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

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:
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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).
• Fever, increased capillary permeability, anasarca, and intermittent pulmonary edema.
4) Tolazoline:
Very often causes systemic vasodilatation (see Chapter 16).
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). 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).

