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Presentation 

A previously healthy 5-year-old female presents to the 
emergency department with a chief concern of worsening fa-
cial swelling. She recently completed a course of Augmentin, 
prescribed at an urgent care for a presumed dental infection. 
Her weight is 26.9 kg (95th percentile), height is 116 cm (66th 
percentile), and BMI is 19.99 (97.5th percentile). Her initial vitals 
are significant for hypertension for age with a blood pressure 
of 122/79 mm Hg (99th percentile; 90th percentile 108/68) but 
are otherwise age appropriate. The emergency medicine team 
notes a protuberant abdomen on examination, raising concern 
for generalized edema. Laboratory evaluation is notable for nor-
mal electrolytes, BUN, creatinine, AST, ALT, albumin, urinalysis, 
and NT-proBNP. She also has a normal CXR and abdominal ultra-
sound. She is admitted for further evaluation. 

On presentation to the acute care floor, our hospital medi-
cine and endocrinology teams elicit additional history from the 
patient’s mother, which includes hyperphagia, weight gain, and 
a dramatic change in her appearance over the course of the 
previous 3 weeks (Figures 1A and 1B). There is a family history 
of early heart disease and stroke in her maternal grandfather 
(late 40s); there is no known family history of sudden death or 
early onset cancers/tumors. Repeat vital signs reveal persis-
tent hypertension (128/85 mmHg). Physical exam performed 
by endocrinology notes moon facies and central adiposity, not 
edema as interpreted by previous providers. She has normal S1 
and S2 heart sounds without murmur. Lungs are clear to aus-
cultation. There is no hepatosplenomegaly, ascites, or masses. 
She does not have periorbital or lower extremity edema. She 
does not have flank tenderness. She does not have striae, acne, 
hirsutism, dorsocervical fat pad, extremity thinning, or other 
unusual skin changes.  She was noted to have a baseline morn-
ing cortisol of 22.4 ug/dL (reference range 4.5-23.0 ug/dL). She 

received dexamethasone 1 mg at 11PM, and repeat morning 
cortisol at 7AM was 23.5 ug/dL (normal response <1.8 ug/dL). 
24-hour free urine cortisol was 666.7 ug/24 hours (reference 
range 1-30).

Discussion

Differential Diagnosis

Edema is characterized by fluid accumulation in various tis-
sues. The differential includes, but is not limited to, heart and re-
nal failure, cirrhosis, angioedema, protein malnutrition, protein 
losing enteropathy, and lymphedema. Cushing Syndrome (CS) 
can also cause edema through cross-reaction of cortisol with 
the mineralocorticoid receptor. The localization of the edema, 
including whether it is focal or generalized, can help point to an 
underlying diagnosis. It is also important to consider whether 
the patient truly has edema vs another process that makes tis-
sue appear more full than normal, such as increased adiposity.

Actual Diagnosis

The patient presented with a chief concern of facial swelling. 
On examination, she was noted to have moon facies and central 
adiposity.  Growth charts collected from her pediatrician’s of-
fice did not show significant growth deceleration; however, she 
did have rapid weight gain (Figure 2). The constellation of moon 
facies, central adiposity, rapid weight gain, and hypertension 
is highly suspicious for CS. CS describes a condition caused by 
prolonged exposure to supraphysiologic glucocorticoids.  The 
patient’s diagnosis was cinched with documented hypercorti-
solism on two different tests. Although she did not have an ap-
preciable dorsocervical fat pad or acanthosis nigricans (related 
to insulin resistance driven by hypercortisolism), these features 
became more apparent over time (Figure 1C and 1D). Growth 
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deceleration is typically present in children with CS. It may have 
been absent in this patient because of the acuity in which her 
hypercortisolism developed. 

The Condition

In a normally functioning Hypothalamic-Pituitary-Adrenal 
(HPA) axis, the hypothalamus secretes Corticotropin Releasing 
Hormone (CRH), which stimulates the anterior pituitary to re-
lease Adrenocorticotropic Hormone (ACTH), which then stimu-
lates the adrenal gland to release cortisol. Cortisol acts by nega-
tive feedback to inhibit CRH release. The effects of cortisol are 
systemic. Its main function is to respond to stress, but it has a 
diurnal release that is important for physiologic functions, such 
as glucose homeostasis and blood pressure support. Cortisol 
levels are highest upon waking in the morning, followed by a 
steady decrease throughout the rest of the day and a nadir in 
the middle of the night. 

Children with CS typically present with weight gain and de-
creased linear growth velocity [1]. Other signs and symptoms, 
not noted in our patient, include easy bruising, purple striae 
(more common in older children), hirsutism, amenorrhea, and 
mood changes [1]. Long-term sequelae of hypercortisolism in-
clude compromised adult height, impaired glucose metabolism, 
type 2 diabetes, hyperlipidemia, increased arterial rigidity, os-
teoporosis, neuropsychiatric disturbances, and decreased qual-
ity of life [1]. 

Exogenous administration of corticosteroids (e.g. predni-
sone) is the most common etiology. Endogenous etiologies of 
CS are much rarer, occurring with an incidence of 0.7-2.4 per 
million people per year [2]. CS results from dysregulation at 
any point along the HPA axis and includes both ACTH and non-
ACTH mediated processes. Cushing disease is one etiology of CS 
and describes overproduction of ACTH by a pituitary adenoma. 
Other etiologies of CS include ectopic ACTH-secreting tumors. 
Adrenal overproduction of cortisol is seen in adrenocortical 
nodular disease. 

Treatment/Management

Diagnosis begins with documenting hypercortisolism with 
24-hour urine free cortisol, late-night salivary cortisol (≥2 tests), 
or an overnight 1-mg dexamethasone suppression test. These 
tests are highly sensitive but also have a high false-positive rate 
[3]. Individuals with one positive test should be referred to an 
endocrinologist for ongoing testing, which generally involves 
performing one or two additional tests [3]. Individuals with a 
negative test but high pre-test probability should also be re-
ferred to an endocrinologist to exclude the possibility of cyclic 
hypercortisolism, which causes intermittent episodes of cortisol 
excess [3]. 

After documenting hypercortisolism, the next step involves 
distinguishing between ACTH-dependent (includes Cushing 
disease and ectopic ACTH production) and ACTH-independent 
Cushing syndrome. Individuals with ACTH-dependent hypercor-
tisolism should have a pituitary imaging [4]. Inferior petrosal 
sinus sampling may be needed to detect microadenomas [4]. 
CT, MRI, or other nuclear imaging studies of the neck, chest, ab-
domen, and pelvis are used to detect ectopic sources of ACTH 
production [1]. Individuals with ACTH-independent CS should 
have adrenal imaging [4]. 

Transsphenoidal surgical resection of ACTH secreting pitu-
itary adenomas is first line treatment of Cushing disease and 

success rate is 90% in specialized centers [1]. Risks involve hy-
popituitarism, bleeding, and infection. Pituitary radiotherapy is 
generally avoided in children due to risk for hypopituitarism and 
cognitive deterioration, but stereotactic radiotherapy may limit 
these adverse effects and is being studied in children [1]. Indi-
viduals with adrenal tumors are best treated with surgical re-
section, and those with micronodular or macronodular disease 
with bilateral total adrenalectomy. Medications that modulate 
ACTH release, inhibit adrenal steroidogenesis, and/or block the 
glucocorticoid receptor are second-line therapies [4]. These 
drugs are not currently FDA approved for the treatment of hy-
percortisolism and have significant side effects, so they are gen-
erally reserved for individuals who are not surgical candidates 
or have persistent disease after surgery [4]. 

Patient Course

Our patient was discharged as we awaited results from 
her first admission. ACTH was suppressed, and CT abdomen 
showed normal adrenal glands. There are several forms of ad-
renocortical disease that result in excessive cortisol production, 
not appreciable on imaging studies. These can be distinguished 
using the Liddle test, which measures urinary cortisol and 
17-hydroxycorticosteroids at baseline and after giving low and 
high-dose dexamethasone. Among individuals with one form 
of adrenocortical disease, called Primary Pigmented Nodular 
Adrenocortical Disease (PPNAD), dexamethasone induces a 
paradoxical increase in cortisol [6], thought to occur through 
a glucocorticoid receptor-mediated effect on protein kinase A 
catalytic subunits [7]. In those with other types of adrenocorti-

Figure 1: Photographs of patient taken over time. Photograph A 
was taken three weeks prior to initial presentation, B at initial pre-
sentation, C and D three months after initial presentation.

Figure 2: Growth chart. Blue arrow represents age at initial pre-
sentation. Green arrow represents age at bilateral adrenalectomy. 
Orange arrow represents mid-parental height.
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cal disease, including macronodular adrenocortical disease and 
adrenal adenomas, this paradoxical increase is generally absent 
[6].

PPNAD is typically associated with Carney complex, which 
is a rare genetic disorder characterized by endocrine and non-
endocrine tumors, including myxomas and schwannomas [5]. 
Most individuals with PPNAD have a genetic variant in the 
PRKAR1A gene, which codes for a regulatory subunit of protein 
kinase A. Our patient had a paradoxical response to dexametha-
sone and a variant in PRKAR1A, confirming the diagnosis of PP-
NAD in the setting of Carney complex.

She had a pre-operative evaluation with cardiology to assess 
for cardiac myxoma, which is a source of significant morbid-
ity and mortality among individuals with Carney complex. Her 
cardiologist noted an echo-dense mass on echocardiography, 
raising concern for myxoma. She had a cardiac MRI, which has 
improved specificity, to further characterize the mass, and this 
study was normal, suggesting that the mass on echocardiog-
raphy was likely an artifact. She was subsequently cleared for 
surgery. She underwent successful bilateral adrenalectomy. Pa-
thology revealed a benign adrenal gland with cortical nodulari-
ty. She received peri-operative stress steroids and subsequently 
started physiologic hydrocortisone and fludrocortisone. Family 
also received education to administer stress dose hydrocorti-
sone when sick and during stressful events. Hydrocortisone and 
fludrocortisone have been titrated based on symptoms, growth, 
electrolytes, and plasma renin levels [8]. 

She is followed by endocrinology, cardiology, and our cancer 
predisposition teams. She undergoes annual echocardiograms 
and close monitoring of her growth rate and pubertal staging. 
After puberty starts, she will undergo additional surveillance 
with thyroid and ovarian ultrasounds and whole-body MRI.  At 
time of this writing, PPNAD is our patient’s only manifestation 
of Carney complex. Her appetite and weight are normalizing 
(Figure 2). 

Lessons for Clinician

• It is important to maintain a wide differential diagnosis 
when patients present with non- specific chief complaints such 
as “swelling”.

• Comparing photographs over time may provide valu-
able insight into clinical characteristics for patients presenting 
with rapid weight gain of unknown etiology.

• Cushing syndrome must be considered in a child pre-
senting with hypertension, linear growth deceleration, and 
rapid weight gain. 

• The majority of pediatric Cushing syndrome is iatro-
genic, secondary to steroid administration, but there are rare 
disorders of endogenous ACTH and/or cortisol production that 
led to Cushing syndrome.

• Cushing syndrome is typically caused by an adrenal 
source in children <7 years old and ACTH-producing tumors in 
older individuals.
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