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Abstract 
Background: Apparent mineralocorticoid excess syndrome (AME) is an ex-
tremely rare autosomal-recessive genetic disorder due to deficiency in 11-
beta-hydroxysteroid dehydrogenase enzyme type 2 isoform (11-beta-HSD2) 
that converts cortisol to cortisone. The resultant high cortisol level (100-fold 
higher than aldosterone) avidly binds to and activates the mineralocorticoid 
receptors leading to hypertension and hypokalemia. Case: A 14-year-old girl 
presented with severe hypertension, unprovoked hypokalemia with high uri-
nary potassium output, and metabolic alkalosis. She did not have a history of 
parenteral disease, chronic licorice ingestion and lung tumors by FDG-PET 
scan. Diagnosis was established by; 1) a high 24-hour urinary cortisol to cor-
tisone ratio (>18), 2) low serum levels of renin, aldosterone, 11-beta-HSD and 
adrenocorticotrophic hormones, and 3) genetic testing showing homozygous 
pathogenic variants in HSD11B2 gene. Treatment: With low-salt diet and 
daily Amlodipine 5 mg, Amiloride 50 mg and Spironolactone 50 mg, stabilized 
her disorders up to 6 months of follow-up. Conclusion: AME should be con-
sidered in children with severe hypertension and unprovoked hypokalemia. 
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1. Introduction 

Extracellular potassium (K) accounts for only 2% of total body K, and has a major 
effect on the resting cell membrane excitability especially cardiac muscle that may 
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culminate in arrhythmogenic death [1]. The kidney excretion is the major route 
of K excretion and accounts for 90% followed by 10% in gastrointestinal tract. Its 
narrow and critical range of 3.5 - 5.0 mmol/L, is regulated at apical potassium 
channels (Na+-K+-2Cl− cotransporter) in renal cortical collecting ducts via upreg-
ulation in Na+-K+-ATPase in apical membrane of the α-intercalated cells. Moreo-
ver, such upregulation of ATPase increases the activity of another counter trans-
porter, H+-K+-ATPase that leads to H+-loss (alkalosis) in cases of K-depleted 
states. The excretion of K in this nephron segment is coupled to sodium reabsorp-
tion via; 1) the amiloride-sensitive sodium channels and 2) aldosterone action on 
the mineralocorticoid receptors to increase sodium reabsorption and K secretion 
[2]. Such pathophysiological basics are essential in diagnosis and management of 
acquired and congenital renal tubular defects. Moreover, some of those defects 
result in severe hypertension that is associated with life-threating cardiovascular 
insults [3]. In this case report, we present our experience in diagnosis and man-
agement of a patient with such rare congenital renal tubular disorder that resulted 
in severe hypertension and hypokalemia.  

2. The Case 

A 14-year-old girl was referred for management of severe hypertension with re-
fractory unprovoked hypokalemia for years. The patient had uncomplicated nor-
mal vaginal delivery to first-degree consanguineous healthy parents. She was the 
3rd child with no significant disease in the previous or subsequent 2 children. At 
the age of 5 months; she was noted to have severe hypertension and hypokalemia 
with high-urinary K-loss. Routine laboratory tests; showed normal kidney func-
tion as well as urine routine and microscopy. Moreover, she had negative serolog-
ical tests for autoimmune diseases viz. serum complements, ANA, ANCA, anti-
GBM antibodies, hepatitis B surface antigen and anti-hepatitis C antibody as well 
as IgA level and protein electrophoresis. Radiological assessment did not show 
coarctation of aorta and, on ultrasonography both kidneys were normal and with-
out renal artery stenosis as tested with Doppler. Hormonal profile showed normal 
thyroid stimulating hormone and cortisol. Moreover, without antihypertensive 
drugs, and at upright position, she had normal levels of direct renin (52 ng/L; 
Normal: 7 - 57), aldosterone (278 pmol/L; Normal: 271 - 996), and aldoste-
rone/renin ratio (5.3; Normal: 4 - 45). Moreover, she had normal levels of proges-
terone, pregnenolone, 17-alpha hydroxyprogesterone, 17-alpha-hydroxypregne-
nolone, and androstenedione. Hence, she was managed as a case of Liddle syn-
drome. She was treated with Amiloride up to a dose of 20 mg daily and high-dose 
K-supplementation to keep K level above 3.5 mmol/L. Moreover, and according 
to her parents, she was not compliant with her medications and medical follow 
up. At her present assessment, she denied intake of medications and licorice. She 
was in distress of headache with blood pressure at 170/120 mm Hg. She was afe-
brile and with body weight at 30 kg. Systemic examination did not show abnor-
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mality. Laboratory investigations showed normal peripheral leucocytic, hemoglo-
bin and platelets count. Serum glucose, urea, creatinine, electrolytes and liver 
functions were normal except for hypokalemia at 2.7 mmol/L and high bicar-
bonate level at 31 mmol/L. Urine routine and microscopy did not show pro-
teinuria or hematuria. Simultaneous spot urine K was 78 mmol/L. Repeat of radi-
ological assessment confirmed the previous findings except relatively smaller kid-
neys at 9 cm and with thin and echogenic cortex. Electrocardiogram and echocar-
diogram showed left ventricular hypertrophy. Repeat hormonal studies and auto-
immune work up confirmed the previous findings. Moreover; she had (a) normal 
FDG-PET scan excluding lung tumors, (b) low serum levels of renin, aldosterone, 
aldosterone/renin ratio as well as low levels of 11-desoxycortisole at 0.21 ng/ml 
(Normal: 0.7 - 2.1), (c) high 24-hour urinary cortisol to cortisone ratio (>18), and 
(d) normal adrenocorticotrophic hormone as tested by plasma copeptin at 7 
pmol/L (normal range: 1 - 13.8), and (e) genetic testing showing homozygous 
pathogenic variants in HSD11B2 gene. Genetic testing (Next-generation sequenc-
ing) was done on an Ion Torrent S5XL/Prime Machine using ion AmliSeq whole 
Exorne Sequencing (WES) Kit by Life Technologies to an average coverage depth 
of 70 – 100 X. Hence, diagnosis of Apparent mineralocorticoid excess was estab-
lished. She was treated with the same dose of Amiloride and slow K (600 mg) 
thrice daily with emphasis on low sodium diet. Moreover, to control her severe 
hypertension she required Amlodipine 10 mg daily with Alpha methyl dopa 250 
mg twice daily. Since, she did not have high urinary calcium excretion and/or 
nephrocalcinosis; thiazides were not added. One week later; serum K increased to 
4 mmol/L and urinary K decreased to 23 mmol/L. One month later; her antihy-
pertensives decreased to only Amlodipine 5 mg X1. Her compliance was encour-
aged by emphasis on; 1) establishment of definite diagnosis, 2) improvement with 
targeted therapy, and 3) rewarding risk-avoidance of future renal and cardiovas-
cular kidney disease. On such management, she remained stable, clinically and by 
laboratory testing, up to 6 months of follow up.  

3. Discussion 

Diagnosis of unprovoked hypokalemia (K < 3.5 mmol/L), due to hormonal disor-
ders and/or renal tubular defects, is established only after stabilization of diseases 
e.g. gastrointestinal losses and control of diabetes mellitus as well as avoidance of 
drugs viz. laxatives, diuretics, licorice (enzymatic blocker), mineralocorticoids, 
cortisol and mannitol. Hence; diagnosis requires the following data: 1) history of 
drug intake (diuretics, mannitol, laxatives and licorice) as well as diarrhea, ure-
teric diversion and uncontrolled diabetes, 2) blood pressure state, 3) spot or 1-
hour urinary K level, 4) arterial blood pH for metabolic acidosis or alkalosis, 5) 
hormonal testing for plasma renin, aldosterone and renin/aldosterone ratio, cor-
tisol, adrenocortical stimulating hormone or copeptin, 11-beta-hydroxysteroid 
dehydrogenase, 24-hour urinary cortisol to cortisone ratio, 17-OH-progesterone, 
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dehydroepiandrosterone, 4-δ-androstenedione, urinary cortisol and urinary an-
drogen catabolites and 6) genetic testing for suspected disorders [4]. Based those 
data, and using Table 1, the etiology of persistent hypokalemia can be established. 
In our patient; exclusion of certain disorders was done via: 1) high spot urinary K 
for extrarenal causes viz. poor K-intake, gastrointestinal loss and altered intracel-
lular distribution (periodic paralysis), 2) metabolic alkalosis for renal tubular aci-
dosis and channelopathies viz. Bartter and Gitelman syndromes [4], 3) low renin 
and aldosterone levels for renovascular disease, malignant hypertension, renin-
secreting tumor, adrenal hyperplasia, adenoma and genetic/familial glucocorti-
coid remediable hyperaldosteronism, 4) normal ACTH and FDG-PET scan for 
ectopic ACTH tumors [5], 5) low levels of 11-beta-HSD2 and high urinary corti-
sone/cortisol ratio, as well as genetic testing for Liddle’s syndrome which usually 
shows mutation in one of 3 genes (SCNN1A, SCNN1B, and SCNN1G) [6], 6) nor-
mal serum cortisol for glucocorticoid resistance [7], 7) normal levels of andro-
genic hormones viz. progesterone, pregnenolone, 17-alpha hydroxyprogesterone, 
17-alpha-hydroxypregnenolone, and androstenedione for congenital adrenal hy-
perplasia [8], 8) normal catecholamines for pheochromocytoma [9], and 9) ge-
netic testing for activating mutation in mineralocorticoid receptors [10]. On the 
other hand, the low level of 11-beta-HSD2 and high urinary cortisone/cortisol ra-
tio established diagnosis of AME and subsequent genetic testing confirmed the 
diagnosis. AME is an extremely rare genetic disorder with only 101 cases reported 
worldwide [11]. It is an autosomal-recessive genetic disorder due to an inactivat-
ing mutation decreasing production of 11-bet-hydroxysteroid dehydrogenase en-
zyme type 2 isoform (11-beta-HSD2) that converts cortisol to cortisone [12]. The 
resultant high cortisol level (100-fold higher than aldosterone) avidly binds to and 
activates the mineralocorticoid receptors leading to hypertension and hypokale-
mia. Hence, it simulates mineralocorticoid excess with hypertension, hypokale-
mia, metabolic alkalosis, and low plasma renin activity yet with low/normal 
plasma aldosterone (pseudohyperaldosterone) [13]. Diagnosis can be established 
by low-levels 11-beta-HSD2, high 24-hour urinary high free cortisone/cortisol ra-
tio (>5 in children and 18 in adults) and genetic testing [14]. Interestingly, similar 
disease was not evident in her family members and was confirmed by genetic test-
ing which indicates a new mutation in her. Inadequately treated AME-patients 
can suffer from severe hypertension in early childhood with target organ damage 
as seen in our patient with renal impairment and LVH. Moreover, AME can be 
associated with; 1) low birth weight, failure to thrive, and 2), hypercalciuria and 
nephrocalcinosis that indicates thiazide therapy [15]. The main line of treatment 
includes low sodium diet, potassium supplementation and K-sparing diuretics 
with Amiloride or triamterene are more tolerable than high-dosage of Spirono-
lactone with its side effects. In severe and refractory cases; permeant cure can be 
achieved with kidney transplantation from a donor with normal 11-beta-HSD2 
activity [16].  
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Table 1. Diagnostic algorithm in hypokalemia. 

I—Low urinary potassium excretion (<20 mmol/L): 

1) prior diuretic-use 

2) Gastrointestinal loses 

3) Profuse sweating or excessive burn 

4) Translocation (e.g. to muscle in periodic paralysis) 

II—High urinary potassium excretion (>20 mmol/L): 

Normal or low blood pressure:  

A—Metabolic alkalosis:  

Low urinary chloride (<20 mmol/L) High urinary chloride (>20 mmol/L) 

1) Vomiting or gastric suction 1) Loop or thiazide Diuretics 

2) Congenital chloride-losing diarrhea 2) Bartter’s syndrome 

3) Villous adenoma  

B—Metabolic acidosis:  

1) Renal tubular acidosis  

2) Diabetic ketoacidosis  

3) Ureteral enterostomy  

C—Variable:  

Diuretic phase of ATN or obstruction  

Hypertension:  

High Renin and aldosterone High renin & low aldosterone 

1) Renovascular disease Prior ACEI or ARB 

2) Malignant hypertension  

3) Renin-secreting tumor  

Low renin & high aldosterone Normal/low renin & aldosterone (R&A) 

1) Adrenal hyperplasia, adenoma & tumor Apparent meniralocorticoid excess (AME) 

2) Glucocorticoid remediable hyperaldosteronism (genetic/familial) Liddle syndrome 

 Licorice 

 Dexamethasone 

 Ectopic ACTH secretion syndrome 

 Mineralocorticoid receptor activation mutation 

 Glucocorticoid resistance 

 Congenital adrenal hyperplasia 

 On drugs reducing RAAS 

Abbreviations: ATN: acute tubular necrosis, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker; 
ACTH: adrenocorticosteroid hormone, RAAS: renin angiotensin aldosterone system. 
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4. Conclusion 

In contrast to adults, hypertension in children, though uncommon, it is secondary 
to an identifiable etiology. Renal disease is the most common followed by congen-
ital disorders, hereditary defects and hormonal imbalance. It requires experience 
in diagnosis and management to avoid long-term and life-threatening complica-
tions.  
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