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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.
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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.

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

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.

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

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).

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.
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.
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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 ).
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.

