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ABSTRACT 
This case report describes new-onset adrenal insufficien-
cy and adrenal shock in an 11-year-old male complaining 
of two weeks of malaise and weight loss. He was lethar-
gic and pale in appearance. Work-up revealed hypoglyce-
mia and hyponatremia without evidence for an infectious 
process. He was transported via a pediatric critical care 
transport team to a regional pediatric intensive care unit 
(PICU). He required intravenous fluids and vasopressors 
prior to arrival in the PICU. He had generalized weak-
ness, and hyperpigmentation of his face and extremities. 
Adrenal insufficiency was suspected, and glucocorticoid 
administration led to improvement. Cortisol level was 
undetectable. At time of discharge, he was prescribed 
daily glucocorticoid and mineralocorticoid replacement, 
along with a stress dose glucocorticoid plan. 
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HISTORY OF PRESENTATION 

The patient is an 11-year-old previously healthy and active 
male, who presented with 2 weeks of fatigue and intermit-
tent vomiting. Eleven days prior to admission, he was seen 
by his primary care physician for headache and decreased 
appetite. He had weight loss of 8.6 kg over the past 5 months. 
He denied fevers, nausea, abdominal pain, and urinary symp-
toms. Baseline labs were obtained (Table 1). Complete meta-
bolic panel was remarkable for hyponatremia (128 MEQ/L), 
hypochloremia (96 MEQ/L), elevated aspartate transaminase 
(63 IU/L) and elevated alanine transaminase (44 IU/L). Serum 
glucose and calcium levels were normal. Five days prior to 
admission, the patient’s father spoke with the primary care 

office regarding ongoing weight loss and denied any vom-
iting or new symptoms. The patient was scheduled for a 
recheck of his weight and repeat laboratory tests on the day 
of admission but had increasing somnolence, vomiting, and 
myalgias. Given his ill appearance, the patient was brought 
directly to a local hospital.  

EMERGENCY DEPARTMENT COURSE  
AND CRITICAL CARE TRANSPORT

He appeared pale and weak during triage with blood pres-
sure (BP) 78/56 mmHg, heart rate (HR) 88 beats per minute  
(BPM), respiratory rate 16 per minute, and oxygen saturation 
98% on room air. Oral temperature would not register. Fin-
ger stick glucose was 33 mg/dl, and repeat measurement was 
45 mg/dl. Peripheral intravenous (IV) access was difficult 
to obtain, so he was given orange juice, which he vomited. 
Laboratory studies (Table 1) revealed hyponatremia (118 
MEQ/L), hypochloremia (79 MEQ/L), elevated anion gap  
(24), elevated BUN (29 mg/dl), and elevated AST (74 IU/L). 
He was administered a bolus of 5% dextrose with 0.45% 
normal saline (NS), and then started on maintenance flu-
ids of 5% dextrose with 0.9%NS. Critical care transport  
was arranged.

Upon the transport team arrival, the patient was found 
to be lethargic but following commands. His pulse was 110 
BPM, and BP was 101/53 mmHg. His oral mucosa was moist. 
Respirations were shallow but unlabored. His abdomen was 
soft. His extremities were cool with diminished radial pulses. 
Repeat BP after transitioning him to the transport monitor 
was 82/55 mmHg with pulse of 113 BPM. Per transport team 
protocols and after consulting with the receiving attending, 
the patient was started on 20 ml/kg lactated ringer bolus to 
be administered over one hour. During transport, the patient 
developed hypotension (BP 52/28 mmHg) and a norepineph-
rine infusion was initiated per transport team shock proto-
col via peripheral IV at 0.5 mcg/kg/min with improvement 
in his blood pressure and heart rate. While in the ambulance, 
the patient complained of dyspnea, but was never hypoxic. 
Repeat laboratories were deferred until arrival to the Pediat-
ric Intensive Care Unit (PICU). Upon arrival in the PICU, his 
BP was 92/59 mmHg with a mean arterial pressure (MAP) of 
70 mmHg and pulse 82 BPM.
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Test Normal range/Units
11 days 

prior to ED 
presentation

ED 
presentation

Admission 
to the 
PICU

Sodium 133–143 MEQ/L 128 118 113

Potassium 3.4–4.7 MEQ/L 4.8 5.2 4.7

Chloride 98–115 MEQ/L 96 79 84

CO2 22–32 MEQ/L 24 15 15

Anion Gap 3–13 24 14

BUN 7–22 MG/DL 20 29 24

Creatinine, 
Ser

0.30–0.70 MG/DL 0.42 0.5 0.44

Glucose 60–100 MG/DL 85 33, 45 54

Calcium 8.5–10.5 MG/DL 9.6 10.7 9.8

Magnesium 
Level

1.3–1.9 MEQ/L 1.0

Phosphorus 3.3–6.2 MG/DL 4.8

AST (SGOT) 13–38 IU/L 63 74 59

ALT 8–36 IU/L 44 41 32

Alkaline 
Phosphatase

103–373 IU/L 99 108 85

ACTH 9–57 pg/mL 1,420

Aldosterone <=21 ng/dL <1

DHEA-SO4 11–120 UG/DL 3

Cortisol, 
Plasma

5–20 UG/DL <0.5

PTH Intact 18–80 PG/ML <6

TSH, High 
Sensitivity

0.350–5.500 uIU/ML 5.37 2.533

Thyroglobulin 
Ab

0.0–60.0 U/ML 17.8

Thyroid 
Peroxidase 
Abs

1.0–60.0 IU/ML 29.5

Adrenal Ab Negative titer Positive

Very long 
chain fatty 
acids

Normal ratios Normal

PTH antibody Negative titer Negative

PICU COURSE

In the PICU, the patient was oriented but confused, with 
mild tachycardia (HR 106 BPM) and hypotension (BP 85/45 
mmHg). Despite the lack of recent sun exposure, his com-
plexion was bronze, and he had areas of hyperpigmentation 
on the neck (Figure 1) and back (Figure 2) with hyperpig-
mentation of old scars. Laboratory evaluation done at the 
time of admission (Table 1) showed hypoglycemia (54 mg/
dl) and hyponatremia (113 MEQ/L). Given his physical exam 
findings, abnormal electrolytes and hypotension requiring 
vasoactive agents, the suspicion of adrenal insufficiency was 

high. After obtaining serum for measurement of cortisol 
and adrenocorticotropic hormone (ACTH), the patient was 
empirically administered hydrocortisone 100 mg IV and was 
continued on hydrocortisone 25mg IV every 6 hours (73.5 
mg/m2/day). The norepinephrine infusion was replaced with 
epinephrine at a dose to maintain MAP > 60 mmHg. 

Laboratory studies showed an undetectable random  
cortisol (<0.5 UG/DL) and an elevated ACTH level (1420  
pg/ml) during initial presentation (Table 1). Laboratory stud-
ies were performed to evaluate for autoimmune conditions 

Table 1. Figure 1. Hyperpigmentation of neck

Figure 2. Hyperpigmentation of back
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included adrenal antibodies, parathyroid antibody, diabetes 
autoimmune panel, thyroid antibodies and a celiac panel. 
All were normal except for adrenal antibodies (Table 1). 
Long chain fatty acids were normal, ruling out X-linked 
adrenoleukodystrophy. 

The patient was diagnosed with primary adrenal insuf-
ficiency. He had positive anti-adrenal antibodies. It was 
unlikely to be infectious because the patient was afebrile 
and had a normal work-up (normal CBC, negative urinalysis 
and respiratory pathogen panel). 

The epinephrine was able to be weaned and was discon-
tinued over the first 24 hours of hospitalization. Intravenous 
fluids with sodium and dextrose were continued with close 
monitoring and improvement in electrolytes. The patient 
transiently developed hypocalcemia with an inappropriately 
low parathyroid hormone (PTH) level (Table 1) and was 
treated with calcitriol and calcium carbonate. The stress 
dose glucocorticoids were slowly tapered, and the patient 
was transitioned to maintenance dose of hydrocortisone  
(9 mg/m2/day) and fludrocortisone by discharge. The patient 
and his family were taught about stress dose glucocorticoids 
for emergency use. Follow-up studies showed normaliza-
tion of calcium and parathyroid hormone after calcitriol and  
calcium were discontinued. 

DISCUSSION

New-onset adrenal insufficiency is uncommon in pediatrics, 
but the diagnosis must be considered with a constellation 
of findings that are often indolent. Signs and symptoms of 
primary adrenal insufficiency can include fatigue, weight 
loss and decreased appetite, hyperpigmentation, hypoten-
sion, salt craving, nausea, vomiting, diarrhea, abdominal 
pain, and behavioral symptoms. Acute adrenal failure and 
adrenal shock can present with severe weakness, confu-
sion, back or leg pain, severe abdominal pain, vomiting and 
diarrhea leading to dehydration, reduced consciousness and 
delirium. Classic electrolyte derangements of primary adre-
nal insufficiency include hyponatremia, hyperkalemia, and 
hypoglycemia.1-3

Our patient initially presented to the pediatrician with 
indolent symptoms. Work-up with initial laboratories was 
appropriate. It is unclear why, after abnormal labs were 
noted, there was no timely follow-up. At the time of presen-
tation to the ED, as well as during transport to the tertiary 
care facility, the patient was in shock due to primary adrenal 
insufficiency. It is important for both Emergency Medicine 
physicians, as well as transport team personnel, to recog-
nize these symptoms and consider the possibility of adre-
nal insufficiency, even in the pediatric population, and to 
administer hydrocortisone for refractory shock.  

Primary adrenal insufficiency can be due to autoimmune 
adrenalitis (Addison’s disease), congenital adrenal hyper-
plasia, or acute adrenal destruction such as occurs with 

adrenal hemorrhage, infections (tuberculosis, histoplasmo-
sis, coccidiomycosis, HIV, cytomegalovirus), metastases, 
amyloidosis and sarcoidosis. In males, X-linked adrenoleu-
kodystrophy (ALD) can present with adrenal insufficiency as 
the first symptom. Other symptoms can include myelopathy 
and cerebral involvement. This mutation causes high levels 
of very long-chain fatty acids (VLCFA) in the plasma that 
accumulate in the white matter of the brain, spinal cord, 
and adrenal cortex.4 Newborn screening tests have been rou-
tinely checking for congenital adrenal hyperplasia for over 
20 years, and in 2018 X-linked adrenoleukodystrophy was 
added to the Rhode Island Newborn Screen.4

Autoimmune polyglandular syndromes can also present 
with primary adrenal insufficiency. We screened our patient 
for other autoimmune conditions, including type 1 diabetes 
mellitus, autoimmune thyroiditis, and celiac disease, and 
all screening tests were negative. Interestingly, our patient 
developed hypocalcemia and hypoparathyroidism, and the 
combination of these, adrenal insufficiency and hypopara-
thyroidism are seen in type 1 autoimmune polyendocrine 
syndrome (APS1) or autoimmune polyendocrinopathy can-
didiasis ectodermal dystrophy (APECED). Other symptoms 
of APECED are chronic mucocutaneous candidiasis and 
ectodermal dysplasia. APECED is caused by mutations in 
the gene AIRE (autoimmune regulator) which is expressed 
by the thymus and can be associated with other autoim-
mune conditions. Our patient did not have any history of 
candida infections nor any ectodermal dysplasia. His para-
thyroid antibodies were also negative, and the hypoparathy-
roidism resolved over a month with calcium supplements. 

There have been a few other case reports of pediatric 
patients presenting in shock and found to have acute adrenal 
insufficiency.5-7 All of the reports described that the patients 
presented with hyperpigmentation. They also all had a poor 
response to vasopressors and did not improve until stress 
dose steroids were administered.5-7 One study of adults with 
adrenal crisis showed that some patients presented with low 
cardiac index and increased systemic vascular resistance, 
while others presented with high cardiac output and low 
systemic vascular resistance, as is seen in septic shock.8 
Patients with adrenal shock often have a poor response to 
vasopressors, similar to patients with critical illness-related 
corticosteroid insufficiency.9 These patients often remain in 
shock despite fluid resuscitation and high dose vasoactive 
agents, but do respond to hydrocortisone therapy, as occurred 
in our patient.1,9 At initial presentation, it is not possible 
to differentiate patients with septic shock from those with 
adrenal crisis, and further laboratory evaluation is neces-
sary to make the diagnoses. History and physical exam can 
provide indications of primary adrenal insufficiency, such 
as longstanding vague abdominal complaints, salt craving, 
and hyperpigmentation, though not all individuals will have 
classic symptoms.  

Patients with known adrenal insufficiency require a plan 
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by their providers for stress dosing of glucocorticoid to rep-
licate the cortisol stress response. Stress glucocorticoids 
are administered in the setting of physiologic stress such 
as fever, fractured bone, vomiting or dehydration, and prior 
to induction of anesthesia. If patients are unable to toler-
ate oral glucocorticoids, hydrocortisone can be adminis-
tered intramuscularly. Treatment of adrenal crisis includes 
administration of hydrocortisone, 50–100 mg/m2 bolus, 
IV or intramuscularly, followed by a maintenance dose of 
50–100 mg/m2/day either as a continuous infusion or as 
boluses given every 6 hours.2 Oral hydrocortisone can be 
used if patients are able to tolerate, followed by a taper based 
upon symptoms.2 Hydrocortisone is utilized rather than 
dexamethasone or methylprednisolone, because it provides 
potent glucocorticoid, and, at high doses, mineralocorticoid 
effect. Hydrocortisone is also preferred over methylpred-
nisolone due to pharmacokinetics of faster absorption and 
shorter half-life.10 Dexamethasone only provides glucocor-
ticoid effect, so it is not ideal for stress dosing. It is also dif-
ficult to titrate and its use often leads to overtreatment, so 
it is not typically used as a maintenance medication in the 
pediatric population. Both prednisolone and dexamethasone 
also can cause adverse metabolic changes such as hyperlip-
idemia, diabetes mellitus and weight gain when used chron-
ically. In addition to hydrocortisone, IV fluids with dextrose 
and normal saline should be administered as per standard 
resuscitation guidelines during an adrenal crisis. 

CONCLUSION

Acute adrenal insufficiency presenting in shock is rare in 
pediatrics, but must be considered in the differential diagno-
sis. Signs and symptoms suggestive of adrenal insufficiency 
include an indolent course of symptoms including abdom-
inal pain and vomiting, salt-craving, and hyperpigmenta-
tion. Resuscitation and initiation of IV fluids along with an 
inotrope if needed would be first line, but if the patient is 
not responding to these, it is important to consider gluco-
corticoids for treatment of adrenal insufficiency. EMS and 
transport team protocols should include consideration of IV 
hydrocortisone for patients in refractory shock.
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