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Central diabetes insipidus misdiagnosed as acute
gastroenteritis in a pediatric patient
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ABSTRACT

This case report describes an unusual presentation of nausea, vomiting and diarrhea, which was
misdiagnosed as acute gastroenteritis in a 6-year-old girl. The patient later returned to the emer-
gency department (ED) with severe dehydration from idiopathic central diabetes insipidus (DI). At
her first visit, this previously healthy patient presented with mild dehydration, signs of acute gas-
troenteritis and normal urine output. Her brother had experienced similar symptoms a few days
earlier. She tolerated an oral fluid challenge and was discharged from the ED with stable vital
signs. Two days later, the patient returned with severe dehydration, resolving diarrhea and persis-
tent vomiting. She was admitted to the pediatric intensive care unit. Magnetic resonance imaging
illustrated an absent posterior pituitary enhancing signal, which demonstrated a loss of function
in that region. There were no other abnormalities. The patient subsequently received desmo-
pressin with improving clinical status and was discharged on the eighth hospital day. Dl is a rare
disease, but can be fatal if left undiagnosed. It should, therefore, be considered in the differential
diagnosis of a dehydrated patient with an unexpectedly low urine specific gravity.
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RESUME

Nous présentons le cas inhabituel d'une fillette de 6 ans présentant des nausées, des vomisse-
ments et des diarrhées, pour lequel un mauvais diagnostic de gastro-entérite aigué est posé. La
patiente est retournée a I'urgence, souffrant de déshydratation sévére, associée a un diabéte in-
sipide (DI) central idiopathique. Lors de sa premiére visite, la patiente, qui était en bonne santé
précédemment, présentait des signes de légére déshydratation et de gastro-entérite aigué. Son
débit urinaire était normal. Son frére avait eu des symptomes similaires quelques jours plus t6t.
Elle a toléré une solution par voie orale et a obtenu son congé de |'urgence, ses signes vitaux
étant stables. Deux jours plus tard, la patiente se présente de nouveau a l'urgence, se plaignant
de déshydratation sévére et de vomissements persistants. La diarrhée avait par contre disparu. Elle
est admise a I'unité des soins intensifs pédiatriques. Un examen par imagerie a résonance magné-
tique a révélé I'absence d’hypersignal du lobe postérieur de I'hypophyse, ce qui témoigne d'une
perte de fonction post-hypophysaire. Aucune autre anomalie n’a été relevée. La patiente a été
traitée a la desmopressine, ce qui a amélioré son état clinique. Elle a recu son congé au huitiéme
jour d’hospitalisation.

Introduction resulting in the loss of the ability to concentrate urine. Pa-

tients will quickly become severely dehydrated as the re-
Central diabetes insipidus (DI) is more common than  sult of polyuria. Large dilute urinary volumes, with a urine
nephrogenic DI in the pediatric population. It is usually  specific gravity of less than 1.005, may cause hyperna-
caused by a deficiency in the antidiuretic hormone (ADH),  tremia and eventual death.' Early diagnosis can avoid such
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dire consequences. Since 30% of central DI is idiopathic,
the clinical presentation may be that of a secondary illness.
It should be considered, therefore, in the differential diag-
nosis of any dehydrated patient with an unexpectedly low
urine specific gravity. We describe a pediatric patient with
idiopathic central DI who presented with vomiting and di-
arrhea, normal urine output and serum sodium and low
urine specific gravity despite severe dehydration.

Case report

Initial visit
A 6-year-old girl was brought to the emergency depart-
ment (ED) by her mother. The patient complained of nau-
sea, vomiting and diarrhea over the previous 2 days. Her
mother described the vomiting as nonbloody and nonbil-
ious. The patient had 7 episodes of vomiting over this
2-day period and was unable to tolerate liquids. There were
2 episodes of nonbloody diarrhea that began on the day of
the ED visit. Her mother also reported that her daughter
had had a runny nose over the past 5 days, for which she
had taken her to see their family physician. There was no
medication prescribed and the symptoms were presumably
attributed to a viral etiology. Her mother stated that the pa-
tient’s 18-month-old brother also had nausea and vomiting,
without diarrhea. The children did not eat the same meals
but were in close contact with each other. There was no as-
sociated abdominal pain, fever, chills, rash, cough, change
in urine output, recent travel, trauma or antibiotic use, nor
were there any previous episodes of these symptoms. The
patient’s past medical and surgical history was unremark-
able, and the patient was not taking medication. The pa-
tient was born at term by spontaneous vaginal delivery
without complication, and her immunizations were up to
date. The family history was unremarkable, and no alcohol
or drugs were reported to be used in the home.

The physical exam showed an oral temperature of 36.4°C,
a heart rate of 131 beats/minute and a respiratory rate
of 20 breaths/minute. The patient’s blood pressure was
115/79 mm Hg and her oxygen saturation on room air was
100%. Her measured weight was 22 kg, and she appeared to
be her stated age. She was alert, nontoxic, quiet and in no
distress. No specific signs of dehydration were documented.
Her head was normocephalic and atraumatic. Her orophar-
ynx and tympanic membranes were clear, and her pupils
were equal and reactive to light. There was no evidence of
lymphadenopathy. Her lungs were clear to auscultation. Her
heart had a regular rhythm, but was tachycardic. Her ab-
domen was soft, and she complained of mild tenderness to
deep palpation in the epigastric area without rebound or
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guarding. There was no cyanosis or edema of the extremities
and no rash. The patient was alert, oriented and followed
commands without focal neurologic abnormalities.

Her glucose at bedside was 6.4 mmol/L. A catheterized
urinalysis showed a specific gravity of 1.003, a pH of 7.0,
ketone of 15 mg/dL, 5 white blood cells per high power
field and no protein, glucose, bilirubin, hemoglobin, leuko-
cyte esterase, nitrite, red blood cells, epithelial cells or
crystals; however, there was a rare amount of bacteria. A
chest radiograph, performed to evaluate for an occult pneu-
monia, was unremarkable. No blood tests were performed.

The patient received 440 mL of an intravenous (I'V) nor-
mal saline bolus and tolerated oral liquids. There was no
documented urine output during the ED visit. The patient’s
rechecked vital signs were normal, and she was discharged
with a diagnosis of acute gastroenteritis. Discharge instruc-
tions included keeping well hydrated, following up with
her family physician and returning to the ED in case of
fever, chills, worsening symptoms, continued vomiting or
any other concerns.

Return visit

Two days later, the patient returned complaining of non-
bloody vomiting that was occurring 7 times daily with no
bowel movement since the last ED visit. Her mother re-
ported that she had been less active, was begging for water,
breathing fast and having increasing abdominal pain,
which was intermittent in nature and mild in severity. The
patient denied fever, chills, diarrhea and dysuria, and her
urine output was unchanged.

Her physical exam showed an oral temperature of
36.9°C, a heart rate of 107 beats/minute and a respiratory
rate of 24 breaths/minute. Her blood pressure was
112/85 mm Hg and her oxygen saturation was 100% on
room air. The patient’s measured weight was 16 kg (a loss
of 6 kg from the previous visit). The patient was sleepy but
arousable, and did not flinch to IV catheter placement. Her
eyes were sunken with dry mucous membranes and dry
lips. Her lungs were clear with tachypnea, her heart rate
was regular but tachycardic, and there was a 3-second cap-
illary refill rate. She had dry skin with diminished turgor.
Her abdomen was soft with mild tenderness in the epigas-
trium area without distension, rebound or guarding. The
patient was able to follow commands and there were no fo-
cal neurologic findings.

Her bedside glucose was normal. A complete metabolic
panel showed a sodium of 145 mmol/L (reference range
[RR] 136-142 mmol/L), potassium 3.1 mmol/L (RR
3.5-5.0 mmol/L), chloride 107 mmol/L (RR 96-106
mmol/L), bicarbonate 22 mmol/L (RR 21-28 mmol/L),
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blood urea nitrogen 1.1 mmol/L (RR 2.9-8.2 mmol/L),
creatinine 38.1 pwmol/L (RR 8-31 umol/L), glucose
6.2 mmol/L (RR 3.9-6.1 mmol/L), anion gap 16 mmol/L,
and normal lipase and liver function tests. Her white blood
cell count was 11.9 x10%/L (RR 4.5-11 x10/L), hemoglo-
bin 14.3 g/LL (RR 11.5-15.5 g/L), hematocrit 0.43 (RR
34-45) and platelets 540 x10°/L (RR 150-400 x10°/L). A
catheterized urinalysis showed a specific gravity of 1.000,
no ketones, with all other values within normal limits. A
venous blood gas showed respiratory alkalosis with a pH
of 7.57 (RR 7.36-7.4), a Pco, 25 mm Hg (RR 42-48 mm Hg),
bicarbonate 22.5 mmol/L (RR 21-27 mmol/L) and
the base excess was 2 mEqg/L. An acute abdominal radi-
ograph series was unremarkable.

The patient received supplemental oxygen and a 640-mL
normal saline IV bolus. She was placed on a cardiac moni-
tor, which showed sinus tachycardia. Her urine and blood
were cultured, and she was started on IV antibiotics and re-
ceived IV potassium. The patient was admitted to the pedi-
atric intensive care unit.

While in the pediatric intensive care unit, the urine spe-
cific gravity remained below 1.005. Because of our clinical
suspicion of central DI, we ordered magnetic resonance
imaging (MRI) with and without contrast, which demon-
strated an absent enhancing signal from the posterior
pituitary thus indicating loss of function. No other abnorm-
alities were noted. An endocrinology consultation
recommended desmopressin, which was started on the sec-
ond hospital day. The patient’s ADH level was 0.7 pmol/L
(0.9-4.4). Her anterior pituitary hormone levels, including
thyroid stimulating hormone, prolactin and corticotropin,
were within normal limits. The urine and blood cultures
were negative and antibiotics were stopped on the second
day. Her serum sodium peaked at 152 mmol/L. The patient
improved clinically and was discharged on the eighth hos-
pital day with diagnoses of idiopathic central DI and se-
vere dehydration. Discharge medications included desmo-
pressin and follow-up was scheduled with endocrinology.

Discussion

Nausea, vomiting and diarrhea are common complaints in
the ED, especially in the pediatric population, and are
commonly diagnosed as acute gastroenteritis. However,
they are also uncommon signs of DI. Central DI is, itself,
uncommon, with a prevalence of 1 case per 25 000 popula-
tion.'” However, it is important to detect DI early, as severe
dehydration and death occur most commonly in patients
with restricted access to water, especially in children and
the elderly." In this case, it is difficult to know whether the
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patient had acute gastroenteritis that unmasked her idio-
pathic central DI or if her symptoms were a result of it.

Pathophysiology

ADH is a nanopeptide hormone mostly secreted from the
posterior pituitary. ADH secretion is under very precise
control and is directly related to changes in plasma osmo-
larity. It acts on the renal collecting tubule to activate the
insertion of water channels, or aquaporins, into the cell
membrane. This in turn allows water to pass through the
cell and into circulation, thus regulating free water excre-
tion and stimulating free water reabsorption.*

Central DI is caused by a complete or partial deficiency
in the synthesis or release of ADH resulting in polyuria,
polydipsia, dilute urine, hypernatremia, dehydration and
eventual death if untreated."? Figure 1° illustrates the inte-
gration of signals that trigger ADH release. In this case, the
hallmark of very dilute urine was observed in a clinical set-
ting that was most consistent with acute gastroenteritis and
dehydration. The ADH level was normal because of a pre-
sumed partial deficiency of the posterior pituitary.

Fluid loss
Hemaorrhage, vomiting, diarrhea

N q—‘ |—-— .misp

10% blood loss

4
2
Thirst
a
270 280 280 300 310
Plasma csmolanity (mOsmikg)

| Baromeceptor strelch and fring

T

G 9th and 10th crandal
e neve aflerenls

Plasma ADH (pgimi)
=]

t Plasma osmelarity

|

Shrinkage of
pEmoreoeplons

{ Sympathetic
tone

i

g | AVP release y 2
J = o FEEICTE Huid
o balance
|

| Magnocellular
ngwron inhibition

t Hz2O reabsorption

Fig. 1. Release of arginine vasopressin (AVP), also known as
antidiuretic hormone (ADH), is stimulated by an increase in
plasma osmolarity and by a decrease in blood volume. Small
changes in plasma osmolarity above a threshold of 280
mOsm/kg produce an increase in ADH release before the
stimulation of thirst. A decrease in blood volume and a de-
crease in mean arterial blood pressure (MABP) greater than
10% signal the hypothalamus to increase the release of ADH
by using the 9th and 10th cranial nerves. These signals in-
crease sympathetic tone, therefore decreasing magnocellu-
lar neuron inhibition and stimulating ADH release.

Reprinted with permission from Molina, P. Endocrine physi-
ology, 2nd ed.’
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Etiology

The most common causes of central DI account for 70% of
cases and include central nervous system tumours, trauma,
infections or complications of cranial surgery.**” The de-
fective sites of the pituitary typically affect areas that are
involved in ADH secretion."* Lesions of the posterior pitu-
itary rarely cause permanent DI because the ADH is pro-
duced in the hypothalamus and can still be secreted into
the circulation, thus explaining why our patient had dilute
urine without polyuria.' Given that the MRI showed an ab-
sent posterior pituitary signal without other abnormalities,
our patient likely had idiopathic central DI, which accounts
for 30% of cases. These cases are thought to be a result of
the destruction of hypothalamic cells, possibly from an
autoimmune process. Other rare causes include familial
DI, cancer (i.e., lung, lymphoma or leukemia), hypoxic en-
cephalopathy, infiltrative disorders, anorexia and intracra-
nial vascular lesions.**’

Signs and symptoms

Patients with central DI typically present with signs of de-
hydration. Paradoxically, they also present with polyuria,
polydipsia and nocturnal enuresis. The 2 most common
signs of DI are excessive thirst and increased urination.*
Our patient exhibited excessive thirst but no noted increase
in urination. In contrast to our patient, those who develop
central DI from an intracranial process typically have a
more acute presentation. They present with polyuria, then a
transient increased urine osmolarity because of stored ADH
release that is followed by polydipsia and nocturia. The
urine output can total as much as 3—18 L per day. In chil-
dren, enuresis, fatigue and anorexia typically predominate.’
Like our patient, those who have a nontraumatic cause typi-
cally have a more indolent course. They have subtle symp-
toms because of free access to water and maintain normal
serum sodium levels." With increasing serum sodium and
osmolarity, the patient will become more irritable, restless,
ataxic and tremulous, with tonic spasms and eventual death
if the serum osmolarity reaches 420 mmol/kg H,O.' The
overall mortality from hypernatremia is 10%."¢

Diagnosis

The diagnosis of DI is usually made clinically and is based
on polyuria in the face of dehydration. ED laboratory stud-
ies, including low urine specific gravity and high serum
sodium levels, are supportive.® The hallmarks of DI are a
urine specific gravity of less than 1.005 and a urine osmo-
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larity of less than 200 mmol/kg H,O." Additional tests in-
clude serum osmolarity, ADH level, urine sodium and the
water deprivation test, which is a semiquantitative test to
ensure adequate dehydration and maximal stimulation of
ADH for diagnosis. It is performed in uncertain clinical
cases while the patient is hospitalized.' The decreased abil-
ity to concentrate urine may also occur with hypokalemia
(e.g., hyperaldosteronism), hypercalcemia, renal tubular
abnormalities and primary polydipsia.” The diagnostic
imaging modality of choice for central DI is a brain MRI,
or more specifically, a pituitary MRI. 7,-weighted images
of the healthy posterior pituitary yield a hyperintense sig-
nal. In patients with central DI, this signal is absent, as it
was in our patient.*!"

Management

Treatment of central DI involves the restoration of tissue
perfusion through the replacement of previous and on-
going fluid losses with IV normal saline boluses, followed
by 5% dextrose in 0.45% normal saline maintenance. Tar-
get urine output is 0.5 mL/kg/h."* Repeat sodium levels
should be obtained to avoid reducing serum sodium by
more than 10—15 mmol/L per day. More rapid reductions
may result in seizures and cerebral edema. In children who
have a serum sodium greater than 180 mmol/L, peritoneal
dialysis can be considered.'

The chronic treatment of DI is aimed at reducing the
urine output, usually by increasing the concentration or ac-
tivity of ADH. The drug of choice is desmopressin, a syn-
thetic analogue of the native hormone, arginine vaso-
pressin.' Two minor structural alterations to the molecule
have created a drug that has prolonged antidiuretic action
and minimal pressor activity, offering an ideal pharmaco-
dynamic profile.”” Patients with mild dehydration and an
adequate thirst response can be discharged home with spe-
cific instructions on hydration and close follow-up. Pa-
tients with moderate-to-severe dehydration or who have
poor follow-up should be admitted for evaluation by an en-
docrinologist." Our patient was started on desmopressin
and showed signs of clinical improvement before she was
discharged.

Conclusion

Nausea, vomiting and diarrhea are common complaints of
pediatric patients in the ED and point to the common diag-
nosis of acute gastroenteritis. DI is a rare disease but can
be fatal if left undiagnosed. To discriminate between the
common and benign and the rare and dangerous, the emer-
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gency physician must assure that the urine specific gravity
matches the clinical picture before deciding on disposition.
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