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Introduction

Hypertension in the pediatric age group is most 
commonly due to renal disorders, and endocrine 
disorders as a cause of childhood hypertension 

constitute only <10% of the cases (1).  Among the endo-
crine causes, primary hyperaldosteronism is very rare in the 
pediatric age group (1-3). Four causes of primary hyperal-
dosteronism have been recognized, including aldosterone-
producing adenoma (APA), dexamethasone suppressible 
hyperaldosteronism (DSH), idiopathic hyperaldosteron-
ism (IHA, also termed bilateral adrenal hyperplasia) and 
hyperaldosteronism caused by adrenal carcinoma (3). 
The most common cause of primary hyperaldosteronism 
in children is IHA(1-3). Although not uncommon in the 
adult population, APA in children is exceedingly rare, 
and only a few cases are reported in the literature (4-9). 
We describe a 14.5-year-old boy with a rare case of 
left adrenal aldosterone-producing adenoma. Interest-
ingly, he had a family history of adenomatous polypo-

sis coli and was found to carry a mutation of the adeno-
matous polyposis coli (APC) gene. Although familial 
adenomatous polyposis coli (FAP) has been known to 
cause extracolonic manifestations, including nonfunc-
tional adrenal adenomas (10), APA is reported only 
in one adult patient (11). This is the fi rst pediatric pa-
tient with an APC gene mutation presenting with APA.
 

Case Report

 A 14.5-year-old boy was referred to pediatric gas-
troenterology for his complaints of constipation and occa-
sional blood streaking after bowel movements. He had had 
no signifi cant medical problems in the past and had been 
in good health.  Family history was signifi cant for familial 
adenomatous polyposis coli (FAP) of his father, paternal 
uncle, and paternal grandfather, and all had undergone to-
tal colectomies. His father also had a history of hyperten-
sion, hyperlipidemia and stroke. On physical examination, 
he was at the 50th percentile for height and 25th to 50th 
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showed a 9 x 5 x 8 mm hypointense oval mass in the left adrenal gland. 
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logic examination of the specimen confi rmed the diagnosis of APA. After sur-
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demonstrated that he had adenomatous polyposis coli (APC) gene mutation 
(453 del A). APC gene mutation has been known to cause extra-colonic 
manifestations including nonfunctioning adrenal adenomas. Although one 
adult case has been reported previously, this is the fi rst pediatric case re-
ported in the literature with APC gene mutation and APA. APA is a very rare, 
curable cause of primary hyperaldosteronism in children. A careful family 
history and mutation analysis of APC gene should always be considered in 
all children with the diagnosis of APA because of the possible association 
with APC gene mutation.
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percentile for weight. His blood pressure in the right arm 
was 168/106 mm Hg and in the left arm was 165/102 mm 
Hg. He was Stage 3 for pubic hair and genital develop-
ment. The rest of his physical examination was unremark-
able. 
 On laboratory tests, as summarized in Table I, he 
had hypokalemia, mild hypernatremia and alkalosis. Aldo-
sterone levels, on the other hand, were at the upper end of 
normal on several occasions, and once above the normal 
range despite suppressed plasma renin activity. Plasma 
catecolamines and DMSA of the kidneys were normal. 
An MRI scan of the adrenal gland showed a 9 mm x 5 
mm x 8 mm hypointense oval lesion in the left adrenal 
gland consistent with adrenal adenoma. Adrenal venous 
sampling was performed for defi nitive diagnosis of adre-
nal aldosterone-producing adenoma. As seen in Table II, 
the aldosterone to cortisol ratio (A:C) indicated signifi cant 
lateralization of aldosterone production to the left adrenal 
gland. The ratio of A:C of the adrenal gland to the A:C of 
the inferior vena cava for the left side was 17.9, and for the 
right side was 0.44, which confi rmed the diagnosis of left 
APA. A laparoscopic left adrenalectomy was performed 
with no complications. 
 There was a well-circumscribed adrenal adenoma 
measuring 1.2 cm x 1.0 cm x 0.9 cm in the left adrenal 
gland (Figure Ia and Ib). Postoperatively, his aldosterone 
level in peripheral blood was < 2 ng/dL with a renin level 
of < 0.6 ng/mL/h. The patient continued to have some re-
sidual hypertension for the next several days after surgery, 
which resolved gradually. A mutation analysis (Mayo 
Clinic Laboratories, Rochester, MN) demonstrated that he 
carries the adenomatous polyposis coli (APC) gene muta-
tion (453 del A). About 2 months after surgery, at the time 
of colonoscopy, his blood pressure was 117/67 mm Hg. 
The colonoscopy revealed no mucosal changes or polyps 
and follow-up with repeat colonoscopies was planned be-
cause of the APC mutation.

Discussion

FAP is an autosomal dominantly inherited disorder with 
an estimated prevalence of 1:5000 to 1:17,000 (12). It is 
characterized by the presence of multiple, usually hun-
dreds to thousands of adenomatous polyps in the large 
intestine (10,13,14). It is caused by mutations in the APC 
gene located on chromosome 5q21 (11,13,14). The APC 
gene is a tumor suppressor gene and both APC alleles 
must be inactivated by a mutation for the development of 

FAP (14). It is rare for FAP to present in childhood; polyps 
usually develop during the teenage years or early twenties 
(13,15,16). If the disease is left untreated, the average age 
for developing colon cancer is 39 years (13). Since the 
lifetime risk of developing colon cancer is close to 100%, 
surveillance colonoscopy is recommended in patients 
with a family history of FAP, and if disease is found, total 
colectomy is recommended (12). 
 The causal relationship between FAP and adrenal 
lesions is unknown. Patients with familial adenomatous 
polyposis are known to have extracolonic manifestations. 
Endocrine neoplasms, including pituitary gland tumors, 
as well as tumors of the pancreatic islets and adrenal 
cortex, are now recognized as part of the extracolonic 
manifestation associated with FAP (10, 13, 16).  It is 
often diffi cult to determine the true incidence of adrenal 
tumors in FAP patients because most of these tumors 
are clinically asymptomatic; however, the prevalence of 
adrenal masses in these patients is higher than in the 
general population. 
  It has been shown that adrenal tumors are pres-
ent in 7.4% of patients with FAP but in only 2.9 % of 
patients without FAP (10).  Marchesa et al (10) retro-
spectively reviewed the charts of 738 patients with FAP 
and found that many of these patients had extracolonic 
manifestations, including 15 patients with an adrenal 
mass. These patients had a diagnosis of FAP at an av-
erage age of 33 years, whereas the median age at time 
of adrenal mass diagnosis was 46 years. Most of these 
adrenal tumors were nonfunctional or cortisol-produc-
ing tumors. However, there is only one adult case, a 58- 
year-old man, reported in the literature with FAP and 
APA (11). 
 The physiologic consequences of excessive pro-
duction of aldosterone are suppression of renin release 
and angiotensin production, and increased distal tubular 
sodium reabsorption with renal potassium wasting and 
alkalosis (1-3). Among the four distinct types of primary 
hyperaldosteronism, including APA, IHA, dexametha-
sone-suppressible hyperaldosteronism, and hyperaldo-
steronism due to adrenal carcinoma, the most common 
cause of primary hyperaldosteronism in children is IHA 
(2,3).
  IHA responds to medical therapy rather than re-
quiring surgical resection, whereas APA is curable with 
unilateral adrenelectomy on the side of the tumor (1-3).  
Therefore, it is important to determine the etiology of 
the hyperaldosteronism for appropriate treatment.  
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Figure Ia: Appearance of the adrenal adenoma on 
laparoscopy

Figure Ib: Left adrenelactomy specimen with well-
circumscribed adrenal adenoma measuring 1.2 cm 
x 1.0 cm x 0.9 cm

 The differential diagnosis of hyperaldosteron-
ism in children may at times be challenging. The clinical 
and laboratory fi ndings of primary hyperaldosteronism 
due to IHA and APA are very similar. However, patients 
with APA tend to have more pronounced hypertension 
and hypokalemia than those with to IHA (1-3). The pe-
ripheral blood concentration of 18-hydroxycorticoste-
roid may behigh in APA but normal in IHA. Therefore, 
high concentration of 18-hydroxycorticosteroid sup-
ports but normal concentration does not rule out the di-
agnosis of APA (2,3). In the case presented here, the 18-
hydroxycorticosteroid concentration in peripheral blood 
was high (Table 1), which supported the diagnosis of 
APA. Although one could argue about the necessity for 
adrenal venous sampling in presence of an adrenal mass 
demonstrated by adrenal imaging, it is still preferred 
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TABLE I: Laboratory test results

Laboratory Tests Normal Ranges Results

Sodium (135-145 mEq/L) 140-149 mEq/L

Potassium (3.0- 4.8 mEq/L) 2.5- 3.0 mEq/L

HCO3 (20-28 mEq/L) 31-33 mEq/L

Plasma renin activity (1-5 ng/mL/h) <0.6 ng/mL/h

Aldosterone supine (1-22 ng/Dl) 15- 28 ng/dL

18 hydroxycorticoste-
rone 

(5-73 ng/dL) 103 ng/dL

Morning cortisol (5-22 μg/dL) 13μg/dL

DHEA-S (48-200 μg/dL) 57 μg/dL

Site of 
sample

Aldosterone

(ng/dL)

Cortisol

(μg/dL)

Aldosterone/
cortisol ratio 
(A:C)
  

Left adrenal 
vein

1185 18.4 64.4

Right adrenal 
vein

59 36.7 1.6

Inferior vena 
cava

28 7.6 3.6

TABLE II: Adrenal venous sampling results of patient with left 
adrenal aldosterone-producing adenoma

by most pediatric endocrinologists for the defi nitive 
diagnosis in patients with primary hyperaldosteronism 
not only because APA is very rare in the pediatric age 
group but also because nonfunctional adenomas in adre-
nal glands are relatively common (2,17). In primary hy-
peraldosteronism, if the aldosterone concentration on one 
side is at least three times higher than the other side, it 
is highly suggestive of anadrenal adenoma rather than 
IHA (2,3,9). The aldosterone to cortisol ratio (A:C) is a 
more reliable param eter than aldosterone concentration 
alone to determine lateralization; it minimizes the techni-
cal errors caused by dilution of the adrenal venous sample 
by blood from the inferior vena cava on the right side or 
the inferior phrenic or renal vein on the left side (18). The 
A:C of adrenal glands to A:C of inferior vena cava should 
be at least 1.5 or more for the involved side and close to 1 
for the other adrenal gland for the diagnosis of APA (19). 
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In the patient presented here, the ratio of the A:C of the 
left adrenal gland to A:C of inferior vena cava was clearly 
very high whereas very low on the right side. 
 The patient underwent laparoscopic removal of 
the tumor, which is a minimally invasive, effective and 
safe technique that allows faster recovery than laparatom-
ic adrenalectomy (20). His blood pressure was elevated 
for several days postoperatively despite undetectable al-
dosterone concentrations in his peripheral blood. Studies 
have shown that residual hypertension can be detected in 
11%-30% of patients with adrenal adenomas despite surgi-
cal resection, whereas hypokalemia resolves in nearly all 
cases (21, 22).  
 In conclusion, we present the fi rst pediatric case of 
primary hyperaldosteronism due to APA as a result of an 

APC gene mutation. Although adrenal masses are known 
extracolonic manifestations of FAP, this is the fi rst pediatric 
case of APA with APC mutation reported in the literature. 
Since APA is exceedingly rare in children, a careful family 
history and mutation analysis for APC gene deletion should 
always be considered in all children with the diagnosis of 
APA. Early recognition of FAP could prevent serious con-
sequences related to colonic or extracolonic manifestations 
of the disorder.
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