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Abstract

information for timely therapy.

findings, even in the presence of circulatory shock.

Background We report a rare case of new onset autoimmune adrenal insufficiency in childhood, presenting with
severe shock requiring mechanical circulatory support. In the current era of readily available imaging, laboratory and
other diagnostic investigations, medical history and careful physical exam can often provide valuable diagnostic

Case presentation A 7-year-old boy with a history of mild intermittent asthma, presented with severe cardiogenic
shock requiring extracorporeal membrane oxygenation (ECMO). Bronzing of his entire body was noted on physical
exam. Stress dose hydrocortisone was given for suspected adrenal insufficiency. After weaning from ECMO and
extensive rehabilitation, the patient recovered and was discharged home.

Conclusion Primary adrenal insufficiency (PAl) should be considered in the context of physical exam and laboratory

Keywords Circulatory shock, Autoimmune adrenal insufficiency, Extracorporeal membrane oxygenation (ECMO)

Case presentation

A 7-year-old boy with mild intermittent asthma pre-
sented to an outside hospital with 3 days history of
lethargy and vomiting. Initial investigation revealed left
lower lobe pneumonia. Because of severity of illness,
he was transferred to a quaternary pediatric emergency
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department with clinical signs of hypotensive shock
manifesting as lethargy, lactic acidosis and hypotension
despite standard resuscitative measures including fluids
and inotropic medications. On arrival to the emergency
department at our institution he remained in profound
shock but was initially mentating well and breathing
unassisted with nasal canula oxygen supplementation.
His initial vital signs were as follows: temperature 35 °C,
heart rate 160 bpm, blood pressure 74/32 mmHg, and
respiratory rate 35. He had a Glasgow Coma Scale score
of 10. The patient’s weight was 23 kg (around the 25th
percentile), and his height was 124 cm (50th percentile).
Physical exam was notable for skin hyperpigmentation
of the entire body. Apart from the diffuse skin hyperpig-
mentation, there was no rash present on the body. The
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parents denied any sore throat, headache, diarrhea or
sick contacts. His laboratory findings were notable for
hyponatremia, refractory hypoglycemia, hepatic insuf-
ficiency, and acute kidney injury. The viral PCR (poly-
merase chain reaction) from nasopharyngeal swab tested
positive for rhinovirus/enterovirus and he received stress
dose hydrocortisone for suspected primary adrenal insuf-
ficiency (PAI). On attempted transport to the Pediatric
Intensive Care Unit (PICU), he had severe symptomatic
bradycardia with poor perfusion that responded to a
brief run of cardiopulmonary resuscitation (CPR) as were
indicated by Pediatric Advanced Life Support manage-
ment algorithm. At that point he was intubated in the
emergency department (ED) then admitted to the PICU.
Over the next few hours, despite escalation of inotropic
medications in the PICU, he continued to deteriorate
with both hypotension and bradycardia. His echocar-
diogram initially showed normal biventricular systolic
function that progressed to severe dysfunction and car-
diogenic shock. He had a series of brief cardiac arrests
for which he achieved return of spontaneous circulation
(ROSC) with compressions and code dose epinephrine.
Given his clinical state, he was cannulated via a cervical
approach to veno-arterial (VA) extracorporeal membrane
oxygenation (ECMO). Given the concomitant concern
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for acute fulminant myocarditis given the constellation of
cardiac findings (troponin leak, ventricular dysfunction,
rhythm disturbance along with non-specific ST changes
on electrocardiogram (Fig. 1) and refractory shock), he
was also treated with intravenous immunoglobulin and
methylprednisolone. In the hours following ECMO can-
nulation, lung compliance worsened, pink frothy sputum
was present in the endotracheal tube, and chest-x-ray
demonstrated white out lungs, concerning for left atrial
(LA) hypertension. He was taken to the cardiac catheter-
ization laboratory for balloon atrial septostomy. During
this procedure, air bubbles were noted in the left atrium,
left ventricle, and ascending aorta (Fig. 2A and B) with
extensive thrombus in the right ventricle (Fig. 3). He was
subsequently converted to central VA ECMO. Following
cannulation, he developed complete cardiac standstill. In
addition, his neurologic exam lacked purposeful move-
ments and head computed tomography demonstrated
ischemic strokes in frontal and cerebellar areas, sugges-
tive of diffuse anoxic injury of high severity. However, in
the subsequent 48 h, he clinically improved with return
of a pulsatile arterial waveform and normalization of ven-
tricular systolic dysfunction, and he was decannulated
from ECMO. Antibodies for 21-hydroxylase returned
positive confirming the diagnosis of autoimmune adrenal
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Fig. 1 Electrocardiogram at initial presentation showing sinus tachycardia with non-specific ST changes
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Fig. 2 Transesophageal echocardiogram still images at upper esophageal level angle 0 (A) and angle 94 (B): significant air bubbles burden are noticed

in the aorta

Fig. 3 Transesophageal echocardiogram still image at mid esophageal level at angle 0: a large thrombus is seen in the right ventricle cavity

insufficiency (Addison’s Disease). Antibodies for hypo-
thyroidism and type 1 diabetes were also evaluated, and
he was found to have a mild positivity for glutamic acid
decarboxylase (GAD) antibodies for which he will be
clinically monitored. The patient was transferred from
the PICU to the inpatient unit and then rehabilitation
unit. He was discharged home with impaired functional
mobility, balance and gait disturbance. However, with an
extensive rehabilitation program, he regained much of
his functional capacity. He is now able to attend school,
play soccer, and perform daily activities independently.

Discussion

We present a case of circulatory collapse found to be due
to autoimmune adrenal insufficiency. Cardiac arrest and
circulatory collapse occur uncommonly in children, with
respiratory causes (e.g., pneumonia and bronchiolitis)
being the most common [1]. Other common etiologies
include congenital heart diseases, sepsis, arrhythmias,
fulminant myocarditis, blunt trauma and sudden infant
death syndrome (SIDS). In considering the differential
diagnosis, especially in the absence of known congenital
heart disease, and the constellation of clinical and labo-
ratory findings, other etiologies should be considered,
especially reversible ones. The H’s and T’s mnemonic in
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Table 1 Clinical features of adrenal insufficiency
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Nonspecific symptoms Symptoms of
hypoglycemia

Symptoms of mineralocorti-
coid deficiency

Features of elevated
ACTH* concentrations

Laboratory findings

Pallor, sweatiness, dis-
orientation and mood
swings

Fatigue, vomiting, nausea, ab-
dominal pain, weakness, morning
headaches, and failure to thrive

Dehydration, collapse, hypoten- Hyperpigmentation of nail
sion, tachycardia, weight loss,
dizziness and salt craving

Hyponatremia (90%),
hyperkaliemia (50%),
hypochloremia,
metabolic acidosis,
fasting hypoglycemia
with low cortisol, high
ACTH and high renin

beds, mucous membranes,
palmar creases and scars

ACTH Adrenocorticotropic hormone

Pediatric Advanced Life Support algorithm [1] provides
a useful quick screening method when triaging patients
presenting with shock/cardiac arrest.

PAI results from decreased production of glucocor-
ticoids or both gluco- and mineralocorticoid and is a
life-threatening condition. This disease can be congeni-
tal or acquired. Congenital adrenal hyperplasia due to
21- Hydroxylase deficiency is the most common cause
of congenital PAI [2]. Addison’s disease characterized by
autoimmune destruction of adrenal cortex is the most
common cause of acquired PAI [3]. This autoimmune
process is defined by exaggerated humoral and cellular
immune response in genetically predisposed patients.
Usually, there is a trigger for the autoimmune process,
including viral infections, drugs, or stress [4]. Another
rare cause of primary PAI, especially in newborn infants,
includes birth injury to the subcapsular vascular plexus,
which can result in subcapsular bleeding in the adrenal
glands, leading to subsequent ischemic injury [5].

The clinical presentation of PAI is nonspecific, often
delaying diagnosis (Table 1), including a more chronic
indolent course. As is illustrated in this case, the disease
can also present as a life-threatening endocrine emer-
gency, or so-called adrenal crisis. The manifestations
include altered mental status, severe weakness, hypoten-
sion, hypoglycemia, and electrolyte disturbances (mostly
hyponatremia and hyperkalemia) [4]. Hypoglycemia is
more common in children compared to adults [3]. This
patient presented in decompensated shock which rapidly
progressed to cardiopulmonary arrest requiring ECMO.
This is an extremely rare presentation and has been rarely
reported [6]. Clinicians should be vigilant to clues that
help reach prompt diagnosis. The most helpful exam
and laboratory findings include skin hyperpigmentation,
hyponatremia, and hypoglycemia respectively. Patients
with Addison’s disease have high levels of proopiomela-
nocortin. The cleavage of proopiomelanocortin produces
Adrenocorticotropic hormone (ACTH) and melanocyte-
stimulating hormone, resulting in bronzing/hyperpig-
mentation of the skin [2]. The presence of 21-hydroxylase
autoantibodies is diagnostic of autoimmune PAI but are
only positive in approximately 50% of cases [4].

When PAI is suspected, stress dose intravenous (IV)
hydrocortisone is the treatment of choice and is lifesav-
ing. IV hydrocortisone should be continued until clinical
improvement and/or diagnosis of PAI is ruled out. When
clinical and laboratory presentation do not fit the picture
of adrenal insufficiency, the use of stress dose steroids is
controversial, though considered not unreasonable as it
is often used in refractory shock in patients undergoing
cardiac surgery [7]. Steroids are also commonly used in
catecholamine-resistant septic shock. Despite the fre-
quent use of hydrocortisone, a systematic review and
meta-analysis on the effects of steroids for relative adre-
nal insufficiency in pediatric shock showed no benefit [8].

It is known that patients with adrenal shock have poor
response to vasoactive medications [9]. The unique fea-
ture of this case is the associated myocardial stunning
and severe biventricular dysfunction. One might specu-
late that the air bubbles seen on transesophageal echocar-
diogram during cardiac catheterization were significant
enough to cause myocardial ischemia and worsened dys-
function. This may have contributed to prolonged myo-
cardial recovery time. Furthermore, adrenal crisis usually
presents with hypovolemic shock [10], rather than a car-
diogenic shock. In the rare cases of decompensated shock
that have been reported on patients with newly diag-
nosed Addison’s disease, it was speculated that conges-
tive heart failure and resulting cardiogenic shock could
be secondary to severe cachexia and malnutrition [11].
However, this patient had normal growth parameters.

Conclusion

In summary, as in this case, adrenal insufficiency should
be considered in the context of physical exam and labora-
tory findings, even in the presence of circulatory shock.
Steroid replacement is critical and lifesaving and should
be administered expeditiously.
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ECMO  Extracorporeal membrane oxygenation
PICU Pediatric intensive care unit
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LA Left atrial

GAD Glutamic acid decarboxylase
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