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Sporadic pseudohypoaldosteronism: A challengingdiagnosis
Suman Preet Kaur Bhullar, Raouf Seifeldin, Nikhil Hemady

ABSTRACT
Introduction: Pseudohypoaldosteronism (PHA)is a rare form of saltwasting syndrome, causedby peripheral resistance to aldosterone. PHA isof three types: PHA type 1, 2, 3.Pseudohypoaldosteronism type 1 (PHA1) isfurther differentiated into, (i) hereditary forms,autosomal recessive and dominant, which arecaused by epithelial sodium channel andmineralocorticoid receptor mutationsrespectively and (ii) secondary form which isassociated with urological problems. CaseReport: We present a case of a male infant whopresented with failure to thrive, vomiting, milddehydration and reflux. Evaluation revealedhyperkalemia with normal glucose and carbondioxide levels. A preliminary diagnosis of CAH(congenital adrenal hyperplasia) was made.Further workup showed high serum aldosteroneand renin levels with normal renal andadrenocortical functions. In line with theinvestigations the diagnosis ofpseudohypoaldosteronism was made. Thepatient was treated with sodiumsupplementation, which normalized his clinical

state and serum electrolytes. Followup revealedweight gain and improved status. Conclusion:Diagnosis of PHA1 is based on plasmaelectrolyte assessment, elevated renin activityand aldosterone levels with normal renalfunction. PHA1 results from a renal or systemicresistance to aldosterone. In our reportedpatient we suspected a renal form of PHA1,which is a milder form and responded well totreatment with salt supplements. Infants whopresent with electrolyte imbalance likehyperkalemia, hyponatremia and weight lossshould be evaluated for adrenocortical functionand need careful management. Though PHA is agroup of rare syndromes, a high degree ofsuspicion along with extensive laboratoryworkup should be pursued in cases withelectrolyte imbalances.
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INTRODUCTION
Pseudohypoaldosteronism (PHA) is a rare form ofsaltwasting syndrome, caused by peripheral resistanceto aldosterone. PHA has three types: PHA type 1, 2, and 3.Pseudohypoaldosteronism type 1 (PHA1) is furtherdifferentiated into, (i) hereditary forms  autosomalrecessive and dominant, which are caused by epithelial
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sodium channel and mineralocorticoid receptormutations respectively and (ii) secondary form which isassociated with urological problems. PHA being a raredisorder, only about seventy cases have been reported inthe literature. We report a case of PHA  which inspiteof being a rare disorder, can be potentially lifethreatening and also briefly discuss the types of PHA,diagnosis and treatment.

CASE REPORT
A 5weekold Caucasian male infant was admitted tothe hospital for evaluation of failure to thrive. He wasborn at term via cesarean section and weighed 3.07 kgat birth. He was noted to have mild dehydration in spiteof feeding well along with on and off vomiting and somereflux. His weight was 2.96 kg and physical examinationwas normal at presentation to the hospital. Externalgenitalia were normal.Initial laboratory investigations showedhyperkalemia with potassium levels of 5.1 mmol/L, withsodium of 122 mmol/L. Repeat testing later on showedpotassium level of 8.1 mmol/L. He was resuscitated withD5 0.45 NS. Further biochemistry revealed low urineand serum osmolality, normal urine sodium and urinepotassium levels with trace of reducing substance in theurine. Upper gastrointestinal studies wereunremarkable. Results of urine analysis and renalfunctions were normal. Abdominal ultrasound wasnegative for renal and adrenal abnormalities. Apreliminary diagnosis of CAH (congenital adrenalhyperplasia) was made and patient was started onhydrocortisone 50 mg/m2, i.e 1.5 mg thrice a day.Further workup showed serum aldosterone level of2174 mg/dL (10–160 mg/dL), PRA (pre renal activity)of 103.9 ng/mL/hr (0.5–1.19 mg/mL), serum renin levelof 193998 ng/dL/hr (0.29–3.7 ng/dL/hr), carbondioxide of 19 mmol/L (normal levels in brackets).Normal levels were found for serum cortisol,androstenedione, 17OH progesterone, ACTH, FSH, LHand pregnenolone.In view of the laboratory results hydrocortisone wasdiscontinued and he was started on oral fludrocortisone0.1 mg twice daily along with NaCl supplements.Potassium lowering therapies were also used along withsodium supplementation. Patient responded to thetreatment and started gaining weight. He wasdischarged home with medications and weighed 3520gms. On followup he was found to be gainingappropriate weight and was kept on oral saltsupplements alone. Genetic analysis for PHA in thefamily was negative.

DISCUSSION
Pseudohypoaldosteronism is a saltwastingsyndrome due to peripheral resistance to aldosterone.This may be either a primary (mutation of MR or ENaC)or a secondary (infection, uropathy, medication)

phenomenon. In all cases, sodium reabsorption andpotassium excretion are impaired in the principal cell ofthe collecting duct. The biological characteristics arehyponatraemia, hyperkalaemia and acidosis [1]. It isthus characterized by three essential features:hyperkalemia, metabolic acidosis and elevatedaldosterone concentration with normal glomerularfiltration rate (GFR). Volume depletion or hypervolemia,renal salt wasting or retention, hypotension orhypertension and elevated, normalhigh or low levels ofrenin and aldosterone may be observed in the variousconditions that result in differentiating this syndrome inthree types of PHA.Pseudohypoaldosteronism type 1: This was firstdescribed in 1958 by Cheek and Perry [2]. This raresyndrome starts during the neonatal period with a widespectrum [1]. PHA1 occurs in two genetic forms, (i) arenal form of autosomal dominant inheritance due to aheterozygous mutation of the mineralocorticoid receptor(MR) gene coding for the mineralocorticoid receptorand, (ii) a severe systemic form of autosomal recessiveinheritance due to a mutation of the epithelial sodiumchannel (EnaC) gene, which is a secondary form usuallyin association with urinary tract malformation and acutepyelonephritis. Autosomal dominant variant is RenalPHA1; while systemic one due to autosomal recessiveinheritance is also known as multiple target organdisorder (MTOD).Renal PHA1 or early childhood hyperkalemia isprobably due to a maturation disorder in the number orfunction of aldosterone receptors and also in sporadiccases. This form manifests with renal salt loss in infancyand failure to thrive and a gradual improvement withadvancing age.In systemic variant, other organs are involved, suchas the sweat glands, salivary glands and colon. Thefundamental abnormality in multiple target organ defect(MTOD) PHA1 is a lossoffunction mutation in thealpha or beta subunits of the epithelial sodium channel(ENaC) gene, resulting in defective sodium transport inmany organs containing the ENaC gene, (e.g., kidney,lung, colon, sweat and salivary glands). This amiloridesensitive member of the degenerin/epithelial sodiumchannel (Deg/ENaC) super family of ion channels iscomprised of three homologous units (alpha, beta andgamma) and is expressed in the apical membrane ofepithelial cells lining the airway, colon, and distalnephron. ENaC plays an essential role in transepithelialNa+ and fluid balance. PHA1 presents with potentiallifethreatening salt wasting and failure to thrive in earlyinfancy.Pseudohypoaldosteronism type 2: This is alsoknown as familial hyperkalemia and hypertension orGordon syndrome [3, 4]. The classification of thisheterogeneous syndrome as PHA is, however,controversial because plasma aldosteroneconcentrations are highly variable, usually almostnormal, and patients respond adequately tomineralocorticoid hormone [5]. The organ involvementand genetic abnormality in pseudohypoaldosteronismtype 2 (PHA2) is similar to PHA1. The hallmarks ofPHA2 are hypertension, hyperkalemia and correction of
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these abnormalities by low doses of thiazide diuretics[6, 7].Pseudohypoaldosteronism type 3: This istransient and secondary to various pathologies relatedto kidneys or other organs [7]. Rare cases of majorintestinal resection [8] or sweat gland dysfunctionassociated with excessive loss of sodium [9] have beendescribed as leading to PHA III. However, renal causesare encountered more frequently. Nephropathies suchas obstructive uropathy [10] or urinary tract infection[11] are reported as causes of transient aldosteroneresistance [7]. The main characteristic of this type ofPHA is a decreased GFR .In all cases of PHA, sodium reabsorption andpotassium excretion are impaired in the principle cellsof collecting ducts. The biological characteristics arehyponatremia, hyperkalemia and metabolic acidosis.After having excluded pseudohyperkalemia due tohemolysis, the diagnosis may be challenging. If serumchloride is normal while serum sodium has decreasedand GFR is not impaired, type4 renal tubular acidosiscan be ruled out. The normal hormone levels of ACTH,17OH progesterone and cortisol allows exclusion ofadrenal insufficiency. Finally, high aldosterone andplasma renin levels lead to the diagnosis of PHA [1].We diagnosed our patient as a case of PHA1 which ischaracterized by neonatal salt wasting, vomiting,dehydration and failure to thrive. We would like tosummarize our observations in the management of thispatient. In our case, diagnosis of PHA1 was based onplasma electrolyte assessment, high renin activity, highaldosterone levels, low level of carbon dioxide withnormal renal function resulting from a renal or systemicresistance to aldosterone. Normal levels of cortisol,17OH progestrone, ACTH and androstenedioneexcluded the diagnosis of congenital adrenalhyperplasia and other corticoid dysfunctions. By doingupper gastrointestinal studies, upper gastrointestinalabnormalities were excluded. Normal ultrasound ofkidneys and adrenals excluded anatomicalabnormalities. We suspected the sporadic form of PHA1in our patient and treated him with sodiumsupplementation which normalized his clinical stateand serum electrolytes. There was good response tosodium chloride supplementation and he was thrivingwell on follow up.

CONCLUSION
While evaluating any infant with suspected CAH,one should consider pseudohypoaldosteronism as oneof the differential and infants who present withelectrolyte imbalance like hyperkalemia, hyponatremiaand weight loss should be evaluated for adrenocorticalfunction and need careful management. Geneticanalysis should be done as the disease can have agenetic predisposition or may be sporadic. Though PHAis a group of rare syndromes, but a high degree ofsuspicion along with extensive laboratory workupshould be pursued in cases with electrolyte imbalances.

A multidisciplinary team approach including aneonatologist, an endocrinologist, genetic expert and adietician is essential for evaluation of longitudinalgrowth and neurological development in PHA patients.
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