may use IM route)
Infants and Children:
Oral dose: 1 to 6 mg/kg/day in two / three divided doses
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Intravenous dose: 1 to 2 mg/kg every 6 to 12 hours (or IM)
Continuous infusion: 0.05 mg to 0.2 mg/kg/hour
Adults:
Oral dose: 20 to 80 mg/dose, may increase by increments of 20-40 mg per dose every 6 hours (total
dose 600 mg/day)
Intravenous dose: 20 to 40 mg every 4 to 6 hours, may increase by 20 mg/dose, until a desired
effect.
Continuous infusion: 0.1 mg to 0.4 mg/kg/hour
Continuous infusion of furosemide and mannitol:
Mannitol 10 to 20 mg/kg hour and furosemide 0.05 mg to 0.5 mg/kg hour, tailor the dose for a
desired effect (urine flow)
HYDROCHLORTHIAZIDE:
Indications: Edema of renal and cardiac diseases
Adverse Reactions: Hypotension, hypokalemia, hyperglycemia, hyperuricemia, hypochloremic
metabolic alkalosis, prerenal azotemia
Neonates and infants (< 6 months):
Oral dose: 2 to 4 mg/kg/day in 2 divided doses
Infants (> 6 months) and children:
Oral dose: 2 mg/kg/day in 2 divided doses, (maximum 200 mg)
Adults:
Oral dose: 12.5 to 100 mg/day in 2 divided doses
♥ Mixture of hydrochlorthiazide and furosemide for continuous infusion:
Furosemide 0.1 mg/kg/hour + hydrochlorthiazide 1 mg/kg/hour
May increase or decrease the rate of infusion for a desired effect
Maintain the ratio of furosemide / hydrochlorthiazide 1:10
ETHACRYNIC ACID:
Indications: Edema of CHF, renal and hepatic disease, and management of hypertension
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hypomagnesemia,

Children: Oral dose: 1 mg/kg/dose / daily, may increase the dose every 3 days to a maximum of
3 mg/kg/day
Intravenous: 1 mg/kg/dose, repeat doses are not usually recommended; may be given if needed
every 12 hours
Adults: Oral dose: 25 to 400 mg/day in 2 divided doses
Intravenous: 0.5 to 1 mg/kg/dose, maximum 100 mg/dose; repeat doses are not usually
recommended; may give if needed every 12 hours
BUMETANIDE:
Indications: Edema of CHF, renal disease, hepatic disease, and management of hypertension
Adverse Reactions: Hypotension, hyperglycemia, hypokalemia, hypochloremia, hyponatermia,
ototoxicity, elevated serum creatinine
Neonates: Parenteral dose: 0.01 to 0.05 mg/kg/dose every 24 to 48 hours
Infants and children:
Parenteral dose: 0.015 to 0.1 mg/kg/dose every 6 to 24 hours, maximum dose 10 mg/24 hours
Adults: Parenteral dose: 0.5 mg to 1 mg/dose, repeat every 2 to 3 hours if needed; maximum dose
10 mg/24 hours
Continuous infusion: 0.9 to 1 mg/hour; dilute in D5W to achieve concentration of 0.024 mg/mL
METOLAZONE (ZAROXOLYN):
Indications: Edema of renal and cardiac disease
Adverse Reactions: Hypotension, hypokalemia, hyponatremia, hypochloremic metabolic alkalosis,
hyperglycemia, prerenal azotemia, hyperuricemia, hypomagnesemia, epistaxis, blurred vision
Infants and children: Oral dose: 0.2 to 0.4 mg/kg/day in 2 divided doses
Adults: Oral dose: 5 to 20 mg/day
SPIRONOLACTONE (aldactone):
Indications: Edema/ascites of renal, cardiac, and hepatic disease, essential hypertension, hypokalemia,
and primary hyperaldosteronism
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Adverse Reactions: Arrhythmia, hyperkalemia, hyponatremia, hyperchloremic metabolic acidosis,
amenorrhea, gynaecomastia, renal failure, dyspnea
Neonates: Oral dose: 1 to 3 mg/kg/day in divided doses
Infants and children: Oral dose: 1.5 to 3.3 mg/kg/day in divided doses
Adults: Oral dose: 25 to 200 mg/day in divided doses
ACETAZOLAMIDE (diamox):
Indications: Edema, metabolic alkalosis, glaucoma, and hydrocephalus.
Adverse Reactions: Seizures, hyperchloremic metabolic acidosis, hypokalemia, hyperepnea (due
to increased renal excretion of sodium bicarbonate and water due to competitive inhibition of
carbonic anhydrase).
Neonates: 5 mg/kg/daily (Rx of edema)
Infants and children: 5 mg/kg/daily (Rx of edema)
Adults: 250 to 375 mg/day (Rx of edema)

C. Electrolytes and Minerals
AMMONIUM CHLORIDE:
Indications: Correction of metabolic alkalosis and urine acidifying agent
♣ NH4CL is an alternative treatment. It is used only after supplementation of NaCl and KCl.
Adverse Reactions: Bradycardia, hyperventilation, confusion, coma
Correction of metabolic alkalosis by serum HCO3 − method:
mEq of NH4 Cl = 0.5 × weight in kg × (serum HCO3 − − 24)
Give only 1/2 to 2/3 of the calculated dose
Correction of metabolic alkalosis by base excess method:
mEq of NH4 Cl = 0.3 × weight in kg × Base excess
Give only 1/2 to 2/3 of the calculated dose
Correction of metabolic alkalosis by chloride method:
mEq of NH4 Cl = 0.2 × weight in kg × (103 − serum Cl−)
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Give only 1/2 to 2/3 of the calculated dose
Infants and children: Intravenous or oral dose:
75 mg/kg/day in 4 divided doses, maximum dose 6 g/day
Adults: 1.5 g/dose every 6 hours
♣ Parenteral administration: Dilute to 0.2 mEq/mL to 0.4 mEq/mL (10.6 to 21.2 mg/mL) and
infuse over 3 hours; maximum rate of infusion 1 mEq/kg/hour.
(ammonium chloride 53 mg = 1 mEq of ammonium and 1 mEq of chloride)
SODIUM BICARBONATE:
Indications: Metabolic acidosis, hyperkalemia, and cardiac arrest
Adverse Reactions: Cerebral hemorrhage (due to rapid injection), intracranial acidosis, tetany,
hypocalcaemia, hypokalemia, pulmonary edema, tissue necrosis (due to extravasation of drug)
Neonates, infants, and children:
Cardiac arrest: 1 mEq/kg, initial dose (give slowly intravenous); repeat 0.5 mEq/kg after 10 minutes
Metabolic acidosis: mEq of HCO3 = 0.3 × weight in kg × base deficit
or/
mEq of HCO3 = 0.5 × weight in kg × (24 − serum HCO3 −)
Adults:
Metabolic acidosis: mEq of HCO3 = 0.2 × weight in kg × base deficit
or/
mEq of HCO3 = 0.5 × weight in kg × (24 − serum HCO3 −)
♣ If acid- base status is unavailable: 2-5 mEq / kg slow infusion is given over 3 to 4 hours.
(Do not give this dose for neonates)
SODIUM CHLORIDE:
Indications: Restoration of Na+ in hyponatremia, heat prostration, muscle cramps, and ECF
expansion
Adverse Reactions: Hypervolemia, thrombosis, pulmonary edema
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Maintenance requirements:
Neonates: 2-4 mEq/kg/day
Infants and children: 3-4 mEq/kg/day (maximum 100 to 150 mEq/day)
Adults: 150 mEq/day
Serious Hyponatremia:
Required mEq of Na+ = Desired Na+ (mEq) − Actual Na+ (mEq) × 0.6 ×Weight in kg
Give only 1 mEq/Kg/hour (Maximum rate of infusion)
Hypertonic saline solution (> 0.9%) is used only at initial stages.
Acutely correct serum sodium in 5 mEq/L/dose increments to gain serum Na+ of 125 mEq/L. In
asymptomatic patients, do gradual correction in increments of 10 mEq/L/day
CALCIUM GLUCONATE:
Indications: Treatment and prevention of hypocalcaemia, and hypocalcemic tetany, hyperkalemia,
and cardiac resuscitation if epinephrine fails to improve cardiac contraction
Adverse Reactions: Bradycardia, cardiac arrhythmias, coma, muscle weakness
Rx of Hypocalcaemia:
Neonates: 50 to 200 mg/kg/dose × 4 doses / or as a continuous infusion (100-800 mg)
Infants and children: 50 to 125 mg/kg/dose × 4 doses / or as a continuous infusion (200-500 mg)
Rx of Hypocalcaemic tetany:
Neonates: 100 to 200 mg/kg infusion followed by 125 mg/kg × 4 doses / or as a continuous
infusion (500 mg)
Infants and children: 100 to 200 mg/kg/infusion followed by100 mg/kg × 4 doses / or as a
continuous infusion (500 mg)
Rx of Hyperkalemia / cardiac arrest:
Neonates, infants and children: 60 to 100 mg/kg, may repeat the dose
(Maximum 3 grams/dose)
Adults: 1 to 3 grams
(1 gm of Calcium gluconate = 4.5 mEq of elemental Ca2+)
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CALCIUM CHLORIDE:
Rx of Hypocalcaemia:
Infants and children: 10 to 20 mg/kg / dose, repeat every 4 to 6 hours prn
Adults: 500 mg to 1 gm/dose, repeat ever 4 to 6 hours prn
Rx of Hypocalcaemic tetany:
Infants and children: 10 mg/kg / over 5 to 10 minutes may repeat after 4 hours/or as a continuous
infusion (maximum of 200 mg/kg/day)
Adults: 1 gm over 10 to 30 minutes, repeat after 4-6 hours
Rx of Hyperkalemia / cardiac arrest:
Infants and children: 20 mg/kg, may repeat in 10 minutes
Adults: 2-4 mg/kg, repeat every 10 minutes if necessary
POTASSIUM CHLORIDE:
Indications: Restoration of K + in hypokalemia
Adverse Reactions: Vomiting, bradycardia, muscle weakness, dyspnea
Maintenance requirements:
Infants: 1-2 mEq/kg/day
Children: 2-3 mEq/kg/day
Adults: 40-80 mEq/day
♣ IV doses should be mixed in patient's maintenance fluids.
♥ Intermittent IV doses are given for severe hypokalemia on ECG monitoring (as in postop cardiac
surgery).
Prevention of hypokalemia (in diuretic treatment):
Infants and children: 1-2 mEq / kg / 24 hours in 2 divided doses
Adults: 20-40 mEq / 24 hours in 2 divided doses
Rx of Hypokalemia:
Children: Intravenous: 1 mEq/kg/over 2 hours, may repeat as needed
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♥ If intravenous intermittent dosing should exceed 0.5 mEq/kg/hour, need EKG monitoring;
maximum dose = 3 mEq/kg/day.
Usual dose in post cardiac surgery patients = 0.25 mEq/kg/hour
Adults: Intravenous: 5-10 mEq/hour, may repeat as needed
♣ Intravenous and intermittent dosing should not exceed 20 mEq / hour.
♥ Need EKG monitoring if dose exceeds 5 mEq/hour, maximum dose = 400 mEq/day.
POTASSIUM ACETATE:
Indications: Replacement in potassium deficiency (when chloride is normal or high); the acetate is
a source of bicarbonate
Adverse Reactions: Bradycardia, skeletal muscle weakness, abdominal pain, alkalosis
Children: 2 to 5 mEq/kg/day
Intravenous dose: 0.5 to 1 mEq/kg/dose
Maximum dose: 30 mEq/dose
Infusion rate: 0.3 to 0.5 mEq/kg/hour
Maximum rate of infusion: 1 mEq/kg/hour
Adults: 40 to 100 mEq/day
Intravenous dose: 5 to 10 mEq/dose
Maximum dose: 40 mEq/dose
Infusion rate: to 10 mEq/dose to be infused over 2 to 3 hours
Maximum rate of infusion: 20 mEq /hour
Serum potassium levels/Potassium dosage/Rate of infusion guidelines (in adults):
i) Serum potassium > 2.5 mEq/L
Maximum infusion rate 10 mEq/hour
Maximum concentration of the solution 40 mEq/L
Maximum 24 hour dose: 200 mEq
ii) Serum potassium < 2.5 mEq/L
Maximum infusion rate 20 mEq/hour
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Maximum concentration of the solution 80 mEq/L
Maximum 24 hour dose: 400 mEq
Recommended concentration of the solution:
Maximum concentration of peripheral line: 100 mEq/Liter
Maximum concentration of central line: 400 mEq/Liter
♥ Potassium should be usually given in maintenance IV fluids.
♣ Intermittent infusions are given only for severe potassium depleted states.
POTASSIUM PHOSPHATE:
Indications: Treatment of hypophosphatemia and hypokalemia
Adverse Reactions: Bradycardia, hyperkalemia, acute renal failure, hypocalcaemic tetany, paralysis
Maintenance requirements of elemental phosphorous (oral form):
0 to 6 months = 240 mg
6 to 12 months = 360 mg
1 to 10 years = 800 mg
> 12 years = 1200 mg
(30 mg of phosphorous approximately equals to 1 mmol)
Maintenance requirements:
Children: Intravenous: 0.5 to 1.5 mmol/kg/24 hours
Oral route: 2 to 3 mmol/kg/24 hours in 3 divided doses
Adults: Intravenous: 5 to 30 mmol/24 hours
Oral route: 50 to 150 mmol /24 hours in 3 divided doses
Children (< 4 years): Oral dosage: 250 mg phosphorous (8 mmol) 4 times a day
Children (> 4 years) and Adults:
Oral dosage: 250 to 500 mg phosphorous (8 to 16 mmol) 4 times a day
Phosphate repletion: ♣ (given through intravenous route only) for hypophosphatemia.
Children: Intravenous: 0.25 to 0.5 mmol/kg administer over 4 to 6 hours
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If symptoms persist, obtain serum phosphorous levels after first dose, and assess clinically for
further therapy.
Adults: Intravenous: 0.16 mmol/kg over 4 to 6 hours; dose may be increased by 25 to 50% if
symptoms are severe with hypophosphatemia.
Maximum dose: 0.24 mmol/kg/day
MAGNESIUM SULPHATE:
Indications: Hypomagnesemia, seizures, cardiac arrhythmias (VT, VF) due to low magnesium, and
torsade de-pointes
Adverse Reactions: Hypotension and asystole (rapid administration), CNS depression, complete
heart block, somnolence (if serum magnesium levels are high in the range of 3 mg to 10 mg/dL)
Rx of hypomagnesemia:
Neonates: Intravenous:
25 to 50 mg/kg (0.2 to 0.4 mEq/kg) every 8 to 12 hours
Infants and children: Intravenous:
25 to 50 mg/kg every 6 hours
High doses up to 100 mg/kg/dose may be used if hypomagnesemia persists
Give maintenance IV infusion of 30 to 60 mg/kg/day
Adults (intravenous): 1 gram of MgSO4 IV every 6 hours
Rx of severe hypomagnesemia: 8 to 12 gm/day in divided doses
Rx of severe arrhythmias:
1 to 2 gm (8 to 16 mEq) IV in 100 mL D5W in 5 to 60 minutes, followed by infusion of 0.5 to
1 gm/hour
Intramuscular administration: Use 25% solution in children
Use 25% or 50% solution in adults
Maintenance: 0.2 to 0.5 mEq/kg/24 hours
Maximum dose: 8 to 16 mEq/24 hours
(125 mg of MgSO4 equals to 1 mEq of Mg 2+)
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D. Antiarrhythmic Drugs
Cassification of Antiarrhythmic Drugs:
Class I: Sodium channel blockade:
I A. Prolonged repolarization: Quinidine, procainamide, and disopyramide.
(high potency Na+ blokade (wide QRS), prolonged QT due to K + blockade).
I B. Shorten repolarization: Lidocaine, mexiletine, tocainide, and phenytoin.
(low potency Na+ blockade (no effect on QRS), short QT).
I C. Little effect on repolarization: Encainide, flecainide, propafenone, and moricizine.
(potent Na+ blockade (prolong QRS), no QT change).
Class II: Beta-adrenergic blockade: Propranolol, esmolol, acebutolol, and 1-sotalol.
(slow sinus rhythm, prolonged PR, no effect on QRS or QT).
Class III: Potassium channel blockade (prolongs repolarization).
Amiodarone, bretylium, d, l-sotalol, and ibutilide.
(prolonged QT with increased refractory period, no effect on QRS).
Class IV: Calcium channel blockade: Verapamil, diltiazem, and bepridil.
(selective AV nodal L calcium blockers, slow sinus rhythm, prolonged PR, no effect on QRS or QT).
Miscellaneous actions: Adenosine, digitalis, and magnesium.
(due to unspecified actions other than the above classes).
QUINIDINE:
Indications: Prevention of paroxysmal supraventricular tachycardia, AV nodal tachycardia,
ventricular tachycardia, atrial fibrillation, and after cardioversion of atrial fibrillation and atrial flutter
Adverse Reactions: Hypotension and vascular collapse with rapid IV injection, ventricular
fibrillation, thrombotic thrombocytopenic purpura, hepatitis, chinconism (nasuea, tinnitus, syncopy, etc.)
Children: Oral dose: (quinidine sulphate) usual dose: 6 mg/kg/dose every 4 to 6 hours; range: 15 to
60 mg/kg/day in 4 to 5 divided doses /or,
900 mg/m2 /day in 5 divided doses

432 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Intravenous dose: (quinidine gluconate) 2 to 10 mg/kg/dose every 3 to 6 hours (♣ usually not
recommended for children)
Adults: Oral dose (quinidine sulphate): 100 to 600 mg/dose every4 to 6 hours
Oral dose (quinidine gluconate): 324 to 972 mg every 8 to 12 hours
Intramuscular (quinidine gluconate): 400 mg/dose every 4 to 6 hours
Intravenous (quinidine gluconate): 200 to 400 mg/dose every 4 to 6 hours; infusion rate
< 10 mg/minute
Qunidine gluconate salt 267 mg = Qunidine sulphate 200 mg
♣ Several hours before administering the actual dose, give a test dose of 2 mg/kg in children; give
a test dose of 200 mg in adults for observation of any idiosyncratic reaction.
PROCAINAMIDE:
Indications: Treatment and prevention of ventricular tachycardia, premature ventricular
contractions, paroxysmal atrial tachycardia, atrial flutter, and atrial fibrillation
Adverse Reactions: Hypotension, bradycardia, AV Block, prolonged QT, wide QRS,
thrombocytopenia, hepatomegaly with elevated liver enzymes, lupus like syndrome (arthralagia,
myalgia, positive Coomb's test, and pleural and pericardial effusions)
Children: Intravenous loading dose: 3 to 6 mg/kg/dose over 5 minutes, not to exceed 100 mg/dose;
may repeat every 5 to 10 minutes to a maximum loading dose of 15 mg/kg
Maintenance infusion: 20 to 80 mcg/kg/minute, maximum dose 2 g/day
Maintenance oral dose: 15 to 50 mg/kg/day in divided doses every 4 to 6 hours, maximum dose
4 g/day
PALS dose: (for perfusing tachycardias; should not use with amiodarone)
Intravenous: 15 mg/kg infused over 30 minutes
Stop the infusion for bradycardia or if the QRS widens > 50%
Adults: Intravenous loading dose: 50 to 100 mg/dose infused over 5 minutes, repeat every 5 to
10 minutes for adequate control or a maximum of 15 mg/kg (maximum loading 1 to 1.5 g)
Maintenance infusion: 3 to 4 mg/minute, range 1 to 6 mg/minute
Maintenance oral dose: 50 mg/kg/day or 2 to 4 g/day in two divided doses
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ACLS dosing: 20 mg/minute until arrhythmia is controlled or until hypotension occurs, or QRS
widens > 50%, or 17 mg/kg is infused.
Refractory ventricular fibrillation:
Loading: 30 mg/minute infusion, up to a total of 17 mg/kg is given if necessary.
Maintenance: 1 to 4 mg/minute
LIDOCAINE:
Indications: Ventricular ectopy, ventricular tachycardia, ventricular fibrillation, pulse-less VT or
VF after defibrillation and epinephrine dose, premature ventricular contractions (hemodynamicaly
unstable), and monomorphic or polymorphic VT (with normal or prolonged QT)
Adverse Reactions: Brdaycardia, hypotension, cardiovascular collapse, lethargy, seizures,
paresthesias, muscle twitching, respiratory depression
Children: Intravenous loading dose:
Initial: 1 mg/kg, may give a second bolus of 0.5 mg to 1 mg/kg in 15 minutes if there is a delay in
starting a continuous infusion.
♣ Give half the loading dose in severe CHF.
Continuous infusion: 25 to 50 mcg/kg/minute
The dose is 20 mcg/kg/minute in hepatic disease, CHF, cardac arrest, and shock.
Endotracheal route: 2-10 times the intravenous loading dose
Adults: Initial bolus: 1 to 1.5 mg/kg, repeat 0.5 mg to 0.75 mg/kg every 5 to 10 minutes prn to a
total of 3 mg/kg
Continuous infusion: 1 to 4 mg/minute
Endotracheal route: 2 to 2.5 times the intravenous loading dose
MEXILETENE:
Indications: Serious ventricular arrhythmias and premature ventricular contractions
Adverse Reactions: Syncope, hypotension, atrail / ventricular arrhythmias, tinnitus, diplopia,
positive ANA (anti-nuclear antibody)
Children: Oral dose: 1.4 to 5 mg/kg/dose, range (3.3 mg/kg/dose) every 8 hours
Adults: Oral dose: 200 to 300 mg every 8 hours
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PHENYTOIN:
Indications: Ventricular arrhythmias (due to digitalis intoxication, prolonged QT syndrome and
post-cardiac surgery in children) and seizures (simple, complex, and grand-mal)
Adverse Reactions: Dyskinesia, nystagmus, cardiovascular collapse, Stevens-Johnson syndrome,
hyperglycemia, SLE syndrome
Infants and children:
Intravenous loading dose: 1.25 mg/kg every 5 minutes, up to 15 mg/kg
Maintenance dose: 5 to 10 mg/kg/day in 3 divided doses (oral / intravenous)
Adults:
Intravenous loading dose: 1.25 mg/kg every 5 minutes, up to 15 mg/kg
Oral loading dose: 250 mg 4 times/a day -- day 1,
250 mg 2 times/a day -- for 2 days
Oral maintenance dose: 300 - 400 mg/day in 4 divided doses
♣ Intravenous infusion rate precautions:
Neonates: Do not exceed the rate of 0.5 mg/kg/minute
Infants, children, and adults: Do not exceed the rate of 1 to 3 mg/kg/minute
Maximum rate of infusion: 50 mg/minute
FLECAINIDE:
Indications: Prevention and supression of life threatening ventricular arrhythmias (e.g., sustained
ventricular tachycardia) and Rx of symptomatic and disabling supraventricular arrhythmias (do not
use if 2nd or 3rd degree AV block, bifasicular or trifasicular block, myocardial depression, and
cardiogenic shock are present.)
Adverse Reactions: Worsening ventricular arrhythmias, bradycardia, CHF, hepatic dysfunction,
tremors, paresthesias, blood dyscrasias
Children: Initial dose: 1 to 3 mg/kg/day in 3 divided doses or 50 to 100 mg/m2 /day in 3 divided
doses
Usual therapeutic dose: 3 to 6 mg/kg/day or 100 to 150 mg/m2 /day in 3 divided doses
For uncontrolled arrhythmias: Dosing may go up to 8 mg/kg/day or 200 mg/m2 /day
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Adults: 100 mg every 12 hours; may increase the dose every 3 days to a maximum of 400 mg/day
Usual dose in supraventricular arrhythmias: 50 mg every 12 hours; maximum 300 mg/day
PROPRANOLOL:
Indications: Tetralogy of Fallot (cyanotic spells), hypertension, arrhythmias (AV nodal re-entry
and catecholamine induced, etc.), IHSS, thyrotoxicosis, migraine, and essential tremor
Adverse Reactions: Hypotension, AV Conduction disturbances, depressed myocardial contractility,
CHF, bronchospasm, hypoglycemia, hyperglycemia, cold extremities
Neonates, infants, and children:
Arrhythmias:
Intravenous dose: 0.01 to 0.1 mg/kg slowly over 10 minutes; repeat every 6 hours as needed
Start with a lower dose and increase to the 0.15 mg/kg every 6 hours
Maximum dose: 1 mg (infants) 3 mg (children) IV every 6 hours
Oral dose: 2 to 4 mg/kg/day in divided doses (every 6 hours)
Start with 0.5 to 1 mg/kg/day and increase every 3 days up to a higher dose
Maximum dose: 16 mg/kg/day
Tetralogy cyanotic spells:
Intravenous dose: 0.15 to 0.25 mg/kg/dose slowly, repeat in 15 minutes
Oral dose: 1 to 2 mg/kg/dose every 6 hours, initiate with half the dose and increase every 24 hours
to a maximum of 5 mg/kg/day
ESMOLOL:
Indications: Supraventricular tachycardia (for control of ventricular rate) and perioperative
hypertension
Adverse Reactions: Hypotension (dose > 200 mcg/kg/minute), Raynaud's phenomenon,
broncho-constriction
Actions: Class II anti-arrhythmic, beta-1 adrenergic blocker with no effect on beta-2 receptors
unless larger doses are used
Children:
Supraventricular tachycardia:
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Intravenous: Give 100 to 500 mcg/kg over 1 minute followed by a continuous infusion of
200 mcg/kg/minute
Or
600 mcg/kg over 2 minutes followed by a continuous infusion of 200 mcg/kg/minute
Titrate the infusion rate upward by 50 to 100 mcg/kg/minute every 10 minutes, until 10% reduction
of ventricular rate or blood pressure
Usual mean dose: 550 mcg/kg/minute; range: 300 to 1000 mcg/kg/minute
Perioperative hypertension:
Intravenous loading dose: 500 mcg/kg over 1 minute followed by a continuous infusion: 50 to
250 mcg/kg/minute
♣ It is used often with nitroprusside, e.g., in repair of coarctation of aorta.
Adults:
Intravenous loading dose: 500 mcg/kg over 1 minute followed by an infusion of 50 mcg/kg/minute
for 5 minutes
♣ If there is no adequate response, follow with another loading dose of 500 mcg/kg over 1 minute
and a continuous infusion of 100 mcg/kg/minute.
This process may be repeated to achieve maximum therapeutic effect.
Maximum maintenance dose: 200 mcg/kg/minute
Usual dose range: 50 to 200 mcg/kg/minute
AMIODARONE:
Indications: Life threatining venticular arrhythmias, recurrent VF and unstable VT unresponsive to
other therapy, and supraventricular arrhythmias unresponsive to other therapy
Adverse Reactions: Atropine resistant bradycardia, heart block, proarrhythmia and torsade de
pontes, myocardial depression, hypothyroidism, hepatic toxicity, pulmonary fibrosis, interstitial
pneumonitis, optic neuritis, permanent blindness
Infants and Children:
Ventricular arrhythmias:
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Oral loading dose: 10 to 15 mg/kg/day in 2 divided doses for 5 to 15 days or until adequate control
of arrhythmias, or onset of prominent adverse effects; then switch to a reduced dose of 5 mg/kg/day
for several weeks; then if arrhythmias do not re-occur, adjust to the lowest effective dosing
Maintenance: 2.5 mg/kg/day given for 5 of 7 days week
PALS recommendations:
Pulse less VF, VT: 5 mg/kg rapid IV bolus
Perfusing tachycardias: 5 mg/kg IV over 20 to 60 minutes and may repeat up to a maximum of
15 mg/kg/day
♣ Do not use with other drugs that prolong QT.
Adults:
Ventricular arrhythmias:
Oral loading dose: 800 to 1600 mg/day in 2 divided doses for 1 to 3 weeks, then 600 to 800 mg/day
in 2 divided doses for 1 month; then oral maintenance: 400 mg/day
Intravenous loading dose: 1000 mg given in first 24 hours as given below:
150 mg over 10 minutes (rate 15 mg/minute);
360 mg over 6 hours (rate 1 mg/minute);
540 mg over 18 hours (rate 0.5 mg/minute) and after 24 hours, follow with a maintenance infusion
of 540 mg over 18 hours (rate 0.5 mg/minute)
Supplemental doses: Boluses of 150 mg/10 minutes are given for breakthrough VF or VT,
maximum daily dose of 2 g
ACLS recommendations:
Pulseless VF, VT: 300 mg rapid IV bolus, supplemental boluses of 150 mg for recurrent or
pulse-less VF or VT (maximum dose 2.2 g/24 hours)
Atria Fibrillation:
Oral loading dose: 600 to 800 mg/day in 2 divided doses for 2-4 weeks, then 400 mg/day for 3 to 6
months; then 100 to 300 mg/day
Usual maintenance dose 200 mg/day
SOTALOL:
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Indications:
Life threatening ventricular arrhythmias (sustained VT)
Adverse Reactions: CHF, pro-arrhythmias, prolonged QT, torsade de pointes, hypotension,
hyperglycemia in diabetics, paresthesias, cough
Neonates, infants and children < 2 years:
Reduce the dose by an age factor obtained from the curve.
(see the text for details)
E.g., age factor for an infant of 1 month age = 0.68
Initial dose = 0.68 × 30 mg/m2 /dose given 3 times daily
Children > 2 years:
Initial dose: 30 mg/m2 /dose three times a day
Increase the dose every 36 hours as needed; monitor HR, QTc, and clinical response
If QTc is > 500 msec use extreme caution
If QTc is > 550 msec discontinue or reduce the dose
Maximum dose: 60 mg/ m2 /dose 3 times daily
Alternative dosing:
Initial dose: 2 mg/kg/day in 3 divided doses, increase the dose every 36 hours as needed by 1 to
2 mg/kg/day and monitor HR, QTc, and clinical response
Maximum dose: 8 mg/kg/day in 3 divided doses (do not exceed adult dose)
Adults:
Initial dose: 80 mg twice daily, increase the dose every 36 hours as needed; monitor HR, QTc, and
clinical response
Maximum usual dose: 240 to 320 mg/day in 2 divided doses
Usual effective dose: 160 to 320 mg/day in 2 divided doses
Higher dose: 480 to 640 mg/day in 2 to 3 divided doses (for refractory ventricular arrhythmias)
VERAPAMIL:
Indications: Angina, hypertension, supraventricular tachyarrhythmias such as atrial flutter, atrial
fibrillation, and PSVT
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Adverse Reactions: Hypotension, AV blocks, CHF, elevated liver enzymes, tinnitus
Infants (< 1 year):
♣ Intravenous dosing is usually not recommended.
IV: 0.1 to 0.2 mg/kg (dose), usual dose 0.75 to 2 mg/dose
Repeat the dose in 30 minutes if necessary
♣ Have IV calcium available at bed side.
Children:
Intravenous dose: 0.1 to 0.3 mg/kg/dose, maximum usual dose 5 mg/dose
Repeat the dose in 30 minutes if necessary
Maximum 2nd dose 10 mg/dose
Oral dose: (not well established)
4 to 8 mg/kg/day in 3 divided doses / or
Age of 1 to 5 years: 40 to 80 mg every 8 hour
Ag > 5 years: 80 mg every 8 hours
Adults: Oral dose: 240 to 480 mg/day in 3 or 4 divided doses
Intravenous: 5 mg/dose, repeat 5 to 10 mg in 15 to 30 minutes if needed / and if the patient tolerates
the initial dose, until a maximum total dose of 20 mg
♣ Intravenous continuous infusion:
Give after a loading dose of 5 to 10 mg, repeat the dose in 30 minutes if needed then a continuous
infusion rate of 5 to 10 mg/hour; the usual range is 4 mg to 20 mg/hour; higher doses of 20 mg/hour
may produce adverse effects
DILTIAZEM:
Indications: Hypertension, angina (use oral sustained release), and supraventricular tachycardias
such as atrial fibrillation and flutter (use intravenous form)
Adverse Reactions: Hypotension, bradycardia, AV block, erythema multiforme, elevation of liver
enzymes
Hypertension:
Children:
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Oral dose: 1.5 mg to 2 mg/kg/day in 3 divided doses; maximum dose 3.5 mg/kg/day
Adults:
Oral dose: 30 to 120 mg three times a day; maintenance dose of 180 to 360 mg/day
Arrhythmias:
Adults:
Intravenous dose: Initial bolus of 0.25 mg/kg over 2 minutes, if there is no adequate response; a
second bolus of 0.35 mg/kg over 15 minutes, followed by a maintenance infusion: 5 to 15 mg/hour
for 24 hours
Maintenance oral dose: Give 3 hours after bolus doses or after a maintenance infusion is stopped
♣ Dose calculator for oral dose = (an infusion rate in mg/hour × 3) + 3 × 10
E.g., (infusion rate 5 mg/hour × 3) +3 × 10 = 180 mg/day
DIGOXIN:
Indications: CHF, To slow the ventricular rate in atrial fibrillation, atrial flutter, and
supraventriucular arrhythmias
Adverse Reactions: A-V block, sino-atrial block, ventricular ectopy and arrhythmias, atrial
tachycardia with AV block, yellow or green vision, neuralgia, nasuea and vomiting
Onset of action: 5 minutes to 30 minutes (IV), 0.5 to 2 hours (oral)
Duration of action: 1-4 hours (IV), 2 to 8 hours (oral)
Table 16.1 Total digitalizing and maintenance doses in children and adults.
Total digitalizing dose (TDD)

Maintenance Dose

Oral

IV

Oral

IV

35 mcg/kg

25 mcg/kg

10 mcg/kg

5 mcg/kg

< 2 years

55 mcg/kg

45 mcg/kg

10 mcg/kg

8 mcg/kg

< 5 years

40 mcg/kg

30 mcg/kg

10 mcg/kg

7 mcg/kg

<10 years

35 mcg/kg

20 mcg/kg

10 mcg/kg

5 mcg/kg

>10 years

15 mcg/kg

10 mcg/kg

5 mcg/kg

3 mcg/kg

Adults:

1 to 1.5 mg

0.5 to 1 mg

0.25 to 0.5 mg

0.1 to 0.4 mg

Neonates:
Infants:

♣ Give one half of TDD initially, then one quarter of the dose every 6 to 8 hours. ♣ Maintenance dose is given in 2 divided
doses in children < 10 years.
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E. Cardiac Inotropic Drugs
DOPAMINE:
Indications: Increase of cardiac output, blood pressure, and urine volume after adequate volume
replacement
Adverse Reactions: Tachycardia, hypertension, ventricular arrhythmias, vasoconstriction, dilated
pupils, azotemia
Actions: Low dose: (1 to 5 mcg/kg/minute) stimulates dopaminergic receptors (results in renal and
mesentric vasodilation, increased urine flow)
Intermediate dose: (5 to 15 mcg/kg/minute) stimulates beta-1 adrenergic receptors and dopaminergic
receptors (increased heart rate, cardiac output, and increased renal blood flow and urine flow)
High dose: (> 15 mcg/kg/minute) stimulates alpha adrenergic receptors (vasoconstriction and
increased blood pressure)
Neonates: Intravenous continuous infusion: 1 to 20 mcg/kg/minute
Infants and children: Continuous infusion: 1 to 20 mcg/kg/minute
Maximum 50 mcg/kg/minute
Adults: Continuous infusion: 2 to 50 mcg/kg/minute
If > 20 to 30 mcg/kg/minute are needed, consider using pressors such as epinephrine or
nor-epinephrine
MILRINONE:
Indications: Acute ventricular dysfunction or decompensation
Adverse Reactions: Supra ventricular and ventricular arrhythmias, hypokalemia, thrombocytopenia
Actions: Inhibition of phospho-diesterase III increases cyclic AMP levels in myocardium and
vascular smooth muscle (inotropic and vasodilating effect)
Neonates, infants and children:
Intravenous loading dose: 50 mcg/kg is given over 15 minutes
Continuous infusion: 0.5 mcg/kg/minute (range 0.25 to 0.75 mcg/kg/minute)
Adults:
Intravenous loading dose: 50 mcg/kg is given over 10 minutes
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Continuous infusion: 0.5 mcg/kg/minute (range 0.375 to 0.75 mcg/kg/minute)
DOBUTAMINE:
Indications: Ventricular dysfunction or decompensation
Adverse Reactions: Sinus tachycardia, ventricular arrhythmias, hypertension
Actions: beta-1 adrenergic receptor stimulator with no beta-2 and alpha adrenergic receptor activity
Neonates: Continuous infusion: 2 to 15 mcg/kg/minute
Children and adults: Continuous infusion: 2.5 to 15 mcg/kg/minute
Maximum infusion rate: 40 mcg/kg/minute
EPINEPHRINE:
Indications: Treatment of shock that persists after fluid replacement, and cardiac arrest
Adverse Reactions: Organ ischemia (renal and mesenteric vasoconstriction), cardiac arrhythmias,
sudden death
Actions: Stimulates beta-1, beta-2, and alpha adrenergic receptors (causes relaxation of smooth
muscles of bronchial tree, cardiac inotropic, and chronotropic effects); small doses causes dilatation
of skeletal muscle vasculature (due to stimulation of beta-2 vascular receptors); large doses cause
constriction of skeletal, renal, and splanchinic vasculature smooth muscle
Neonates, infants and children:
Intravenous infusion: 0.05 to 1 mcg/kg/minute
Adults: Intravenous infusion: 1 to 10 mcg/minute
NOR-EPINEPHRINE:
Indications: Treatment of shock that persists after fluid replacement
Adverse Reactions: Organ ischemia (renal and mesenteric vasoconstriction), sloughing of superficial
tissues after extravasation of drug
Actions: Beta-1 and alpha adrenergic receptor stimulation (inotropic, chronotropic effects,
vasoconstriction, and increases coronary blood flow)
Children: Intravenous infusion: Initial dose: 0.05 to 0.1 mcg/kg/minute
Maximum: 1 to 2 mcg/kg/minute
Adults: Intravenous infusion: Initial doses: 4 mcg/minute
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Maximum: 8 to 12 mcg/minute
PHENYLEPHRINE:
Indications: Treatment of hypotension and vascular collapse in shock, supraventricular tachycardia,
and tetralogy of Fallot in cyanotic spells
Adverse Reactions: Angina, reflex bradycardia, tremors
Rx. Hypotension:
Children:
Intravenous dose: Bolus: 5 to 20 mcg/kg/dose every 10 to 15 minutes as necessary; infuse the dose
over 30 seconds
Continuous infusion: 0.1 to 0.5 mcg/kg/minute; titrate to the desired effect
Adults:
Intravenous dose: Bolus: 0.1 to 0.5 mg/dose every 10 to 15 minutes as necessary; infuse the dose
over 30 seconds
Continuous infusion: 100 to 180 mcg/minute; titrate to the desired effect
Usual maintenance infusion rate 40 to 60 mcg/minute
Rx. Paroxysmal supraventricular tachycardia:
Children: Intravenous dose: 5 to 10 mcg/kg over 20 seconds
Adults: Intravenous dose: 0.25 to 0.5 mg over 20 seconds
ISOPROTERENOL:
Indications: Ventricular arrhythmias secondary to AV nodal block, bradyarrhythmias with
hemodynamic compromise, atropine resistant bradyarrhythmias, third degree AV block, low cardiac
output, asthma, or reversible airway obstruction
Adverse Reactions: Ventricular arrhythmias, hypotension, parotitis
Action: Stimulates beta-1 and beta-2 receptors (chronotropic and inotropic effects, relaxes
bronchial, gastrointestinal, uterine, vascular smooth muscle, and causes peripheral vasodilation)
Neonates, infants, and children:
Intravenous infusion: 0.05 to 2 mcg/kg/minute
Adults: Intravenous infusion: 2 to 20 mcg/min
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F. Afterload (Vascular Resistance) Modulators and Hypotensive Agents
HYDRALAZINE:
Indications: Moderate to severe hypertension, CHF, and primary pulmonary hypertension
Adverse Reactions: Orthostatic hypotension, pyridoxine-deficiency induced peripheral neuropathy,
SLE like syndrome
Action: Direct vasodilation of arterioles (little effect on veins)
Infants and children:
Oral dose: Initial dose of 0.75 to 1 mg/kg/day in 3 to 4 divided doses; not to exceed 25 mg/dose
over initial 3 to 4 week period
May increase later to a maximum of 5 mg/kg/day in infants, may increase to a maximum of
7.5 mg/kg/day in children in 4 divided doses
Maximum daily dose 200 mg/day
Parenteral (IM, IV): Initial: 0.1 to 0.2 mg/kg / dose (not to exceed 20 mg/dose) every 4 to 6 hours;
may increase up to 1.7 to 3.5 mg/kg/day in 4 divided doses
Adults:
Oral dose: Initial: 10 mg 4 times a day, increase by 10 - 25 mg/dose every 2 to 5 days to a maximum
daily dose of 300 mg/day
Parenteral (IM, IV): Initial: 10 to 20 mg/dose every 4 to 6 hours
May increase to 40 mg/dose every 4 to 6 hours
NITROGLYCERIN:
Indications: Angina pectoris, CHF (associated with acute MI), pulmonry hypertension, hypertensive
emrgencies (in perioperative period in cardiac surgery), and treatment of extravasation of drugs
Adverse Reactions: Acute coronary insuffiency with abrupt withdrawl, hypotension, restlessness
Actions: Decreases oxygen demand by reducing the LVEDP and by reducing systemic vascular
resistance; it is a coronary vasodilator and improves collateral flow to ischemic myocardium; it is
more of a veno-dilator and less of an arteriolar dilator
Children:
Intravenous continuous infusion:
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Initial: 0.25 to 0.5 mcg/kg/minute, titrate by 0.5 to 1 mcg/kg/minute every 5 minutes as necessary,
usual dose: 1 to 3 mcg/kg/minute
Maximum dose: 5 mcg/kg/minute
(doses up to 20 mcg/kg/minute may be used)
Adults:
Intravenous continuous infusion:
Initial: 5 mcg/minute, increase by 5 mcg/minute every 5 minutes to 20 mcg/minute; increase
further as needed by 10 mcg/minute every 5 minutes to 200 mcg/minute
Rx. Extravasation injuries:
Children and adults:
Ointment: 4 mm/kg, maximum dose 25.4 mm (1 inch), apply every 6 to 8 hours as needed
♣ Apply the measured dose of ointment to the extravasations site evenly.
1 mL of ointment = 25.4 mm (a full packet)
NITROPRUSSIDE:
Indications: Hypertensive crises, CHF, and afterload reducing agent
Adverse Reactions: Restlessness, elevated intracranial pressure, cyanide toxicity, thiocyanate
toxicity
Actions: Peripheral vasodilator (arteriolar and venous smooth muscle relaxant) and reduces aortic
and left ventricular impedance
Metabolism of nitroprusside takes place in erythrocytes and tissues → cyanide → liver (rhodnase)
→ incorporation of sulphdryl radicals →formation of thiocyanate → excretion in kidney.
♣ Monitor acid base status, acidosis is the earliest sign of cyanide toxicity.
Monitor serum thiocyanate levels:
i) If requiring infusion > 3 days
ii) If dose is > 4 mcg/kg/minute
iii) In all patients with renal dysfunction
♣ Monitor cyanide levels in hepatic dysfunction:
Serum thiocyanate levels: Toxic 35-100 mcg/mL
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Fatal > 200 mcg/mL
Serum cyanide levels: Normal < 0.2 mcg/mL
Normal smokers < 0.4 mcg/mL
Toxic > 2 mcg/mL
Lethal > 3 mcg/mL
Signs of thiocyanate toxicity:
Metabolic acidosis, pink skin, almond smell of breath, methemoglobinemia, psychoses, blurred
vision, weakness, tinnitus, seizures, dilated pupils, altered consciousness, and coma (see Chapter 16,
Section H for management of thiocynate toxicity).
Infants, children, and adults:
Intravenous infusion: 0.3 to 0.5 mcg/kg/minute
Usual dose: 3 mcg/kg/minute
Maximum dose: 8 to 10 mcg/kg/minute
ENALAPRIL:
Indications: Hypertension, CHF, asymptomatic LV dysfunction, and protienuria of nephrotic
syndrome (steroid resistant)
Adverse Reactions: Hypotension, syncope, vertigo, hypoglycemia, hyperkalemia, neutropenia,
cholestatic jaundice, fulminant hepatic necrosis, cough, eosinophilic pneumonitis, deterioration of renal
function
Neonates: Oral dose: Initial dose: 0.1 mg/kg/day; increase the dose and frequency every few days
as necessary
Intravenous dose: 5 to 10 mcg/kg/dose every 8 to 24 hours
For management of hypertension:
Infants and children: Oral dose: Initial dose: 0.1 mg/kg/day in 2 divided doses, increase the dose
every few days to a maximum of 0.5 mg/kg/day
Intravenous dose: 5 to 10 mcg/kg/dose every 8 to 24 hours
For management of hypertension:
Adults: Oral dose: Initial dose: 2.5 mg to 5 mg/day increase as required
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Usual dose: 10 to 40 mg/day in 2 divided doses (hypertension)
5 to 20 mg/day in 2 divided doses (CHF)
20 mg/day in 2 divided doses (asymptomatic LV dysfunction)
Intravenous dose: 0.625 to 1.25 mg every 6 hours, may increase to 5 mg every 6 hours for
management of hypertension
CAPTOPRIL:
Indications: Hypertension, CHF, and post-myocardial infarction LV dysfunction
Adverse Reactions: Hypotension, tachycardia, hyperkalemia, neutropenia, hepatic necrosis
(fulminant), elevated serum creatinine
Neonates: 0.05 mg to 0.1 mg/kg/dose every 8 to 24 hours
Titrate the dose up to 0.5 mg/kg/dose every 6 to 24 hours
Infants: 0.15 mg to 0.3 mg/kg/dose, titrate the dose up to maximum of 6 mg/kg/day in 4 divided
doses
Children: 0.3 to 0.5 mg/kg/dose, titrate the dose up to maximum of 6 mg/kg/day in 2 to 4 divided
doses
Older children: 6.25 mg to 12.5 mg/dose every 12 to 24 hours, titrate to a maximum of 6 mg/kg/day
in 2 to 4 divided doses
Adults: 12.5 to 25 mg/dose every 8 to 12 hours, titrate the dose by 25 mg / dose increments to a
maximum of 450 mg
PHENOXYBENZAMINE:
Indications: Management of hypertension and sweating in pheochromocytoma
Adverse Reactions: Syncope, shock, ocular miosis, nasal congestion, muscle weakness
Action: Noncompetitive alpha-adrenergic blockade of postganglionic synapses of exocrine glands
and smooth muscle
Infants and children:
Oral dose: Initial: 0.2 mg/kg once daily, maximum dose 10 mg/dose
May increase every 4 days by 0.2 mg/kg/day increments
Usual maintenance dose: 0.4 to 1.2 mg/kg/day in divided doses
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Maximum dose: 2 to 4 mg/kg/day
Adults:
Oral dose: Initial: 10 mg/dose twice daily, may increase the dose every other day to the usual dose
of 10 to 40 mg every 8 to 12 hours
PHENTOLAMINE:
Indications: Antidote to extravasations of vasoactive drugs, hypertension, and a vasodilator
Asdverse Reactons: Angina, arrhythmias, exacerbation of peptic ulcer
Action: Competetive blockade of alpha-adrenergic receptors; positive inotropic and chronotropic
effects; reverses vasoconstriction of drugs extravasated in the subcutaneous tissue
Alpha- adrenergic drug extravasations:
Neonates:
Infiltrate the area with a small (1 mL) amount of solution (made with 2.5 to 5 mg in 10 mL of
normal saline) within 12 hours of extravasation
Do not exceed 0.1 mg/kg or 2. 5 mg of total dose
Infants, children and adults:
Infiltrate the area with 1 mL of solution (made with 5 mg to 10 mg in 10 mL of normal saline)
within 12 hours of extravasation
Do not exceed 0.1 mg/kg or 5 mg of total dose
Hypertension (prior to surgery for pheochromocytoma):
Children: (IM, IV): 0.05 to 0.1 mg/kg/dose 1 to 2 hours before surgery, repeat as necessary;
maximum single dose 5 mg
Adults: (IM or IV): 5 mg/dose 1 to 2 hours before surgery, repeat as necessary
Hypertensive crises (as in sypathomimetic amines infusion interactions):
Adults: IM or IV: 5-20 mg
CLONIDINE:
Indications: Hypertension and adjunct in Rx of neuropathic pain
Adverse Reactions: Raynaud's phenomenon, hypotension, sedation, sodium and water retention,
xerostomia
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Actions: Alpha-2 adrenoreceptor agonist in brain stem; activates inhibitory neurons and decreases
sympathetic outflow with reduction of vasomotor tone and heart rate
Hypertension:
Children:
Oral doses: Initial: 5-10 mcg/kg/day in divided doses every 8-12 hours
Increase gradually to 5 to 25 mcg/kg/day in 4 divided doses
Maximum dose: 0.9 mg/day
Transdermal patch: Switch to transdermal patch after the oral dose is titrated and stabilized dose is
equivalent to total oral daily dose
Adults:
Hypertension: Oral doses:
Initial dose: 0.1 mg twice daily, maintenance dose: 0.2-1.2 mg/day in 2-4 divided doses
Maximum dose: 2.4 mg/day
Transdermal patch: Apply once a week
Initial treatment: 0.1 mg/24 hours applied once every week, adjust the dose based on response
DIAZOXIDE: (Hyperstat)
Indications: Hypotensive agent
Contraindications: Hypertension associated with aortic coarctation, arteriovenous shunts, and
dissecting aortic aneurysm
Adverse Reactions: Hypotension, CHF, edema, hyperglycemia, ketoacidosis, sodium and water
retention, extrapyramidal symptoms, thrombocytopenia
Action: Direct smooth muscle relaxation of peripheral arterioles; inhibition of insulin release from
pancreas
Children and adults: Intravenous: 1-3 mg/kg; may repeat the dose 5-15 minutes for an adequate
control
Maximum dose: 150 mg as a single injection
♣ Administer by a rapid IV injection, do not give by intramuscular or subcutaneous route.
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LABETALOL:
Indications: Moderate to severe hypertension and hypertensive emergencies
Adverse Reactions: CHF, AV conduction distrubances (less than propranolol), xerostomia,
bronchospasm
Actions: Alpha, beta-1, and beta-2 receptor blocker; reduces serum renin levels
Children: Oral dose: Start at 4 mg/kg/day in 2 divided doses (some have started 3 mg/kg/day to
20 mg/kg/day and increased up to 40 mg/kg/day)
Intravenous: Intermittent boluses: 0.2 to 0.5 mg/kg/dose, maximum dose 20 mg/dose
Hypertensive emergency:
Continuous infusion: of 0.4 to 1 mg/kg/hour with a maximum of 3 mg/kg/hour
Alternate dosing
Initial bolus of 0.2 to 1 mg/kg (maximum 20 mg) followed by a continuous infusion of 0.25 to
1.5 mg/kg/hour (mean 0.78 mg/kg/hour)
Adults: Oral doses: Initial dose: 100 mg twice a day, increase by 100 mg every 3 days until a
desired response
Usual oral dose: 200-400 mg twice a day (maximum 2.4 g/day)
Intravenous dose: Initial dose: 20 mg a dose, may give 40 to 80 mg at 10 minute intervals up to
300 mg of a total dose
Intravenous infusion: 2 mg/minute, titrate to response
TOLAZOLINE:
Mechanism of action and effects:
Vasodilation occurs by means of a direct effect on peripheral vascular smooth muscle, and indirect
effects are produced, in part, by release of endogenous histamine, moderate alpha-adrenergic
blocking activity, and histamine agonist activity; reduces pulmonary arterial pressure and vascular
resistance
It has sympathomimetic (cardiac stimulation, both inotropic and chronotropic), parasympathomimetic
(stimulation of gastrointestinal tract that is blocked by atropine), and histamine-like (stimulation of
gastric secretion) actions
Indications: (withdrawn in US)
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Treatment of persistent pulmonary hypertension and treatment of persistent pulmonary
hypertension in the newborn (persistent fetal circulation) if Sa O2 cannot be maintained by
supplemental oxygen and/or mechanical ventilation
Adverse Reactions:
Gastrointestinal hemorrhage may be fatal, hypochloremic alkalosis, systemic hypotension,
hypotension may be very common in neonates and may occur suddenly, acute renal failure, especially
oliguria, thrombocytopenia, diarrhea, nausea and vomiting, increased pilomotor activity (goose flesh),
peripheral vasodilation (flushing), tachycardia, mydriasis
Technique of administration:
The drug should be given by trained personnel only in pediatric or neonatal intensive care.
Respiratory support should be immediately available. Administer intravenously by means of an
infusion pump for precise adjustment of the flow rate. Pretreatment with antacids may prevent
gastrointestinal bleeding in infants.
Treatment of adverse effects and/or overdose and Hypotension:
* Keep the patient's head low and administer intravenous fluids.
* Use of epinephrine or nor epinephrine is not recommended due to risk of a further decrease in BP.
* If fluid expansion fails to maintain BP, need high doses of intravenous dopamine infusion.
Dopamine may be used simultaneously with the tolazoline infusion.
Usual pediatric dose: Pulmonary hypertension:
Intravenous:
Initial dose: 1 to 2 mg / kg via scalp vein over a five-to ten-minute period /or infused into any vein
that drains into the superior vena cava to maximize delivery to the pulmonary artery.
Maintenance:
Intravenous infusion: 0.2 mg (200 mcg) / kg per hour for each 1 mg/kg body weight. Drug
gradually be withdrawn when arterial blood gases remain stable. If necessary, the initial bolus dose
may be repeated during the maintenance infusion.
Decrease the infusion rate in patients with renal tubular dysfunction and oliguria < 0.9 mL/kg/hour

G. Gastrointestinal and Antisecretory Drugs
SUCRALFATE:
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Indications: Prevention of stress ulcers, duodeal ulcer disease, and NSAID induced mucosal damage
Adverse Reactions: Facial edema, flatulence, respiratory difficulty
Action: Forms a paste like complex with gastric acid, and adheres to the damaged mucosal surface
forming a protective cover against pepsin, peptic acid, and bile salts
Children: Stress ulcers and gatric ulcers:
40-80 mg/kg/day divided every 6 hours
Stomatitis:
5 to 10 mL (1 g/10 mL) swish and swallow 4 times a day
Adults: Prophylaxis of stress ulcers:
1 g 4 times a day
Therapy of stress ulcers:
1 g every 4 hours
Stomatitis:
10 mL (1 g/10 mL) swish and swallow 4 times a day
Duodenal ulcers:
Treatment: 1 g 4 times a day for 6 to 8 weeks
or
2 g twice daily for 6 to 8 weeks
Maintenance / prophylaxis: 1 g twice daily
FAMOTIDINE:
Indications: Gastric hypersecretory conditions and control of gastric pH in critically ill
Adverse Reactions: Brdadycardia, seizures, nausea, vomiting, thrombocytopenia, elevated BUN
and creatinine, cholestatic jaundice
Action: H2 receptor antagonist
Neonates and infants (< 3 months): Oral dose: 0.5 mg/kg/daily
Infants > 3 months to 1 year: Oral dose: 0.5 mg/kg / dose twice daily / or once at a bedtime
Children: Peptic Ulcer: Oral / Intravenous dose:

Chapter 16

Drug formulary

453

0.5 mg/kg/day in two divided doses or a single dose at a bedtime, maximum (40 mg/day)
GERD: Oral / Intravenous dose:
1 mg/kg/day in two divided doses or a single dose at a bedtime, maximum (80 mg/day)
Adults: Oral dose:
Peptic ulcer: 10 mg twice daily for 4-8 weeks
Maximum daily dose 40 mg
Gastric hypersecretory states: 20 mg every 6 hours
Maximum 160 mg every 6 hours
GERD: 20 mg twice daily for 6 weeks
Intravenous dose: 20 mg every 12 hours
♣ Need dosing adjustment in renal impairment.
(Reduce the daily dose / or decrease the frequency)
♣ Parenteral IV bolus at 10 mg / over 2 minutes or a continuous infusion over 15 to 30 minutes.
OMEPRAZOLE:
Indications: Gastric hypersecretory states, peptic ulcer disease, GERD, and Rx of duodenal ulcers
associated with helicobacter pylori
Adverse Reactions: Tachycardia, vertigo, hemifacial dysesthesia, agranulocytosis, hypoglycemia,
thrombocytopenia, hepatitis, proteinuria
Gastroesophageal reflux disease (GERD):
Infants and children:
1 mg/kg/dose once a day or twice a day
Usual effective dose range: 0.2 to 3.5 mg/kg/day / or
Children > 2 years: < 20 kg: 10 mg once a day
> 20 kg: 20 mg once a day
Treatment protocols in Adults:
(GERD):
20 mg/day for 6 to 8 weeks

454 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Active duodenal / gastric ulcers:
20 to 40 mg/day for 6 to 8 weeks
Gastric hypersecretory states:
60 mg/day to 120 mg three times a day
Helicobacter pylori associated with duodenal ulcer:
♣ Use these agents adjunct to antibiotic therapy.
Children: 15 to 30 kg: 10 mg twice a day
> 30 kg: 20 mg twice a day
Adults: 20 mg twice a day or 40 mg daily
PANTOPRAZOLE:
Action: Inhibits the gastric parietal cell membrane enzyme (H + /K +) ATPase or proton pump and
suppresses the gastric acid secretion; it has significant antimicrobial activity against Helicobacter pylori
Indications: Gastric hypersecretory states, GERD, and Rx of duodenal ulcers associated with
Helicobacter pylori
Adverse Reactions: Tachycardia, angina, palpitations, vertigo, headache, insomnia, migraine,
urticaria, rare toxic epidermal necrolysis, hyperglycemia, hyperlipemia, thrombocytopenia, leukopenia,
hepatitis, proteinuria
Gastroesophageal reflux disease (GERD):
Children:
20 mg (0.5 to 1 mg/kg/dose) once a day for 28 days
Adults:
(GERD):
40 mg/day (oral) for 8 weeks
40 mg/day (IV) for 7-10 days
Gastric hypersecretory states:
Oral: 40 mg two times a day
IV: 80 mg twice daily (adjust the dose to maintain acid output < 10 mEq/hour)
Doses up to 240 mg/day are used
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Helicobacter pylori associated with duodenal ulcer:
♣ Use these agents adjunct to antibiotic therapy.
40 mg once or twice a day
ONDANSETRON (Zofran):
Indications: Postoperative nausea and vomiting and prevention of vomiting due to emetogenic drugs
Adverse Reactions: Syncope, brady-tachycardias, dizziness, seizures, tremor, blurred vision,
xerostomia, elevated liver enzymes
Action: 5-HT3 receptor antagonist and blocks serotonin peripherally on vagal nerve terminals and
centrally on chemoreceptor trigger zone
Postoperative nausea and vomiting:
Children > 2 years / < 40 kg: Intravenous: 0.1 mg/kg
Children > 40 kg and Adults: Intravenous: 4 mg
Repeat the second dose if there is no relief, infuse IV over 15 minutes, and for IM administration
use undiluted injection
Drug induced vomiting:
Oral dose:
Children: 4-11 years: 4 mg 3 times a day
Children > 11 years and Adults: 8 mg 3 times a day / or 24 mg once a day
Intravenous dose:
Children > 3 years: 0.15 mg/kg infused over 30 minutes before drug administration (as in
chemotherapy)
Repeat subsequent doses after 4 to 8 hours
METOCLOPRAMIDE:
Indications: Symptomatic treatment of gastric stasis, esophegeal reflux, and nausea and vomiting
(of postoperative period)
Adverse Reactions: Hypotension, AV block, tardy-dyskinesia, seizures, galactorrhea,
methemoglobinemia, porphyria hepatica
Action: It is dopamine receptor antagonist in the chemoreceptor trigger zone of CNS
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Neonates, infants, and children:
Gatroesophageal reflux: 0.4 to 0.8 mg/kg/day in 4 divided doses
Nausea and vomiting: 0.1 to 0.2 mg/kg/dose repeat every 6 to 8 hours
Adults: Gatroesophageal reflux: 10 to 15 mg 4 times/day
Nausea and vomiting: 10 mg, repeat every 6 to 8 hours
♣ Need dosing adjustment in renal impairment.
(Reduce the dose by 75% to 50% of the recommended dose)
RANITIDINE:
Indications: Treatment of gastric and duodenal ulcers, GERD, gastric hypersecretory states,
treatment and prophylaxis of erosive esophagitis, and prevention of stress ulcers
Adverse Reactions: Gynecomastia, thrombocytopenia, hepatitis, elevated serum creatinine,
bradycardia, arthralgias
Actions: It is a H2 receptor antagonist of gastric parietal cells
Term infants: Oral dose: 2 mg/kg/day divided every 12 hours
Intravenous: 1.5 mg/kg/dose (a loading), followed after 12 hours by a maintenance of 1.5 to
2 mg/kg/day divided every 12 hours
Continuous infusion: After a loading dose, follow by 0.04 to 0.08 mg/kg/hour
Children (> 1 month to 16 years):
Peptic ulcer disease:
Oral dose: 2 to 4 mg/kg/day in two divided doses, maximum 300 mg/day
Maintenance: 2 to 4 mg/kg/day divided in two doses; maximum 150 mg/day
Intravenous: 2 to 4 mg/kg/day divided every 6 to 8 hours, maximum 200 mg/day
GERD or erosive esophagitis:
Oral dose: 4 to 10 mg/kg/day in two divided doses
Maximum: 300 mg/day (GERD), maximum: 600 mg/day (erosive esophagitis)
Intravenous: 2 to 4 mg/kg/day divided every 6 to 8 hours, maximum 200 mg/day
Or
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Continuous infusion: 1 mg/kg/loading, followed by 0.08 to 0.17 mg/kg/hour (2 to 4 mg/kg/day)
Adults:
GERD, peptic ulcers, and stable erosive esophagitis:
Oral dose: 150 mg twice daily
Gastric hypersecretory states:
Oral: 150 mg twice daily. maximum 600 mg/day
Parenteral dose: 50 mg/dose every 6 to 8 hours (not to exceed 400 mg/day)
Continuous infusion: 50 mg bolus, followed by 6.25 mg/hour
Keep the pH > 4.0 for prevention, Keep the pH.7.0 for treatment
Erosive esophagitis:
Oral dose: 150 mg four times daily
♣ Require the dose adjustment in renal impairment (reduce the dose by 50 to 75%).

H. Miscellaneous Drugs
VASOPRESSIN:
Indications: Diabetes insipidus, prevention and Rx of postoperative abdominal distension, GI
hemorrhage, refractory ventricular fibrillation, and refractory vasodilator shock
Adverse Reactions: Limb ischemia (Infusion > 10 units/hr), angina, heart block, cardiac arrest,
water intoxication, hyponatremia, tremor, bronchoconstriction
Vasodilatory shock: (unresponsive to fluids and cathecholamines) as in post-cardiac surgery
Infants and children: 0.0003 to 0.002 units/kg/minute, titrate to effect / or
0.018 to 0.12 units/kg/hour, titrate to a desirable effect
Adults: 0.04 to 0.1 unit/minute, titrate to a desirable effect
♣ Doses of > 0.05 units/minute are associated with increased risk of a cardiac arrest in some
patients.
♥ Abrupt discontinuation of drug results in hypotension, so gradually taper the drug.
Diabetes insipidus:
(intramuscular or subcutaneous):
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♥ Doses are variable, titrate the dose based upon serum and urine sodium, osmolality, urine output,
and fluid balance.
Infants and children (2.5 to 10 units 2 to 4 times a day
Adults: 5 to 10 units 2 to 4 times a day (range: 5-60 units/day)
Continuous infusion:
Children and adults: Initial: 0.5 milliunit/kg/hour (0.0005 unit/kg/hour)
Increase the dose twice (double dosage) every 30 minutes as needed to a maximum of
10 milliunit/kg/hour (0.01 units/kg/hour)
(1 milli unit = 1/1,000 units or 0.001 units)
Abdominal distension:
Adults: Intramuscular: 5 units initially, repeat every 3 to 4 hours
OCTEROTIDE ACETATE:
Indiactions: Metastatic carcinoid, VIPOMA's, secretary diarrhea, and postoperative chylothorax
Adverse Reations: Flushing, hypertension, hypotension, seizures, galactorrhea, hypoglycemia,
steatorrhea, hepatitis
Actions: Mimics natural somatostatin by inhibiting release of serotonin, gastrin, VIP, insulin,
glucagon, secretin, motilin, and pancreatic polypeptide; inhibits growth hormone, intestinal motility,
and intestinal secretion of water and electrolytes
Treatment of diarrhea:
Infants and children:
Intravenous and S. C doses: 1-10 mcg/kg every 12 hours
IV continuous infusion: Initial dose of 1 mcg/kg bolus followed by 1 mcg/kg/hour
Adults:
Subcutaneous: Initial dose of 50 mcg 1-2 times a day
Intravenous: Initial dose: 50 to 100 mcg every 8 hours
Increase by 100 mcg/dose every 48 hours
Maximum dose: 500 mcg every 8 hours
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Chylothorax:
Infants and children: Intravenous: An initial bolus of 1 mcg/kg, followed by a continuous infusion
of 0.2 mcg/kg/hour
DEXAMETHASONE:
Indications: Airway edema and to facilitate ventilator weaning in brochopulmonary dysplasia
Adverse Reactions: Similar to other corticosteroids
Neonates:
Airway edema or extubation:
Intravenous: 0.25 mg/kg/dose 4 hours prior to scheduled extubation, then every 8 hours for 3 doses
in total
Range: 0.25 to 1 mg/kg/dose for 1 to 3 doses
Maximum: 1 mg/kg/day
Bronchopulmonary dysplasia (to facilitate weaning from ventilator):
Oral / Intravenous: 0.5 to 0.6 mg/kg/day given divided doses every 12 hours for 3-7 days, then
taper over 1 to 6 weeks
Children:
Airway Edema or Extubation:
Oral, IM, IV: 0.5 to 2 mg/kg/day in divided doses every 6 hours
Begin 24 hours prior to extubation and continue 4 doses after extubation
Physiologic replacement:
Oral, IM, IV: 0.03 mg to 0.15 mg/kg/day or 0.6 to 0.75 mg/m2 /day
Give in divided doses every 6-12 hours
Cerebral edema:
Oral, IM, IV: Loading dose: 1-2 mg/kg/dose
Maintenance dose: 1 to 1.5 mg/kg/day in divided doses every 4-6 hours
Maximum dose: 16 mg/day
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HYDROCORTISONE:
Indications: Anti-inflammatory agent, adrenocortical insufficiency, septic shock, dermatoses, and
miscellaneous uses
Adverse Reactions: Hypertension, edema, CHF, maceration of skin, redness, sodium and water
retention, cataracts, glaucoma, immunosupression, osteoporosis
Neonatal hypoglycemia:
(Refractory to continuous glucose infusion of > 12-15 mg/kg/minute)
Intravenous/oral doses: 5 mg/kg/day in three divided doses or 1-2 mg/kg every 6 hours
Physiologic replacement:
Children: Intramuscular: 0.25 to 0.35 mg/kg/day or 12-15 mg/m2 /day once daily
Oral dose: 0.5 to 0.75 mg/kg/day or 20-25 mg/m2 /day divided every 8 hours
Shock:
Children: Intravenous: Initial dose: 50 mg/kg as a bolus followed by 50 mg/kg as a 24 hour
continuous infusion
Or
Initial dose: 50 mg/kg as a bolus and repeat 50 mg/kg after 4 hours or every 24 hours
Adolescents and adults: Intravenous: 500 mg to 2 g every 2-6 hours
Acute adrenal insufficiency:
Infants: IM or IV: 1 to 2 mg/kg / IV bolus followed by 25 to150 mg/day in divided doses every 6 to
8 hours
Children: Intravenous: 1 to 2 mg/kg / IV bolus followed by 150 to 250 mg /day in divided doses
every 6 to 8 hours
Adults: Intravenous: 100 mg IV bolus followed by 300 mg/day in divided doses every 8 hours or as
a continuous infusion for 48 hours, after achieving stability, change to an oral dose
Oral dose: 50 mg every 8 hours for 6 doses, then taper to 30-50 mg/day in divided doses
Anti-Inflammatory / Immunosupressive:
Infants and children:
Oral dose: 2.5 to 10 mg/kg/day or 75 to 300 mg/m2/day divided every 6 to 8 hours
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IM, IV: 1 to 5 mg/kg/day or 30-150 mg/m2/day divided every 12 to 24 hours
Adults: Oral, Sub, IM, IV: 15 to 240 mg every 12 hours
LEVOTHYROXINE:
Indications: Replacement therapy in congenital or acquired hypothyroidism, adjunct Rx for
surgery and radioiodine in thyroid cancer, and treatment and prevention of goiters
Adverse Reactions: Cardiac arrhythmias, CHF, angina, pseudotumor cerebri
Neonates, infants, and children:
Oral doses:
0-3 months: 10-15 mcg/kg, use a lower dose (25 mcg/day) if risk of CHF exists
Use a higher dose (50 mcg/day) if serum T4 is low (< 5 mcg %)
3-6 months: 8-10 mcg/kg or 25 to 50 mcg/day
6-12 months: 6-8 mcg/kg or 50 to 75 mcg/day
1-5 years: 5-6 mcg/kg or 75 to 100 mcg/day
6-12 years: 4-5 mcg/kg or 100-125 mcg/day
> 12 years: 2-3 mcg/kg or 150 mcg/day
After full growth and puberty: 1.7 mcg/kg
IM or IV doses: 50% to 75% of an oral dose
Adults:
Hypothyroidism:
Oral dose: 1.7 mcg/kg/day or 100-200 mcg/day
For severe hypothyroidism start with 12.5 to 50 mcg/day and increase by 25 to 50 mcg/day at 2-4
week intervals
IV, IM: 50% of an oral dose
Myxodema stupor:
Intravenous: 200-500 mcg/dose then 75-300 mcg/daily
ALPROSTADIL (prostaglandin E1 ):
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Indications: Temporary maintenance of patency of ductus arteriosus and relaxation of vascular and
ductus smooth muscle, used in the following congenital heart defets (see Table 16.2).
Table 16.2

Congenital heart diseases requiring use of alprostadil for survival.

Cyanotic Heart disease

*Acyanotic Heart disease

i) Pulmonary atresia (pulmonary stenosis)

i) Interrupted aortic arch

ii) Tricuspid atresia

ii) Coarctation of aorta

iii) Tetralogy of Fallot

iii) Hypoplastic left heart syndrome

*Patent ductus dependent physiology for an immediate survival

Adverse Reactions: Hypotension, bradycardia, apnea, seizures, hypocalcaemia, hypoglycemia,
hypokalemia, gastric outlet obstruction (due to antral hypeplasia), cortical hyperostosis of long bones
(resembles osteomyelitis clinically), platelet aggregation defects
Pharmacodynamics:
Maximum effect:
Acyanotic group: in 1.5 to 3 hours (range 15 minutes to 11 hours), cyanotic group: in 30 minutes
Duaration of the effect: Ductus closes 1 to 2 hours after the infusion is ceased.
Neonates and infants: Usual dose: 0.1 mcg/kg/minute, reduce the dose with adequate therapeutic
response
(reduce to 1/2 to 1/10 of the dose to obtain a lowest effective dose)
Range: 0.05 mcg to 0.1 mcg/kg/minute. If therapeutic response is not adequate, the dose is
increased gradually. Maintenance: 0.01 to 0.4 mcg/kg/minute
HUMAN ALBUMIN:
Indications: Plasma volume expansion and maintenance of cardiac output, hypoproteinemia
associated with generalized edema, and decreased intravascular volume (nephrotic syndrome and
premaure neonates)
Adverse Reactions: Pulmonary edema, hypervolemia, allergic reactions
Neonates: Rx of hypovolemia:
0.5 g/kg/dose. Range 0.25 g to 0.5 g/kg/dose
Rx of hypoproteinema:
0.5 g to 1 g/kg/dose, repeat every 1 to 2 days
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Infants and children: Rx of hypovolemia:
0.5 to 1 g/kg/dose, repeat as needed; maximum 6 g/kg/day
Rx of hypoproteinema:
0.5 g to 1 g/kg/dose, repeat every 1 to 2 days
Adults: Rx of hypovolemia:
25 g, repeat as necessary; maximum 250 g/48 hours
Note:
5% albumin is used for volume expansion.
25% albumin is used for hypoproteinemia with fluid and sodium restrictions (e.g., generalized
edema).
Infuse albumin dose over 30 to 60 minutes
Maximum rates of infusion after initial volume replacement is as below:
5% Albumin → 2 to 4 mL/minute
25% Albumin → 1 mL/minute
DEXTROSE:
Indications: Rx of hypoglycemia in neonates (10% solution)
Rx of hypoglycemia in infants and children (25% solution)
Rx of hypoglycemia (25% solution with addition of insulin)
Rx of insulin induced hypoglycemia and hyperkalemia in adults (50% solution)
Averse Reactions: Hypervolemia, hypophosphatemia, hypokalemia, metabolic acidosis, pulmonary
edema
Hypoglycemia: Use repeated infusions as needed
Neonates: 0.1-0.2 g/kg/dose (1-2 mL/kg/dose of 10% solution)
May follow with infusion of 4 to 6 mg/kg/minute
Infants: < 6 months: 0.25-0.5 g/kg/dose (1-2 mL.kg/dose of 25% solution)
maximum 25 g/dose
Infants (> 6 months) and children: 0.5 to 1 g/kg/dose (2-4 mL/kg/dose of 25% solution)
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Maximum 25 g/dose
Adolescents and adults: 10-25 g (40-100 mL of 25% solution or 20-50 mL of 50% solution)
Hyperkalemia: Use repeated infusions as needed
Infants and children: 0.5 to 1 g/kg (25% solution) plus 1 unit of regular insulin for every 4-5 g of
dextrose; infuse over 1-2 hours
Adolescents and adults: 0.1 mL/kg of 50% solution plus 1 unit of regular insulin for every 4-5 g of
dextrose
METHYLENE BLUE: (ANTIDOTE)
Indications: Antidote for drug induced methemoglobinemia and cyanide poisoning
Adverse Reactions: Hypotension, cyanosis, mental confusion, blue-green facies, blue-green urine,
methemoglobin formation
Actions: At low concentration, it converts methemoglobin to hemoglobin; at high concentrations,
it converts ferrous iron of reduced hemoglobin to ferric iron and forms methemoglobin; it binds
cyanide to form cyanomethemoglobin, and prevents cyanide to interfere with cytochrome systems
Children and adults:
Acute methemoglobinemia:
Children and Adults:
Intravenous: 1-2 mg/kg or 25-50 mg/m2 , repeat after 1 hour prn
Chronic methemoglobinemia:
Adults: Oral dose: 100-300 mg/day
SODIUM THIOSULPHATE: (ANTIDOTE)
Indications: Antidote used alone or in combination with amyl nitrite and sodium nitrite for cyanide
and nitroprusside toxcity, and prevention of cisplatinum nephrotoxicity
Adverse Reactions: Hypotension, coma, depression (thiocynate intoxication), tinnitus
Action: Provides extra SH (sulphydryl) radical to the liver enzyme rhodnase which metabolizes
cyanide to thiocynate; thiocynate is excreted in urine; amyl nitirite and sodium nitrite promote the
formation of methemoglobin which binds with cyanide to form cyanomethemoglobin, a non-toxic
product
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Cyanide and Nitroprusside toxcity:
Administer the following drugs in a sequential order
1) AMYL NITRITE: Infants, children and adults:
Inhale vapors from 1 ampoule continuously over 15-30 seconds
Interrupt for 15 seconds (to prevent hypoxia)
Reinhale until sodium nitrite is ready for use
2) SODIUM NITRITE:
Infants and children (< 25 kg)
IV: Give according to hemoglobin concentration (see Table 16.3)
It is followed immediately by sodium thiosulphate
Children > 25 kg and Adults:
IV: Give 300 mg followed immediately by sodium thiosulphate
SODIUM THIOSULPHATE:
Infants and children < 25 kg:
IV: Give according to hemoglobin concentration (see Table 16.3)
Children > 25 kg and Adults:
IV: 12.5 g infusion over 10 minutes (50 mL of 25% solution)
♣ If signs of toxicity re appear, repeat the injections of both sodium nitrite and sodium thiosulphate
at half the original doses.
♥ Prophylactically may give both drugs in asymptomatics at (1/2) the original dose 2 hours after 1st
injection.
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Table 16.3

Dose of sodium nitrite and thiosulphate in children < 25 Kg (based on Hb in Gm%).

Hemoglobin

Sodium Nitrite

Sodium Nitrite

Sodium Thiosulphate

Gm%

(mg/kg)

(3%) mL/kg

25% (mL/kg)

7

5.8

0.19

0.95

8

6.6

0.22

1.10

9

7.5

0.25

1.25

10

8.3

0.27

1.35

11

9.1

0.30

1.50

12

10.0

0.33

1.65

13

10.8

0.36

1.80

14

11.6

0.39

1.95

1 mL 3% sodium nitrite = 30.5 mg, 1 mL 25% sodium thiosulphate = 250 mg
NALOXONE (ANTIDOTE)
< 20 kg or < 5 yrs: 0.1 mg/kg
> 20 kg or > 5 yrs: 2 mg
For total reversal of narcotics effect, use small repeated doses of 0.01 to 0.03 mg/kg
IBUPROFEN:
Indications: Non-steroidal anti-inflammatory drug (NSAID) for mild to moderate pain
Adverse Reactions: Heartburn, peptic ulcer, inhibition of platelet aggergation, acute renal failure
Action: Inhibits prostaglandin synthesis
Analgesic:
Infants and children:
Oral dose: 4-10 mg/kg/dose every 6-8 hours
Antipyretic:
6 months to 12 years: Temp < 102.5°F: 5 mg/kg/dose every 6 to 8 hours
Temp > 102.5°F: 10 mg/kg/dose every 6 to 8 hours
(maximum dose 40 mg/kg/day)
Inflammatory conditions:
Adults:
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Oral dose: 400-800 mg/dose 3-4 times a day, maximum 3.2 g/day
Analgesia:
Oral dose: 200-400 mg/dose every 4-6 hours, maximum 1.2 g/day
ACETAMINOPHEN:
Indications: Mild to moderate postoperative pain and fever, it does not have systemic
anti-inflammatory effect
Adverse Reactions: Hepatic necrosis with overdose, renal injury with chronic use
Neonates: Oral and rectal doses: 15 mg/kg/dose every 6 hours
Infants and children: Oral dose: 15 mg/kg/dose every 4 to 6 hours; not to exceed 5 doses/24 hours
Rectal dose: 20 mg/kg/dose every 4 to 6 hours
Children > 12 years:
Oral and rectal doses: 325 to 600 mg every 4 to 6 hours
Adults: Not to exceed 4 g/24 hours
Bronchodilators and Mucolytics:
ACETYLCYSTEINE (mucomyst):
Indications: Adjunctive inhalation Rx for viscid pulmonary secretions complicating surgery,
bronchopulmonary disease, intravenous / oral therapy for acetaminophen toxicity, and treatment of
obstructive meconium ileus
Adverse Reactions: Hypotension, vasodilation, angioedema, bronchospasm, stomatitis
Action: Free sulphydryl group breaks disulphide bonds of mucoproteins; restoration of glutathione
levels and/or acts as a substrate for conjugation of acetaminophen toxic metabolite
Nebulized inhalation:
Infants: 2-4 mL of 10% solution (or 1-2 mL of 20%) 3-4 times/day
Children: 6-10 mL of 10% solution (or 3-5 mL of 20%) 3-4 times/day
Adults: 5-10 mL of 10-20% solution 3-4 times/day
Intratracheal:
Adults and children: 1-2 mL of 10-20% solution every 1-4 hours
♥ Aerosolized bronchodilator should be given 10 minutes prior to mucomyst.
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Acetaminophen toxicity:
Intravenous/oral dosing: (refer text for details):
ALBUTEROL:
Indications: Prevention of bronchospasm in reversible airway obstruction as in asthma, COPD, and
bronchospasm during exercise
Adverse reactions: Hypertension, angina, hypokalemia, xerostomia, muscle cramps
Action: Beta-2 adrenergic agonist, bronchodilator, and it has little effect on beta-1 receptors
Nebulized inhalation:
Children < 12 years:
0.15-0.25 mg/kg (minimum 1.25 mg, maximum 5 mg) every 4-6 hours
Or
0.01 mL-0.05 mL/kg (minimum 0.25 mL, maximum 1 mL) of 0.5% solution every 4-6 hours
Children > 12 years and adults:
1.25 mg-5 mg every 4-6 hours
Or
0.25 mL to 1 mL of 0.5% solution ever 4-6 hours
♥ For nebulization, dilute the dosage in 1-2 mL of normal saline
Inhalation aerosol (MDI) 90 mcg/spray:
Children > 4 years and adults:
1-2 inhalations every 4-6 hours
2 inhalations 30 minutes before exercise (prevention of bronchospasm)
Oral form:
Children 2-6 years: 0.1 mg-0.2 mg/kg/dose 3 times a day
Maximum 4 mg/dose 3 times a day
Children 6-12 years: 2 mg/dose 3-4 times a day
Children> 12 years and adults: 2-4 mg/dose 3-4 times a day.
IPRATROPIUM: (atrovent)
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Indications: Anticholinergic bronchodilator in bronchospasm of reversible airway obstruction
(asthma, COPD, etc.), and rhinorrhea
Advese Reactions: Usually are rare (hypertension, insomnia, urticaria, xerostomia, and mydriasis)
Action: Acetylcholine receptor blocker in bronchial smooth muscle resulting in bronchodilation;
inhibits seromucinous secretions of glands of nasal mucosa
Nebulized inhalation:
Neonates: 25 mcg/kg/dose 3 times a day
Infants: 12-250 mcg/dose 3 times a day
Children: 250-500 mcg/dose 4 times a day
Children > 12 years and adults: 250 mcg/dose 4 times a day
Metered dose inhalation (MDI):
Children: 1-2 inhalations every 6 hours, not to exceed 12/day
Children > 12 years and adults: 2-3 inhalations every 6 hours, not to exceed 12/day
Nasal spray:
Children > 12 years and adults: 0.03% solution, 2 sprays in each nostril 2-3 times a day
♥ Nebulization may be administered with or without dilution with normal saline.
LEVALBUTEROL:
Indications: Treatment and prevention of bronchospasm in reversible airway obstruction
(e.g., asthma, COPD)
Adverse reactions: Hypertension, angina, hypokalemia, hyperglycemia, xerostomia, muscle cramps
Action: R-isomer of albuterol is beta-2 adrenergic agonist, bronchodilator, anti-histaminic; and it
has little effect on beta-1 receptors
Nebulized inhalation:
Children 2-11 years:
0.31 mg 3 times a day, not to exceed 0.63 mg / 3 times a day
Children > 11 years and adults:
0.63 mg 3 times a day, maximum 1.25 mg 3 times a day
♣ 0.63 mg of levalbuterol is equivalent to 1.25 mg of albuterol.
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I. Antimicrobials and Antifungal Agents
1. PENICILLINS
Action: Bactericidal, inhibit cell wall synthesis by binding to penicillin-binding proteins, and
inhibit transpeptidation step of peptidoglycan synthesis
Adverse reactions: Seizures, fever, urticaria, exfoliative dermatitis, erythema multiforme,
Steven-Jhonson syndrome, vomiting, pseudomembranous colitis, thrombocytopenia, anemia,
neutropenia, prolonged bleeding time, vasculitis, hypersensitivity
Drug interactions: Probencid decreases the elimination of penicillins; allupurinol increases the
frequency of penicillin skin rash; oral contraceptives (estrogen containing) effectiveness is reduced;
cross-react with cephalosporin hypersensitivity; antibiotic activity with aminoglycosides is
synergistic; chloramphenicol, tetracyclines, and erythromycin may antagonize the activity of
penicillin; exercise caution in seizure disorders and modify dosage in renal and hepatic impairment
PENICILLIN G (aqueous / parenteral):
Indications:
Sepsis, meningitis, pericarditis, endocarditis, and pneumonia due to gram-positive organisms
(except Staphylococcus aureus); infections due to some gram-negative organisms such as N.
gonorrhea; infections of some anaerobes and spirochetes
Adverse Reactions: Common to penicillins and Jarisch-Herxheimer reaction, interstitial nephritis,
thrombophelbitis, anaphylaxis
Neonates: (IM, IV):
Postnatal age < 7 days:
< 2 kg weight: 50,000 units/kg/day divided q. 12 hours
100,000 units/kg/day divided q. 12 hours (meningitis)
> 2 kg weight: 75,000 units/kg/day divided q. 8 hours
150,000 units/kg/day divided q. 8 hours
Congenital syphilis: 100,000 units/kg/day divided q. 12 hours
streptococcal meningitis: 250,000-400,000 units/kg/day divided q. 8 hours
Postnatal age > 7 days:
< 2 kg weight: 75,000 units/kg/day divided q. 8 hours
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150,000 units/kg/day divided q. 8 hours (meningitis)
> 2 kg weight: 100,000 units/kg/day divided q. 6 hours
2000,000 units/kg/day divided q. 6 hours
Congenital syphilis: 150,000 units/kg/day divided q. 8 hours
Streptococcal meningitis: 450,000 units/kg/day divided q. 6 hours
Infants and children: (IM, IV):
Mild to moderate infection:
100,000-250,000 units/kg/day in divided doses q. 4-6 hours
Severe infections:
250,000-400,000 units/kg/day in divided doses q. 4-6 hours
Maximum dose: 24 million units / day
Adults: (IM, IV):
2-24 million / units/day divided q 4-6 hours
PENICILLIN G Benzathine:
It is a long acting penicillin and serum levels are detectable 1-4 weeks after a single dose.
Indications: Active against gram-positive organisms and spirochetes; treatment of mild to
moderately severe infections caused by organisms (i.e., Streptococcal pharyngitis) susceptible to low
concentration of penicillins; prophylaxis against organisms causing rheumatic fever
Adverse Reactions:
Same like aqueous penicillins
♣ Penicillin G Benzathine should be administered by deep intramuscular injection. Intravenous
administration is contraindicated and is associated with cardiopulmonary arrest.
Infants: (deep IM):
Group A streptococcal upper respiratory tract infection:
25,000-50,000 units/kg as a single dose, maximum 1.2 million units/dose
Children: (deep IM):
Group A streptococcal upper respiratory tract infection:
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< 30 kg: 300,000-600,000 units as a single dose
> 30 kg: 900,000 units as a single dose
Prophylaxis of rheumatic fever:
25,000-50,000 units / dose every 3-4 weeks, maximum dose 1.2 million units/dose
Syphillis (> 1 year duration):
50,000 units/kg every week for 3 consecutive weeks, maximum 2.4 million units/dose
Adults: (deep IM):
Group A streptococcal upper respiratory tract infection:
1.2 million units as a single dose
Prophylaxis of rheumatic fever:
1.2 million units every 3-4 weeks or 600,000 units twice a month
Syphillis (> 1 year duration):
2.4 million units (use 1.2 million at 2 injection sites) every week for 3 consecutive weeks.
Syphillis (early):
2.4 million units as a single dose (use two injection sites)
PENICILLIN V Potassium:
Indications: Treatment of mild to moderately severe susceptible infections (penicillin sensitive
organisms) of upper respiratory tract, skin, and urinary tract; prophylaxis against pneumococcal
infection and rheumatic fever
Adverse reactions: Common to penicillins, pseudomembranous colitis, black hairy tongue
Systemic infections: (oral dose):
Children < 12 years: 25-50 mg/kg/day in divided doses q. 6-8 hours
Maximum dose 3 gm/day
Children > 12 years and adults: 125-500 mg every 6-8 hours
Prophylaxis of rheumatic fever:
Children: 250 mg 2-3 times a day for 10 days
Adults: 500 mg 2-3 times a day for 10 days
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Prophylaxis of pneumococcal infections:
(in functional or anatomic asplenia, sickle cell disease, etc.)
Children < 3 years: 125 mg twice daily
Children > 3-5 years: 250 mg twice daily
♣ Discontinue penicillin after 5 years of age if a child receives peumococcal immunization and/or
has not developed pneumococcal infection.
Recurrent rheumatic fever prophylaxis:
Children and adults: 250 mg twice daily for 10 days
2. AMOXICILLIN
Indications: Infections of sinuses, middle ear, respiratory tract, urinary tract, and skin due to
susceptible bacteria, i.e., streptococci, nonpenicillinase-producing staphylococci, H. influenza,
E. coli, N. gonorrhea, Proteus mirabilis, and E. fecalis; treatment of Lyme disease; prophylaxis of
infective endocarditis and H. pylori eradication
Adverse reactions: Common to penicillins, cholestatic jaundice, elevated liver enzymes, tooth
discoloration (yellow, grey, brown)
Neonates and infants:
< 3 months: 20-30 mg/kg/day in divided doses q. 12 hours
Infants > 3 months and children:
25-50 mg/kg/day in divided doses q. 8 hours
Adults: 250-500 mg every 8 hours, maximum dose 2-3 gm/day
Endocarditis prophylaxis:
Children: 50 mg/kg 1 hour before procedure (should not exceed adult dose)
Adults: 2 gm 1 hour before procedure
H. pylori eradication: (in adults)
1 gm twice daily for 2 weeks plus a proton pump inhibitor plus another antibiotic
(i.e., clarithromycin)
Acute gonorrheal infection:
Children > 2 years: 50 mg/kg with probencid 25 mg/kg as a single dose
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Adults: 3 gm with probencid 1 gm as a single dose
Clavulanic Acid with Amoxicillin:
Clavulanic acid binds and inhibits beta-lactamases which inactivate amoxicillin (penicillins), and
the combination increases the spectrum of amoxicillin.
Dosing is based on amoxicillin component.
Neonates and infants:
< 3 months: 30 mg/kg/day in divided doses q. 12 hours
Infants (> 3 months): 20-40 mg/kg/day in divided doses q. 8 hours
Children (< 40 kg): 80-90 mg/kg/day in divided doses q. 12 hours
For drug resistant middle ear infection and sinusitis:
Children (> 16 years): 2 gm (extended release) every 12 hours for 10 days
Adults: 2 gm (extended release) every 12 hours for 7-10 days
For community-acquired pneumonia:
Adults: 500 mg every 12 hours (less severe infections and non-respiratory tract)
500 mg every 8 hours or 875 mg every 12 hours for severe infections and respiratory tract infections
3. AMPICILLIN
Indications: Infections due to streptococci, non-pénicillinase producing staphylococci, pneumococci,
enterococci, H. influenza, E. coli, Proteus mirabilis, Salmonaella, Shigella, Listeria, meningococci,
E. Fecalis, and Klebsiella; initial empiric treatment in combination with aminoglycoside or
cefotaxime for bacterial sepsis in neonates; prophylaxis of infective endocarditis
Adverse reactions: Common to penicillins, oral candidiasis, interstitial nephritis
Children:
Oral dose: 50-100 mg/kg/day divided every 6 hours, maximum dose 2-3 gm/day
Adults:
Oral dose: 250-500 mg every 6 hours
Neonates: Parenteral dosing (IM, IV):
Postnatal age < 7 days:
< 2 kg weight: 50 mg/kg/day divided every 12 hours
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100 mg/kg/day divided every 12 hours (meningitis or sepsis)
> 2 kg weight: 75 mg/kg/day divided every 8 hours
150 mg/kg/day divided every 8 hours (meningitis or sepsis)
200 mg/kg/day divided every 8 hours (streptococcal meningitis)
Postnatal age > 7 days:
< 2 kg weight: 75 mg/kg/day divided every 8 hours
150 mg/kg/day divided every 8 hours (meningitis or sepsis)
300 mg/kg/day divided every 6 hours (streptococcal meningitis)
> 2 kg weight: 100 mg/kg/day divided every 6 hours
200 mg/kg/day divided every 6 hours (meningitis or sepsis)
300 mg/kg/day divided every 6 hours (streptococcal meningitis)
Infants and children:
Parenteral dosing (IM, IV):
100-200 mg/kg/day divided every 6 hours
200 mgkg/day divided every 6 hours (meningitis or sepsis); maximum 12 gm/day
Adults:
Parenteral dosing (IM, IV):
500 mg-3 gm every 6 hours, maximum dose 14 gm/day
Prophylaxis of endocarditis:
Infants and children:
Regular risk procedure: (respiratory tract, esophageal, oral, or dental)
50 mg/kg within 30 minutes before procedure, maximum dose 2 gm
High risk procedure (on GI tract or genitourinary tract):
50 mg/kg (maximum dose 2 gm) plus gentamicin 1.5 mg/kg (maximum dose 120 mg) within
30 minutes of procedure, 25 mg/kg after 6 hours
Adults:
Regular risk procedure (respiratory tract, esophageal, oral, or dental):
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2 gm within 30 minutes before the procedure
High risk procedure (on GI tract or genitourinary tract):
2 gm plus gentamicin 1.5 mg/kg (maximum dose 120 mg) within 30 minutes of the procedure,
1 gm after 6 hours
AMPICILLIN with SULBACTAM:
Action: Sulbactam inhibits beta-lactamases which inactivate penicillins; sulbactam has no
antibacterial action by itself; it increases the spectrum of ampicillin (includes beta-lactamase
producing organisms)
Dosing is based on ampicillin component only.
Parenteral dosing (IM, IV):
Infants > 1 month: 100-150 mg (ampicillin)/kg/day divided q 6 hours
200-300 mg (ampicillin)/kg/day divided q 6 hours (meningitis)
Children: 100-200 mg (ampicillin)/kg/day divided q 6 hours
200-400 mg (ampicillin)/kg/day divided q 6 hours (meningitis), maximum dose 8 gm/day
Adults: 1-2 gm q 6 hours
Maximum dose 12 gm/day
Unasyn (3 gm vial = 2 gm ampicillin and 1 gm sulbactam)
4. ANTI- PSEUDOMONAL PENICILLINS
Carbenicillin, Ticarcillin, Piperacillin
A. Carbenicillin:
Indications: Urinary tract infections or asymptomatic bacteriuria or prostatitis due to susceptible
strains of Pseudomonas aeurginosa, E. coli, indole positive Proteus, and Enterobacter species
Action: Similar to penicillins; inhibits bacterial cell wall synthesis during active multiplication, and
is bactericidal
Adverse Reactions: Many similar to penicillins, urticaria, thrombocytopenia, anemia, GI
symptoms, furry tongue, hepatotoxicity, vaginitis
♣ Oral carbenicillin should be used only for urinary tract infections.
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Children:
35-50 mg/kg/day divided q. 6 hours, maximum dose 2-3 gm/day
Adults:
1-2 tablets (1 tablet-382 mg base) every 6 hours
B. TICARCILLIN:
Indications: Septicemia, severe acute and chronic respiratory tract, skin, soft tissues, and urinary
tract infections due to strains of Pseudomonas, Proteus, E. Coli, and Enterobacter
Actions: Similar to penicillins and bactericidal
Adverse reactions: Similar to penicillins, cholestatic hepatitis, cystitis, hematuria, metabolic
alkalosis
Parenteral dosing: (IM, IV):
♣ For uncomplicated urinary tract infection, usually, IM ticarcillin is given.
Neonates: (IV administration):
Postnatal age < 7 days:
< 2 kg: 150 mg/kg/day in divided doses q. 12 hours
> 2 kg: 225 mg/kg/day in divided doses q. 8 hours
Postnatal age > 7 days:
< 2 kg: 225 mg/kg/day in divided doses q. 8 hours
> 2 kg: 300 mg/kg/day in divided doses q. 6-8 hours
Infants and children:
IM: 50-100 mg/kg/day in divided doses q. 6-8 hours
IV: 200-300 mg/kg/day in divided doses q. 4-6 hours
♣ Higher doses are used in acute pulmonary infections associated with cystic fibrosis, i.e.,
400 mg/kg/day divided q 4-6 hours; maximum dose 24 gm/day.
Adults:
IM: 1 gm every 6 hours
IV: 1-4 gm every 4-6 hours
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Maximum dose 24 gm/day
C. TICARCILLIN and CLAVULANATE potassium
Clavulanate binds and inhibits beta-lactamases and prevents degradation of ticarcillin; clavulanate
expands ticarcillin spectrum to include beta-lactamase producing S. aureus, H. Influenza, Moraxella
catarrhalis, Proteus species, Klebsiella, and B. fragilis
Indications: Septicemia, lower respiratory tract, urinary tract, skin and soft tissue, and bone and
joint infections due to susceptible (beta-lactamase producing) organisms
Adverse Reactions: Common to penicillins, cholestatic jaundice, toxic epidermal necrolysis,
superinfections, stomatitis
Parenteral dosing (IV): Dosing is based on ticarcillin component
Neonates and infants < 3 months:
200-300 mg/kg/day (ticarcillin component) in divided doses q. 6-8 hours
Infants > 3 months and children:
Mild to moderate infections: 200 mg/kg/day in divided doses q. 6 hours
Severe infections: 300 mg/kg/day in divided doses q. 4-6 hours, maximum dose 400 mg/kg/day;
not to exceed 18-24 gm/day
Adults:
3 gm ticarcillin component every 4-6 hours
Maximum dose 18-24 gm/day
TIMENTIN 3.1 gm vial (3 gm of ticarcillin plus 0.1 gm of clavulanic acid)
D. PIPERACILLIN:
Indications: Serious infections due to susceptible gram-positive, gram-negative, anaerobic, mixed
aerobic-anaerobic organisms; empirical antibiotic therapy for serious infections in granulocytopenic
patients; carbenicillin or ticarcillin resistant serious infections due to Pseudomonas aeruoginosa
Actions: Similar to penicillins and bactericidal
Adverse reactions: Similar to penicillins, cholestatic hepatitis, interstitial nephritis
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Parenteral dose (IM, IV):
Neonates:
< 7 days: 150 mg/kg/day divided q. 8 hours
> 7 days: 200 mg/kg/day divided q. 6 hours
Infants and children:
200-300 mg/kg/day divided q. 4-6 hours, maximum dose 24 gm/day
♣Use higher doses in infections associated with cystic fibrosis.
350-500 mg/kg/day divided q. 4 hours
Adults:
2-4 gm / dose q. 4-8 hours, maximum dose 24 gm/day
E. PIPERACILLIN and TAZOBACTAM:
Tazobactam binds and inhibits beta-lactamases and prevents degradation of piperacillin; tazobactam
expands piperacillin spectrum to include beta-lactamase producing S. aureus, H. Influenza, E. Coli,
Klebsiella, B. fragilis, and Acinetobacter
Indications: Bacterial sepsis, intra-abdominal, skin and soft tissue, gynecological, and urinary tract
infections due to piperacillin resistant, and beta-lactamase producing organisms
Adverse Reactions: Common to penicillins, cholestatic jaundice, interstitial nephritis
Parenteral dosing (IV): Dosing is based on piperacillin component
Infants < 6 months: 150-300 mg (piperacillin component)/ kg/day divided q. 6-8 hours
Infants > 6 months and children:
240 mg/kg/day divided every 8 hours
300-400 mg/kg/day divided every 6 hours (serious pseudomonal infection), maximum dose
18 gm/day (piperacillin component)
Adults: 3 gm (piperacillin component) every 6 hours, maximum 18 gm/day
ZOSYN 3.375 gm vial (3 gm piperacillin and 0.375 gm of tazobactam)
5. ANTI-STAPHYLOCOCCAL PENICILLINS
Nafcillin, Oxacillin, Dicloxacillin
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A. Nafcillin:
Indications: Osteomyelitis, endocarditis, CNS infections, and septicemia due to penicillinase
producing strains of staphylococcus
Actions: Bactericidal and similar to penicillins
Adverse Reactions: Common to penicillins and interstitial nephritis
Neonates: (IM, IV):
Postnatal age < 7 days:
< 2 kg: 50 mg/kg/day in divided doses q. 12 hours
> 2 kg: 75 mg/kg/day in divided doses q. 8 hours
Postnatal age > 7 days:
< 2 kg: 75 mg/kg/day in divided doses q. 8 hours
> 2 kg: 100 mg/kg/day in divided doses q. 6 hours
Infants and children:
(IM, IV):
Mild to moderate infections: 50 mg-100 mg/kg/day in divided doses q. 6 hours
Severe infections: 100-200 mg/kg/day in divided doses q. 4-6 hours, maximum dose 12 gm/day
Oral dose: 50 mg-100 mg/kg/day in divided doses q. 6 hours
Adults:
Oral dose:
Mild to moderate infections: 250 mg-500 mg q. 4-6 hours
Severe infections: 1 gm q. 4-6 hours
IM: 500 mg every 4-6 hours
IV: 500-2000 mg every 4-6 hours
B. OXACILLIN:
Indications: Osteomyelitis, endocarditis, CNS infections, and septicemia due to pencillinase
producing strains of staphylococcus
Actions: Bactericidal and similar to penicillins
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Adverse Reactions: Common to penicillins, interstitial nephritis, pseudomembarnous colitis
Neonates: (IM, IV):
Postnatal age < 7 days:
< 2 kg: 50-100 mg/kg/day in divided doses q. 12 hours
> 2 kg: 75-150 mg/kg/day in divided doses q. 8 hours
Postnatal age > 7 days:
< 2 kg: 75-150 mg/kg/day in divided doses q. 8 hours
> 2 kg: 100-200 mg/kg/day in divided doses q. 6 hours
Infants and children:
(IM, IV):
Mild to moderate infections:
100 mg-150 mg/kg/day in divided doses q. 6 hours, maximum dose 4 gm/day
Severe infections: 150-200 mg/kg/day in divided doses q. 4-6 hours, maximum dose 12 gm/day
Adults: (IM, IV)
Mild to moderate infections: 500 mg-1 gm q. 6 hours
Severe infections: 1-2 gm q. 4-6 hours
C. DICLOXACILLIN:
Indications: Skin and soft tissue infections, pneumonia, and follow-up Rx of osteomyelitis due to
penicillinase producing strains of staphylococci
Actions: Bactericidal and similar to penicillins
Adverse Reactions: Common to penicillins, C. difficile colitis
Oral dosing:
Children (< 40 kg):
25-50 mg/kg/day divided every 6 hours
50-100 mg/kg/day divided every 6 hours (osteomyelitis)
Children (> 40 kg) and Adults:
125-500 mg every 6 hours
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Maximum dose: 2 gm/day
6. CEPHALOSPORINS
(First Generation)
Cefazolin, Cephalexin, Cephradine, Cefadroxil
Action: Bactericidal, inhibit cell wall synthesis by binding to penicillin-binding proteins, and
inhibiting transpeptidation step of peptidoglycan synthesis
Drug interactions: Probencid decreases the elimination of cephalosporins; cross-react with
penicillin hypersensitivity
♣ Exercise caution in seizure disorder and patients on anticoagulants.
Modify dosage in renal and hepatic impairment and in patients on anticoagulants.
A. Cefazolin:
Indications: Septicemia, bone and joint, skin and soft tissue, biliary, respiratory, and urinary tract
infections due to susceptible gram-positive streptococci and staphyloccocci (except enterococcus);
gram-negative bacilli like E. coli, Proteus mirabilis, and Klebsiella; prophylaxis of infective
endocarditis; preoperative prophylaxis
Adverse Reactions: As common to penicillins, seizures, fever urticaria, exfoliative dermatitis,
erythema multiforme, Steven-Jhonson syndrome, vomiting, diarrhea, pseudomembranous colitis, oral
candidiasis, thrombocytopenia, anemia, neutropenia, prolonged bleeding time, renal failure, elevated
liver enzymes, hypersensitivity
Parenteral dosing (IM, IV)
Neonates:
Postnatal age < 7 days: 40 mgkg/day divided every 12 hours
Postnatal age > 7 days:
< 2 kg weight: 40 mgkg/day divided every 12 hours
> 2 kg weight: 60 mgkg/day divided every 8 hours
Infants and children:
50-100 mg/kg/day divided every 8 hours, maximum 6 gm/day
Prophylaxis of endocarditis:
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25 mg/kg within 30 minutes before a planned procedure (respiratory tract, esophageal, oral, and
dental), maximum dose 1 gm
Adults: 0.5-2 gm every 6-8 hours, maximum dose 12 gm/day
Prophylaxis of endocarditis:
1 gm within 30 minutes before procedure (respiratory tract, esophageal, oral, and dental)
Perioperative prophylaxis:
1 gm 30-60 minutes before surgery, 0.5-1 gm every 8 hours for 24 hours postoperatively
B. Cephalexin
Indications: Skin, soft tissue, bone and joint, middle ear, respiratory, and genito-urinary tract
infections due to gram-positive group A beta-hemolytic Streptococcus and Staph aureus (except
Enterococcus and MRSA); gram-negative bacilli like E. coli, Proteus mirabilis, and Klebsiella
♣ It is an alternative drug for prophylaxis against infective endocarditis.
Adverse Reactions: Similar to cephalosporin and penicillins, arthralgia
Oral dosage:
Children: 25-50 mg/kg/day divided every 6-8 hours
50-100 mg/kg/day divided every 6-8 hours (severe infections)
Streptococcal pharyngitis / skin and soft tissue infections:
25-50 mg/kg/day divided every 12 hours
Prophylaxis of endocarditis:
50 mg/kg 60 minutes before a planned procedure (respiratory tract, esophageal, oral, and dental),
maximum dose 2 gm
Adults:
250-500 mg every 6 hours, maximum dose 4 gm/day
Streptococcal pharyngitis / skin and soft tissue infections:
500 mg every 12 hours
Prophylaxis of Endocarditis:
2 gm 60 minutes before a planned procedure (respiratory tract, esophageal, oral, and dental)
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C. Cephradine:
Indications: Skin, soft tissue infections due to gram-positive group A beta-hemolytic streptococci
and Staphylococcus aureus; respiratory tract infections due to group A beta-hemolytic streptococci
and Streptococcus pneumonia; middle ear infections due to group A beta-hemolytic streptococci,
Streptococcus pneumonia, and H. influenza; urinary tract infections due to gram-negative bacilli like
E. coli, Proteus mirabilis, and Klebsiella
Oral Dosage:
Infants > 9 months and children: 25-50 mg/kg/day divided every 6-12 hours
75-100 mg/kg/day divided every 6-12 hours (middle ear infection)
Maximum dose: 4 gm/day
Adults: 250-500 mg every 6-12 hours
D. Cefadroxil:
Indications: Skin, soft tissue, upper respiratory tract infections due to susceptible gram- positive
group A beta-hemolytic streptococci and Staphylococcus aureus; urinary tract infections due to
gram-negative bacilli like E. coli, Proteus mirabilis and Klebsiella
Adverse Reactions: Similar to cephalosporins and penicillins, vaginitis
Infants and children: 30 mg/kg/day divided every 12 hours, maximum dose 2 gm/day
Adults: 1-2 gm/day divided every 12 hours, maximum dose 4 gm/day
CEPHALOSPORINS (second generation):
Cefuroxime, Cefotetan, Cefoxitin, Cefaclor, Cefprozil
Action: Bactericidal, inhibit cell wall synthesis by binding to penicillin-binding proteins, and
inhibits transpeptidation step of peptidoglycan synthesis
Drug interactions: Probencid decreases the elimination of cephalosporins; cross-react with
penicillin hypersensitivity; modify dosage in renal and hepatic impairment
A. Cefuroxime:
Indications: Septicemia, bone and joint, skin and soft tissue, middle ear, maxillary sinus, lower and
upper respiratory, and urinary tract infections due to susceptible organisms such as group B
streptococci, pneumococci, staphylococci, H. influenzae (A & B), E. coli, Proteus mirabilis,
Klebsiella, and Enterobacter sp; for preoperative prophylaxis; treatment of Lyme disease
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Adverse Reactions: As common to penicillins, seizures, fever, urticaria, exfoliative dermatitis,
erythema multiforme, vomiting, diarrhea, pseudomembranous colitis, stomatittis, vaginitis,
thrombocytopenia, anemia, neutropenia, prolonged bleeding time, renal failure, elevated liver
enzymes, hypersensitivity
Parenteral dosing (IM, IV):
Neonates: 50 mgkg/day divided every 12 hours
Infants and children: 75-150 mg/kg/day divided every 8 hours, maximum 6 gm/day
Adults: 750 mg-1.5 gm every 8 hours, maximum dose 6 gm/day
Perioperative prophylaxis:
1 to 1.5 gm 30-60 minutes before surgery
1 gm every 12 hours for 24 hours postoperatively
Oral dosage:
Infants > 3 months and children < 12 years:
Pharyngitiis, URT:
Suspension: 20 mg/kg/day divided every 12 hours, maximum dose 500 mg/day
Middle ear, sinuses, and skin infections:
Suspension: 30 mg/kg/day divided every 12 hours, maximum dose 1 gm/day
Tablet: 250 mg every12 hours
Adults: 250 mg-500 mg every 12 hours
Uncomplicated urinary tract infection: 125-250 mg every 12 hours
Uncomplicated gonorrhea: A single dose 1 gm
Early Lyme disease: 500 mg every 12 hours × 20 days
B. Cefotetan:
Indications: Septicemia, bone and joint, skin and soft tissue, lower respiratory tract, urinary tract,
gynecological, and intra-abdominal infections due to susceptible gram-negative anaerobes like
Bacteroides, enteric gram-negative bacilli like E. coli, Proteus mirabilis, and Klebsiella; many strains
of N. gonorrhea; preoperative prophylaxis
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♣ Not active against Enterobacter sp, and is less active against gram-positive streptococci and
staphylococci than first generation cephalosporins.
Adverse Reactions: As common to penicillins, seizures, fever, urticaria, exfoliative dermatitis,
vomiting, diarrhea, pseudomembranous colitis, thrombocytopenia, anemia, neutropenia, hemolytic
anemia, prolonged bleeding time, elevated liver enzymes, elevated BUN and creatinine,
hypersensitivity
♣ cefotetan induced hemolytic anemia is three times more common than other cephalosporins.
Parenteral dosing: (IM, IV)
Children: 40-80 mg/kg/day divided every 12 hours, maximum dose 6 gm/day
Preoperative prophylaxis:
IV:40 mg/kg 30-60 minutes prior to procedure
Gentamicin 2 mg/kg may be added for a ruptured hollow viscus
Adolescents and adults:
2-4 gm/day divided every 12 hours. Maximum dose 6 gm/day
Pelvic infections:
IV: 2 gm every 12 hours for 48 hours and doxycycline 100 mg IV / oral every 12 hours for 14 days
Preoperative prophylaxis:
1-2 gm 30-60 minutes before surgery
C. Cefoxitin (Mefoxin):
Indications: Septicemia, bone and joint, skin and soft tissue, lower respiratory tract, urinary tract,
gynecological, and intra-abdominal infections due to susceptible gram- negative anaerobes like
Bacteroides, enteric gram-negative bacilli like E. coli, Proteus mirabilis, and Klebsiella; many strains
of N. gonorrhea; preoperative prophylaxis; not active against Enterobacter species
Adverse Reactions: As common to penicillins, fever urticaria, exfoliative dermatitis, vomiting,
diarrhea, pseudomembranous colitis, thrombocytopenia, anemia, neutropenia, prolonged bleeding
time, transient elevated liver enzymes, elevated BUN and creatinine, hypersensitivity
Parenteral dosing (IM, IV):
Neonates:
90-100 mg/kg/day divided every 8 hours
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Infants > 3 months and children:
Mild to moderate infections: 80-100 mg/kg/day divided every 6-8 hours
Severe infections: 100-160 mg/kg/day divided every 4-6 hours, maximum dose 12 gm/day
Perioperative prophylaxis:
30-40 mg/kg 30-60 minutes before surgery, followed by same dose every 6 hours for 24 hours
postoperatively
Adolescents and adults:
1-2 gm every 6-8 hours. Maximum dose 12 gm/day
Pelvic infections: IV 2 gm every 6 hours for 48 hours, and doxycycline 100 mg IV /oral every
12 hours for 14 days
Perioperative prophylaxis:
1-2 gm 30-60 minutes before surgery, followed by 1-2 gm every 6-8 hours for 24 hours
postoperatively
D. Cefaclor:
Indications: Bone and joint, skin and soft tissue, middle ear, maxillary sinus, respiratory, and
urinary tract infections due to susceptible gram-positive streptococci, pneumococci, staphylococci,
and H. influenza (excluding beta-lactamse and ampilicillin resistant starins) and gram-negative
bacilli like E. coli, Proteus mirabilis, and Klebsiella
Adverse Reactions: Common to penicillins, seizures, fever, confusion, urticaria, exfoliative
dermatitis, erythema multiforme, Steven-Johnson syndrome, toxic epidermal necrolysis, vomiting,
diarrhea, pseudomembranous colitis, stomatittis, thrombocytopenia, anemia, neutropenia, prolonged
bleeding time, interstitial nephritis, elevated liver enzymes, hypersensitivity
Oral dosage:
Children > 1 month: 20-40 mg/kg/day divided every 8-12 hours
Maximum dose 2 gm/day
Middle ear infection: 40 mg/kg/day divided every 12 hours
Streptococcal Pharyngitis: 20 mg/kg/day divided every 12 hours
Adults: 250-500 mg every 8 hours or 2 gm/day divided every 12 hours
Streptococcal pharyngitis: 375 mg (extended release) every 12 hours
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Skin and soft tissue infections:
375 mg (extended release) every 12 hours × 10 days
Uppper respiratory tract:
375 mg (extended release) every 12 hours × 10 days
E. Cefprozil:
Indications: Skin, soft tissue, middle ear, respiratory tract infections due to gram-positive group A
beta-hemolytic streptococci, S. pneumonia, Staphylococcus aureus (except enterococcus and MRSA),
and H. influenza, and M. catarrhalis
Adverse Reactions: Similar to cephalosporins and penicillins, serum sickness
Oral Dosage:
Infants > 6 months and children:
Middle ear infection: 30 mg/kg/day divided every 12 hours
Maximum dose: 1 gm/day
Streptococcal pharyngitis: 15 mg/kg/day divided every 12 hours
Maximum dose: 1 gm/day
Skin and soft tissue infections: 20 mg/kg/once daily
Children > 12 years and adults:
250-500 mg every 12 hours. or 500 mg every 24 hours
CEPHALOSPORINS (Third generation)
Cefotaxime, Ceftriaxone, Ceftizoxime, Ceftazidime, Cefpodoxime, Cefixime, Cefdinir
Action: Bactericidal, inhibit cell wall synthesis by binding to penicillin-binding proteins and
inhibit transpeptidation step of peptidoglycan synthesis
Drug interactions: Probencid decreases the elimination of cephalosporins; cross-react with
penicillin hypersensitivity and other cephalosporins; modify dosage in renal and hepatic impairment;
use caution in patients with colitis
A. Cefotaxime:
Indications: Bone and joint, skin and soft tissue, lower respiratory, genito-urinary tract, and
intra-abdominal infections due to gram-positive streptococci, pneumococci, staphylococci, and
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meningeal infections (H. influenza); nonpseudomonal gram-negative bacilli infections not covered
by 2nd generation and gram-negative bacilli infections in presence of aminoglycoside toxicity; N.
gonorrheal urethritis and pelvic inflammatory disease
Adverse Reactions: Cardiac arrhythmias, fever, urticaria, vomiting, diarrhea, pseudomembranous
colitis, thrombocytopenia, anemia, neutropenia, transient elevation of BUN, creatinine, and liver
enzymes, hypersensitivity
Parenteral dosing (IM, IV):
Neonates:
Postnatal age < 7 days:
< 2 kg weight: 100 mg/kg/day divided every 12 hours
> 2 kg weight: 100-150 mg/kg/day divided every 8-12 hours
Postnatal age > 7 days:
< 2 kg weight: 150 mg/kg/day divided every 8 hours
> 2 kg weight: 150-200 mg/kg/day divided every 6-8 hours
Infants and children < 12 years:
< 50 kg: 100-200 mg/kg/day divided every 6-8 hours
Meningitis: 200 mg/kg/day divided every 6 hours
> 50 kg:
Moderate to severe infections: 1-2 gm every 6-8 hours
Life threatening infections: 2 gm/dose every 4 hours, maximum dose 12 gm/day
Children > 12 years and adults:
1-2 gm every 6-8 hours, maximum dose 12 gm/day
B. Ceftriaxone:
Indications: Septicemia, meningitis, bone and joint, skin and soft tissue, lower respiratory,
genito-urinary tract, and intra- abdominal infections due to gram-negative aerobic bacilli and cocci
infections (H. influenzae, Enterobacteriaceae, Neisseria, etc.); chancroid; resistant middle ear
infections; variable activity against gram-positive cocci; emergecy management of infections with
high risk for bacteremia; salmonellosis, shigellosis, and pneumonias of unestablished etiology; not
active against Pseudomonas aeruginosa
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Adverse Reactions: Fever, urticaria, rash, headache, vomiting, diarrhea pseudomembranous colitis,
cholelithiasis, vaginitis, thrombocytopenia, anemia, neutropenia, transient elevation of BUN,
creatinine, and liver enzymes
Parenteral dosing (IM, IV):
Neonates:
Postnatal age < 7 days: 50 mg/kg/day every 24 hours
Postnatal age > 7 days: < 2 kg weight: 50 mg/kg/day every 24 hours
> 2 kg weight: 50-75 mg/kg/day every 24 hours
Gonoccocal infection:
25-50 mg/kg/day every 24 hours for 7 days (14 days for suspected meningitis)
Infants and children:
50-75 mg/kg/day divided every 12-24 hours
Meningitis: 80-100 mg/kg/day divided every 12-24 hours, maximum dose 4 gm/day
Uncomplicated gonoccocal infection: 125 mg as a single dose
Complicated gonoccocal infections:
< 45 kg child:
Peritonitis, arthritis, bacteremia: 50 mg/kg/day every 24 hours for 7 days, maximum dose 1 gm/day
Meningitis: 50 mg/kg/day divided every 12 hours for 10-14 days, maximum dose 2 gm/day
Endocarditis: 50 mg/kg/day divided every 12 hours for 28 days, maximum dose 2 gm/day
> 45 kg child:
Peritonitis, arthritis, bacteremia: 1 gm/day every 24 hours for 7 days
Meningitis: 1-2 gm / dose every 12 hours for 10-14 days
Endocarditis: 1-2 gm / dose every 12 hours for 28 days
Relapsing middle ear infections: 50 mg/kg/day every 24 hours for 3 days
Acute epididymitis: 250 mg IM single dose
Chancroid: 50 mg/kg IM as a single dose (maximum 250 mg)
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Adults:
1-2 gm every 12-24 hours (frequency depends on severity of infection)
Maximum dose 4 gm/day
C. Ceftizoxime:
Indications: Septicemia, meningitis, bone and joint, skin and soft tissue, lower respiratory, and
urinary tract infections due to gram-negative aerobic enteric bacilli (E. coli, Klebsiella,
Enterobacteriaceae) and gram-negatve cocci (H. influenzae, Neisseria); variable activity against
gram-negative anaerobes, Bacteroid species than cefoxitime; variable activity against gram-positive
cocci, but is not active against Pseudomonas aeruginosa
Adverse Reactions: Fever, urticaria, rash, headache, vomiting, diarrhea, vaginitis, thrombocytopenia,
anemia, neutropenia, transient elevation of BUN, creatinine, and liver enzymes
Parenteral dosing (IM, IV):
Infants > 6 months and children:
150-200 mg/kg/day divided every 6-8 hours, maximum dose 12 gm/day
Adults:
1-2 gm every 8-12 hours
Uncomplicated gonoccocal infection: 1 gm IM as a single dose
Life threatining infections: 2 gm every 4 hours or 4 gm every 8 hours
D. Ceftazidime:
Indications: Septicemia, meningitis, bone and joint, skin and soft tissue, lower respiratory,
genito-urinary tract, and intra-abdominal infections due to gram-negative cocci (H. influenzae,
Neisseria) and gram-negative aerobic bacilli (including Enterobacteriaceae and Pseudomonas);
pseudomonal infections in the presence of aminoglycoside toxicity and empiric therapy of infections
in granulocytopenia
Adverse Reactions: Fever, urticaria, rash, headache, myoclonia, vomiting, diarrhea,
pseudomembranous colitis, candidiasis, vaginitis, thrombocytopenia, anemia, neutropenia, hemolytic
anemia, transient elevation of BUN and creatinine, transient elevation of liver enzymes, jaundice,
anaphylaxis
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Parenteral dosing (IM, IV):
Neonates:
Postnatal age < 7 days: > 2 kg weight:
100-150 mg/kg/day divided every 8-12 hours
Postnatal age > 7 days:
> 1.2 kg weight: 150 mg/kg/day divided every 8 hours
Infants and children (12 years):
100-150 mg/kg/day divided every 8 hours, maximum dose 6 gm/day
Meningitis: 150 mg/kg/day divided every 8 hours, maximum dose 6 gm/day
Adults: 1-2 gm every 8-12 hours
Urinary tarct infections: 250-500 mg every 12 hours
E. Cefpodoxime (Proxetil):
Indications: Uncomplicated N. gonorrheal infection, uncomplicated skin and soft tissue, lower
respiratory tract (community-acquired pneumonias) infections due to streptococci, staphylococci,
and H. influenza (non-beta-lactamse producing); upper respiratory and middle ear infections by H.
Influenza and M. catarrhalis; urinary tract infections due to gram-negative bacilli like E. coli,
Klebsiella, and Proteus; not active against Pseudomonas aeruginosa and Enterobacter
Adverse Reactions: Fever, rash, headache, vomiting, diarrhea pseudomembranous colitis, vaginal
candidiasis, thrombocytopenia, anemia, neutropenia, prolonged PT and PTT, transient elevation of
BUN, creatinine, and liver enzymes, jaundice
Oral dosage:
Infants (> 6 months) and children (< 12 years):
10 mg/kg/day divided every 12 hours, maximum dose 800 mg/day
Adolescents and Adults:
100-400 mg/dose every 12 hours
Uncomplicated gonococcal infection:
200 mg as a single dose
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F. Cefixime (Suprax):
Indications: Urinary tract, skin and soft tissue, respiratory tract, and middle ear infections due to
streptococci, staphylococci, H. influenza (non-beta-lactamse producing), and M. catarrhalis;
gram-negative bacilli like E. coli, Klebsiella, Proteus, and Enterobacteriaceae; uncomplicated N.
gonorrheal infection (urethritis, cervicitis) and shigellosis (TMP-SMX resistant)
Adverse Reactions:
common to other cephalosporins
Oral dosage:
Infants and Children:
8 mg/kg/day divided every 12-24 hours, maximum dose 400 mg/day
Acute UTI infection:
16 mg/kg/day divided every 12 hours × day 1, then 8 mg/kg/day every 24 hours for 13 days
Prophylaxis for sexual victimization:
8 mg/kg as a single dose (maximum 400 mg dose) plus azithromycin 20 mg/kg as a single dose
(maximum dose 1 gm)
Begin hepatitis B immunization and prophylaxis for trichominasis and vaginal bacterial infection.
Adolescents and adults:
400 mg/day divided every 12-24 hours
Uncomplicated gonococcal infection:
400 mg as a single dose (maximum 400 mg dose) plus azithromycin 1 gm as a single dose / or
doxycycline100 mg twice daily for 7 days
Prophylaxix for sexual victimization:
400 mg as a single dose plus azithromycin 1 gm as a single dose or
Doxycycline 100 mg twice daily for 7 days plus metronidazole 2 gm as a single dose plus begin
hepatitis B immunization (if not fully immunized) and prophylaxis for HIV
G. Cefdinir (Omnicef):
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Indications: Skin and soft tissue, respiratory tract, and middle ear infections due to susceptible
gram-positive Streptococcus pyogenes and staphylococci; inadequate activity against beta-lactamse
producing H. influenza and M. catarrhalis
Adverse Reactions: Common to other cephalosporins, Steven Johnson syndrome, hemolytic anemia,
prologed PT, cholestatic jaundice
Oral dosage:
Infants (> 6 months) and children (< 12 years):
Middle ear and URT infections:
14 mg/kg/day divided every 12 hours for 5-10 days, Maximum 600 mg/day
Skin and Soft tissue infections:
14 mg/kg/day divided every 12 hours for 10 days, maximum 600 mg/day
Sinus infections:
14 mg/kg/day divided every 12 hours for 10 days, maximum 600 mg/day
Children > 12 years and Adults:
URT infections and exacerbation of chronic bronchitis:
600 mg once daily for 10 days or 300 mg every 12 hours for 5-10 days
Skin and soft tissue infections and community-acquired pneumonias:
300 mg every 12 hours for 10 days
Sinus infections:
600 mg once daily for 10 days or 300 mg every 12 hours for 10 days
CEPHALOSPORINS (Fourth generation)
Cefepime:
Action: Bactericidal, inhibits cell wall synthesis by binding to penicillin-binding proteins and
inhibits transpeptidation step of peptidoglycan synthesis
Drug interactions: Probencid decreases the elimination of cephalosporins; potentiate aminoglycoside
toxicity; cross-react with penicillin hypersensitivity and other cephalosporins; modify dosage in renal
impairment; use caution in patients with colitis
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Indications: Skin and soft tissue, lower respiratory, and urinary tract infections; more active than
3 generation against gram-positive bacteria such as staphylococci, aerobic gram-negative bacilli
infections resistant to 3rd generation; active against Pseudomonas aeruginosa and monotherapy in
febrile neutropenia
rd

Adverse Reactions: Headaches, encephalopathy, fever, rash, urticaria, vomiting, diarrhea,
pseudomembranous colitis, thrombocytopenia, anemia, neutropenia, agranulocytosis, transient
elevation of BUN, creatinine, and liver enzymes, hypersensitivity
Parenteral dosing:
Infants > 2 months and children < 16 years:
< 40 kg: 50 mg/kg / dose every 12 hours
Monotherapy for febrile neutropenia:
50 mg/kg / dose every 8 hours
Bronchopulmoanry infection in cystic fibrosis:
50 mg/kg/dose every 8 hours (maximum 2 gm/dose every 8 hours)
Meningitis:
50 mg/kg every 8 hours
Adults:
1-2 gm every 12 hours
Pseudomonal infections:
Use higher or more frequent dosing
Monotherapy for febrile neutropenia:
2 gm every 8 hours
Urinary tract infections:
500 mg every 12 hours
7. QUINOLONES
Ciprofloxacin, Levofloxacin, Ofloxacin, Nalidixic acid
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Actions: Inhibits DNA-gyrase and topoisomerase IV in susceptible organisms; promotes breakage
of double-stranded DNA; DNA gyrase is essential for maintenance of DNA helical structure,
replication, repair, transcription, and recombination
Drug interactions and precautions: Probenecid and cimetidine increase serum ciporoflaxacin
(quinolone) concentrations; magnesium, aluminum, and calcium containing antacids decrease
ciprofloxacin absorbtion; quinolones decrease warfarin clearance and along with NSAIDs prolongs
INR (prothrombin time); decrease theophylline clearance and concomitant use may result in seizures,
cardiac arrest, and respiratory failure; use with caution in seizure disorders and renal impairment
♣ Not a first drug of choice in pediatric patients; usuage may result in tendon, cartilage, and joint
abnormalities, especially along with use of a steroid.
Indications: Documented or suspected pseudomonal infections of bone and joint, skin, soft tissue,
respiratory tract, and urinary tract; complicated pyelonephritis and urinary tract infections in children
due to E. coli; infections due to multidrug- resistant gram-positive staphylococci, Mycobacterium
tuberculosis, and aerobic gram-negative bacilli; management of exacerbation of respiratory
infections in cystic fibrosis; infectious diarrheas due to Salmonella, Shigella, and Campylobacter
jejuni (use oral dosage)
Adverse Reactions: Pruritis, urticaria, erythema multiforme, Steven-Johnson syndrome,
anaphylaxis, fever, headaches, seizures, hallucinations, agitation, somnolence, hypertension,
hypotension, torsade de pointes, angina, bronchospasm, pulmonary edema, anemia, neutropenia,
esinophilia, hyperglycemia, hyperlipidemia, electrolyte abnormalities, nausea, vomiting, diarrhea, GI
bleeding, pseudomembranous colitis, pancreatitis, elevated liver enzymes, cholestatic jaundice,
arthropathies, tendinitis, tendon rupture, myalgia and peripheral neuropathy, elevated BUN and
creatinine, interstitial nephritis, renal failure
A. Ciprofloxacin:
Neonates:
Intravenous:
7-40 mg/kg/day divided every 12 hours
Children:
Oral dose:
20-30 mg/kg/day in 2 divided doses, maximum dose 1.5 gm/day
Intravenous:
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20-30 mg/kg/day divided every 12 hours, maximum dose: 800 mg/day
Anthrax (initial or postexposure treatemt):
Intravenous:
20 mg/kg/day divided every 12 hours for 60 days, maximum dose: 800 mg/day
Oral dose:
30 mg/kg/day in 2 divided doses for 60 days, maximum dose 1 gm/day
Complicated UTI or pyelonephritis:
Intravenous:
18-30 mg/kg/day divided every 8 hours for 10-21 days
Maximum dose: 1200 mg/day
Oral dose:
20-40 mg/kg/day in 2 divided doses for 10-21 days
Maximum dose: 1.5 gm/day
Cystic fibrosis:
Oral dose:
40 mg/kg/day in 2 divided doses, maximum dose 2 gm/day
Intravenous:
30 mg/kg/day divided every 8-12 hours, maximum dose 1.2 gm/day
Adults:
Oral dose:
250-750 mg every 12 hours depending on severity of infection
Uncomplicated UTI or pyelonephritis:
100-250 mg every 12 hours for 3 days or
500 mg (extended release) every 24 hours for 3 days
Complicated UTI or pyelonephritis:
500 mg every 12 hours for 7-14 days or
1000 mg (extended release) every 24 hours for 7-14 days
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Anthrax (initial or postexposure treatemt):
Oral dose:
500 mg every 12 hours for 60 days
Intravenous:
200-400 mg every 12 hours depending on severity of infection
400 mg every 12 hours for 60 days (treatment of infection)
Infectious diarrhea:
500 mg every 12 hours for 5-7 days
Uncomplicated gonococcal infection:
500 mg as a single dose
Chancroid:
500 mg twice daily for 3 days
B. Levofloxacin:
Actions:
L-isomer of ofloxacin inhibits DNA-gyrase (bacterial topoisomerase IV) in susceptible organisms,
promoting breakage of double-stranded DNA; DNA gyrase is essential for maintenance of DNA
helical structure, replication, repair, transcription, and recombination
Indications: Maxilllary sinus, skin, soft tissue, lower respiratory tract, complicated urinary tract
infections, pyelonephritis, community-acquired pneumonias due to multidrug-resistant organisms
such as Streptococcus pneumonia (penicillin resistant strains), Staphylococcus aureus,
Mycobacterium tuberculosis, Hemophilus influenzae, H. parainfluenzae, Moraxella catarrhalis,
Klebsiella pneumonia, Legionella pneumophila, Chlamydia pneumoniae, Mycoplasma pneumoniae,
E. coli, Enterobacter cloacae, Enterococcus fecalis, S. pyogenes, and Proteus mirabilis; infectious
diarrheas due to Salmonella, Shigella, E, coli, Campylobacter jejuni, and Vibrio-parahemolyticus;
postexposure prophylaxis of anthrax
♣ Less active against pseudomonas aeruginosa than ciprofloxacin; combination with a betalactam
or anti- pseudomonal drug is recommended.
Adverse Reactions: Similar to quinolones, congestive heart failure, prolongation of QT, toxic
epidermal necrolysis, thrombocytopenia, hemolytic anemia
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Oral / Intravenous dosage:
Children: (little information available for use)
6 months - 5 years:
10 mg/kg / dose every 12 hours
> 5 years:
10 mg/kg/dose every 24 hours, maximum dose 500 mg/day
Adults:
Community-acquired pneumonia:
500 mg every 24 hours for 7-14 days or
750 mg every 24 hours for 5 days
Nosocomial pneumonia:
750 mg every 24 hours for 7-14 days
Chronic bronchitis:
500 mg every 24 hours for 7 days
Acute maxillary sinus infection:
500 mg every 24 hours for 10-14 days
Complicated UTI or pyelonephritis:
250 mg every 24 hours for 10 days
Uncomplicated UTI:
250 mg every 24 hours for 3 days
Complicated skin and soft structure infection:
750 mg every 24 hours for 7-14 days
Drug-resistant tuberculosis:
500-1000 mg every 24 hours (maximum dose 1 gm)
Infectious (traveler’s) diarrhea:
500 mg every 24 hours for 3 days
Anthrax (postexposure treatment):
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500 mg every 24 hours for 60 days
C. Ofloxacin:
Actions: Inhibits DNA-gyrase (bacterial topoisomerase II) in susceptible organisms, promoting
breakage of double-stranded DNA; DNA gyrase is essential for maintenance of DNA helical structure,
replication, repair, transcription, and recombination
Indications: Acute exacerbations of bronchitis, uncomplicated skin, soft tissue, and urinary tract
infections, community-acquired pneumonias, uncomplicated urethral and cervical gonorrhea, pelvic
inflammatory disease, complicated urinary tract and prostate infections due to susceptible organisms
such as Staphylococcus aureus, Streptococcus pyogenes, Streptococcus pnemoniae, C. koseri, H.
influenzae, Klebsiella pneumonia, E. coli, Enterobacter aerogenes, Proteus mirabilis, Pseudomonas
aeruoginosa, N. gonorrhea, and C. trachomatis
Adverse Reactions: Similar to other quinolones, congestive heart failure, prolongation of QT, toxic
epidermal necrolysis, thrombocytopenia, hemolytic anemia
Oral dosage:
Children: (limited information available for use)
15 mg/kg/day divided every 12 hours
Adults:
Community-acquired pneumonia, chronic bronchitis, and uncomplicated skin and soft structure
infection:
400 mg every 12 hours for 10 days
Uncomplicated cervical and urethral gonorrhea:
400 mg as a single dose
Nongonococcal cervicitis and urthritis (c. trachomatis):
300 mg every 12 hours for 7 days
Pelvic inflamatory disease:
400 mg every 12 hours for 10-14 days
Uncomplicated UTI (cystitis):
200 mg every 12 hours for 3 days
Complicated UTI or pyelonephritis:
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200 mg every 12 hours for 10 days
Prostate infection:
300 mg every 12 hours for 6 weeks
D. Nalidixic Acid (NegGram):
Actions: DNA gyrase is essential in organisms for maintenance of DNA helical structure,
replication, repair, transcription, and recombination; inhibits DNA–gyrase (bacterial topoisomerase)
promoting breakage of double-stranded DNA
Indications: Lower urinary tract infections due to susceptible gram-negative organisms such as
Klebsiella pneumonia, E. coli, Enterobacter, and Proteus mirabilis; inactive against Pseudomonas
Adverse Reactions: Similar to other quinolones, mteabolic acidosis, elevated ICP (intracranial
pressure), insomnia, but uncommon cardiovascular complications
Oral dosgae:
Children > 3 months:
55 mg/kg/day divided every 6 hours
Prophylaxixs of UTI:
30 mg/kg/day divided every 12 hours
Adults:
Initial dose:
1 gm 4 times a day for 1-2 weeks
Suppressive therapy:
500 mg 4 times a day
8. AMINOGLYCOSIDES
Gentamicin, Tobramycin, Amikacin, Streptomycin, Neomycin
Actions: Inhibits bacterial protein synthesis by binding to 30S and 50S riibosomal subunits and
results in defective bacterial cell membrane
Drug interactions and precautions: Increased toxicity with concurrent use of amphotericin B,
magnesium, penicillins, cephalosporins, vancomycin, and loop diuretics; potentate the effect of
neuromuscular blocking agents; once daily administration may result in pyrogenic endotoxin-like
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reaction (fever, chills, tachycardia, and hypotension); modify dosage and exercise caution in neonates
(renal immaturity), neonates on ECMO, renal impairment, depressed neuromuscular transmission,
hypocalcaemia, and auditory or vestibular impairment
Indications: Treatment of endocarditis, septicemia, bone, CNS, skin and soft tissue, respiratory tract,
abdominal, and urinary tract infections due to susceptible gram-negative organisms such as E. coli,
Enterobacter, Proteus, Pseudomonas, Serratia, and gram positive Staphylococcus aureus; prophylaxis
against bacterial endocarditis in high risk patients; in combination with ampicillin used as empiric
therapy for sepsis in newborns
Adverse Reactions: Vertigo, dizziness, unstable gait, ataxia, neuromuscular blockade, muscle
cramps, optic neuritis, hypomagnesemia, nausea and vomiting, elevated liver enzymes,
granulocytopenia, thrombocytopenia, ototoxicity (correlates with high serum levels and duration of
Rx) with tinnitus, vertigo(vestibular damage), and hearing loss; nephrotoxicity (due to high trough
levels), urine casts, proteinuria, decreased GFR, elevated BUN and creatinine
A. Gentamicin (Garamycin):
Parenteral dosage (IM, IV):
♣ The usual dosage should be based on ideal body weight than actual weight, except in neonates.
Neonatal dosage is based on actual weight.
Neonates:
Postnatal age < 7 days:
2.5 mg/kg/dose every 12 hours
Postnatal age > 7 days:
< 2 kg: 2.5 mg/kg/dose every 8-12 hours
> 2 kg: 2.5 mg/kg/dose every 8 hours
Neonates on ECMO:
Initial dose: 2.5 mg/kg/dose every 18 hours
Subsequent dosing: Determined by monitoring serum levels
Once daily dose:
Premature neonate:
3.5 to 4 mg/kg/dose every 24 hours
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Full term neonate:
3.5 to 5 mg/kg/dose every 24 hours
Infants and children:
2.5 mg/kg/dose every 8 hours or
5 to 7.5 mg/kg/dose every 24 hours
Endocarditis prophylaxis (high risk patients):
1.5 mg/kg/dose (maximum 120 mg) 30 minutes prior to procedure, plus ampicillin or vancomycin
Pulmonary infections in cystic fibrosis:
2.5 to 3.3 mg/kg/dose every 6 to 8 hours
Hemodialysis:
1.25 to 1.75 mg/kg/dose postdialysis
Some children and infants may require more frequent dosing (every 6 hours) based on serum levels,
renal function, and clinical condition.
Adults:
3 to 6 mg/kg/day in divided doses every 8 hours or once daily dosing of 4 to 6.6 mg/kg / day every
24 hours
Endocarditis prophylaxis: (high risk patients):
1.5 mg/kg/dose (maximum 120 mg) 30 minutes prior to procedure, plus ampicillin or vancomycin
Hemodialysis:
0.5 to 0.7 mg/kg/dose postdialysis
Table 16.4

Modification of gentamicin dose in renal impairment.

Creatine clearance mL/minute/1.73 m² Dose

Frequency

40-60 mL/minute

2.5 mg/kg

every 12 hours

20-40 mL/minute

2.5 mg/kg

every 24 hours

< 20 mL/minute

2.5 mg/kg

Monitor serum levels,
half life and Vd to determine frequency

Vd = volume of distribution of drug, Vd = Ab/Cp (Ab = amount of drug in the body or dose administered,
Cp = plasma drug concentration).
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B. Tobramycin:
Indications: Treatment of endocarditis, septicemia, bone, CNS, skin and soft tissue, respiratory
tract, abdominal, and urinary tract infections due to Pseudomonas aeruginosa and susceptible
nonpseudomonal gram-neagative enteric organisms (E. coli, Enterobacter, Proteus, Serratia) that are
more sesitive to tobramycin than gentamicin; empiric therapy in cystic fibrosis and
immunocompromised
Parenteral dosage (IM, IV):
♣ The usual dosage should be based on ideal body weight than actual weight, except in neonates.
Neonatal dosage is based on actual weight.
Neonates:
Postnatal age < 7 days:
2.5 mg/kg/dose every 12 hours
Postnatal age > 7 days:
< 2 kg: 2.5 mg/kg/dose every 8-12 hours
> 2 kg: 2.5 mg/kg/dose every 8 hours
Infants and children:
2.5 mg/kg/dose every 8 hours
Pulmonary infections in cystic fibrosis:
2.5 to 3.3 mg/kg/dose every 6 to 8 hours
Hemodialysis:
1.25 to 1.75 mg/kg/dose post Dialysis
Adults:
3 to 6 mg/kg/day in divided doses every 8 hours or
Once daily dosing:
4 to 6.6 mg/kg/day every 24 hours
Hemodialysis:
0.5 to 0.7 mg/kg/dose post dialysis
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C. Amikacin:
Indications: Treatment of gram-neagative enteric infections (e.g., E. coli, Enterobacter, Proteus,
Pseudomonas, Serratia, Klebsiella) resistant to gentamicin and tobramycin; active against
mycobacterial organisms
Parenteral dosage (IM, IV):
♣ The usual dosage should be based on ideal body weight than actual weight, except in neonates.
Neonatal dosage is based on actual weight.
Neonates:
Postnatal age < 7 days:
7.5-10 mg/kg/dose every 12 hours
Postnatal age > 7 days:
< 2 kg: 7.5-10 mg/kg/dose every 8-12 hours
> 2 kg: 10 mg/kg/dose every 8 hours
Infants and children:
15-22.5 mg/kg/day divided every 8 hours
Nontuberculous mycobacterial infection:
15-30 mg/kg/day divided every 12-24 hours as a part of multiple drug regimen, maximum
1.5 gm/day
Adults:
15 mg/kg/day in divided doses every 8-12 hours, maximum 1.5 gm/day
Mycobacterial infection (M. avium complex):
7.5-15 mg/kg/day divided every 12-24 hours as a part of multiple drug regimen
D. Streptomycin:
Indications: Used in combination with other drugs for streptococcal and enterococcal endocarditis,
mycobacterial infections, brucellosis, tularemia, and as a combination treatment for active tuberculosis
Adverse Reactions: Common to other aminoglycosides, myocarditis, cardiovascular collapse,
toxic epidermal necrolysis
Parenteral dosing (IM, IV): Use IV if IM is not feasible
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Neonates:
10-20 mg/kg/day once daily
Infants:
20-30 mg/kg/day in divided doses every 12 hours
Children:
Nonmycobacterial infections:
20-40 mg/kg/day divided every 6-12 hours in combination with other antibiotics
Plague:
30 mg/kg/day divided every 8-12 hours
Tuberculosis:
20-40 mg/kg/day once daily, not to exceed 1 gm/day or
20-40 mg/kg dose twice weekly, not to exceed 1.5 gm/dose
Discontinue the drug after 3 months of treatment, and susceptibility of other agents (rifampin,
isoniazid) are to be established.
Adults:
Streptococcal endocarditis:
1 gm every 12 hours for 1 week, then 500 mg every 12 hours for 1 week
Enterococcal endocarditis:
1 gm every 12 hours for 2 weeks, then 500 mg every 12 hours for 4 weeks in combination with
penicillin
Plague:
2 gm/day in divided doses until patient is afebrile for 3 days
Tularemia:
1-2 gm/day in divided doses for 7-10 days or afebrile for 5-7 days
Tuberculosis:
15 mg/kg/day once daily, not to exceed 1 gm/day, / or
25-30 mg/kg dose twice weekly, not to exceed 1.5 gm/dose
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Discontinue the drug after 3 months of treatment and susceptibility of other agents (rifampin,
isoniazid) are to be established.
E. Neomycin:
Indications: Treatment of hepatic encephalopathy, diarrhea due to E. Coli, preoperative
preparation of gastrointestinal tract for surgery, and minor skin infections
Adverse Reactions: Common to aminoglycosides, malabsorbtion, candidiasis; potentiates oral
anticoagulant action; neomycin given parenterally is more toxic than other aminoglycosides
♣ Parenteral administration is not recommended.
Oral doasge:
Neonates:
Diarrhea:
50 mg/kg/day divided every 6 hours
Children:
50 mg/kg/day divided every 6-8 hours
Preoperative
90 mg/kg/day divided every 4 hours for 2 days or 25 mg/kg/dose at 1 PM, 2 PM, and 11 PM day
preceding surgery in combination with mechanical bowel preparation and erythromycin base
Hepatic encephalopathy:
2.5 to 7 gm/m2 /day divided every 4-6 hours for 5 days, maximum dose 12 gm/day
Diarrhea due to enteropathogenic E. Coli:
50 mg/kg/day divided every 6 hours for 2-3 days
Adults:
500-2000 mg/day divided every 6-8 hours
Preop bowel preparation:
1 gm each hour for 4 doses, then 1 gm every 4 hours × 5 doses or 1 gm dose at 1 PM, 2 PM, and
11 PM day preceeding surgery in combination with mechanical bowel preparation and erythromycin
base or 6 gm/day divided every 4 hours for 3 days
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Hepatic encephalopathy:
4-12 gm/day divided every 4-6 hours for 5 days
Diarrehea due to enteropathogenic E. Coli:
3 gm/day divided every 6 hours for 2-3 days.
9. CARBAPENEMS
Ertapenem, Imipenem, Meropenem
Actions:
Inhibit bacterial cell wall synthesis by binding to penicillin-binding proteins.
Indications: Infections due to multidrug-resistant gram-positive and gram-negative aerobic and
anaerobic organisms such as S. aureus, S. pyogenes, S. pnemoniae, H. inflenza, M. catarrhalis, E. coli,
Klebsiella, Enterobacter, B. fragilis, and Pseudomonas aueroginosa
Drug interactions and precautions:
Probenecid increases serum carbapenems concentrations; cross-react with penicillins,
cephalosporins, other beta-lactams hypersensitivity; use with caution in seizure disorders, renal
impairment, and adjust dose in renal impairment
Adverse Reactions:
Rash, pruritis, urticaria, anaphylaxis, fever, headaches, seizures, hallucinations, agitation, altered
mental status, hypotension, tachycardias, angina, respiratory distress, elevated platelet count and
eosinophil counts, nausea, vomiting, diarrhea, oral candidiasis, pseudomembranous colitis, pancreatitis,
elevated liver enzymes, cholelithiasis, renal dysfunction, hematuria
A. Ertapenem (Invanz):
Indications: Skin and soft tissue, complicated intra-abdominal, pelvic and urinary tract infections,
and community-acquired pneumonias due to susceptible anaerobes, E. coli, Klebsiella, H. influenza
(beta-lactamase negative), Staphylococcus aureus (methicillin sensitive strains), Streptococcus
pneumonia, S. pyogenes, and S. agalactiae
Parenteral dosage: (IM, IV):
Children > 3 months to 12 years:
15 mg/kg/dose every 12 hours, maximum 1 gm/day
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Adolescents and adults:
1 gm once daily
Duration of treatment: Intra-abdominal infections: 5-14 days
Acute pelvic infections: 3-10 days
Skin and soft tissue infections: 7-14 days
Urinary tract infections: 10-14 days
Community-acquired pneumonias: 10-14 days
B. Imipenem and Cilastin (Primaxin):
Actions: Similar to other carbapenems, strong affinity for PBPs (penicillin binding proteins) 1 and
2; cilastin inhibits renal metabolism of imipenem by competitive inhibition of peptidases in proximal
tubules
Indications: Multidrug-resistant gram-negative infections of bone and joint, skin and soft tissue,
lower respiratory tract, intra-abdominal, pelvic, urinary tract, endocarditis, and septicemia; treatment
of multiple organisms infections, in which other agents have limited spectrum or increased toxic
potential; treatment of gram-negative sepsis in immunocompromised
Adverse Reactions: Similar to carbapenems, neutropenia, eosinophilia, and discoloration of urine;
emegence of resistant strains of Pseudomonas aeruginosa
Parenteral dosage (IV, IM):
♣ IM dosing is given in mild to moderate infections only and dosing is based on imipenem
component of primaxin.
Neonates:
Postnatal age < 7 days:
50 mg/kg/day divided every 12 hours
Postnatal age > 7 days:
< 1.5 kg: 50 mg/kg/day divided every 12 hours
> 1.5 kg: 75 mg/kg/day divided every 8 hours
Infants (4 weeks to < 3 months):
100 mg/kg/day divided every 6 hours

510 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Infants (> 3 months) and Children:
60-100 mg/kg/day divided every 6 hours
Maximum dose 4 gm/day
Adults:
Serious infections:
2-4 gm/day divided every 6 hours
Mild to moderate infections:
1-2 gm/day divided every 6-8 hours
Table 16.5 Primaxin dosage in renal impairment.
Creatinine clearance mL/min/1.73 m²

% decrease in daily dosage

Frequency

41-70

50

6 hours

21-40

65

8 hours

6-20

75

12 hours

< 6 ---- give only if on hemodialysis

C. Meropenem:
Actions: Similar to other carbapenems, strong affinity for PBPs (pencillin binding proteins) 2, 3, 4
of E. coli and Pseudomonas aeruginosa, and strong affinity for PBPs 1, 2, 4 of Staphylococcus aureus
exerts it bactericidal effect
Indications: Infections of skin and soft tissue, lower respiratory tract, pelvic and urinary tract due to
multidrug-resistant gram-positive and gram-negative aerobic and anaerobic organisms such as S.
aureus, S. pyogenes, S. Pneumoniae, H. inflenza, M. catarrhalis, E. coli, Klebsiella, Enterobacter,
Serratia, Pseudomonas, Bacteroides fragilis, and Bacteroides cepacia
Adverse Reactions: Similar to carbapnemes and neutropenia
Pareteral dosage (IV only):
Neonates:
Postnatal age < 7 days:
20 mg/kg/dose every 12 hours
Postnatal age > 7 days:
< 2 kg: 20 mg/kg/dose every 12 hours
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> 2 kg: 20 mg/kg/dose every 8 hours
Children > 3 months:
60 mg/kg/day divided every 8 hours, maximum dose 6 gm/day
Adults:
1.5-3 gm/day divided every 8 hours, maximum dose 6 gm/day
10. CARBACEPHEMS
Loracarbef:
Actions: Inhibits bacterial cell wall synthesis by binding to one or more of penicillin-binding
proteins; inhibits final transpepidation step of peptidoglycan synthesis in bacterial cell wall
Drug interactions and precautions: Probenecid ↑ serum carbacephem concentrations; hypersentivity
reactions cross-react with penicillins, cephalosporins, and other beta-lactams; use with caution in
renal impairment, colitis, and adjust dose in renal impairment
Indications: Mild to moderate community-acquired skin and soft tissue, respiratory tract, and urinary
tract infections due to susceptible Staphylococcus aureus, S. pyogenes, S. Pneumoniae, H. inflenza,
M. catarrhalis, and E. coli
Adverse Reactions: Rash, pruritis, urticaria, Steven-Johnson syndrome, anaphylaxis, headaches,
insomnia, agitation, fever, somnolence, hypotension (due to vasodilatation), thrombocytopenia,
neutropenia, eosinophilia, nausea, vomiting, diarrhea, oral candidiasis, pseudomembranous colitis,
elevated liver enzymes, cholestatic jaundice, renal dysfunction, elevated BUN and creatinine
Oral doage:
Children (6 months-12 years):
Acute sinus and middle ear infections:
30 mg/kg/day divided every 12 hours for 10 days
URT and Skin and soft structure:
15 mg/kg/day divided every 12 hours
Adults:
URT, pneumonias, bronchitis:
400 mg every 12 hours
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Uncomplicated UTI:
200 mg once daily for 7 days
Skin and soft tissue infections:
200 mg every 12 hours
Pyelonephritis (uncomplicated):
400 mg every 12 hours for 14 days
11. MACROLIDES
Erythromycin, Azithromycin, Clarithromycin
A. Erythromycin:
Action: Inhibits bacterial RNA dependent protien synthesis by binding to 50S ribosomal subunit
and blocks transpeptidation step
Indications: Mild to moderately severe upper and lower respiratory tract, skin and soft tissue
infections due to susceptible gram-positive staphylococci, streptococci, Mycoplasma pneumonia,
Legionella pneumonia, Lyme disease, Chlamydia, chancroid, diptheria, pertussis, Campylobacter
gastroenteritis, and preoperative bowel preparation
Drug interactions and precautions: Decreases clearnace of cisapride, terfenadine, pimozide, and
increases the risk of cardiac arrhythmias; decreases clearance of lovastatins and simvastatins, and
concomitant use results in rhabdomyolysis
Potentiate anticoagulant effect of warfarin; hepatic impairment in older children and adults; benzyl
alcohol (> 99 mg/kg/day) component of erythromycin lactobionate injection produces fatal ‘gasping
syndrome’ in neonates
Adverse Reactions: Rash, pruritis, anaphylaxis, dizziness, fever, ototoxicity (IV use), ventricular
arrhythmias, prolongation of QT, bradycardia, hypotension (IV administration), eosinophilia,
cholestatic jaundice, hepatic toxicity (0.1% in children, 0.25% in adults), nausea, vomiting, diarrhea,
stomatitis, pseudomembranous colitis, infantile hypertrophic pyloric stenosis
Neonates:
Oral doasage (ethyl succinate salt):
Postnatal age < 7 days:
20 mg/kg/day in divided doses every 12 hours
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Postnatal age > 7 days:
< 2 kg: 20-30 mg/kg/day divided every 12 hours
> 2 kg: 30-40 mg/kg/day divided every 6-8 hours
Chlamydial pneumonia:
50 mg/kg/day divided every 6 hours for 14 days
Infants and children:
Oral doasage:
(200 mg of ethyl succinate salt is equivalent to 125 mg of erythromycin base or 125 mg of estolate)
Base: 30-50 mg/kg/day divided every 6-8 hours, not to exceed 2 gm/day
Ethyl succinate: 30-50 mg/kg/day divided every 6-8 hours, not to exceed 3.2 gm/day
Estolate: 30-50 mg/kg/day divided every 6-12 hours, not to exceed 2 gm/day
Stearate: 30-50 mg/kg/day divided every 6 hours, not to exceed 2 gm/day
Chlamydial pneumonia:
50 mg/kg/day divided every 6 hours for 10-14 days
Preoperative bowel preparation:
20 mg/kg of erythromycin base at 1, 2, and 11 PM a day prior to surgery along with neomycin and
mechanical bowel prep
Intravenous (lactobionate salt):
15-50 mg/kg/day divided every 6 hours, not to exceed 4 gm/day
Prokinetic agent (improves gastric and intestinal motility):
Initial dose: 1-3 mg/kg IV infused over 60 minutes, followed by a dose of 20 mg/kg/day orally in
2-4 divided doses before meals
Adults:
Oral doasage:
Estolate, stearate, base: 250-500 mg every 6-12 hours
Ethyl succinate: 400-800 mg every 6-12 hours
Base delayed release: 333 mg every 8 hours
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Chlamydial infections:
Base: 500 mg every 6 hours for 7 days or
Ethyl succinate: 800 mg every 6 hours for 7 days
Preoperative bowel preparation:
1 gm of erythromycin base at 1, 2, and 11 PM a day prior to surgery, given along with neomycin
and mechanical bowel prep
Intravenous (lactobionate salt):
5-20 mg/kg/day divided every 6 hours, not to exceed 4 gm/day
(may be given as a continuous infusion over 24 hr)
Prokinetic agent (improves gastric and intestinal motility):
Initial dose: 200 mg IV infused over 60 minutes, following dose: 250 mg orally 3 times a day
before meals
B. Azithromycin:
Action:
Simialr to other macrolides
Indications:
Mild to moderately severe infections of upper and lower respiratory tract, community-acquired
pneumonias, skin and soft tissue, middle ear, urethral, and cervical infections due to susceptible
Staphylococcus aureus, S. pneumoniae, M. catarrhalis, N. Ngonorrhea, H. inflenzae. N. gonorrhea, H.
inflenzae, Mycoplasma pneumoniae, Mycobacterium avium complex, Chlamydia pneumoniae, C.
psittaci, and C. trachomatis; pulmonary infection in cystic fibrosis; treatment of babesiosis and
endocarditis prophylaxis
Drug interactions and precautions:
Interact with same drugs like other macrolide agent erythromycin; use caution in patients with
hepatic or renal impairment
Adverse Reactions: Rash, pruritis, Steven Johnson syndrome, toxic epidermal necrolysis,
photosensitivity, ventricular arrhythmias, palpitation, angina, hypotension, headache, insomnia,
agitation, fatigue, seizures, thrombocytopenia, anemia, leukopenia, cholestatic jaundice, nausea,
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vomiting, diarrhea, oral candidiasis, pseudomembranous colitis, pancreatittis, abdominal pain,
nephritis, acute renal failure, ototoxicity, anaphylaxis
Oral dose:
Children > 6 months:
Respiratory tract infections:
10 mg/kg / on a day 1 (maximum dose 500 mg/day), followed by 5 mg/kg/day once daily on days
2 to 5 (maximum dose 250 mg/day)
Middle ear infection:
Single dose regimen:
30 mg/kg dose (maximum 1500 mg)
Three day regimen:
10 mg/kg once daily for 3 days (maximum 500 mg/day)
Five day regimen:
10 mg/kg dose on a day 1 (maximum dose 500 mg), followed by 5 mg/kg/day once daily on days
2 to 5 (maximum dose 250 mg/day)
Children > 2 years:
Upper respiratory tract infections:
12 mg/kg once daily for 5 days (maximum 500 mg/day)
Uncomplicated Chlamydial urethritis, cervicitis:
Single 10 mg/kg dose (maximum 1 gm)
Primary prevention of disseminated MAC (mycobacterium avium complex):
5 mg/kg/day once daily (maximum dose 250 mg/day) or 20 mg/kg / (maximum dose 1200 mg)
once weekly given alone or in combination with rifabutin
Treatment and secondary prevention of disseminated MAC:
5 mg/kg/day once daily (maximum dose 250 mg/day) in combination with ethambutol with or
without rifabutin
Babesiosis:
12 mg/kg/day once daily for 7-10 days along withoral atovaquone 40 mg/kg/day divided twice daily
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Endocarditis prophylaxis:
15 mg/kg/dose 1 hour before procedure
Children > 6 years and adolescents:
Cystic fibrosis (chronic Pseudomonas aeruginosa infection):
> 25 kg - < 40 kg:
250 mg three times weekly (Mon, Wed, Fri), if not tolerated decrease to twice or once weekly
> 40 kg:
500 mg three times weekly, if not tolerated decrease to twice or once weekly
Adolescents > 16 years and adults:
Oral dose:
Respiratory tract, skin, and soft tissue infections:
500 mg on a day 1, followed by 250 mg once daily on days 2-5
Exacerbation of infection in COPD:
500 mg once daily for 3 days
Nongonococcal (chlamydial) urethritis, cervicitis, and chancroid:
Single 1 gm dose
Primary prevention of disseminated MAC:
1200 mg once weekly given alone or combination with rifabutin
Treatment and secondary prevention of disseminated MAC:
500 mg once daily in combination with ethambutol with or without rifabutin
Intravenous:
500 mg once daily for 2 days, followed by oral dose therapy
C. Clarithromycin:
Actions: Simialr to other macrolides, 14-hydroxy compound is twice more potent
Indications: Skin and soft tissue, middle ear, mild to moderately severe infections of upper and
lower respiratory tract, and community-acquired pneumonias due to Staphylococcus aureus,
Streptococcus pneumoniae, M. catarrhalis, N. gonorrhea, H. inflenzae, Mycoplasma pneumoniae,
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Chlamydia trachomatis, Legionella species; prevention and treatment of mycobacterium avium
complex (MAC) infection in HIV patients; eradication of Helicobacter pylori infection and
endocarditis prophylaxis (in penicillin allergy)
Drug interactions and precautions: Interact with same drugs like other macrolide agents; use
caution in patients with hepatic or renal impairment; fluconazole and ritonavir increase
calrithromycin levels; safety of drug is not established in chidren < 6 months of age
Adverse Reactions: Similar to other macrolides, rash, pruritis, Steven Johnson syndrome, headache,
hallucinations, eevated PT, leukopenia, hyperbilirubinemia, nausea, vomiting, diarrhea, dysguesia,
stomatitis, pseudomembranous colitis, pancreatittis, abdominal pain, nephritis, acute renal failure,
ototoxicity, anaphylaxis
Infants and children
Oral dosage:
Respiratory tract, skin, and soft tissue infections:
15 mg/kg/day divided evry 12 hours for 7-10 days
Middle ear infection:
15 mg/kg/day divided evry 12 hours for 10 days
Endocarditis prohylaxis:
15 mg/kg / dose 1 hour before procedure
Primary prevention of disseminated MAC as determined by CD4 counts:
15 mg/kg/day divided every 12 hours, maximum dose 1 gm/day given alone or in combination with
rifabutin; follow schedule given below:
Children < 12 months: < 750 cells / microliter (uL)
1-2 years: < 500 cells/uL
2-6 years: < 75 cells/uL
> 6 years: < 50 cells/uL
Treatment and secondary prevention of disseminated MAC:
15 mg/kg/day divided every 12 hours, maximum dose 1 gm/day given in combination with
ethambutol with or without rifabutin
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Adolescents and adults:
Oral dose (immediate release tablets):
Lower respiratory tract, skin, soft tissue, and other infections:
250 mg every 12 hours for 7-14 days
Sinusitis and bronchitis:
500 mg every 12 hours for 7-14 days
Endocarditis prohylaxis:
500 mg 1 hour before procedure
Primary prophylaxis of disseminated MAC for CD4 counts < 50 cells/uL:
500 mg twice daily given alone or combination with rifabutin
Treatment and secondary prevention of disseminated MAC:
500 mg twice daily given in combination with ethambutol with or without rifabutin
Helicobacter pylori infection:
250 mg twice daily, up to 500 mg three times a day given in combination with omeprazole (proton
pump inhibitor), bismuth subsalicylate, tetracycline, and H2 receptor blocker
Oral dose: Extended release tablets:
Sinusitis:
Two 500 mg tablets every 24 hours for 14 days
Community-acquired pneumonia and bronchitis:
Two 500 mg tablets every 24 hours for 7 days
12. OXAZOLIDINONE
Linezolid:
Action: Inhibits bacterial RNA dependent protien synthesis by binding to 23S, 50S ribosomal
subunits, preventing formation of 70S complex
Indications: Treatment of complicated and uncomplicated skin and soft tissue infection (i.e.,
diabetic foot), community-acquired pneumonias, nosocomial peneumonias, and bacteremias due to
susceptible vancomycin-resistant enterococcus (E. faecium, VRE), Sterptococcus pneumoniae,
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Sterptococcus pyogenes, Streptococcus agalactiae, multidrug-resistant Staphylococcus aureus, and
MRSA
Drug interactions and precautions:
Interacts with other MAO inhibitors and avoid use with serotonergic agents such as tricyclic
antidepressants, meperdine; pancytopenia occurs after > 2 weeks, peripheral and optic neuropathy after
> 4 weeks of treatment; oral suspension containing benzoate (benzyl alchol > 99 mg/kg/day) may result
in gasping syndrome in neonates; use caution in uncontrolled hypertension, carcinoid,
pheochromcytoma, hepatic, and renal impairment
Adverse Reactions: Rash, pruritis, headache, insomnia, fever, dizziness, lactic acidosis, leukopenia,
anemia, thrombocytopenia, nausea, vomiting, tongue discoloration, pseudomembranous colitis
(C. difficile), peripheral and optic neuropathy, elevated liver enzymes
Parenteral (IV) and oral dosage:
♣ No doasage adjustment is needed when switching from IV to an oral dose.
♣ No dosage adjustment is necessary in renal or mild to moderate hepatic impairment.
Neonates < 7 days:
Oral, IV: 10 mg/kg/dose every 12 hours, may increase to every 8 hours
Neonates > 7 days, Infants and children:
Complicated skin and soft tissue infections, nosocomial or community-acquired pneumonias, and
bacteremias:
Oral, IV: 10 mg/kg/dose every 8 hours for 10-14 days
Vancomycin-resistant enterococcus (VRE):
Oral, IV: 10 mg/kg/dose every 8 hours for 14-28 days
Uncomplicated skin and soft tissue infection:
Children < 5 years:
Oral: 10 mg/kg/dose every 8 hours for 10-14 days
Children 5-11 years:
Oral: 10 mg/kg/dose every 12 hours for 10-14 days
Children > 12 years, adolescents, and adults:
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Complicated skin and soft tissue infections, nosocomial or community-acquired pneumonias, and
bacteremias:
Oral, IV: 600 mg every 12 hours for 10-14 days
Vancomycin-resistant enterococcus (VRE):
Oral, IV: 600 mg every 12 hours for 14-28 days
Uncomplicated skin and soft tissue infections:
Oral: 600 mg every 12 hours for 10-14 days
13. TETRACYCLINES
Tetracycline, Doxycycline, Demeclocycline
A. Tetracycline:
Action: Inhibits bacterial protein synthesis binding to 30S and 50S ribosomal subunits and may
also result in alterations in bacterial cytoplasmic membrane
Indications: Treatment of Rocky Mountain spotted fever due to Rickettsia, brucellosis, moderate to
severe inflammatory acne skin infections (acne vulgaris), Lyme disease, Mycoplasma, and Legionella
infections
Drug interactions and precautions: Antacids (containing calcium, magnesium, aluminum), iron,
zinc, kaolin, and bismuth decrease tetracycline absorption; increases anticoagulant effect of warfarin;
use caution in hepatic or renal impairment and modify dosage in renal impairment; risk of retardation
of skeletal development, enamel hypoplasia, permanent discoloration of teeth in children < 8 years
and further increased risk in children < 4 years.
Adverse Reactions: Photosensitivity, rash, exfoliative dermatitis, discoloration of nails,
pseudotumor cerebri (risk increases along with use of methoxyflurane), fever, retardation of skeletal
growth and teeth, nausea, vomiting, diarrhea, glossitis, stomatitis, oral candidiasis, pseudomembranous
colitis, hemolytic anemia, hepatotoxicity, renal damage with Fanconi like syndrome
Children > 8 years:
Oral dosage:
25-50 mg/kg/day in divided doses every 6 hours, maximum 3 gm/day
Adolescents and adults:
Oral dosage: 250-500 mg / dose every 6-12 hours
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B. Doxycycline:
(Tetracycline derivative)
Action: Similar to tetracyclines
Indications: Treatment of Rocky Mountain spotted fever due to Rickettsia, Ehrichiosis, Lyme
disease, Mycoplasma, Legionella, and anthrax infections; treatment of nongonococcal pelvic
inflammatory disease, chlamydia urethritis, and pleurodesis for persistent or malignant effusions
Drug interactions and precautions: Simialr to tetracycline; not to use in patients with hepatic
impairment and modify dosage in renal impairment
Adverse Reactions: Most are similar to tetracycline; photosensitivity, rash, exfoliative dermatitis,
discoloration of nails, headache, elevated intracranial pressure, retardation of skeletal growth and
teeth in infants and children, nausea, vomiting, diarrhea, esophageal ulceration, oral candidiasis,
pseudomembranous colitis, neutropenia, eosinophilia, hepatotoxicity
Children > 8 years:
Oral and intravenous:
2-4 mg/kg/day divided every 12-24 hours, maximum 200 mg/day
Lyme disease:
Oral dose: 100 mg/dose twice daily for 14-21 days
Chlamydial infections:
Oral dose: 100 mg/dose twice daily for 7-10 days
Anthrax infection:
♣ In presence of systemic involvement / head and neck ulceration give intravenous therapy,
initially in combination with other agents mentioned below either with 1 or 2 drugs for 60 days.
Other agents: Rifampin, vancomycin, ampicillin, penicillin, imipenem, clindamycin, clarithromycin,
and chloramphenicol.
Treatment:
Intravenous dose: 5 mg/kg/day divided every 12 hours for 60 days
Oral dose: Switch to oral therapy when clinically appropriate, maximum dose 200 mg/day
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Prophylaxis of anthrax (inhalation exposure):
Oral dose: 5 mg/kg/day divided every 12 hours for 60 days
Maximum dose 200 mg/day
Adolescents and adults:
Oral and intravenous:
100-200 mg/day divided every 12-24 hours
Lyme disease:
Oral dose: 100 mg/dose twice daily for 14-21 days
Chlamydial infections:
Oral dose: 100 mg/dose twice daily for 7-10 days
Anthrax infection:
♣ In presence of systemic involvement / head and neck ulceration give intravenous therapy,
initially in combination with other agents either one or two drugs for 60 days.
Other agents: Rifampin, vancomycin, ampicillin, penicillin, imipenem, clindamycin, clarithromycin,
and chloramphenicol.
Intravenous dose: 100 mg every 12 hours for 60 days
Oral dose: Switch to oral therapy when clinically appropriate, 100 mg every 12 hours for 60 days
Prophylaxis anthrax (inhalation exposure):
Oral dose: 100 mg every 12 hours for 60 days
Pelvic inflammatory disease:
Oral or intravenous dose: 100 mg every 12 hours for 14 days in combination with cefoxitin or
cefotetan (hospitalized patient)
Oral dose: 100 mg every 12 hours for 14 days in combination with ceftriaxone, a single dose
(out-patient)
Sclerosing agent in pleural effusions:
Instill 500 mg in 25-30 mL of normal saline into pleural space after drainage of pleural fluid.
Clamp the thoracostomy tube and remove the fluid later.
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Sclerosing agent in malignant and recurrent pleural effusions:
Administer via chest tube 500 mg in 250 mL of normal saline into pleural space and lavage. Clamp
the thoracostomy tube for 24 hours and then drain the fluid.
C. Demeclocycline:
(Tetracycline derivative)
Actions: similar to other teracyclines
Indications: Acne, gonorrhea, pertusis, chronic bronchitis, and urinart tract infections caused by
susceptible gram-positive and gram-negative organisms; treatment of chronic SIADH (inappropriate
ADH) secretion
Drug interactions and precautions: Similar to other tetracyclines; may cause reversible diabetes
inspidus syndrome
Adverse Reactions: Most are simialr to other tetracyclines; photosensitivity, rash, exfoliative
dermatitis, discoloration of nails, eryhthema multiforme, Steven-Johnson syndrome, headache,
elevated intracranial pressure, vertigo, diabetes inspidus, hypophasphatemia, retardation of skeletal
growth and teeth in infants and children, nausea, vomiting, diarrhea, esophageal ulceration, oral
candidiasis, pseudomembranous colitis, neutropenia, eosinophilia, hemolytic anemia, hepatotoxicity,
renal failure, nephrogenic diabetes inspidus, anaphylaxis
Children > 8 years:
Oral dosage:
8-12 mg/kg/day in divided doses every 6-12 hours
Adolescents and adults:
Oral dosage:
150 mg 4 times a day or 300 mg every 12 hours
SIADH Syndrome:
Initial dose: 600-1200 mg/day or 13-15 mg/kg/day divided every 6-8 hours, then decrease to
600-900 mg/day
Uncomplicated gonorrhea:
Initial dose: 600 mg, then 300 mg every 12 hours × 4 days (3 gm/total dose)
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14. SULPHONAMIDES
Sulphadiazine, sulphamethoxazole sulphisoxazole,
A. Sulphadiazine:
Action: Inhibits bacterial folic acid synthesis and bacterial growth by preventing convesrion of
para-aminobenzoic acid (PABA) to dihydrofolic acid by competitive inhibition to dihydrofolic acid.
Indications: Treatment of urinary tract infection and nocardiosis; adjunctive treatment in
toxoplasmosis; rheumatic fever prophylaxis in penicillin allergic patients
Drug interactions and precautions: PABA, procaine, tetracaine antagonize antibacterial action of
sulpha drugs; increases anticoagulant effect of coumarin; sulphonylureas (antidiabetic agents)
increase hypoglycemia; use caution in patients with hepatic or renal impairment.; use caution in
urinary obstruction, blood dyscrasias, and G-6PD deficiency
Adverse Reactions: Photosensitivity, rash, exfoliative dermatitis, Steven-Johnson syndrome,
urticaia, headache, dizziness, fever, vasculitis, serum sickness-like reaction, nausea, vomiting,
diarrhea, abdominal pain, hepatotoxicity, granulocytopenia, thrombocytopenia, hemolytic anemia,
aplastic anemia, acute nephropathy, crystalluria
Oral Dosage:
Congenital toxoplasmosis:
Neonates:
100 mg/kg/day divided every 12 hours for 12 months in combination with pyrimethamine
1 mg/kg/day once daily and supplemental folinic acid 5 mg every 2 days for first 6 months, then
pyrimethamine 1 mg/kg/day 3 times a week and supplemental folinic acid 10 mg 3 times a week for
next 6 months
Toxoplasmosis:
Children:
Oral dosage:
120-200 mg/kg/day in divided doses every 6 hours in combination with pyrimethamine
2 mg/kg/day divided every 12 hours for 3 days, followed by pyrimethamine 1 mg/kg/day once daily
(maximum dose 25 mg/day) with supplemental folinic acid 5-10 mg every 3 days
Adolescents and adults:
Oral dosage:
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2-8 gm/day divided every 6 hours combination with pyrimethamine 25 mg/day with supplemental
folinic acid 5-10 mg every 3 days
Rheumatic fever prophylaxis:
< 30 kg: 500 mg once daily
> 30 kg: 1 gm once daily
B. Sulphamethoxazole and Trimethoprim (Bactrim):
Action: Sulphas inhibit bacterial folic acid synthesis and bacterial growth by preventing
conversion of para-aminobenzoic acid (PABA) to dihydrofolic acid by competitive inhibition;
trimethoprim inhibits conversion of dihydrofolate to teterhydrofolate, and results in sequential
inhibition of enzymes of folic acid pathway
Indications: Urinary tract infections due to E. coli, Klebsiella, Enterobacter, Proteus (including
indole positive); middle ear infection due to amoxicillin resistant H. influenzae, S. pneumoniae,
M. catarrhalis; acute exacerbation of chronic bronchitis; typhoid, shigellosis, Nocardia asteroids, and
Xanthomonas maltophilia infections; prophylaxis and treatment of Pneumocystis carini pneumonia
Drug interactions and precautions: Fatal toxicities (toxic epidermal necrolysis, hepatic necrosis,
aplastic anemia) may occur; contraindicated in porphyria, megaloblastic anemia due to folate
deficiency; use caution in patients with hepatic or renal impairment, blood dyscrasia, G-6PD deficiency
Preparations (syrup, tablets) containing sodium benzoate (benzyl alcohol > 99 mg/kg/day) produce
fatal gasping syndrome (metabolic acidosis, seizures, and hypotension) in neonates; modify dosage in
renal impairment
Adverse Reactions: Rash, exfoliative dermatitis, toxic epidermal necrolysis, Steven-Johnson
syndrome, urticaria, headache, insomnia, hallucinations, seizures, fever, ataxia, myocarditis,
hypotension, vasculitis, serum sickness-like reaction, nausea, vomiting, anorexia, diarrhea, glossitis,
pseudomembranous colitis, splenomegaly, pancreatitis, hepatitis, cholestatic jaundice,
granulocytopenia, thrombocytopenia, hemolytic anemia (with G-6-P-D deficiency), megaloblastic
and aplastic anemias, interstitial nephritis, acute nephropathy, crystalluria
Oral or intravenous dosage:
Dosage is based on trimethoprim (TMP) component
Children > 2 months and adults:
Mild to moderate infections:
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6-12 mg TMP/kg/day in divided doses every 12 hours
Severe infections / Pneumocystis:
15-20 mg TMP/kg/day in divided doses every 6-8 hours
Prohylaxis of Pneumocystis (in Children only)
150 mg TMP/m2 /day in divided doses every 12 hours administerd 3 times / week on alternate days
/ or
150 mg TMP/m2 /day in divided doses every 12 hours administerd 3 days / week on consecutive
days / or
150 mg TMP/m2 /day in divided doses every 12 hours administerd 7 days / a week
Maximum dose/day: TMP 320 mg, Sulphamethoxazole 1600 mg
Prohylaxis of urinary tract infection:
2 mg TMP/kg/dose daily or 5 mg TMP/kg/dose twice weekly
Adults:
Prophylaxis of Pneumocystis:
One double strength tablet daily/or
One single strength tablet daily (acceptable alternative)
Urinary tract infection/chronic bronchitis:
One double strength tablet every 12 hours for 10-14 days
C. SULPHISOXAZOLE (Gantrisin):
Action: Inhibits bacterial folic acid synthesis and bacterial growth by competitive inhibition of
para-aminobenzoic acid and conversion to dihydrofolic acid
Indications: Treatment of urinary tract, middle ear infections, nocardiosis, and chlamydia;
treatment of pelvic inflammatory disease in prepubertal children
Drug interactions and precautions: PABA, procaine, tetracaine antagonizes antibacterial action of
sulpha drugs; increases anticoagulant effect of coumarin, sulphonylureas (antidiabetic agents) induce
hypoglycemia; use caution in hepatic or renal impairment, obstructive uropathy, blood dyscrasia, and
G-6PD deficiency; in infants < 2 months, compete with protein binding sites for bilirubin and results
in kernicterus
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Adverse Reactions: Photosensitivity, rash, exfoliative dermatitis, Steven-Johnson syndrome,
urticaria, headache, dizziness, fever, vasculitis, serum sickness-like reaction, nausea, vomiting,
diarrhea, abdominal pain, granulocytopenia, thrombocytopenia, hemolytic anemia, aplastic anemia,
hepatotoxicity, acute nephropathy, crystalluria
Infants > 2 months and children:
Oral dose:
75 mg/kg / a single dose, followed by 120-150 mg/kg/day in divided doses every 4-6 hours,
maximum 6 gm/day
Pelvic inflammatory disease:
100 mg/kg/day in divided doses every 6 hours, in combination with ceftriaxone
Chlamydial infections:
100 mg/kg/day divided every 6 hours, maximum dose: 2 gm/day
Prophylaxis of UTI:
10-20 mg/kg/day divided every 12 hours
Adults:
2-4 gm stat, followed by 4-8 gm/day in divided doses every 4-6 hours
15. Miscellaneous Antibiotics
A. Aztreonam:
Action: Binds to penicillin binding protein 3, which results in bacterial filamentation and inhibits
bacterial cell wall synthesis
Indications: Multidrug-resistant gram-negative infections, in which beta-lactams are
contraindicated; septicemia, skin and soft tissue, lower respiratory tract, intra-abdominal,
gynecological, and urinary tract infections due to E. coli, Klebsiella, Enterobacter, Proteus mirabilis,
Serratia marcescens, Citrobacter, H. influenza, and Pseudomonas aeruginosa
Drug interactions and precautions: Cross-react with other beta-lactams (penicillins, cephalosporins)
hypersensitivity; probenecid and furosemide increase serum aztreonam levels; use caution in patients
with renal impairment and modify the dosage; avoid concomitant use with agents that induce
betalactamase production (cefoxitin, imipenem)
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Adverse Reactions: Rash, pruritis, urticaria, toxic epidermal necrolysis, seizures, confusion, fever,
hypotension, transient EKG changes, nausea, vomiting, diarrhea, pseudomembranous colitis,
neutropenia, thrombocytopenia, eosinophilia, anemia, aplastic anemia, hepatitis, jaundice, elevated
BUN and creatinine
Parenteral dosage:
Neonates:
Postnatal age < 7 days:
90 mg/kg/day divided every 8 hours
Postnatal age > 7 days:
< 2 kg: 90 mg/kg/day divided every 8 hours
> 2 kg: 120 mg/kg/day divided every 6 hours
Infants > 1 month and children:
90-120 mg/kg/day divided every 6-8 hours
Cystic fibrosis:
50 mg/kg/dose every 6-8 hours, maximum dose 8 gm/day
Adults:
Urinary tract infections:
500 mg to 1 gm every 8-12 hours
Moderately severe and systemic infections:
1 gm IM or 2 gm IV every 8-12 hours
Severe systemic and life threatening infections:
2 gm IV every 6-8 hours, maximum dose 8 gm/day
Dose adjustment in renal impairment:
Creatinine clearance (Cl cr) 10-30 mL/min: reduce dose by 50% and give at usual interval
Cl cr < 10 mL/min: Reduce dose by 75% and give at ususal interval
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B. Vancomycin:
Action: Binds to D-alanyl-D-alanine and blocks glycopeptide polymerization of
phospho-disaccharide-pentapeptide complex in second stage of cell wall synthesis; inhibits bacterial
cell wall synthesis and alters bacterial cell-membrane permeability
Indications: Infections due to methicillin-resistant S. aureus (MRSA) or beta-lactam resistant
coagulase negative staphylococci; serious or life-threatening infections of CNS, endocarditis, and
bone due to streptococci and staphylococci in patients allergic to penicllins and cephalosporins;
empiric therapy of IV line infections, hemodialysis shunts, prosthetic heart valves and vascular grafts;
oral treatment of staphylococcal enterocolitis and pseudomembranous colitis due to C. difficile.
Drug interactions and precautions: Anesthetic agents interact producing flushing, erythema,
hypotension, hypothermia; potentiate the effects of other nephrotoxic and ototoxic drugs
(aminoglycosides); modify dosage in renal impairment
Adverse Reactions: Red neck syndrome, macular skin rash, urticaria, hypersensitivity, low back
pain. fever, chills, hypotension, cardiac arrest, nausea, vomiting, neutropenia, eosinophilia, hepatitis,
jaundice, ototoxicity (due to prolonged serum levels of > 40 mcg/mL), nephrotoxicity ( due to trough
concentration of > 10 mcg/mL), elevated BUN and creatinine
Neonates:
Intravenous:
Postnatal age < 7 days:
10-15 mg/kg/dose every 8-12 hours
Postnatal age > 7 days:
< 2 kg: 10-15 mg/kg/dose every 8-12 hours
> 2 kg: 15-20 mg/kg/dose every 8 hours
Infants > 1 month and children:
40 mg/kg/day divided every 6-8 hours
Staphylococcal CNS infections and endocarditis:
60 mg/kg/day divided every 6 hours, maximum dose 1 gm/dose
Adults:
Intravenous:
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0.5 gm every 6 hours / or 1 gm every 12 hours, maximum dose 4 gm/day
Table 16.6

Vancomycin dose adjustment in renal impairment.

Creatinine clearance (mL/minute)

Dose

Frequency

> 90 mL/min

normal dose

every 6 hours

70-89 mL/min

normal dose

every 8 hours

46-69 mL/min

normal dose

every 12 hours

30-45 mL/min

normal dose

every 18 hours

15-29 mL/min

normal dose

every 24 hours

Renal dysfunction, endstage renal disease:
10-20 mg/kg, subsequent doses depend on serum drug levels
Prophylaxis of endocarditis (penicillin allergic patients):
Children: 20 mg/kg / 1 hour before procedure plus gentamycin 1.5 mg/kg 30 minutes before
procedure
Adults: 1 gm 1 hour before procedure plus gentamycin 1.5 mg/kg (maximum dose 120 mg)
30 minutes before procedure
Antibiotic associated Staphylococcal enterocolitis, Pseudomembranous colitis:
Mteronidazole is the usual drug of choice, alternately use oral vancomycin
Oral vancomycin
Children: 40 mg/kg/day in divided doses every 6 hours for 7-10 days, not to exceed 2 gm/day
Adults: 0.5-2 gm/day in divided doses every 6-8 hours for 7-10 days
C. Clindamycin:
Action: Binds to 50S ribosomal subunits, preventing peptide bond formation and inhibits bacterial
cell wall synthesis, bacteriostatic, and bactericidal
Indications: Treatment of respiratory tract, skin and soft tissue, intra-abdominal, pelvic (female)
infections; septicemia due to Fusobacterium, Bacteroides, Actinomyces; active against most aerobic
gram-positive sterptococci, staphylococci (except enterococcus); prophylaxis for bacterial
endocarditis in penicillin allergic patients; preoperative prophylaxis for head and neck, oral, and
intra-abdominal surgery; treatment of babesiosis
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Drug interactions and precautions: Increase in neuromuscular blocking effects of pancuronium;
contraindicated in patients with prior pseudomembranous colitis, regional enteritis, ulcerative colitis,
hepatic impairment or hypersensitivity to clindamycin or lincomycin; topical or systemic drug may
cause fatal colitis (i.e., persistent diarrhea, severe abdominal cramps, and passage of bloody mucus)
Injections containing benzyl alcohol (> 99 mg/kg/day) produce gasping syndrome in neonates;
capsule contains tetrazine which causes reactions; use caution in severe hepatic or renal impairment
and modify dosage in renal impairment
Adverse Reactions: Rash, urticaria, exfoliative dermatitis, erythema multiforme, Steven-Johnson
syndrome, headache, dizziness, fever, hypotension, cardiac arrhythmia (due to prolonged QT),
cardiac arrest, nausea, vomiting, diarrhea, esophagitis, pseudomembranous colitis, granulocytopenia,
thrombocytopenia, neutropenia, eosinophilia, elevated liver enzymes, renal dysfunction, vaginal
candidiasis
Neonates:
Parenteral dosage (IM, IV):
Postnatal age < 7 days:
15 mg/kg/day divided every 8 hours
Postnatal age > 7 days:
< 2 kg: 15 mg/kg/day divided every 8 hours
> 2 kg: 20-30 mg/kg/day divided every 6-8 hours
Infants and children:
Oral dose: 10-30 mg/kg/day divided every 6-8 hours, maximum dose1.8 gm/day
Parenteral dosage (IM, IV):
25-40 mg/kg/day divided every 6-8 hours, maximum dose 4.8 gm/day
Prophylaxis of bacterial endocarditis (in penicillin allergic patients for dental and upper respiratory
tract procedures):
Oral: 20 mg/kg 1 hour before procedure
Intravenous: 20 mg/kg 30 minutes before procedure
Maximum dose: 600 mg
Preoperative prophylaxis:
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Intravenous: 10 mg/kg (maximum 600 mg) plus gentamycin 2 mg/kg (maximum 120 mg)
30 minutes before procedure
Babesiosis:
Oral: 20-40 mg/kg/day divided every 8 hours for 7 days plus quinine alkaloid
Adolescents and adults:
Oral dose: 150-450 mg / dose every 6-8 hours, maximum dose 1.8 gm/day
Parenteral dosage (IM, IV):
1.2-1.8 gm/day in 2-4 divided doses, maximum dose 4.8 gm/day
Prophylaxis of bacterial endocarditis (in penicillin allergic patients for dental and upper respiratory
tract procedures):
Oral: 600 mg 1 hour before procedure
Intravenous: 600 mg 30 minutes before procedure
Preoperative prophylaxis:
Intravenous: 600 mg plus gentamycin 1.5 mg/kg (maximum 120 mg) 30 minutes before procedure
Babesiosis:
Intravenous: 1.2 gm twice daily plus quinine
Oral: 600 mg 3 times a day for 7 days plus quinine
Pelvic inflammatory disease:
Intravenous: 900 mg every 8 hours for 24-48 hours, followed by oral dose of 600 mg 3 times a day
for 14 days
D. Chloramphenicol:
Action: Reversibly binds to 50S ribosomal subunits, preventing peptide bond formation and
inhibits bacterial cell wall synthesis
Indications: Treatment of serious infections due to organisms in which other less toxic agents are
either resistant or having less penetration in tssues; active against Bacteriodes, H. influenzae, N.
menigitidis, Salmonella, Ricketsiae, most aerobic gram-positive streptococci, and staphylococci and
vancomycin resistant enterococcus
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Drug interactions and precautions: Fatal blood dyscrasias occur both after short and long term use;
monitor CBC in all patients; use caution in patients with G-6-PD deficiency, hepatic or renal
impairment, and neonates; modify dosage in renal and hepatic impairment; inhibits the metabolism of
phenytoin, cyclosporine, chlorpropamide, and oral anticoagulants; phenobarbital and rifampin
decrease serum chloramphenicol levels; chloramphenicol decreases the intestinal absorption of
vitamin B-12
Adverse Reactions: Rash, nightmares, headache, dizziness, peripheral neuropathy, optic neuritis,
left ventricular dysfunction, gray baby syndrome (ash grey skin, cyanosis, hypothermia, circulatory
collapse, abdominal distension, and coma; associated with serum level ≥ 50 mcg/ mL.), nausea,
vomiting, diarrhea, stomatitis, enterocolitis, hemolysis in G-6-PD deficiency, thrombocytopenia,
neutropenia, aplastic anemia, bone marrow suppression, hepatitis-pancytopenia syndrome
Neonates:
Intravenous dosage (IM not recommended):
Initial loading dose: 20 mg/kg IV
Maintenance dose: First dose should be given 12 hours after loading dose
Postnatal age < 7 days:
25 mg/kg/day once every 24 hours
Postnatal age > 7 days:
< 2 kg: 25 mg/kg/day once evry 24 hours
> 2 kg: 50 mg/kg/day divided every 12 hours
Infants and children:
Intravenous dosage:
75-100 mg/kg/day divided every 6 hours, maximum dose 4 gm/day
Meningitis:
50-75 mg/kg/day divided every 6 hours
Adults:
Intravenous:
75-100 mg/kg/day divided every 6 hours, maximum dose 4 gm/day
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E. Rifampin:
Action: Binds to beta subunit of DNA-dependent RNA polymerase, blocking RNA transcription
and inhibits bacterial RNA synthesis
Indications: Treatment of active tuberculosis in combination with other antitubercular agents;
treatment of staphylococcal infection in combination with other agents; prophylaxis for contacts with
Hemophillus inflenzae type B infection; treatemt of asymptomatic carriers of meningococcal
infection
Drug interactions and precautions: Use caution in patients with hepatic impairment and modify
dosage in hepatic impairment; use caution with concurrent medications that cause liver injury (i.e.,
pyrazinamide); decreases plasma levels of Ca++ channel blockers, quinidine, digoxin, oral
anticoagulants, and barbiturates
Adverse Reactions: Rash, pruritis, urticaria, red-orange discoloration of body fluids, headache,
ataxia, dizziness, fever, confusion, myalgia, arthralgia, nausea, vomiting, diarrhea, stomatitis,
anorexia, hemolytic anemia, thrombocytopenia, neutropenia, eosinophilia, elevated liver enzymes,
hepatitis, cholestatic jaundice, renal failure, interstitial nephritis
♣ Intravenous infusion dose is the same as an oral dose.
Tubeculosis:
Infants and children:
10-20 mg/kg/day in divided doses every 12-24 hours
Adults:
10 mg/kg/day is given once a day, maximum dose 600 mg/day
Prophylaxis of H. Influenzae:
Neonates: (< 1 month)
10 mg/kg/day every 24 hours for 4 days
Infants (> 1 month) and children:
20 mg/kg/day every 24 hours for 4 days, maximum dose 600 mg/day
Adults:
600 mg/day every 24 hours for 4 days.
Prophylaxis of meningococcal infections:
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Neonates (< 1 month):
10 mg/kg/day in divided doses every 12 hours for 2 days
Infants (> 1 month) and children:
20 mg/kg/day in divided doses every 12 hours for 2 days, not to exceed 600 mg/dose
Adults:
600 mg/dose every 12 hours for 2 days
Prophylaxis of Staphylococcus aureus (nasal carriers):
Children:
15 mg/kg/day in divided doses every 12 hours for 5-10 days, plus other antibiotics
Adults:
600 mg once daily for 5-10 days plus other antibiotics
Treatment of Staphylococcus aureus infections (combination therapy):
Neonates, infants and children:
5-20 mg/kg/day in divided doses every 12 hours plus other antibiotics
Adults:
300-600 mg twice daily plus other antibiotics
F. Rifabutin:
Action: Binds to beta subunit of DNA-dependent RNA polymerase, blocking RNA transcription,
peptide chain initiation, and inhibits bacterial RNA synthesis
Indications: Treatment of MAC (mycobacterium avium complex) tuberculosis in combination with
other antitubercular agents; prophylaxis for disseminated MAC in advanced HIV infection
Drug interactions and precautions: Use caution in patients with hepatic and renal impairment;
modify dosage in renal impairment (Clcr < 30 mL/minute); decreases plasma concentrations of Ca++
channel blockers, quinidine, digoxin, oral anticoagulants, clarithromycin, barbiturates, cyclosporine,
itraconazole, and protease and non-nucleoside reverse transcriptase inhibitors; increased serum
rifabutin levels with conazoles, clarithromycin, protease inhibitors, and indanivir; so decrease the
dosage of ribabutin
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Adverse Reactions: Rash, pruritis, urticaia, brown-orange discoloration of body fluids, headache,
fever, confusion, seizures, myositis, arthralgia, nausea, vomiting, diarrhea, dysgeusia, anorexia,
hemolytic anemia, thrombocytopenia, neutropenia, eosinophilia, elevated liver enzymes, corneal
deposits, uveitis
Oral dosage:
Prophylaxis of first episode of MAC in HIV patients:
Children < 6 years:
5 mg/kg/once daily
Children > 6 years:
300 mg once daily
Prophylaxis of recurrence of MAC in HIV patients:
Infants and children:
4 mg/kg/once daily (maximum 300 mg daily) in combination with clarithromycin
Adolescents and adults:
Prophylaxis of first episode of MAC in HIV patients:
300 mg once daily
Prophylaxis of recurrence of MAC in HIV patients:
300 mg daily in combination with other agents
G. Amphotericin B (Conventional drug):
Action: Binds to ergosterol, altering cell membrane permeability of fungi and leads to leakage of
cell components and cell death
Indications: Severe systemic infections caused by susceptible fungi, i.e., Histoplasma capsulatum,
Cryptococcus neoformans, Blastomyces dermatitidis, Aspergillus species, Mucor species, Sporothrix
schenckii, Coccidioides immitis, Torulopsosis glabrata, and Candida species; topical treatment of
cutaneous and mucocutaneous candidal infection; topical irrigation for bladder fungal infection;
treatment of fungal peritonitis
Drug interactions and precautions: Use IV amphotercin primarily for fatal fungal infections, not for
inapparent fungal disease; nephrotoxic drugs potentiate the renal toxicity of amphotericin; increases
toxicity of cardiac glycosides, muscle relaxants due to hypokalemic effect of amphotericin; azoles
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may induce fungal resistance to amphotericin; severe anaphylactoid reactions are reported with IV
administration
Adverse Reactions: Rash, pruritis, urticaria, anaphylaxis, hypotension, hypertension, cardiac
arrhythmias, shock, bronchospasm, headache, fever, chills, delerium, seizures, malaise, hypokalemia,
hypomagnesemia, nausea, vomiting, steatorrhea, anorexia, anemia, thrombocytopenia, leukopenia,
elevated liver enzymes, acute hepatic failure, renal failure, renal tubular acidosis
Dosage:
♣ Avoid confusion between lipid based froms and conventional forms.
(maximum dose for conventional form of drug 1.5 mg/kg/day)
Neonates, infants and children:
Intravenous test dose:
0.1 mg/kg/dose, maximum 1 mg; infuse over 20-60 minutes and if tolerated go to initial therapeutic
dose:
0.4 mg/kg/dose given on the same day as a test dose
Incremental therapeutic dose:
Increase the daily dosage by 0.25 mg/kg increments on each subsequent day until desired dose is
attained
Maintenance dose:
0.25 mg-1 mg/kg/day given once daily (infuse over 2-6 hours)
Severe and progressive disease may require short-term dose of 1.5 mg/kg/day
Once therapy is established, may administer 1-1.5 mg/kg/dose every other day
Adults:
Intravenous test dose:
1 mg/dose to infuse over 20-30 minutes, if tolerated go to initial therapeutic dose:
0.25 mg/kg/dose given on the same day as a test dose
Incremental therapeutic dose:
Increase the daily dosage by 0.25 mg/kg increments on each subsequent day until desired dose is
attained
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Maintenance dose:
0.25 mg-1 mg/kg/day given once daily (infuse over 2-6 hours)
Once therapy is established may administer 1-1.5 mg/kg/dose every other day
Children and adults:
Topical (bladder) irrigation:
5-15 mg/dose in 100 mL of sterile water, irrigate bladder with 100-300 mL solution per day,
3-4 times a day for 2-5 days; clamp the catheter for 60-120 minutes and drain the fluid
Administration:
Amphotericin B is administered by peripheral IV infusion over 2-3 hours (range 1-6 hours) at a
concentration not to exceed 0.1 mg/mL; in fluid restricted, use concentration not to exceed
0.5 mg/mL in D5W or D10W
♣ Dose adjustments are unnecessary in preexisting renal impairment. In renal impairment related
to the drug, decrease the dose by 50% or give less frequently.
H. Amphotericin B (Lipid complex) (Abelcet):
Indications: Treatment of invasive fungal infections in patients intolerant (i.e., serum creatinine >
1.5 mg% during treatment), or refractory (i.e., disease progression despite a total dose of conventional
drug of 10 mg/kg) to conventional amphotericin B; treatment of hepatosplenic candidiasis and
cryptococcal meningitis
Drug interactions, precautions, and adverse reactions: Similar to conventional drug, renal injury
occurs to a lesser degree than conventional drug
Dosage:
♣Avoid confusion between lipid based froms and conventional forms.
(maximum daily dose for conventional form is 1.5 mg/kg)
Children and adults:
2.5 mg-5 mg/kg / given once daily IV infusion
Administration:
Assure serum potassium is > 3.2 mEq/L, not to use in-line filter < 5 microns
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Abelcet is administered by IV infusion over 2-3 hours at a concentration of 1 mg/mL in D5W; in
fluid restricted, use concentration not to exceed 2 mg/mL in D5W; renal toxicity is dose dependent;
no firm guidelines for dose adjustments based on serum creatinine levels
I. Amphotericin B Liposome (AmBiosome):
Indications: Treatment of invasive fungal infections in patients refractory or intolerant to
conventional apmphotercin B; empiric therapy for suspected fungal infections in febrile neutropenic
(bone marrow transplant, nonlymphocytic leukemia) candidates; treatment of cryptococcal menigitis
in HIV patients; visceral leishmaniasis and suspected / proven fungal infection in patients with renal
impairment
Drug interactions, precautions, and adverse reactions: Similar to conventional drug; renal injury
occurs to a lesser degree than conventional drug
Dosage:
♣ Avoid confusion between lipid based froms and conventional forms.
(maximum daily dose for conventional form is 1.5 mg/kg).
Infants > 1 month, children, and adults:
Empiric therapy: 3 mg/kg/day given once daily IV infusion
Systemic fungal infection: 3-5 mg/kg/day given once daily IV infusion
Aspergillosis: Doses high as 10 mg/kg/day given once daily IV infusion
Cryptococcal meningitis (HIV patients):
6 mg/kg/day given once daily IV infusion
Visceral leishmaniasis:
In immunocompetent patients:
Days 1-5: 3 mg/kg/day once daily
Day 14 and 21: 3 mg/kg/dose
In immunocompromised patients:
Days 1-5: 4 mg/kg/day once daily
Day 10, 17, 24, 31, 38: 4 mg/kg/dose
Administration:
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Do not use in-line filter < 1 microns. AmBiosome is administered by IV infusion over 1-2 hours at
a final concentration of 1-2 mg/mL in D5W, D10W, D20W; in infants and children use a lower
concentration of 0.2-0.5 mg/mL
J. Fluconazole:
Action: Interferes with fungal cytochrome and sterol alpha-demethylation activity, decreasing
ergosterol synthesis and inhibiting cell membrane formation
Indications: Systemic candida infections of urinary tract, peritonitis, cystitis, and pneumonias; it is
more active against C. albicans than C. parapsilosis, C. glabrata, and C. tropicalis; treatment of
esophageal, oral, and vaginal candidiasis; treatment and prophylaxis of cryptococcal meningitis;
alternative therapy to amphotericin B in pre-existing renal impairment or as a concomitant drug
therapy with other nephrotoxic agents
Drug interactions and precautions: Reduces the metabolism of oral antidiabetic agents and induces
hypoglycemia; increases plasma levels of phenytoin, warfarin (prolongs PT), cyclosporine,
theophylline, and cisapride (prolonged QT, fatal arrhythmias); azoles may induce fungal resistance to
amphotericin; drug associated fatal hepato-toxicity and hepatic injury; exercise caution and modify
dosage in renal and hepatic impairment and proarrhythmic states
Adverse Reactions: Rash, pruritis, urticaria, Stebven-Johnson syndrome, anaphylaxis, QT
prolongation, torsade de pointes, shock, bronchospasm, headache, seizures, malaise, hypokalemia,
hyperlipidemia, nausea, vomiting, diarrhea, abdominal pain, thrombocytopenia, leukopenia,
agranulocytosis, elevated liver enzymes, hepatitis, cholestatic jaundice
Dosage:
Oral dose and intravenous dosage is same
Neonates < 14 days:
Same as older infants but administered every 24-72 hours
Neonates > 14 days, infants, and children:
Oropharyngeal candidiasis:
6 mg/kg/day on day 1, 3 mg/kg daily for 14 days
Esophageal candidiasis:
6 mg/kg/day on day 1, 3-12 mg/kg/daily for 21 days
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Systemic candidiasis:
6-12 mg/kg/daily for 28 days
Cryptococcal meningitis:
Acute: 12 mg/kg / on day 1
6-12 mg/kg/day for 10-12 weeks after CSF cultures become negative
For relapse: 6 mg/kg/daily
Adults:
Oropharyngeal candidiasis:
200 mg on day 1, 100 mg daily for 14 days
Esophageal candidiasis:
200 mg on day 1, 100-400 mg daily for 21 days
Systemic candidiasis:
400 mg on day 1, 200-800 mg daily for 28 days
Cryptococcal meningitis:
Acute: 400 mg on day 1
200-800 mg/day for 10-12 weeks after CSF cultures become negative
For relapse: 200 mg daily
Vaginal candidiasis:
150 mg oral, as a single dose
Prophylaxis of fungal infections (bone marrow transplants):
IV or oral: 400 mg / day once daily
Dose adjustment in renal failure:
Creatinine clearance (Clcr) 21-50 mL/min: Give 50% of recommended dose
Clcr: < 20 mL/min: Give 25% of recommended dose
Dialysis patients: Give one recommended dose after each dialysis.
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K. Itraconazole:
Action: Interferes with fungal cytochrome P450 and sterol alpha-demethylation activity, decreasing
ergosterol synthesis and inhibiting cell membrane formation
Indications: Systemic fungal infections (aspergillosis, histoplasmosis coccidioidomycosis,
blastmycosis, paracoccidioidomycosis) in immmuno-compromised and non-immuno compromised
patients that are refractory or intolerant to amphotercin B; treatment of oropharyngeal and esophageal
candidiasis
Drug interactions and precautions: Increases plasma levels of phenytoin, warfarin, (prolongs PT),
digoxin, cyclosporine, theophylline, and oral antidiabetic agents; concomitant use increases toxicity
of terfandine, lovostatin, and cisapride (produces severe cardiovascular effects i.e., prolonged QT,
fatal arrhythmias, cardiac arrest); decreased absorption of drug with concomitant use with proton
pump inhibitors, H2 receptor antagonists and antacids; exercise caution in hepatic impairment,
proarrhythmic states, and LV dysfunction
Adverse Reactions: Rash, pruritis, urticaria, toxic epidermal necrolysis, anaphylaxis, ventricular
fibrillation, CHF, hypertension, headache, somnolence, dizziness, fever, hypokalemia, adrenal
insufficiency, gynaecomastia, nausea, vomiting, diarrhea, abdominal
thrombocytopenia, leukopenia, elevated liver enzymes, hepatitis, albuminuria

pain,

anorexia,

Dosage:
Infants and children:
3-5 mg/kg/day once daily
Prophylaxis of Aspergillus infection:
5-10 mg/kg/day divided every 12-24 hours
Prophylaxis of first episode of Cryptococcus neoformans and Histoplasma capsulatum infection
(HIV patients):
2-5 mg/kg/dose every 12-24 hours
Prophylaxis of recurrence of Cryptococcus and Histoplasma infection (HIV patients):
2-5 mg/kg/dose every 12-24 hours
Adults:
Oral dosage:
Life threatening systemic infection and aspergillosis:
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600 mg/day in 3 divided doses for 3-4 days
Maintenance dose 200-400 mg/day in 2 divided doses
Maximum dose: 600 mg/day in 3 divided doses
Blastomycosis and histoplasmosis:
200 mg/day once daily and increase by 100 mg/day to a dose of 400 mg/day in 2 divided doses
Oropharyngeal candidiasis:
Swish 10 mL in a mouth once daily, total dose of 20 mL / daily
Esophageal candidiasis:
Swish 10 mL in a mouth and swallow daily, maximum dose of 200 mg/day
Intravenous dose:
Blastomycosis, histoplasmosis and aspergillosis:
200 mg IV twice a day for 4 doses, then 200 mg daily (use of IV dose beyond 14 days is not
established)
Switch to oral 200 mg/day for beyond 14 days use
L. Caspofungin:
Action: Inhibits synthesis of beta (1-3) - D-glucan, an esstental component of fungal cell wall
Indications: Treatment of invasive fungal infections (aspergillosis) refractory to conventional
amphotericin B, refractory to amphotericin B lipid complex, and itraconazole; treatment of
candidemia; treatment of intra-abdominal, pleural, peritoneal, and esophageal candidiasis; empiric
therapy for suspected fungal infection in febrile neutropenic patients
Drug interactions and precautions:
Increased drug clearance (decreased levels of caspofungin) with concomitant use of nevirapine,
phenytoin, dexamethasone (therefore, increase the dose)
Concomitant use with cyclosporine increases caspofungin blood levels (therefore, decrease the dose);
concomitant use with cyclosporine results in elevated liver enzymes and increase in hepatic toxicity
(avoid concomitant use)
Rifampin decreases trough levels of drug (increase the dose in adults)
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Adverse Reactions: Rash, pruritis, erythema, anaphylaxis, facial swelling, peripheral edema,
flushing, bronchospasm, dysponea, headache, fever, chills, insomnia, muscle tremor, paresthesia,
hypokalemia, hypomagnesemia, hypercalcaemia, nasuea, vomiting, diarrhea, abdominal pain, nausea,
thrombocytopenia, leukopenia, anemia, eosinophilia, elevated liver enzymes (ALT, AST), hepatitis,
elevated creatinine, hematuria, proteinuria
Parenteral dosage:
Infants and children < 12 years:
Loading dose of 70 mg/m2 /day on day 1 (maximum dose 70 mg), followed by 50 mg/m2 /day once
daily (maximum dose 50 mg/daily)
Children > 12 years, adolescents and adults:
Loading dose of 70 mg on day 1, followed by 50 mg once daily
♣ Adjust the dose in patients taking concomitant enzyme inducers such as:
Receiving concomitant rifampin: 70 mg once daily
Receiving concomitant phenytoin, dexamethasone: 70 mg once daily
Esophageal candidiasis:
50 mg once daily
Dose adjustment in renal failure:
Not needed
Dose adjustment in moderate hepatic impairment:
Decease the dose by 30%
Administration: Intravenous slow infusion over 1 hour at a maximum concentration of 0.47 mg/mL
in NS, ½ NS, ¼ NS, RL without dextrose
Do not mix with any other medications
M. Metronidazole:
Action: The degradation product (metabolite) interacts with DNA of susceptible organisms,
causing a loss of helical structure and breakdown of the strands, leading to inhibition of protein
synthesis and promoting cell death
Indications: Treatment of susceptible anaerobic bacterial and protozoal infections of intra-abdominal,
CNS, skin and skin structure, amebic liver abscess, and dysentery; treatment of trichomoniasis,
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giardiasis, systemic anaerobic bacterial infections, and antibiotic associated pseudomembranous colitis
due to C. difficile.
Precautions and drug interactions: Reduce dosage in liver impairment, but dose adjustment is not
necessary in moderate to severe renal impairment; phenobarbital and rifampin may increase
metabolism of metronidazole; increases the levels of warfarin, phenytoin, and lithium causing
disulfiram-like rections
Adverse Reactions: Rash, metallic taste, nausea, vomiting, diarrhea, xerostomia and furry tongue,
discoloration of urine to dark red or brown, leukopenia, peripheral neuropathy, confusion, seizures,
hallucinations, insomnia, paresthesias
Dosage:
Neonates: Anaerobic infections:
0-4 weeks (< 1200 g): 7.5 mg/kg every 48 hours (oral or IV)
Postnatal age < 7 days:
1200-2000 g: 7.5 mg/kg/day every 24 hours
> 2000 g: 15 mg/kg/day in divided doses every 12 hours
Postnatal age > 7 days:
1200-2000 g: 15 mg/kg/day in divided doses every 12 hours
> 2000 g: 30 mg/kg/day in divided doses every 12 hours
Infants and children:
Anaerobic infections:
30 mg/kg/day in divided doses (oral or IV) every 6 hours (maximum 4 g/day)
Pseudomembranous colitis:
30 mg/kg/day in divided doses (oral) every 6 hours (for 7-10 days)
Amebiasis:
35 to 50 mg/kg/day in divided doses every 8 hours
Trichomoniasis:
15 to 50 mg/kg/day in divided doses every 8 hours
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Adolescents and adults:
Anaerobic infections:
30 mg/kg/day in divided doses (oral or IV) every 6 hours (maximum 4 g/day)
Pseudomembranous colitis:
250-500 mg 3 to 4 times a day for 10 to 14 days
Amebiasis:
500-750 mg (oral dose) every 8 hours
Trichomoniasis:
250 mg (oral dose) every 8 hours or 2 g as a single dose
Helicobacter Pylori:
250-500 mg (oral dose) 3 times a day in combination with amoxicillin and bismuth subsalicylate
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17.1 Normal Laboratory Values
Table 17.1 Normal hematological parameters.
Age

Hgb

Hct

RBC

MCV

MCH

MCHC

PLTS

(g/dL)

(%)

(mill/mm )

(fL)

(pg)

(%)

(×𝟏𝟎𝟑 /𝐦𝐦𝟑 )

<1 wk

15.0-20.0

45-61

4.0-5.9

95-115

31-37

29-37

250-450

1-2 wk

12.5-18.5

39-57

3.6-5.5

86-110

28-36

28-38

250-450

1-6 mo

10.0-13.0

29-42

3.1-4.5

74-96

25-35

30-36

300-700

7 mo 2 y.

10.5-13.0

33-38

3.7-4.9

70-84

23-30

31-37

250-600

2-5 y

11.5-13.0

34-39

3.9-5.0

75-87

24-30

31-37

250-550

5-8 y

11.5-14.5

35-42

4.0-4.9

77-95

25-33

31-37

250-550

13-18 y

12.0-15.2

36-47

4.5-5.1

78-96

25-35

31-37

250-550

Adult m.

13.5-16.5

41-50

4.5-5.5

80-100

26-34

31-37

150-450

Adult f.

12.0-15.0

36-44

4.0-4.9

80-100

26-34

31-37

150-450

3

Hgb = Hemoglobin, Hct = hematocrit, RBC = red blood cells, MCV = mean corpuscular volume. MCH = mean
corpuscular hemoglobin, MCHC = mean corpuscular hemoglobin concentration, Plt = platelets, m = male, f = female

Table 17.2

Erythrocyte Sedimentation Rates (ESR).

ESR method

Children

Adult male

Adult female

Westergren

0-20 mm/hour

0-15 mm/hr

0-20 mm/hr

Wintrobe

0-13 mm/hour

0-10 mm/hour

0-15 mm/hr

Reticulocyte count:
Newborns: 2%-6%, 1-6 months: 0%-2.8%, Adults: 0.5%-1.5%
Table 17.3
Age
WBC
(×𝟏𝟎𝟑 /𝐦𝐦𝟑 )
< 1 wk
9.0-35.0
1-2 wk
5.0-20.0
1-6 mo
6.0-17.0
7 mo to 2 y 6.0-17.0
2-5 y
5.5-15.5
5-8 y
5.0-14.5
13-18 y
4.5-13.0
Adults
4.5-11.0

Segs
32-62
14-34
13-33
15-35
23-45
32-54
34-64
35-66

Normal White blood cells and Differential count.
Bands
10-18
6-14
4-12
5-11
5-11
5-11
5-11
5-11

Lymphs
19-29
36-45
41-71
45-76
35-65
28-48
25-45
24-44

Monos
5-7
6-10
4-10
3-6
3-6
3-6
3-6
3-6

Eosino
0-2
0-2
0-3
0-3
0-3
0-3
0-3
0-3

Baso
0-1
0-1
0-1
0-1
0-1
0-1
0-1
0-1

AtpLy
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8

NRBCs
0-2
Nil
Nil
Nil
Nil
Nil
Nil
Nil

WBC = white blood cell count, Segs = segmented neutrophils. Eosino = eosinophils, Baso = basophils, AtpLy = atypical
lymphocytes, Bands = band neutrophils, Lymphs = lymphocytes, Monos = monocytes. N RBC = nucleated red blood cells.
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Table 17.4 Serum chemistry.
Sodium

136-145 mEq/L

Chloride

95-105 mEq/L

Potassium
2 d to 3 mo

4.0-6.2 mEq/L

3 mo to 1 y

3.7-5.6 mEq/L

1-16 y

3.5-5.0 mEq/L

Carbon dioxide, total

23-33 mEq/L

Urea nitrogen
0-2 y

4-15 mg/dL

2 y to Adult

5-20 mg/dL

Creatinine 0-1 y

≤0.6 mg/dL

1 y to adult

0.5-1.5 mg/dL

Calcium
Newborns

7.0-12.0 mg/dL

0-2 y

8.8-11.2 mg/dL

2 y to adult

9.0-11.0 mg/dL

Calcium (ionized)

4.4-5.4 mg/dL

Magnesium

1.5 to 2.5 mEq/L

Phosphorous:
Newborns

4.2-9.0 mg/dL

6 wk to 19 mo

3.8-6.7 mg/dL

19 mo to 3 y

2.9-5.9 mg/dL

3-15 y

3.6-5.6 mg/dL

>15 y

2.5-5.0 mg/dL

Glucose
Newborns

30-90 mg/dL

0-2 y

60-105 mg/dL

Children to Adults

70-110 mg/dL

Serum Osmolality

275-296 mOsm/kg

Osmolality, urine: 50-1400 mOsm/kg
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Table 17.5 Serum enzymes.
Amylase
Infants

0-60 units/L

Adults

30-110 units/L

Lipase
Children

20-140 units/L

Adults

0-190 units

Alanine aminotransferase (ALT) (SGPT)
0-2 mo

8-78 units/L

>2 mo

8-36 units/L

Alkaline phosphatase (ALKP)
Neonates:

60-130 units/L

Infants 0 y- 16 y

85-400 units/L

>16 y

30-115 units/L

Aspartate aminotransferase (AST)
Infants

18-74 units/L

(SGOT)Children

15-46 units/L

Adults

5-35 units/L

Creatine kinase (CK)
Infants

20-200 units/L

Children

10-90 units/L

Adult male

0-206 units/L

Adult female

0-175 units/L

Lactate dehydrogenase (LDH)
Neonates:

290-501 units/L

1 mo to 2 y

110-144 units/L

>16 y

60-170 units/L
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Table 17.6 Serum chemistry.
Protein, total
0-2 y
>2 y
Albumin
0-1 y
1 y to adult
Ammonia
Newborns
Children
Adults
Bilirubin, total
< 1 wk
1 mo to adult
Bilirubin, direct
Newborns
1 mo to adult
Bilirubin, indirect
Cholesterol
Newborns
0-1 y
1-20 y
Triglycerides
Infants
Children
Uric acid
Male
Female
Iron
Newborns
Infants
Children
Adults
Iron binding
Newborns
Infants
Adults
Blood lactate:
1-0.5 mmol/L. (not stressed patient)
less than 2 mmol/L (critical illness)

4.2-7.4 g/dL
6.0-8.0 g/dL
2.0-4.0 g/dL
3.5-5.5 g/dL
90-150 mcg/dL
40-120 mcg/dL
18-54 mcg/dL
2.0-10.0 mg/dL
0-1.5 mg/dL
<1.5 mg/dL
0-0.5 mg/dL
0.6-10.5 mg/dL
45-170 mg/dL
65-175 mg/dl
120-230 mg/dL
0-171 mg/dL
20-130 mg/dL
3.0-7.0 mg/dL
2.0-6.0 mg/dL
110-270 mcg/dL
30-70 mcg/dL
55-120 mcg/dL
70-180 mcg/dL
59-175 mcg/dL
100-400 mcg/dL
250-400 mcg/dL

Hyperlactatemia: It is a blood lactate level of 2-5 mmol/L and persistent increase without
metabolic acidosis

552 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Lactic acidosis: It is a blood lactate level of > 5 mmol/L and persistent increase with metabolic
acidosis.
Notes:
(Shock is a clinical syndrome resulting from an imbalance between tissue oxygen demands and
tissue oxygen supply. Oxygen delivery is impaired in hypovolemic, cardiogenic, septic (distributive),
and obstructive (pericardial tamponade, tension pneumothorax) forms of shock. In presence of tissue
hypoxia, pyruvate oxidation decreases, lactate production increases, and ATP formation continues
via glycolysis. The amount of lactate produced is believed to correlate with the total oxygen debt, the
magnitude of hypoperfusion, and the severity of shock. Serial lactate determinations may be helpful
in patients resuscitated from shock-states to assess the adequacy of therapy).
Table 17.7 Normal Blood Gases.
Arterial

Capillary

Venous

pH

7.35-7.45

7.35-7.45

7.32-7.42

PCO2 (mm Hg)

35-45

35-45

38-52

PCO2 (mm Hg)

70-100

60-80

24-48

19-25

19-25

19-25

TCO2 (mEq/L)

19-29

19-29

23-33

O2 saturation (%)

90-95

90-95

40-70

Base excess (mEq/L)

5 to +5

5 to +5

5 to +5

HCO3

−

(mEq/L)

Thyroid Function Tests:
1. T 4 (thyroxine):
Table 17.8A Normal serum thyroxine (T4) levels.
< 1 Wk

10.1-20.9 mcg/dL

1 mo to 1 y

5.5-16.0 mcg/dL

1-3 wks-

9.8-16.6 mcg/dL

>1 y

4.0-12.0 mcg/dL

2. FTI (free thyroxine index):
It is the amount of unbound, physiologically active thyroxine (T4) in the serum. This amount is
determined by direct assay, or more frequently, calculated on the basis of an in-vitro uptake test. In
this test the uptake of labeled triiodothyronine (T3) is measured; because T3 is less strongly bound by
serum, it is used instead of T4. The free T4 index is then obtained by multiplying the T3 uptake by the
total concentration of T4 in serum.
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Table 17.8B Normal serum free thyroxine index (FTI).
< 1 wk

9.3-26.6

4-12 mo

5.1-14.5

1-4 wk

7.6-20.8

1-6 y

5.7-13.3

1-4 mo

7.4-17.9

>6 y

4.8-14

3. T 3 (triiodothyronine):
Table 17.8C Normal serum triiodothyronine (T3) levels.
Newborns

100-470 ng/dL

5-10 y

90-240 ng/dL

1-5 y

100-260 ng/dL

10 y to Adult

70-210 ng/dL

4. T 3 uptake:
35%-45%
5. TSH (Thyroid stimulating hormone):
< 1 wk < 25 micro international units/mL
> 1 wk 0-10 micro international units/mL
Serum Cortisol:
8 a.m. sample: 6-23 ug/dL.
Serum ADH:
0-4.7 pg/mL
Serum Aldosterone:
Normal serum levels of aldosterone are dependent on the sodium intake and whether the patient is
upright or supine. High sodium intake will tend to suppress serum aldosterone, whereas low sodium
intake will elevate serum aldosterone. The below levels for serum aldosterone are based on normal
sodium intake.
Table 17.9

Normal serum Aldosterone levels.

< 1 Wk:

5.0-102.0 ng/dL

1-2 yrs:

7.0-93.0 ng/dL

1-3 wks:

6.0-179.0 ng/dL

3-10 yrs:

4.0-44.0 ng/dL

1-11 months:

7.0-99.0 ng/dL

11-14 yrs:

4.0-31.0 ng/dL

15 yrs and adult:

31.0 ng/dL

--- 16.0 ng/dL (supine)
--- 4.0-31.0 ng/dL (upright)
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BNP (brain natriuretic peptide): It is secreted by cardiac myocytes in response to excessive
stretch of cardiac muscle fibers. It is a marker of left ventricular dysfunction.
BNP and NT-proBNP (N-terminal fragment, biologically inactive form):
BNP (normals) < 50 pg/mL
('Gray area') 100 to 500 pg/mL
(Positive) > 500 pg/mL
Table 17.10 NT-proBNP levels (in pg/mL) and NYHA functional class.
NYHA I

NYHA II

NYHA III

NYHA IV

5th Percentile

33

103

126

148

95th Percentile

3410

6567

10,449

12,188

Mean

1015

1666

3029

3465

17.2 Respiratory System Equations
17.2.1 Acid Base Analysis
Henderson-Hasselbach Equation:
pH = pK + log

[𝐻𝐶𝑂3 − ]
𝑎 ×𝑃𝑎𝐶 02

pH = Negative logarithm of H + ion concentration
pK = Dissociation constant for bicarbonate buffer (6.01)
HCO3 − = mEq of bicarbonate / litre
a= solubility coefficent for PaCO2 (0.03)
PaCO2 = Patrial pressure of CO2 in blood
Calculation of normal blood pH (7.35-7.4) =
6.01+ log

[𝐻𝐶𝑂3 − ] 25 𝑚𝑀𝑜𝑙𝑒𝑠
0.03 × 𝑃𝑎𝐶 02 40 𝑚𝑚 𝐻𝑔

= 6.01+ log (25/1.2) = 7.35

Acute respiratory disturbance: 10 mm Hg rise or fall in PaCO2 accompanies 0.08 fall or rise in pH.
Acute metabolic change: 10 mEq/L rise or fall in HCO3 − accompanies 0.15 rise or a fall in pH
For determining the mixed acid base changes, consider the expected compensation as below:
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Acute Compensation:
Respiratory Acidosis: ↓ pH, ↑ HCO3 − by 1 mEq/L for each 10 mm Hg rise in PaCO2
Respiratory Alkalosis: ↑ pH, ↓HCO3 − by 1-3 mEq/L for each 10 mm Hg fall in PaCO2
Chronic Compensation:
Respiratory Acidosis: ↓ pH, ↑ HCO3 − by 4 mEq/L for each 10 mm Hg rise in PaCO2
Respiratory Alkalosis: ↑ pH, ↓ HCO3 − by 2-5 mEq/L for each 10 mm Hg fall in PaCO2
Metabolic Acidosis: ↓ pH, ↓ PaCO2 by 1-1.5 mm Hg × fall in HCO3 −
Metabolic Alkalosis: ↑ pH, ↑ PaCO2 by 0. 25-1 mm Hg × rise in HCO3 −

17.2.2 Alveolar Oxygen (Gas) Equation
PAO2 = PIO2 – (PACO2/R).
PIO2= FIO2 × (Pb – (water vapor pressure, i.e., 47 mm Hg).
PAO2, Partial pressure of oxygen in alveoli.
PIO2, partial pressure of inspired oxygen.
R, respiratory quotient (CO2 produced/O2 consumed).
Under normal metabolic states R=0.8
PACO2, partial pressure of alveolar CO2
PACO2 equals PaCO2 (partial pressure of arterial CO2).
Pb, atmospheric pressure (760 mm Hg).
Illustrative Calculation:
Patient breathing 40% (0.4) FIO2
Pi O2 = 0.4 × (760-47) = 285 mm Hg.
PAO2 = 285-(40/0.8) = 253 mm Hg, assuming arterial PaCO2 (or PA CO2) is 40 mm Hg.

17.2.3 Alveolar-Arterial Oxygen Gradient: (A-a O2 Gradient)
Have the patient on 100% (1.0) Fi O2 for atleast 15 minutes.
Measure ABG to know PaCO2 and PaO2.
Calculate PAO2 from above equation.
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A-a O2 Gradient= PAO2−PaO2.
Normal A-aO2 gradient is 5-15 mm Hg on room air.
Normal A-aO2 gradient is 20-65 mm Hg on FIO2 (1.0) 100%.

17.2.4 Oxygen Content of Blood
O2 content in mL/dL = O2 capacity/dL ×O2 saturation (100% represented as 1.0) + dissolved O2 in
blood.
O2 Capacity = Hemoglobin concentration (in gm)/dL of blood × 1.34.
O2 saturation depends on oxyhemoglobin dossociation curve.
Dissolved O2 in blood = 0.003.
Illustrative calculation:
Patient hemoglobin is 14 gm% and O2 saturation of blood is 90%.
O2 content in mL/dL = 14 × 1.34 × 0.9= 16.88+ 0.003= 17 mL/dL (after decimal correction).
Patient hemoglobin is 14 gm% and O2 saturation of blood is 65%.
O2 content in mL/dL = 14 × 1.34 × 0.65 = 12.19+ 0.003 = 12.2 mL/dL (after decimal correction).

17.2.5 Arterio-Venous Oxygen Difference (AV DO2)
AV DO2 = CaO2 ˗ Cmv O2
CaO2 = Arterial oxygen content.
CmvO2 = Mixed venous oxygen content.
Have the patient on 100% (1.0) FIO2 for atleast 15 minutes.
Obtain ABG and mixed venous (blood sample obtanied from PA catheter) oxygen saturation.
Calculate O2 content of arterial and mixed venous sample from equations under 17.2.4
Normal AVDO2 = 5 mL/dL.

17.2.6 Oxygen Extraction Ratio
O2 extraction ratio = (AV DO2/CaO2) × 100
Normal range is 28-33%.

Chapter 16

Drug formulary

557

It is indicative of adequacy of O2 delivery to the tissues.
Increased extraction ratios sugggest increase in metabolic demands against O2 content of the blood.

17.2.7 Oxygenation Index (OI)
OI= Mean airway pressure (Cm H2O) × FIO2/PaO2 × 100
OI > 35 for a few hours is indicative of severe respiratory compromise and indication for ECMO.
Illustrative calculation:
Mean airway pressure 40 Cm H2O; FiO2 40%, PaO2 98 mm Hg:
40 × 0.4/98 × 100= 16
Mean airway pressure 55 Cm H2O; FiO2 100%, PaO2 90 mm Hg:
55 × 1.0/90 × 100= 61

17.2.8 Intrapulmonary Shunt Fraction (Qs/Qt)
Qs = flow across right to left.
Qt = total cardiac output.
Qs/Qt =

(𝐴−𝑎𝑂2 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 ) ×0.003
𝐴𝑉 𝐷𝑂2 + ( 𝐴−𝑎𝑂2 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 ) ×0.003

AV DO2 = arterio-venous oxygen difference
A-aO2 gradient = alveolar-arterial oxygen gradient)
Have the patient breathe on FiO2 100% for 10-15 minutes and obtain blood samples.
Normal shunt fraction is < 5%.
Shunt fraction > 15-25% suggests progressive respiratory failure.

17.3

Cardiovascular System

17.3.1 Blood Flow Calculation (Fick Method)
Systemic blood flow (Qs):
Liters/minute =

𝑉𝑂2
𝐴𝑂 𝑆𝑎 𝑂2 −𝑀𝑉 𝑆𝑎 𝑂2 × 𝐻𝑏 ×1.36 ×10
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Pulmonary blood flow (Qp):
Liters / minute =

𝑉𝑂2
𝑃𝑉 𝑆𝑎 𝑂2 −𝑃𝐴 𝑆𝑎 𝑂2 × 𝐻𝑏 ×1.36×10

VO2 = Oxygen consumption/minute.
AO SaO2 = Aortic (O2) saturation, MV SaO2 = Mixed venous (O2) saturation.
PV SaO2 = pulmonary venous (O2) saturation, PA SaO2 = Pulmonary arterial (O2) satuaration.
Qp/Qs:
𝐴𝑂 𝑆𝑎 𝑂2 −𝑀𝑉 𝑆𝑎 𝑂2
𝑃𝑉 𝑆𝑎 𝑂2 −𝑃𝐴 𝑆𝑎 𝑂2

= O2 saturation of

𝐴𝑂−𝑀𝑉
𝑃𝑉 −𝑃𝐴

(A0= aorta, MV= mixed venous sample, PV=pulmonary veins, PA= pulmonary artery)
Qp/Qs = 1, in absence of intracardiac shunts.
Qp/Qs= 2.3, if

𝐴0 𝑠𝑎𝑡 100 −𝑀𝑉 𝑠𝑎𝑡 (65)
𝑃𝑉 𝑠𝑎𝑡 100 −𝑃𝐴 𝑠𝑎𝑡 (85)

Qp/Qs= 0.83, if

𝐴0 𝑠𝑎𝑡 90 −𝑀𝑉 𝑠𝑎𝑡 (65)
𝑃𝑉 𝑠𝑎𝑡 100 −𝑃𝐴 𝑠𝑎𝑡 (70)

in a left to right intracardiac shunt.
in a right to left intracardiac shunt.

Effective pulmonary blood flow (EPBF): Fraction of mixed venous blood received by the lungs
without mixing with a shunt blood.
In absence of shunts, PBF = EPBF=SBF.
In presence of L to R shunts PBF=EBPF+Shunt flow.
PBF > SBF.
In presence of R to L shunts SBF=EBPF+Shunt flow.
SBF > PBF.
Effective pulmonary blood flow =

𝑉𝑂2
𝑃𝑉 𝑆𝑎 𝑂2 −𝑀𝑉 𝑆𝑎 𝑂2 × 𝐻𝑏 ×1.36×10

Mixed venous O2 content:
3 × 𝑆𝑉𝐶 𝑂2 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 + 1 × 𝐼𝑉𝐶 𝑂2 𝐶𝑜𝑛𝑡𝑒𝑛𝑡
4
Shunt flow (left to right): PBF- EPBF.
Shunt flow (right to left): SBF - EPBF.
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Alternate calculations of shunt flows:
Shunt blood flow Q (left> Right):
𝑉𝑂2
𝑃𝑉 𝑆𝑎𝑂2 − 𝑀𝑉 𝑆𝑎𝑂2 × 𝐻𝑏 × 1.36 × 10
Shunt blood flow Q (Rght > left):
𝑉𝑂2
𝑃𝑉 𝑆𝑎𝑂2 − 𝐴𝑂 𝑆𝑎𝑂2 × 𝐻𝑏 × 1.36 × 10

17.3.2 Resistance Calculations
Resistance of the vascular bed (R) =

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 𝑎𝑐𝑟𝑜𝑠𝑠 𝑡ℎ𝑒 𝑣𝑎𝑠𝑐𝑢𝑙𝑎𝑟 𝑏𝑒𝑑
𝐵𝑙𝑜𝑜𝑑 𝑓𝑙𝑜𝑤 𝑡ℎ𝑟𝑜𝑢𝑔 ℎ 𝑡ℎ𝑒 𝑣𝑎𝑠𝑐𝑢𝑙𝑎𝑟 𝑏𝑒𝑑

=

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

Systemic vascular resistance (SVR):
𝑀𝐴𝑃 –𝐶𝑉𝑃

SVR (dynes m2 /sec) =

× 80

𝐶𝑂

MAP=Mean arterial pressure in mm of Hg = (2 diastolic pressure +1 systolic pressure)/3
CVP=Central venous pressure in mm of Hg.
CO=cardiac out put in liters/m2
Pulmonary vascular resistance (PVR):
PVR (dynes m2/sec) =

𝑃𝐴𝑃 −𝑃𝐶𝑊𝑃 × 80

PVR (wood units) =

𝐶𝑂
𝑃𝐴𝑃 −𝑃𝐶𝑊𝑃
𝑃𝐵𝐹

PAP = Mean pulmonary artery pressure.
PCWP = Pulmonary capillary wedge pressure.
PBF = Pulmonary blood flow.

17.3.3 Valve Area and Valve or Flow Gradient
Flow gradient:
Bernoulli equation (based on echocardiographic doppler flow study):
Delta P (gradient) = 4 × 𝑉 2 or 2 × 𝑉
V = flow velocity in meters/second across the valve or a vessel.

2

𝐹𝑙𝑜𝑤
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Grolin formula:
Valve area =

𝐶𝑂 × 𝑆𝐸𝑃 𝑜𝑟 𝐷𝐹𝑃 ×𝐻𝑅
∗44.3 ×𝐶 × 𝑚𝑒𝑎𝑛 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 (𝑚𝑚 𝑜𝑓 𝐻𝑔 )

CO = Cardiac output.
SEP = Systolic ejection period (flow in semilunar valves).
DFP = Diastoloc filling period (flow in AV valves).
HR = Heart Rate.
C = Constant = for mitral valve 0.85, for aortic valve 1.0
*44.3 = Gravitational constant.
As the SEP or DFP are relatively constant at a normal heart rate, for clinical purposes the following
formula may be used to calculate the valve ara.
Valve area =

17.4

𝐶𝑂 (𝑙𝑖𝑡𝑒𝑟𝑠 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒 )
𝑚𝑒𝑎𝑛 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 (𝑚𝑚 𝐻𝑔 )

Fluid and Electrolytes

17.4.1 Anion Gap
Difference between unmeasured cations (UC) and unmeasured (UA) anions in blood is known as
anion gap (AG).
Formula: AG is clinically determined by (serum Na+ serum K + ) minus (serum Cl− serum
HCO3 −).
Anion gap = UC ˗ UA = ( Na+ + K +) − ( Cl− + HCO3 −).
Normal AG = 12 mEq ± 2 mEq/L.
Increased AG:
Increase in unmeasured anions in blood (i.e., lactate, ketones, phosphates, salicylates, nitrates,
ethylene glycol, methanol, uremia, and hyperosmolar hyperglycemic non-ketotic coma) results in ↑
AG.
Decrease in unmeasuresd cations in blood (i.e., hypokalemic, hypocalcemic, and hypomagnesemic
states) results in ↑ AG.
Decrease in unmeasured anions in blood (i.e., hypoalbuminemia ) results in ↓ AG.
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Increase in unmeasuresd cations in blood (i.e., hyperkalemic, hypercalcemic, and hypermagnesemic
states) results in ↓ AG.
Normal anion gap (AG) metabolic acidosis:
i) Excessive loss of HCO3 − from pancreatic fistulas, diarrhea etc.
ii) Saline resuscitation or excessive administration of citrated blood in shock (hyperchloremic
acidosis).

17.4.2 Serum Sodium Correction
Serious Hyponatremia:
Required mEq of Na+ = Desired Na+ (mEq) ˗ Actual Na+(mEq) × 0.6 × body weight in Kg
Give only 1 mEq/Kg/hour (Maximum rate of infusion).
Do not correct serum sodium level of > 20 mEq/L/day.
Acute correction of serum sodium is done in 5 mEq/L / dose increments until serum Na+ of
125 mEq/L is reached.
Hypertonic saline solution (> 0.9% NS) is used only at the initial stages.
Rate of 3% (hypertonic saline) administration:
To raise serum Na+ at 2 mEq/L/hr =

2 𝑚𝐸𝑞 ×0.6 × 𝐵𝑊 𝑘𝑔 ×1000
513 𝑚𝐸𝑞 𝑝𝑒𝑟 𝐿𝑖𝑡𝑒𝑟

In 10 kg infant rate of 3% saline infusion to raise serum Na+ 2 mEq/hr = 23 mL/hr.
In asymptomatic but severe hyponatremic patients, do gradual correction in increments of
10 mEq/L/day.
Hypernatremia:
In hypovolemic hypernatremia, first restore ECF volume with infusion of isotonic saline. Then
correct hypernatremia with hypotonic saline or D5W.
Calculation of H2 O decficit in liters =

0.6 × 𝐵𝑊 𝑖𝑛 𝐾𝑔 ×𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑠𝑒𝑟𝑢𝑚 Na + ( mEq per liter )
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑛𝑜𝑟𝑚𝑎𝑙 𝑠𝑒𝑟𝑢𝑚 Na + ( 140 mEq per liter )

−1

In normovolemic hypernatremia, correct only with D5W.
In hypervolemic hypernatremia, correct with diuretics and simultaneous infusion of D5W or D5W
¼ NS.

562 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Rate of Correction:
1. Chronic Hypernatremia: Correction is done slowly over 48 hours and not faster than 2 mOsm/hr.
Rapid correction would cause cerebral edema.
2. Acute Hypernatremia:
Usually accompnied by neurologic signs and use rapid correction in a few hours.

17.4.3 Elements
Conversion formula of mg of an (element or a compound) to mEq/liter:
Equivalent weight of an element =
Element in mEq/litre =

𝐴𝑡𝑜𝑚𝑖𝑐 𝑤𝑒𝑖𝑔 ℎ𝑡 𝑜𝑓 𝑎𝑛 𝑒𝑙𝑒𝑚𝑒𝑛𝑡
𝑉𝑎𝑙𝑒𝑛𝑐𝑒 𝑜𝑓 𝑎𝑛 𝑒𝑙𝑒𝑚𝑒𝑛𝑡

𝑀𝑔 𝑜𝑓 𝑎𝑛 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝑎 𝑙𝑖𝑡𝑟𝑒
𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑛𝑒𝑡 𝑤𝑒𝑖𝑔 ℎ𝑡 𝑜𝑓 𝑎𝑛 𝑒𝑙𝑒𝑚𝑒𝑛𝑡

Table 17.11 Atomic weights and valence of common elements.
Element

Atomic weight

Valence

Element

Atomic weight

Valence

Oxygen

16

2

Chlorine

35

1

Sodium

23

1

Sulphur

32

2

Potassium

40

1

Phosphorous

30

2

Magnesium

24

2

Carbon

12

4

Calcium

40

2

Hydrogen

1

1

Illustrative calculations:
230 mg of sodium ( Na+)/litre has 10 mEq of sodium
Sodium in mEq / litre =

𝑀𝑔 𝑜𝑓 𝑠𝑜𝑑𝑖𝑢𝑚 𝑖𝑛 𝑎 𝑙𝑖𝑡𝑟𝑒 (230)
𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑛𝑒𝑡 𝑤𝑒𝑖𝑔 ℎ𝑡 𝑜𝑓 𝑠𝑜𝑑𝑖𝑢𝑚 (23)

= 10 mEq of Na+

120 mg of calcium (Ca2+)/litre has 6 mEq of Ca = 120/20
Calcium in mEq / litre =

𝑀𝑔 𝑜𝑓 𝑐𝑎𝑙𝑐𝑖𝑢𝑚 𝑖𝑛 𝑎 𝑙𝑖𝑡𝑟𝑒 (120)
𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑛𝑒𝑡 𝑤𝑒𝑖𝑔 ℎ𝑡 𝑜𝑓 𝑐𝑎𝑙𝑐𝑖𝑢𝑚 (20)

= 6 mEq of Ca2+

17.4.4 Compounds
1. Calculation of elements of a compound in mEq/liter=
Millimoles (mMol) of a compound in a litre =

𝑀𝑔 𝑜𝑓 𝑎 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖𝑛 𝑎 𝑙𝑖𝑡𝑟𝑒

𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔 ℎ𝑡 𝑜𝑓 𝑎 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑
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Milliequivalents (mEq) of an element in a litre =
Millimoles of compound in a litre × valence of an element.
One millimole of a compound/litre dissociates into ---- one mEq/litre of each ion (cation or anion)
for monovalent and two mEqs / litre for divalent ions of a compound.
Illustration:
1160 mg (1.16 gm) of sodium chloride/litre (molecular weight of NaCl = 58).
20 millimoles of NaCl / litre (= 1160/58).
= 20 mEq of Na+ and 20 mEq Cl−/litre.
1 litre of 0.9% of normal saline.
155 millimoles of NaCl/litre (= 9000/58).
= 155 mEq Na+ and 155 mEq Cl−/litre.
110 mg (0.11 gm) of calcium chloride / litre (molecular weight of CaCl2 = 110).
= 110/110 = 1 millimole/litre of Cacl2 = 2 mEq of Ca2+ and 2 mEq of Cl−.

