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Endocrine Critical Care
Problems
Tara Trimarchi

endocrine disturbance is discussed within the context of
fluid deficit or excess with electrolyte imbalance, circulatory
failure, and hypoglycemia or hyperglycemia.

MATURATIONAL ANATOMY AND PHYSIOLOGY

Endocrine Regulation of Water and Electrolyte
Balance and Hemodynamic Stability
Endocrine Regulation of Energy Production
by Cells: Glucose Homeostasis

MATURATIONAL ANATOMY
AND PHYSIOLOGY

DISTURBANCES OF WATER BALANCE: FLUID VOLUME
DEFICIT

Endocrine Regulation of Water
and Electrolyte Balance
and Hemodynamic Stability

ADH Deficit (Diabetes Insipidus)
Increased Atrial Natriuretic Peptide Production
and Cerebral Salt Wasting Syndrome

Water is distributed in the human body as intracellular fluid
(70% of total body water) and extracellular fluid, which
includes plasma and interstitial fluids (30% of total body
water). Osmolality is an important factor regulating fluid
balance between the intracellular fluid (ICF) and the
extracellular fluid (ECF) compartments. Normal plasma
osmolality ranges between 270 and 285 mOsmIL. Sodium is
the major cation of the ECF and usually accounts for 90%
of the plasma osmolality. Hormones, such as antidiuretic
hormone. aldosterone, and atrial natriuretic hormone, act on
the kidneys to influence the reabsorption and excretion of
sodium and water, thereby regulating the concentration,
composition, and volume of body fluids and maintaining
osmolality within the normal range.
Antidiuretic Hormone (Vasopressin). Antidiuretic
hormone (ADH) is formed in the supraoptic and paraventricular nuclei of the hypothalamus and is stored in the
posterior pituitary. ADH increases the reabsorption of water
in the collecting ducts of the kidneys. Through the action of
ADH, water is returned to the vascular space, resulting in
increased blood volume and decreased water loss in the
urine. ADH secretion is regulated by plasma osmolality
receptors located in the brain and by stretch receptors
located in the ascending aorta and left atrium of the heart.
When the plasma osmolality is higher than 285 mOsmIL,
the osmoreceptors in the hypothalamus of the brain are
stimulated, resulting in a sensation of thirst and ADH
secretion. Through the ingestion of fluids and water

DISTURBANCES OF WATER BALANCE: FLUID VOLUME

ExcEss

ADH Excess (SIADH Secretion)
ADRENocoRnCAL HYPOFUNCTION: FLUID VOLUME DEFICIT
AND CIRCULATORY FAILURE

Adrenal Insufficiency/Adrenal Crisis
DISTURBANCES OF GLUCOSE HOMEOSTASIS

Hypoglycemia
Hyperglycemia
SUMMARY

T

he endocrine system is a complex physiologic network
that regulates growth, development, metabolism, and
sexual differentiation. This integrated system of feedback
loops depends on the stimulation or inhibition of glands that
secrete hormones into the bloodstream.
Frequently encountered endocrine emergencies in children can be grouped into the final common pathways of
alterations in fluid and electrolyte balance, circulatory
failure, and alterations in glucose homeostasis. This chapter
reviews the basic pathophysiology, diagnosis, and treatment
of selected endocrine problems. Recommendations for the
nursing management of the infant or child with a serious
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reabsorption by the kidney, this response restores intravascular volume and maintains serum osmolality within the
very narrow range of 282 to 295 mmol/kg. I Decreased
blood pressure caused by hypovolemia or vasodilation
stimulates stretch receptors located in the ascending aorta
and left atrium and is also a stimulus for ADH secretion.
Mineralocorticoids (Aldosterone). Aldosterone is
secreted by the adrenal cortex. Aldosterone acts on the renal
tubules, resulting in the conservation of sodium and water
and the excretion of potassium in the urine. Under the
influence of aldosterone, sodium and water are returned to
the vascular space and urine production is decreased.
Aldosterone secretion is, in part, controlled by the reninangiotensin system.
The renin-angiotensin system is stimulated by decreased
renal perfusion, resulting from diminished blood volume
and reduced arterial blood pressure. When the juxtaglomerular apparatus of the kidneys senses a state of low perfusion,
the kidneys release renin. Renin stimulates the conversion
of angiotensin I (a protein produced by the liver) to
angiotensin II. Angiotensin II is a potent vasoconstrictor and
stimulates aldosterone release. In addition to aldosterone
release, some ADH is also released in response to angiotensin II. Vasoconstriction, in addition to the sodium and
water retention induced by aldosterone and ADH, serves to
restore blood pressure and volume.
Atrial Natriuretic Hormone (Atrial Natriuretic
Peptide). Atrial natriuretic hormone (ANH), or atrial
natriuretic peptide, is produced by the cells of the atria of the
heart. ANH has vasoactive effects on blood vessels,
including the glomerulus of the kidney, and acts to increase
glomerular filtration rate. Increased glomerular filtration rate
promotes increased urine production with an accompanying
increase in salt excretion into the urine. ANH may also
inhibit angiotensin II-mediated aldosterone and antidiuretic
hormone release. The stimulus for the production of ANH
and the role of ANH in sodium homeostasis are not
completely understood. However, brain injury appears to be
directly related to production of ANH. High atrial pressure
resulting in stretching of atrial cells is also implicated as a
stimulus for ANH production. 2
Adrenal Hormones: Glucocorticoids and Catecholamines. Glucocorticoids (primarily cortisol) are
produced and secreted by the adrenal cortex. Glucocorticoid
production is regulated by the anterior pituitary. As circulating cortisol levels decrease, adrenocorticotropic hormone
(ACTH) is secreted by the anterior pituitary gland. ACTH
signals the adrenals to secrete cortisol. Glucocorticoids have
the weak mineralocorticoid effect of enhancing water and
sodium reabsorption in the kidney, resulting in the return of
water to the vascular space.
In response to neuronal input, the adrenal medulla
produces the catecholamines epinephrine and norepinephrine. Catecholamines maintain blood pressure by increasing
vascular tone, heart rate, and myocardial contractility.
Catecholamine production is also dependent on the presence
of local cortisol in the adrenal cortex. During illness,
surgery, and trauma, increased production of glucocorticoid
hormones and catecholamines is essential for the mainte-

nance of the body's stress response. Inadequate cortisol and
catecholamine production may result in profound hypotension because of volume loss, electrolyte imbalance, myocardial depression, and poor arterial tone?

Endocrine Regulation of Energy Production
by Cells: Glucose Homeostasis
Glucose is the main energy source for all body cells. Protein
and fat are additional sources of energy. The endocrine
system regulates the use of energy sources and the
production of energy by cells. The hormones responsible for
regulating energy production include insulin, glucagon,
epinephrine, cortisol, and growth hormone.
Insulin is a hormone produced by the beta cells of the
pancreas. Insulin regulates glucose, protein, and fat metabolism. Insulin also enhances glucose uptake by cells. This
mechanism ensures that glucose is available for use as an
energy-generating substrate. In addition, insulin stimulates
protein synthesis and inhibits the breakdown of fat stores, or
lipolysis.
Insulin is released in the postprandial state. As nutrients are absorbed by the gut, blood glucose rises. The
release of insulin is stimulated by the rise in blood glucose.
Insulin places the body in an anabolic state. Glucose, in
excess of the needs of cells for energy production, is
taken up and stored in the liver and skeletal muscles as
glycogen. In addition, insulin stimulates the building of
proteins from amino acids and the storage of fatly acids as
adipose tissue.
Glucagon is produced by the alpha cells of the pancreas.
Glucagon counterregulates insulin secretion and the anabolic effects of insulin. Glucagon raises blood glucose by
stimulating the synthesis of glucose from glycogen stores in
the liver. Glucagon also facilitates the breakdown of
proteins, making amino acids available for gluconeogenesis,
and stimulates lipolysis. Glucagon release is stimulated by
hypoglycemia and neural impulses associated with the stress
response.
Epinephrine is produced in the adrenal medulla and is
released in response to sympathetic nervous system stimulation during stress. Epinephrine raises blood glucose by
causing the breakdown of glycogen stores in the liver and
skeletal muscle and by promoting gluconeogenesis, the
synthesis of glucose from noncarbohydrate substrates, such
as proteins and lipids. Epinephrine also induces lipolysis to
make fat available as a substrate for energy production by
cells.
Although relatively minor in importance, growth hormone and glucocorticoids (primarily cortisol) also regulate
cellular energy production. Cortisol is produced by the
adrenal cortex. Cortisol release is under the control of
ACTH and is, in part, stimulated by a stress response.
Glucocorticoids increase blood glucose and stimulate
lipolysis.
Growth hormone, produced by the anterior lobe of the
pituitary, stimulates protein synthesis, gluconeogenesis, and
lipolysis. As with cortisol and epinephrine, growth hormone
production increases during times of stress.

Chapter 23

Glucose Stores in the Body. Hepatic glycogen
stores are the initial glucose source in the fasting state.
Healthy children typically possess glycogen stores sufficient
for up to 8 hours of fasting. Infants' stores, however, are
limited and may be sufficient to maintain blood glucose for
approximately 4 to 6 hours of fasting. Following the
depletion of glycogen stores, gluconeogenesis accounts for
the primary glucose source. Well-nourished children can
also maintain blood glucose in the normal range for
approximately another 12 to 18 hours by converting to the
oxidation of fatty acids as a primary energy source. During
the process of oxidizing fatty acids, ketone bodies are
produced (~-hydroxybutyrate and acetoacetate), which can
be used as an energy source by muscle and brain cells.

~
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23-1 Antidiuretic Hormone (ADH)
Deficiency: Diabetes Insipidus
.

TABlE

Underlying Mechanisms
Iyuria
rine hypoosmolar (clear
in color)
ypematremia
rna hyperosmolarity
.rst, polydipsia
hydration or shock state

DISTURBANCES OF WATER BALANCE:
FLUID VOLUME DEFICIT
ADH Deficit (Diabetes Insipidus)
Neurogenic or central diabetes insipidus (01) is a condition
in which a deficit of AOH results in decreased reabsorption
of water by the distal tubules of the kidneys and loss of free
water in the urine. DJ is typically associated with central
nervous system disorders that damage or create pressure in
the area of the hypothalamus, pituitary stalk, or posterior
pituitary gland. Common causes of central DI in children
include central nervous system lesions such as craniopharyngiomas, pituitary gland or suprasellar tumors, or the
surgical resection of these tumors. Olson and colleagues4
reported a 20% incidence of DI after transphenoidal
pituitary surgeries, with the onset of the disorder occurring
as late as 2 weeks after the procedure. Traumatic brain
injury is also a common cause of D1. Finfer and co-workers 5
studied a series of 77 children with traumatic head injury
that progressed to brain death. Seventy-eight percent of the
children studied developed 01. Hypoxic-ischemic encephalopathy may result in DI as wel1. 6 In addition, Charmandari
and Brook 7 reviewed a series of 120 children with 01 who
did not have brain tumors or known brain injury, and they
reported that 01 is associated with a small, but otherwise
structurally normal pituitary gland and other hormone
deficiencies, such growth hormone and ACTH deficiency.
There are also familial degenerative disorders of the neurons
that secrete ADH. 1
01 may also be the result of a primary renal defect.
Primary renal 01 occurs when otherwise normal kidneys fail
to respond to ADH. Secondary renal DI is loss of ADH
sensitivity as a result of a known underlying renal disease or
other factors that interfere with the kidney's ability to
concentrate water, such as a protein deficiency, limited
sodium intake, hypokalemia, hypercalcemia, and certain
drugs (lithium, demeclocycline).
The signs and symptoms of central DI and underlying
causes are outlined in Table 23-1. Urine output of approximately 40 mllkg/day is typically encountered in cases of
01; however, up to 400 mllkg/day of urine output related to
DI has been reported. l Urinary water losses result in an ECF
deficit that may be significant enough to precipitate hypo-
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ADH deficit with resulting
diuresis
ECF volume depletion
Dehydration
Hypovolemia secondary to
ECF volume depletion
Cerebral hypoperfusion
caused by dehydration;
changes in cerebral cellular function resulting from
electrolyte abnormality

Gr.';'.

~CF, Extracellular ftuid.

volemic shock. Serum sodium may be extremely high
because of the ECF volume depletion. The child with an
intact thirst mechanism who is allowed to drink may be able
to orally replace urinary fluid losses and thereby maintain a
normal serum sodium and serum osmolality. However,
interference with drinking because of debilitating disease
may rapidly precipitate volume depletion.
Diagnostic Presentation. Diagnostic findings in DI
are outlined in Table 23-2. Low urinary osmolality (generally <100-200 mOsmIL) in conjunction with elevated serum
osmolality (>285 mOsmIL) and elevated serum sodium
(> 145 mEqlL) is diagnostic of DJ. These values reflect that
water has been inappropriately lost in the urine with a
resulting dehydration and plasma hyperosmolality. Stimulation tests such as the water deprivation test and vasopressin
test may be used to confiml the diagnosis. The water
deprivation test involves the restriction of all fluids until 3%
to 5% of body weight has been lost. Because of the risk of
hypovolemic shock, vital signs are monitored closely, along
with hourly serum sodium, serum osmolality, urine osmolality, and body weight. At the completion of the test,
vasopressin is administered subcutaneously or intranasally.
A rise in urinary concentration and decreased urine output
following the administration of vasopressin support the
diagnosis of central DJ. In cases of nephrogenic DI, no
detectable improvement in the ability of the kidneys to
concentrate urine is encountered after the administration of
vasopressin.
Critical Care Management. Care of the child with
central DI is outlined in Table 23-2. Interventions are
directed at the prevention of complications associated with
circulatory failure and hyperosmolar encephalopathy. Urinary losses in children with DI may be significant, and
failure to replace losses may result in hypovolemic shock.
High urine output may necessitate replacement on a
half-hourly or hourly basis. Careful monitoring of the
child's neurologic status is essential to detect early signs of
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TABLE

I'

23-2

Managing ADH Deficiency: Diabetes Insipidus (DI).

Panicipate in diagnostic workup
History
Risk factors

IIf Physical examination

I"~L.:

..••

,

~;:

.i'e, Laboratory tests
_:~

.if.
'fC
if'"

•

Stimulation tests

Pre:;~:' :;p~~~=::~;;~~m;,
dehydration, and shock

Jlj
iii;"
!;h,
i1~;,;

,iii

ri' Replace volume deficit and
ongoing losses

Replace ADH

Observe for signs of water intoxication secondary to overtreatment (correction of
hypernatremia should be no
greater than a decrease of
2 mEqfL/hr)

~H,

Polyuria, enuresis, thirst, weight loss, fatigue, anorexia
Recent CNS trauma, infection or surgery, known midline cerebral defects, kidney disease
(nephrogenic 01)
Dehydration: lethargy, increased skin turgor, lack of tears with crying, sunken fontanelle
Hypovolemia/circulatory failure: tachycardia; weak, thready pulse; skin cold, clammy;
delayed capillary refill; hypotension; depressed level of consciousness
Irritability or altered mental status caused by hypernatremia
Serum osmolality increased (>290 mOsmIL)
Serum sodium increased (> 145 mEqfL)
Urine osmolality decreased (<100-200 mOsmIL)
Hypematremia (<125 mEq/L)
Urine specific gravity decreased « 1.010)
Water deprivation test
Vasopressin test
Evaluate fluid balance:
Compare urine output to fluid intake
Measure urine specific gravity
Monitor weight trends every 8 hr
Assess onhostatic blood pressure, frequent vital sign assessments, neurologic checks,
and physical examinations
Bolus with 10-20 ml/kg of normal saline if hypotensive
Then 0.9% to 0.45% normal saline solution maintenance plus calculated replacement
over 24-48 hours (rate of replacement and concentration of IV fluids dependent on
serum sodium level)
Replace urine losses
Continue fluid replacement nntil vasopressin takes effect (urine specific gravity> 1.010,
and urine output decreased)
Administer vasopressin
Administer continuous infusion of vasopressin analog, such as aqueous arginine vasopressin, titrated repeatedly for maximum therapeutic effect. Typically, vasopressin
doses of approximately 1.5 mU/kg/hr are required; however, doses may range from
0.5 to 10 mU/kg/hr
Desired effect: urine volume decreased to <2 ml/kg/hr
Urine specific gravity increased to >1.010
Urine osmolality increased
Normalization of serum sodiUm/osmolality
Mental status changes, headache
Nausea, vomiting
Lethargy, weakness
Seizures, coma

Antidiuretic honnone; eNS, central nervous system; IV, intravenous.

r.~'

encephalopathy (headache, mental status changes) and
potential seizures caused by altered serum sodium levels. In
addition, encephalopathy is occasionally associated with
overly rapid correction of hypernatremia. The child who
presents with significant hypernatremia (> 155 mEqlL) is at
highest risk for hyperosmolar encephalopathy. Children
with severe hypernatremia, particularly hypernatremic dehydration that develops rapidly, require slow correction,
usually over a 36- to 48-hour period, to prevent hyperosmolar encephalopathy.
Vasopressin administration is also used to the treat
central DJ. The intravenous, subcutaneous, or intranasal

routes are all viable options for vasopressin replacement.
Desmopressin acetate (DDAVP), given intranasal1y, is a
commonly used intermediate-acting preparation for home
management. However, because of variability in absorption,
it is not the preparation of choice in the critical1y ill patient.
Children with DI who are receiving ADH replacement are at
risk for both dehydration (because of inadequate replacement of both ADH and fluids) and water intoxication
(because of overreplacement of water or overdoses of
vasopressin). Critically ill children and children who cannot
communicate are at increased risk for and often less able to
tolerate sustained fluxes in intravascular fluid volume.

Chapter 23
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Therefore shorter-acting preparations such as vasopressin
(Pitressin or aqueous arginine vasopressin) or lypressin
(Diapid) are used to treat OJ in the critically ill population. Continuous infusion of vasopressin analogs such as
aqueous arginine vasopressin are most often used and are
titrated repeatedly for maximum therapeutic effect. 8 Typically, a vasopressin dose of approximately 1.5 mO/kg/hr
is required; however, doses may range from 0.5 to to
mU/kg/hr. 9 • 10
A rise in urine specific gravity and decrea~e in urine
output within I hour after the administration of a vasopressin analog indicate a therapeutic effect. Intravenous fluid
rates are readjusted once antidiuresis has been achieved to
prevent volume overload and water intoxication. Serum
sodium and osmolality are useful indices of water balance
and are usually obtained every I to 2 hours until an
appropriate vasopressin dose and rate of intravenous fluid
administration have been determined. Hourly monitoring of
urine volume and specific gravity are also necessary for the
determination of an appropriate vasopressin dose. Therapeutic goals that have been correlated with positive outcomes in the treatment of 01 include a urine output of 2 to
3 ml/kg/hr, urine specific gravity of LOID to 1.020, and
serum sodium of 140 to 145 mEqlL. 1I According to Lugo
and colleagues, II urine specific gravity is the most sensitive
marker of vasopressin responsi vity and appropriateness of
vasopressin dose, and urine output is the second most useful
marker of therapeutic response. In addition, Lugo and
co-workers I I report a lag in serum sodium and osmolality
normalization in relation to vasopressin administration.
Caution is exercised when administering vasopressin.
Vasopressin causes local and systemic vasoconstriction.
Children receiving vasopressin infusions must be monitored
closely for signs of diffuse tissue ischemia, such as lactic
acidosis, and local ischemia at the infusion site. 10

Although not routinely monitored, serum ANH levels are
high in children experiencing sodium loss from this
cause?
Because treatments for hyponatremia differ depending on
the underlying cause, it is important to distinguish cerebral
salt wasting syndrome from the syndrome of inappropriate
antidiuretic hormone (SIADH) secretion in children who
have a decreased serum sodium level. SIADH is the more
common cause of hyponatremia, particularly in children
with head injury. In contrast to cerebral salt wasting
syndrome, SIADH results in a markedly decreased urine
output and highly concentrated urine, along with fluid
retention. In SIADH, the dilutional effect of fluid retention
contributes to hyponatremia; thus fluid restriction, rather
than sodium replacement, becomes the mainstay of therapy?
Critical Care Management. Little research has
demonstrated the best practices for treati ng cerebral salt
wasting syndrome. Treatment usually includes replacement
of any volume loss with an isotonic saline solution and
sodium supplementation in the form of enteral sodium
chloride administration, or intravenous infusion of a 3%
sodium chloride solution 2
The use of 3% saline solution (a solution containing
0.513 mEq of sodium per milliliter of solution) for the
treatment of hyponatremia warrants very careful calculation
of the dose of sodium chloride required and close monitoring of the child during administration. Typically, the use of
3% saline solution is restricted to cases of symptomatic
hyponatremia with serum sodium levels' less than 125
mEqIL. The dose of 3% saline to be administered is based
on the amount of sodium necessary to correct hyponatremia
to a serum level of 125 mEqlL. The following calculation is
often used to determine this dose:

Increased Atrial Natriuretic Peptide
Production and Cerebral Salt Wasting
Syndrome

The total dose is administered slowly (often over 24 hours
or more) to avoid causing encephalopathy associated with
rapid correction of hyponatremia. Rises in serum sodium
level that exceed 0.6 to I mEq/ hr are considered dangerous
and contribute to the development of encephalopathy.
Frequent monitoring of serum sodium levels to follow the
rate of correction is necessary. Furthermore, because 3%
saline is hyperosmolar, the site of intravenous administration is monitored closely for signs of phlebitis and
subcutaneous tissue irritation indicative of extravasation. 10

Increased ANH production results in diuresis with loss of
sodium in the urine. Central nervous system injury appears
to be directly related to production of ANH and is the most
common feature of children with salt wasting syndromes.
Cerebral salt wasting syndrome typically occurs within the
first week after brain injury. Evidence shows that hypovolemic states induced by 01 and diabetic ketoacidosis;
conditions that affect the myocardium, such as hypertension,
congestive heart failure, and congenital heart defects; and
chronic lung disease, such as bronchopulmonary dysplasia,
may induce ANH production and a salt wasting syndrome.
Furthermore, cases have been reported of elevated ANH
levels in children with other endocrine disorders, such as
Cushing's syndrome and hyperaldosteronism?
Diagnostic Presentation. Cerebral salt wasting syndrome is defined by hyponatremia (serum sodium <130
mEqlL), in conjunction with normal or increased urine
output and normal or slightly elevated urine specific gravity.
In addition, increased sodium content (>80 mEqlL) is found
in the urine of children with salt wasting syndromes.

Sodium deficit (amount to be administered) =
0.6 x (Body weight in kg) x (125 - Measured serum sodium level)

DISTURBANCES OF WATER BALANCE:
FLUID VOLUME EXCESS
ADH Excess (SIADH Secretion)
SIADH secretion is a condition in which ADH is secreted
despite serum hypo-osmolality, hyponatremia, and euvolemia. Inappropriate ADH secretion results in increased
permeability of the renal distal tubules and collecting ducts,
with a resulting increase in water reabsorption and intravascular fluid volume, and a decrease in urine production.
As with 01, SIADH may be due to traumatic or hypoxic
ischemic brain injury or discrete diseases of the hypothala-
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23-3

ADH Excess (SIADH)

:Signs and Symptoms

r.,,~,

.

Dilutional hypervolemia
from decreased urine
production or increased
fluid retention
ADH concentrates urine by
increasing permeability
of renal collection tubule
Decreased renin-angiotensin II and aldosterone
result in sodium
excretion
Hyponatremia
Cerebral edema resulting
from fluid shift

~H,
..
-;,

Underlying Mechanisms

Antidiuretic hormone; SIADH, syndrome of inappropriate ADH.

mus, pItUitary stalk, or posterior pituitary, In cases of
traumatic brain injury, the onset of SIADH may be
delayed 4 ,12 SIADH is also encountered in patients who
have meningitis 13 and patients who have undergone spinal
manipulation, such as spinal fusion for scoliosis,14 In
addition, nonneurologic disorders, such as hepatic disease,
pulmonary diseases, high-dose chemotherapy, and bone
marrow or peripheral stem cell transplants, are also associated with the development of SIADH. 15 The classic signs
and symptoms of SIADH and the underlying mechanisms
are outlined in Table 23-3, Hyponatremia (serum sodium
<125 mEqlL) and hypo-osmolality (serum osmolality
<260 mOsmIL) both result from the dilutional effect of the
increased intravascular volume expansion, Worsening of the
hypo-osmolar state may precipitate a shift of free water from
the ECF to the ICF, which can result in cerebral edema,
Diagnostic Presentation. Diagnostic findings are
outlined in Table 23-4, The diagnosis of SIADH is made
when urinary osmolality is high, with low serum osmolality
and hyponatremia, in the face of a previously euvolemic
state, Damaraju and colleagues 16 report that monitoring
central venous pressure for the identification of increasing
intravascular volume is helpful in the detection and management of SIADH.

Managing ADH Excess (SIADH)
Participate in diagnostic workup
History
Risk factors
Physical examination

Prevent complications associated
. with water intoxication
or hyponatremia
Evaluate fluid balance

Evaluate for signs of
water intoxication
Restrict fluids
Treat acute hyponatremia

Nausea, vomiting, headache, weakness
CNS infection, trauma, surgery
Respiratory illness, positive pressure ventilation
Nausea, vomiting, weakness
Urine output decreased
Mental status changes (lethargy, irritability, headache, seizures, coma, pupillary changes)
Hypertension (late)
Hyponatremia «125 mEqlL)
Serum osmolality decreased in the face of a high urine osmolality «260 mOsm/L)
BUN normal or decreased
Increased fractional excretion of urine sodium
Urine sodium increased
Urine osmolality increased

Compare urine output to fluid intake
Measure urine specific gravity
Monitor weight trends every 8 hr
Headache, nausea, vomiting
Lethargy, weakness, irritability
Mental status changes, pupillary changes, seizures, coma
Usually equal to the amount of insensible losses or one-half to three-fourths maintenance
Loop diuretic (furosemide) 0.5-1 mg/kg/dose
Infusion of 3% NaCl solution; the dose of 3% saline to be administered is based on
the amount of sodium needed to correct hyponatremia to a serum level of 125 mEqlL
The following calculation is often used to determine this dose;
Sodium deficit (amount to be administered) =0,6 x
(Body weight in kg) x (125 - Measured serum sodium level)
The total dose is administered slowly (often over 24 hr or more) to avoid causing the
encephalopathy associated with rapid correction of hyponatremia

, '.~DH, Antidiurelic hormone; SIADH, syndrome of inappropriate ADH; BUN, blood urea nitrogen,

Chapter 23
Critical Care Management. Treatment of the child
with SlADH is outlined in Table 23-4. Interventions are
focused on the prevention of complications associated with
water intoxication and hyponatremia. Meticulous attention
to fluid balance is essential. According to a study of spinal
fusion patients by Brazel and McPhee,l4 administration of
isotonic saline solutions, rather than half or quarter normal
saline solutions, may help to prevent the development of
hyponatremia associated with SIADH in at-risk populations.
Once SIADH has developed, fluid restriction is the mainstay
of treatment. Early detection of neurologic changes associated with water intoxication is critical. Children with
SIADH are at risk for cerebral edema because the hyponatremic state allows free water to move from the ECF space
to the ICF space (including brain cells), which may result in
cerebral edema. Emergency treatment of hyponatremia may
be necessary if it is accompanied by neurologic symptoms,
such as depressed level of consciousness or seizure activity.
The standard approach to treating SIADH is fluid restriction
and, occasionally, the administration of a loop diuretic, such
as furosemide (Lasix) 0.5 to I mg/kg/dose, and infusion of a
3% sodium chloride solution to correct the hyponatremia. 16

ADRENOCORTICAL HYPOFUNCTION:
FLUID VOLUME DEFICIT
AND CIRCULATORY FAILURE
Adrenallnsufficiency/Adrenal Crisis
Adrenal insufficiency is associated with a variety of
conditions in which there is a deficiency of glucocorticoids
(primarily cortisol) and mineralocorticoids (aldosterone)
and may also result in decreased catecholamine synthesis
and release. The adrenal glands also produce androgens.
Androgens, however, have a less important effect on fluid
balance and hemodynamic stability.
Aldosterone deficiency causes decreased sodium and
water reabsorption and increased potassium reabsorption in
the renal distal tubules. Glucocorticoid deficits result in
intravascular volume loss, electrolyte imbalance, and decreased responsiveness to and synthesis of catecholamines,
which results in myocardial depression, poor arterial tone,
and hypotension. Together, aldosterone and glucocorticoid
deficiencies can cause profound hypotension. However, an
isolated glucocorticoid deficit in the face of a significant
stressor is sufficient to produce vasodi lation and shock.
Hypoglycemia may also ensue during states of adrenal
insufficiency.
Primary adrenocortical deficiency (Addison's disease) is
associated with conditions that impair the ability of the
adrenals to produce cortisol or aldosterone. Diseases such
as congenital adrenal hypoplasia, tuberculous adrenalitis,
autoimmune adrenalitis, adrenoleukodystrophy, and adrenal
hemorrhage cause primary adrenocortical dysfunction.
Primary adrenal insufficiency, often caused by adrenal
hemorrhage. is a known sequela of shock, particularly
septic shock. 17 Adrenal hemorrhage precipitated by coagulopathy resulting from sepsis or a systemic inflammatory response is referred to as the WaterhouseFriderichsen syndrome. Riorden and colleagues l8 studied
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126 cases of meningococcemia in children and reported
low cortisol levels and high ACTH levels, consistent with
primary adrenal insufficiency, in patients who died of
meningococcal disease. In addition, Briegel and associates 19 reported decreased requirement for vasopressors and
earlier resolution of multiple organ dysfunction syndrome
in adults with septic shock treated with stress dose
hydrocortisone. Similarly, Hatherill and co-workers 2o reported a 52% incidence of adrenal insufficiency in children
with septic shock on laboratory examination, but they did
not find that the children with adrenal insufficiency
experienced more organ system failure or higher morbidity.
However. despite such studies. there is a risk of inducing
immunosuppression with the use of corticosteroids, and
not enough additional evidence supports the routine
replacement of cortisol in patients with septic shock at the
present time. In fact. earlier, large adult trials have not
shown a clear benefit to the use of corticosteroids in
patients with septic shock.2°. 23 Shock states may also be
confounded by decreased production of catecholamine
resulting from damaged adrenal glands or by a phenomenon of diminished peripheral and myocardial catecholamine receptor responsivity.19.24.26
Secondary adrenocortical disease is due to intrinsic
hypothalamic or anterior pituitary dysfunction in which
there is low production or excretion of ACTH. Secondary
diseases include hypothalamic or pituitary tumors or central
nervous system trauma. Although adrenal function is intact,
cortisol is not produced because the adrenal glands do not
receive an ACTH signal from the pituitary gland to
generate cortisol. In addition, as in primary adrenal
insufficiency, shock states and sepsis, perhaps resulting
from systemic inflammation, may induce secondary adrenal
insuffici ency 27.28
Adrenal crisis may be precipitated in the child with
known adrenal insufficiency who is not given higher than
maintenance doses of steroids during times of illness,
surgery, or other significant stress. Adrenocortical insufficiency may also be iatrogenic, as seen with the administration of high-dose steroids over an extended period, resulting
in the suppression of the hypothalamic-pituitary-adrenal
axis. A fixed dose of exogenous cortisol (typically, cortisone
acetate or hydrocortisone 7 mg/m 2/day or 0.5 to 0.75
mg/kg/day) is normally sufficient to meet normal physiologic requirements. 9 However, if exogenous steroids are
abruptly withdrawn or if additional coverage is not provided
during stress or illness. the adrenals are unable to respond to
the demands for increased cortisol production because the
hypothalamic-pituitary axis has been suppressed. Regardless of the underlying dysfunction (whether primary, secondary, or iatrogenic), adrenal crisis may be precipitated
when the body is unable to respond to the demand for
increased glucocorticoid production. Signs and symptoms
of adrenocortical insufficiency and the underlying mechanisms are outlined in Table 23_5. 3. 10
Diagnostic Presentation. Diagnostic findings of adrenocortical dysfunction are outlined in Table 23-6. In
general, presentation is often that of profound circulatory
failure with component~ of hypovolemic, distributive, and
cardiogenic shock. In fact, the recommendation is that
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~. TABLE·23-5

. Adrenallnsufficienq

ii,$igns and Symptoms
11:\
I~~¢rum hyponatremia
~!~erum hyperkalemia
ITfu'.,~:

h1£:

Underlying Mechanisms

•

l'lihoCk.
.
.
il~: TachycardIa, hypotensIOn, weak rapId pulse, cold clammy
1:1,.;. skm, decreased perfusIOn, fever
,~ausea, vomiting, diarrhea, poor feeding, weakness, fatigue
il"M.·•.ental status changes, irritability
i!i1'

Jtf~i';

tii'

Illllypoglycemia

Mineralocorticoid effect (decreased sodium and increased potassium
reabsorption in distal tubule)
Glucocorticoid effect (decreased free water clearance)
Volume depletion
Vasodilation, myocardial depression, poor arterial tone, decreased
responsiveness and synthesis of catecholamines
Electrolyte imbalance
Central nervous system changes resulting from fluid deficit,
hypoglycemia, or electrolyte imbalance
Decreased gluconeogenesis

Diagnosis and Treatment of.Adrenocortical Dysfunction
Participate in diagnostic workup
History
Risk factors

Physical examination

Laboratory tests

Stimulation tests

Nausea, vomiting, diarrhea, fatigue, weakness, headache
Hypopituitarism, congenital adrenal hyperplasia, abrupt discontinuation of high-dose
steroids, known adrenally insufficient child who was ill and failed to receive stress
coverage, CNS lesions (trauma, tumor, hemorrhage, seizures, hydrocephalus),
shock, sepsis or systemic inflammatory response syndrome
Dehydration, fever
Mental status changes, headache, irritability
Shock (tachycardia, weak thready pulse, cold clammy skin, decreased perfusion,
hypotension)
Hyperkalemia
Hyponatremia
Hypoglycemia
Serum cortisol level decreased
Cortrosyn (adrenal function)
Metyrapone (pituitary function)

Prevent complications related to hypovolemic shock, hyperkalemia, hypoglycemia
Evaluate fluid balance
Compare urine output and fluid intake
Monitor weight trends
Measure urine specific gravity
Assess orthostatic blood pressure
Monitor electrocardiogram for changes
related to serum potassium level
Treat acute hypovolemia, hyponatreNormal saline bolus then 5% glucose in normal saline
Vasopressors
mia, or hypoglycemia
Plasma expanders
Treat acute hyperkalemia
Calcium gluconate 10 mg/ml IV (administered over 5 min)
Sodium bicarbonate 1-2 mEg/kg IV
Glucose and insulin: administer 1-2 g/kg of glucose, simultaneous with the administration of 0.3 U/kg of regular insulin, both given over I to 2 hr
Sodium polystyrene sulfonate (Kayexalate) I g/kg PR (in a 30% sorbitol solution) or
PO (in a 70% sorbitol solution)
Severe cases may necessitate dialysis
Replace mineralocorticoids
Fludrocortisone (Florinef) 0.05-0.2 mg PO daily
Replace glucocorticoids
Emergency management and "stress dosing": cortisol replacement in the form of
hydrocortisone at doses of 25-55 mg/m 2 or 2 to 4 times the normal physiologic
replacement dose is given by continuous infusion or IV bolus every 4 to 6 hr
Maintenance dosing: cortisone acetate or hydrocortisone 7 mg/m 2 /day or 0.5-0.75
mg/kg/day
Dehydration, shock
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adrenal insufficiency be considered in all patients with
shock refractory to the administration of catecholamines. 3 In
primary adrenal insufficiency, the skin and mucous membranes may appear darkened or "tanned" as a result of high
levels of pituitary ACTH precursors that are also pigments.
Pallor, however, may be seen in cases of secondary
insufficiency. In addition, patients may experience gastrointestinal upset and generalized weakness and malaise.
Associated electrolyte imbalances include hyponatremia
and hyperkalemia. Hypoglycemia may also ensue. Interestingly, plasma cortisol levels may be within normal range in
critically ill patients with adrenal insufficiency, making
diagnosis on the basis of cortical level alone unreliable.2 9
Critical Care Management. The treatment of the
child with adrenal insufficiency is outlined in Table 23-6.
Interventions are focused on the prevention of complications associated with shock and the correction of electrolyte
imbalances. Emergency resuscitation usually includes the
use of a solution of normal saline to expand the vascular
volume. Vasoactive and positive inotropic agents, such as
dopamine and epinephrine, may be used to increase
peripheral vascular resistance, heart rate, and myocardial
contractility. If the serum potassium exceeds 5.5 mEqlL,
strategies outlined in Table 23-6 may be used to manage
acute hyperkalemia.
Emergency replacement of glucocorticoids is achieved
intravenously using a soluble cortisol preparation such as
hydrocortisone, hemisuccinate, or 21-phosphate. Most often, cortisol replacement in the form of hydrocortisone at
doses of 25 to 55 mg/m 2 , or 2 to 4 times the normal
physiologic replacement dose, is gi ven by continuous
infusion or intravenous bolus every 4 to 6 hours. When the
child with primary disease can take medications orally,
mineralocorticoid replacement is added by gi ving fludrocortisone acetate (Florinef) 0.05 to 0.2 mg daily. As with
other endocrine disorders, meticulous attention to fluid and
electrolyte balance is an important aspect of the nursing care
of the child with acute adrenal insufficiency 9

DISTURBANCES OF GLUCOSE
HOMEOSTASIS
Hypoglycemia
Hypoglycemia is defined as a blood glucose level less than
60 mg/dl in an infant or child. Premature infants often have
blood glucose levels between 20 and 60 mg/dl. However,
despite the fact that glucose levels are naturally lower in
premature neonates, it is unclear if serum glucose levels in
the 20 to 60 mg/dl range adequately meet the metabolic
needs of their cells. Therefore in light of the profound
effects of hypoglycemia on the developing brain, a blood
glucose level less than 60 mg/dl should be considered
hypoglycemic, even in the neonate. Hypoglycemia is
induced by inadequate adaptation to fasting, as well as by
disorders resulting in insulin excess or decreased production
of hormones that counterregulate insulin. Typically, efforts
are aimed at maintaining a child's blood glucose level above
65 mg/dl.
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Inadequate glycogen storage resulting in decreased tolerance of fasting is a normal condition of infancy. It is particularly problematic in premature infants and infants who
are small for gestational age, are septic, or have congenital
heart disease. In addition, diseases that impair glycogen
storage, glycogen use, or gluconeogenesis, such as hepatic failure, or inborn errors of metabolism, such as glycogen storage disease type I or fructose 1,6-diphosphatase
deficiency, result in hypoglycemia during fasting states.
Disorders of fatty acid metabolism, such as medium-chain
acyl-dehydrogenase deficiency and carnitine deficiency,
or disorders of protein metabolism may also precipitate
hypoglycemia. Drugs that contribute to a reduction in
glucose stores or the body's ability to use glucose stores
include alcohol, sulfonamides, ~-adrenergic antagonists,
and salicylates]O
Hypoglycemia caused by hyperinsulinism or the overproduction of insulin is encountered in disorders such as
beta cell hyperplasia (nesidioblastosis) and beta cell adenomas. Children with hyperinsulinism are also vulnerable to
hypoglycemia because chronically high insulin levels inhibit counterregulatory responses and the use of the backup
energy sources of glycogenolysis, gluconeogenesis, and
fatty acid oxidation. In addition, increased insulin production is induced whenever a high concentration of glucose is
administered to the body. Transient hypoglycemia may be
encountered in any child when an infusion of high glucose
concentration is abruptly discontinued because hyperinsulin
production may persist after the sudden decrease in glucose
supply. Newborns of diabetic mothers often manifest
transient hypoglycemia because of hyperinsulin production
extending beyond the in utero period of exposure to high
glucose load. 31 Furthermore, any deficit of counterregulatory hormone production may induce a hypoglycemic state.
Hypopituitarism and adrenal insufficiency are associated
with deficiencies of cortisol, growth hormone, and epinephrine and also result in hypoglycemia. 32
Diagnostic Presentation. Because the brain has a
very high obligatory glucose requirement, nervous system
dysfunction is precipitated by hypoglycemia. A sensation of
hunger quickly occurs during states of glucose deficit, and
the stimulation of the adrenergic and cholinergic receptors
of the nervous system results in weakness, tachycardia,
tremor, and diaphoresis. Central nervous system abnormalities resulting from glucose deficit, such as headache,
depressed level of consciousness, and seizure activity, ensue
when hypoglycemia is persistent.
Accurate documentation of a blood glucose value less
than 60 mg/dl may be all that is needed to diagnose transient
hypoglycemia in the infant with a history of prenatal stress,
sepsis, maternal diabetes, prematurity, or congenital heart
disease or in the infant or child who becomes hypoglycemic
after rapid discontinuation of high-concentration glucose
infusions. Persistent hypoglycemia suspected to be associated with inborn errors of metabolism, hyperinsulinism, and
adrenocortical hypofunction (hypopituitarism, or primary
adrenal insufficiency) often requires confirmation by controlled fasting studies. A controlled fasting study can assist
in determining the child's ability to use alternative cellular
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energy pathways and to diagnose the underlying problem of
hyperinsulin production or counterregulatory hormone
deficiency.
Critical Care Management. The care of the child
with hypoglycemia is outlined in Table 23-7. The primary
goal in managing hypoglycemia is to prevent deleterious
central nervous system manifestations, such as seizures. If
the child is able to take fluids orally, treatment may simply
involve the provision of carbohydrate-containing fluids such
as glucose water, infant formula, or juice. Simple carbohydrates are most quickly absorbed and are therefore more
desirable than more complex sugars, such those in processed
foods or candy. If the child is unconscious or unable to take
fluids orally, glucose is administered intravenously. Glucose
0.5 to 2 g/kg, given as a 10% to 25% dextrose solution, can
be administered via continuous infusion or by bolus
administration. Blood glucose is measured immediately

after administering glucose to determine the effectiveness of
treatment. Levels are repeatedly assessed until the blood
glucose reaches the 80 to 120 mg/dl range 30 Guidelines for
the frequency of measuring blood glucose for the child at
risk for hypoglycemia are outlined in Table 23-7.
Long-term treatment of the child with persistent hypoglycemia is determined by the underlying cause. Mild
hyperinsulinism may be managed initially with oral diazoxide (Proglycem) 3 to 15 mg/kg/day and frequent feedings. If this regimen fails, a trial of a somatostatin analog
octreotide (Sandostatin) I to 10 Ilg/kg/day given subcutaneously may be initiated. Children who do not improve on
either of these regimens usually require a subtotal pancreatectomy. Children with inborn errors of metabolism are
generally treated by limiting fasting periods and by providing small, frequent feedings or continuous nasogastric
feedings of specialized formulas. Hypoglycemia related to

Managing Hypoglycemia

La!jOr,atolry tests
Fasting study laboratory tests

Child's age, length of fast
Infants: large or small for gestational age; history of maternal diabetes; preterm;
hypoxic, stressed, septic, congenital heart disease
Rapid discontinuation of high-concentration dextrose infusion
Adrenocortical hypofunction (primary. secondary. iatrogenic)
Adrenergic response
Signs of neuroglycopenia
Glucose (decreased)
Insulin, growth hormone, cortisol
Serum ketones
Lactates
Free fatty acids
Carnitine
Urine ketones, organic acids

Prevent central nervous system complications associated with hypoglycemia
Measure blood glucose
Immediately if symptomatic (pallor, irritability, difficult to arouse, diaphoretic)
q15min if blood glucose <50 mglDl
q30min-qlh: until blood glucose is consistently in 80-120 mg/dl range or if making
changes in glucose infusion rate/concentration
q2-4h if blood glucose is consistently in 80-120 mg/dl range and child is receiving
glucose infusion
Before meals or feedings if blood glucose in 80-120 mg/dl range and child is no
longer receiving glucose infusion doses
Manage acute hypoglycemia (blood
If no IV access and able to take POING, give 4-6 oz formula, glucose water, juice
glucose <60 mg/dl)
If IV access, increase IV glucose rate/concentration (5-20 mUkg 10% dextrose
solution IV or 2 ml/kg 25% dextrose solution)
If no IV access, symptomatic, and unable to take PO, give I mg glucagon intramuscularly. subcutaneously (Will not work with glycogen storage disease and children
who are glycogen depleted)
. Limit fasting demands
High-risk infant: provide glucose supplements orally or via IV infusion to maintain
glucose levels
Glycogen storage disease: Limit fasting to 3-4 hours (type I) or 6-8 hours (type 3)
Overnight nasogastric feedings
Fatty acid oxygenation defects: limit fasting to 10-12 hours
Treat underlying problem
Hyperinsulinism: diazoxide. somatostatin, subtotal pancreatectomy
Hypopituitarism: cortisol, growth hormone replacement
Intravenous; PO, by mouth; NG. nasogastric.
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cortisol or growth hormone deficiency is treated by replacing the deficient hormones. 9 .3 )

Hyperglycemia
Hyperglycemia is defined as a serum glucose level higher
than 120 mg/dl. Blood glucose values that exceed the renal
threshold (approximately 180 mg/dI) result in movement of
glucose into the urine and glucosuria. The excretion of
glucose in the urine may cause osmotic diuresis, leading to
dehydration and cardiovascular collapse. Passive loss of
sodium and potassium in the urine accompanies the osmotic
diuresis, and hyponatremia and hypokalemia may ensue.
However, in the case of osmotic diuresis, serum sodium
levels may be normal or elevated as a result of hemoconcentration. Serum may become hyperosmolar because of the
combined high solute loads from the hyperglycemia and
hypernatremia.
Hyperglycemia Caused by Excess of Counterregulatory Hormones. Adrenocortical hyperfunction
(Cushing's syndrome) causes the overproduction of glucocorticoids and induces hyperglycemia. The underlying
problem may be due to an abnormality of the pituitary
gland, which results in an overproduction of ACTH, an
abnormality of the adrenal glands, or severe stress response
resulting in the overproduction of cortisol, or it may be
iatrogenically triggered by the administration of exogenous
corticosteroids. High levels of circulating catecholamines,
which are also produced by the adrenal gland, may also
cause hyperglycemia. Stimulation of the sympathetic nervous system during the stress response, adrenal overproduction, or ectopic production by a pheochromocytoma or
neuroblastoma may increase circulating catecholamine levels. Furthermore, catecholamines administered exogenously
may also induce hyperglycemia.
Diabetes: Syndromes of Insulin Deficit or Resistance. Lack of insulin production is associated with beta
cell injury. Autoimmune beta cell destruction is the pathophysiologic mechanism underlying most cases of type I
diabetes mellitus. Acute pancreatitis may result in interference with beta cell function and temporarily decrease
insulin production. In addition, sclerotic changes in the
pancreas caused by cystic fibrosis may result in permanent
type I diabetes. Type II diabetes mellitus, on the other hand,
is a state of decreased cellular insulin receptor sensitivity.
Type II diabetes is less common in children.
In cases of both underproduction and decreased sensitivity to insulin, glucose cannot enter cells. Decreased glucose
uptake by cells results in increased blood glucose levels, the
use of alternative metabolic pathways for energy production, such as fatty acid oxidation, and a generalized state of
cellular energy deficit. Ketones, the byproducts of fatty acid
oxidation, may accumulate and result in an acidemia known
as diabetic ketoacidosis (DKA). DKA usually occurs in
cases of type I diabetes. In addition to the risk of developing
DKA, patients with diabetes also experience multiple
system organ damage as a result of persistently high glucose
load in the blood and chronic cellular energy deficit. Patients
with diabetes may also become prone to infection. Children

Endocrine Critical Care Problems

815

with type I diabetes almost always require regular injections
of insulin to prevent hyperglycemia; however, type II
diabetes may be managed with specialized diets or oral
hypoglycemia agents. 33 - 35
Severe Glucose Deficit: Diabetic Ketoacidosis.
Fig. 23-1 outlines the progression of DKA. Children with
type I diabetes who are noncompliant with insulin administration and who are experiencing illness or severe stress
are at risk for developing DKA. DKA evolves as insulin
deficiency results in hyperglycemia and mobilization of
fatty acids and when the relati ve excess of counterregulatory
hormones stimulates gluconeogenesis. When gluconeogenesis occurs, body proteins and lipids are broken down,
making amino acid and fatty acid substrates available for
cellular energy production. In addition, relative lack of
insulin in relation to epinephrine, growth hormone, and, to
a lesser extent, cortisol further stimulates the mobilization of
fatty acids, the production of ketone bodies, and resultant
ketoacidosis. 33 -35
Significant hyperglycemia also results in a profound
osmotic diuresis and urinary electrolyte loss. Acidosis may
further compound electrolyte abnormalities, and dehydration may be severe enough to precipitate cardiovascular
collapse. As perfusion status worsens, lactic acidosis contributes to the falling pH. 33 -35
DKA is accompanied by total body sodium and potassium deficits resulting from osmotic diuresis. However, fluid
shifts between the ICF and ECF and significant hemoconcentration result in variable measured serum electrolyte
values. Serum potassium and sodium levels may be high,
normal, or low depending on the degree of intravascular
fluid volume depletion and metabolic acidosis. Acidosis
complicates the interpretation of the electrolyte values
because it induces temporary shifts of potassium from the
ICF to the ECE Potassium may then move back out of the
ECF and into ICF during correction of acidosis. Serum
phosphorous levels follow a pattern similar to potassium in
response to acidosis. 33 .35
Cerebral edema is a complication of the treatment of
DKA. The precise cause of cerebral edema in children with
DKA is unknown. It may occur at any time during the
24-hour period following the initiation of therapy. Risk
factors believed to be associated with cerebral edema
include a pH less than 7.0, glucose level higher than 800
mg/dl, hyperosmolality and hypernatrernia, use of bicarbonate to correct acidosis, too rapid correction of blood glucose,
and very young age.3 3 - 35 Interestingly, in addition to
cerebral edema, anasarca and pulmonary edema have been
reported in patients receiving treatment for DKA. 33 ,36
Diagnostic Presentation. Diagnostic findings in hyperglycemia and DKA can be found in Box 23-1 and Table
23-8. Urinary glucose measurements provide a useful initial
screening device for identifying the patient at risk, When the
urine test result is positive for glucose, a blood sample is
obtained to estimate the blood glucose, Bedside estimates
should be confirmed by a simultaneous laboratory measure.
A history of polyuria, polydipsia, and weight loss with
documented hyperglycemia assists in the diagnosis of
diabetes mellitus, particularly when accompanied by a
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Glucagon,
cortisol,
catechlamines
Decreased glucose

Increased gluconeogenesis

utilization~ /

'T

Hyperglycemia

1
1
1

Glycosuria

Increased free fatty acids

1
1
1
1

Osmotic diuresis

Free fatty acid oxidation

Polyuria

1

Ketonemia

Loss of water, sodium,
potassium, phosphate

1
1

Ketonuria

Dehydration

Hypovolemia

~

_+-- Increased amino acids

Inc7b\IOOd lipids
Increased
triglycerides
Increased ve ry low
density lipoproteins
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Circulatory
collapse

~ShOCk
~coma

~Death

Fig. 23-1 Diabetic ketoacidosis. (Modified from Thompson JM: Mosby's manual of clinical nursing,
ed 2, St Louis. 1989, Mosby. p 931.)

metabolic acidosis. Blood urea nitrogen (BUN) and creatinine levels provide an index of the degree of dehydration.
Arterial pH, serum bicarbonate levels. and degree of base
deficit reflect the degree of acidosis in the child with DKA.
Urine ketones are also routinely measured in the child at risk
for or experiencing DKA.
Critical Care Management
Hyperglycemia Without DKA. Care of the child with
hyperglycemia is outlined in Box 23-1. Definitive therapy
involves the identification and treatment of the underlying
cause of hyperglycemia. Nursing care is directed at the
prevention of complications associated with acidosis and
dehydration. A systematic process for screening patients at
risk for hyperglycemia is also outlined in Box 23-1.

Mild dehydration «5%) may be managed with oral fluid
replacement of calorie-free liquids. More severe dehydration (>5%), or if the child who is unconscious or refusing to
drink, requires intravenous fluid replacement.
Dietary management may be all that is required in some
cases of transient and mild hyperglycemia. Feeding the child
a low-concentrated carbohydrate diet may be sufficient to
correct hyperglycemia. Otherwise, insulin may be given as
four short-acting doses (before each meal and again at the
time of a bedtime snack). A second option is a split-mixed
dose of short- and long-acting insulin before breakfast and
again before dinner. Frequent monitoring of blood glucose
and monitoring for signs of hypoglycemia are essential with
insulin administration and help to determine the most
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Box 23-1

Diagnosing and Treating Hyperglycemia

I. Participate in diagnostic workup

History: Polyuria, polydipsia, weight loss, fatigue
Risk factors: Diabetes, significant stress, exogenous
epinephrine, steroid or L-asparaginase administration,
Cushing's syndrome, pheochromocytoma, glucagonoma
Physical examination: Dehydration, mental status changes
Laboratory tests: Hyperglycemia, hypematremia, cortisol
increased, glucagon increased, glucosuria
2. Detect hyperglycemia in patients at risk
Measure urine for glucose q 12h
If urine test result is positive for glucose, measure blood
glucose
If blood glucose is > 180 mg/dl, measure blood glucose
qid until blood glucose consistently <180 mg/dl
When blood glucose is consistently <180 mg/dl, resume
mea~uring urine for glucose q 12h
If subcutaneous insulin being given, measure blood
glucose 5 times per day (before breakfast, before lunch,
before dinner, before bedtime snack, and at 2 AM)
Additional measurements should be obtained as needed
when clinical symptoms of hypoglycemia or hyperglycemia are detected
3. Prevent complications of hyperglycemia (dehydration,
cerebral edema, weight loss)
Correct fluid or electrolyte imbalance:
Replace fluids lost as a result of osmotic diuresis orally
or intravenously
Low concentrated carbohydrate diet
Administer insulin subcutaneously as ordered
Evaluate fluid balance:
Compare urine output to fluid intake
Assess for orthostatic blood pressure
Weigh daily while spilling glucose in urine
Correct underlying cause:
Surgery: Pheochromocytoma, glucagonoma

It)
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23-8 Diabetic Ketoacidosis

~t-.

~igns and Symptoms

Underlying Mechanisms

~j:J-lyperglycemia, dehydra-

Osmotic diuresis secondary
to hyperglycemia

iI"

~1:'" tion, cardiovascular
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collapse
5"
!!iiAcidosis
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lfi:.-:
i-z%

~:

Ir~j).lectrolyte imbalance
~;

Sodium

l !~i_.·.~._:.'·

Buildup of ketoacids and
lactic acid in serum from
lipolysis resulting in
increased H+ ion concentration in serum

TO~~c~~:{ :r~~;s~~:~~:s of
electrolytes as a result of
osmotic diuresis; however,

t
"'
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;r:
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Potassium
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arrhythmia
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iri.l'fyperpnea
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!l1i~ental status changesl

l!f,;',' cerebral edema

~i·

In

f~~~o:~F ~~t~~~;~h:~~;~re

initially serum potassium
may increase, then decrease
as a result of osmotic
diuresis
Hypokalemia
Hyperkalemia
Serum ketone levels rise

:~~V:~h:p~~:~l i~~~~h~~~ne

Compensatory mechanism;
effort to blow off excess
CO2 and thereby correct the
degree of acidosis
Possibly related to rate of correction, level of acidosis,
fluid shifts

milicF, Intracellular fluid; ECF, extracellular fluid; H+, hydrogen.
OE?~:'

appropriate insulin doses. Children receiving most or all of
their calories intravenously are most easily managed using
an intravenous insulin infusion titrated to maintain blood
glucose values between 100 and 200 mg/dl.
Hyperglycemia With DKA. The prevention of complications related to dehydration, cardiovascular collapse,
acidosis, electrolyte imbalance, and cerebral edema is the
primary goal of the treatment of the child in DKA (Box
23-2). The first priority of care is to manage the dehydration.
An initial fluid bolus (5 to 20 ml/kg of normal saline) is
given over a 1- to 2-hour period. If the child continues to
experience circulatory failure after the initial bolus, a second
fluid bolus may be necessary. Remaining fluid deficits are
usually replaced over a 24- to 48-hour period, often as
0.45% normal saline containing potassium supplements.
(Potassium supplements are only added for children who are
hypokalemic and have evidence of adequate renal function.)

However, some practitioners administer isotonic saline for
extended periods to maintain an osmotic gradient that will
prevent intracellular fluid shifts and cerebral edema. Ongoing urine losses caused by osmotic diuresis, in excess of 2
to 3 ml/kg/hr, may also be replaced with intravenous
fluid 33 ,35.37.38
The second priority of care is to correct the acidosis and
to prevent further lipolysis. Insulin has an inhibitory effect
on ketone production; therefore the administration of insulin
is the key to correcting metabolic acidosis, An intravenous
infusion of regular insulin is the preferred method of
administering insulin in children with DKA. Initial insulin
doses are low; however, they are often be titrated to exceed
normal physiologic requirements to decrease serum blood
glucose levels and to inhibit further lipolysis and fatty acid
oxidation. Infusions of 0.05 to 0.1 U/kglhr of regular insulin
are commonly administered. Hyperglycemia is always
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Box 23-2

.

Treating Diabetic Ketoacidosis'

I. Participate in diagnostic workup

History: Polyuria, polydipsia, weight loss, fatigue, nausea,
vomiting
Physical examination: Dehydration, Kussmaul's respirations, facial flushing, abdominal tenderness, mental
status changes
Laboratory tests: Blood glucose, blood gas, electrolytes,
8 UN, creatinine, urioe ketones and glucose
2. Prevent complications related to dehydration or cardiovascular collapse, acidosis, hypokalemia, hyperkalemia, cerebral edema
Replace fluid or electrolytes lost as a result of osmotic
diuresis:
Resuscitate with 20 ml/kg of normal saline over a
l-hr period
Repeat bolus if heart rate elevated or hypotensive after
first bolus
Replace remaining deficit over the next 24 to 48 hr
with 0.9% or 0.45% normal saline
While providing insulin infusion: Infusions of 0.05-0.1
U/kg/hr of regular insulin, titrated to effect
Add 5% glucose to infusion when blood glucose reaches
300 mg/dl to prevent hypoglycemia
Add 10% glucose to infusion when blood glucose reaches
200 mg/dl (and patient is receiving 5% dextrose) to
prevent hypoglycemia
Replace potassium losses in IV fluids
Monitor ECG for signs of hyperkalemia and hypokalemia
Correct acidosis: Insulin infusion
Consider sodium bicarbonate for severe acidosis (pH
<7.0) (controversial)
Measure blood glucose:
Every hour until insulin infusion is discontinued
Every 2 hr until taking fluids orally and IV fluids are
discontinued
Five times per day after discontinuing IV fluids (before
breakfast, before lunch, before dinner, before bedtime
snack, and at 2 AM)
Additional measurements should be obtained as needed
when clinical symptoms of hypoglycemia are
detected
Monitor response to therapy: Vital signs (pulse, respirations, blood pressure)
g30-60min while on insulin infusion
g shift until ketones cleared
Weigh daily
Compare fluid intake to output
Measure urine ketones/glucose whenever blood glucose
>240 mg/dl
Detect and treat cerebral edema in a timely fashion:
Neurosigns hourly for 24 hr (mental status changes,
pupillary response)
Treat signs of cerebral edema immediately
BUN. Blood urea nitrogen; IV, intravenous: ECG. electrocardiogram.

corrected slowly (no more than a 10% decrease in serum
glucose level every hour). Rapid correction of hyperglycemia is associated with the development of cerebral
edema 33 .39 A 5% solution of glucose is added to the
intravenous fluid as the blood glucose decreases to approximately 200 to 300 mg/dl. When the child's blood glucose
decreases to approximately 200 mg/dl, the concentration of
glucose is increased to 10%. Blood glucose is measured at
least hourly while insulin is infused and should be measured
within 30 minutes after a change in either the dose of insulin
or concentration of glucose. The rate of the insulin infusion
is usually held constant at a dose that achieves a normal
serum glucose level and inhibition of further lipolysis, fatty
acid oxidation, and ketone production. Monitoring of urine
samples for ketones is used to identify the point at which
fatly acid oxidation has ceased.
Infusion of sodium bicarbonate is occasionally used to
correct severe acidosis (pH is less than 7.0) in children with
DKA. Severe acidosis may cause myocardial depression and
decrease the insulin sensitivity of cells. 40 However, the
use of sodium bicarbonate in the treatment of DKA is
controversial because bicarbonate administration may cause
intracellular acidosis and worsens cerebral edema. 40 Research investigating the outcomes of adults with DKA who
received bicarbonate therapy has demonstrated conflicting
results. Recently Green and colleagues 40 retrospectively
studied the use of bicarbonate for correction of acidosis
associated with DKA in children. Green and co-workers40
reported that administration of bicarbonate was unrelated to
final outcome and that children with pH as low as 6.73
recovered without administration of bicarbonate. However,
the study also did not find a correlation between adverse
events, such as cerebral edema, and bicarbonate therapy.
Sodium bicarbonate is administered intravenously in doses
of 0.5 to 1 mEq/kg, or when the base deficit is known,
according to the following formula:
mEg of bicarbonate = 0.3 x (Body weight in kg) x (Base deficit)· I
Monitoring for life-threatening cardiac dysrhythmias precipitated by either hypokalemia or hyperkalemia is initiated
for children undergoing treatment for DKA. Ventricular
ectopic beats often are due to hypokalemia, and peaked T
waves are indicative of hyperkalemia.
Monitoring for signs and symptoms of cerebral edema is
indicated for children undergoing treatment for DKA.
Indicators of cerebral edema and elevated intracranial
pressure include mental status changes, decreased pupil
reactivity, bradycardia, hypertension, and abnormal respiratory patterns. Cerebral edema in children with DKA may
require acute intervention such as supported respiration and
circulation, hype'rosmolar therapy, moderate hypothermia,
pharmacologically mediated reduction in cerebral metabolic
rate, and appropriate positioning (such as head elevation).

SUMMARY
The endocrine system stimulates and inhibits the secretion
of hormones into the bloodstream. Hormones regulate many
metabolic processes of the body, including fluid and
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electrolyte balance and glucose homeostasis. Disorders of
fluid and electrolyte balance and glucose homeostasis can
cause hemodynamic instability and may progress to circulatory failure and shock. Care of the child with endocrine
problems includes vigilant monitoring for the signs of
frank bemodynanlic instability and for the specific signs
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and symptoms of altered electrolyte levels, changes in
fluid volume stams, and states of abnormal glucose metabolism. Management of endocrine problems includes
replacement or restriction of electrolytes and fluid, the
replacement of hormones when appropriate, and support of
circulation.

REFERENCES
I. Baylis PH, Cheetham T: Diabetes insipidus,
Arch Dis Child 79:84-89, 1998.
2. Kappy MS. Ganong CA: Cerebral salt wasting in children: the role of atrial natriuretic

hormone. Adv Pediatr 43:271-308, 1996.
3. Oekers, W: Current concepts: adrenal insufficiency, N Engl J Med 335: 1206-1212, 1996.
4. Olson BR, Gumowski J, Rubino D et al:
Pathophysiology of hyponatremia after
lransphenoidal pituitary surgery. J Neurosurg
87:499-507, 1997.
5. Finfer S, Bohn D, Colpitts D et al: Intensive
care management of pediatric organ donors
and its effect on post-transplant organ func-

tion, Intensive Care Med 22:1424-1432.
1996.
6. Lee YJ. Huang FY, Shen EYet al: Neurogenic
diabetes insipidus in children with hypoxic
encephalopathy: six new cases and a review

of the literature. EliI' J Pediatr 155:245-248,
1996.
7. Charmandari E. Brook CGD: 20 years of
experience with idiopathic central diabetes
insipidus, Lancet 353:2212-2213, 1999.
8. Lee YJ. Shen EY, Huang FY etal: Continuous
infusion of vasopressin in comatose children
with neurogenic diabetes insipidus. J Pediatr

tion (SIADH) in children undergoing high
dose chemotherapy and autologous peripheral
blood stem cell transplantation. Pediatr HemalOlOncol 12:363-369. 1995.
16. Damaraju SC, Rajshekhar V, Chandy MJ:
Validation study of central venous pressure
based protocol for the management of neurosurgical patients with hyponatremia and na-

triuresis, Neurosurgery 40:316-317, 1997.
17. Rao RH: Bilateral massive adrenal hemorrhage, Med Clin North Am 79: 107-129, 1995.
18. Riordan FA, Thompson APJ, Ratcliff JM
et al: Admission cortisol and adrenocorticotropic hormone levels in children with meningococcal disease: evidence of adrenal insuf-

ficiency? Crit Care Med 27:2257-2261, 1999.
19. Briegel J, Forst H, Haller Met aI: Stress doses
of hydrocortisone reverse hyperdynamic septic shock: a prospective, randomized, doubleblind, single·center study, Crit Care Med
27:723-732, 1999.
20. Hatherill M. Tibby S, Hilliard T et al: Adrenal
insufficiency in septic shock, Arch Dis Child
80:5 I-55, 1999.
21. Bollaert PE, Charpentier C, Levy B et al:
Reversal of late septic shock with supraphysiologic doses of hydrocortisone. Crit Care
Med 26:645-650, 1998.
22. Bone RC, Fisher CJ, Clemmer TP: A controlled trial of high-dose methylprednisolone

28. Soni A, Pepper GM, Wyrwinski PM: Adrenal
insufficiency occurring during septic shock:
incidence. outcome and relationship to peripheral cylokine levels, Am J Med 98:266-

271, 1995.
29. Vermes I, Beishuizen A, Hampsink RM et al:
Dissociation of plasma adrenocorticotropin

30.
31.

32.

33.
34.

and cortisol levels in critically ill patients:
possible role of endothelin and atrial natrietic
hormone, J Clill Elldocrillo/ Metab 80: 12381242, 1995.
Service FJ: Hypoglycemia, Med Clin North
Am 79: 1-7, 1995.
Schwitzgebel VM, Gitelman SE: Neonatal
hyperinsulinism, Clin Per;llalO/ 25: 10151038, 1998.
Stanley CA: Hyperinsulinism in infants and
children. Pediatr Clin North Am 44:363-374,
1997.
Brink SJ: Diabetic ketoacidosis, Acta Paediatr 427(suppl):14-24, 1999.
Klekamp J, Churchwell KB: Diabetic ketoacidosis in children: Initial clinical assessment

and treatment, Pediatr Alln 25:387-393,
1996.
35. Salink M: Practical management of diabetic
ketoacidosis in childhood and adolescence.

23. Veterans Administration Systemic Sepsis Co-

Acta Pediatr suppl 425:63-66, 1998.
36. Martin YC: Simultaneous acute cerebral
edema and pulmonary edema complicating
diabetic ketoacidosis. Diabetes Care 18:
1288-1290, 1995.
37. Fineberg L: Why do patients with diabetic

operative Study Group: Effect of high dose
glucocorticoid therapy on mortality in pa-

ketoacidosis have cerebral swelling and why
does treatment sometimes make it worse?

and management algorithm of acute onset

tients with clinical signs of systemic sepsis,
N Eng/ J Med 317:659-665. 1987.

central diabetes insipidus in critically ill
children, J Pedimr EndocrillOl Metab 10:633639, 1997.
12. Taylor SL, Tyrrell JB, Wilson CB: Delayed

24. Bernard C, Tedgui A: Cytokine network and
vessel wall: insights into septic shock pathogeneses, Eur CYlOkine Netw 3:19-33, 1992.
25. Saito T, Takanashi M. Gallagher E et al:

Arch Pediatr Adolesc Med 150:785-786.
1996.
38. Harris GD. Fiordalisi I, Yu C: Maintaining

onset of hyponatremia after transphenoidal
surgery for pituitary adenomas, Neurosurgery'

Corticosteroid effect on early beta-adrenergic

Endocrinol Metab 8:257-262, 1995.
9. Barone MA: The Harriet Lane handbook. ed
14, St Louis, 1996. Mosby.
10. Kohane DS, Tobin JR. Kohane IS: Endocrine,
mineral and metabolic diseases. ]n Rogers

MC, Helfaer MA, eds: Handbook of pediatric critical care, ed 3, Philadelphia. 1999,
Williams & Wilkins.
II. Lugo N, Silvet P, Nimkoff L et aI: Diagnosis

37:653-654. 1995.
13. Patwari AK, Singh BS, Manorama DE: Inappropriate secretion of antidiuretic hormone in
acute bacterial meningitis, Ann Trap Paediatr

15:179-183, 1995.
14. Brazel PW, McPhee 18: Inappropriate secretion of antidiuretic hormone in post-operative
scoliosis patients: Lhe role of fluid manage-

ment, Spille 21:724-727, 1996.
15. Abe T, Takaue Y, Okamoto Y et al: Syndrome
of inappropriate antidiuretic hormone secre-

in the treatment of severe sepsis and septic

shock, N Ellgi J Med 3[7:653-658, 1987.

normal intracranial pressure in a rabbit model
during treatment of severe diabetic ketoaci-

demia. Life Sci 59: 1695-16702. 1996.
39. Wagner A, Risse A, Brill HL et al: Therapy of

down-regulation during circulatory shock:
hemodynamic study and beta-adrenergic assay, Imellsive Care Med 21:204-210, 1995.
26. Suba EA. McKenna TM, Williams TJ: In vivo

Diabetes Care 22:674-677, 1999.
40. Green SM, Rothrock SG, Ho JD et al: Failure

and in vitro effects of endotoxin on vascular
responsiveness to norepinephrine and sig-

of adjunctive bicarbonate to improve outcome in severe pediatric diabetic ketoacido-

nal transduction in the rat, Circ Shock 36:
127-133,1992.
27. Briegel J, Schelling G, Haller M et al: A

sis, AIIIl Emerg Med 31 :41-48, 1998.
41. Scheleien CL. Kuluz JW, Shaffner DH et aI:

comparison of adrenocortical response during

MC, Helfaer MA, eds: Halldbook of pediatric critical care, ed 3. Philadelphia, 1999.
Williams & Wilkins.

septic shock and after complete recovery,
Intensive Care Med 22:894-899, 1996.

severe diabetic ketoacidosis: zero mortality
under very low dose insulin application,

Cardiopulmonary resuscitation. In Rogers

