MINERALOCORTICOID DEFECTS IN CHILDREN

Allie Dayno, MD, MA, Pediatric Endocrinology Fellow, Children’s Hospital of Philadelphia, PA 19104. daynoa@chop.edu
Marissa J. Kilberg, MD, MSEd, Assistant Professor of Pediatrics, Children’s Hospital of Philadelphia, Philadelphia, PA 19104. kilbergm@chop.edu
Maria G. Vogiatzi, MD, Professor of Pediatrics, Children’s Hospital of Philadelphia, Philadelphia, PA 19104. vogiatzim@chop.edu 

Received April 19, 2025

ABSTRACT

Isolated aldosterone deficiency in children related either to impaired secretion by the adrenal gland or to aldosterone resistance in target tissues is rare. The incidence is estimated to be <1:1,000,000 for congenital isolated primary hypoaldosteronism and 1:66,000 to 1:166,000 for congenital aldosterone resistance (1). Children may present with salt wasting, hyponatremia, hypotension, hyperkalemia, metabolic acidosis, and failure to thrive. There is a wide phenotypic spectrum based on the severity and etiology of aldosterone deficiency or action. In this chapter, we briefly discuss the physiology of mineralocorticoids in newborns, categorize the causes of isolated hypoaldosteronism, and review the etiologies to guide clinical and laboratory evaluation and treatment. 

INTRODUCTION

Mineralocorticoids are a class of steroids produced in the zona glomerulosa in the adrenal cortex that regulate sodium, potassium and water balance; aldosterone is the primary mineralocorticoid. Its synthesis involves several enzymes within the adrenal, the final step regulated by aldosterone synthase (CYP11B2) (Figure 1). Aldosterone secretion involves an intricate feedback loop involving multiple organs including the adrenal glands, kidneys, liver, lungs, and blood vessels. The major regulators of aldosterone synthesis and secretion are the renin-angiotensin-aldosterone (RAA) axis and potassium (Figure 2).  Aldosterone binds to the mineralocorticoid receptor at the kidney to activate specific amiloride-sensitive sodium (ENaC) channels and a Na-K- ATPase pump. Through these actions, aldosterone promotes sodium reabsorption and urinary potassium excretion (Figure 2).

Mineralocorticoid deficiency (also referred to as hypoaldosteronism) refers to compromised aldosterone secretion from the adrenal glands or its cellular action. Hypoaldosteronism is observed as part of global adrenal cortex dysfunction in both congenital and acquired disorders, such as primary adrenal insufficiency (PAI), adrenal hypoplasia congenita (AHC), and congenital adrenal hyperplasia (CAH). In these disorders, hypoaldosteronism occurs together with glucocorticoid deficiency (i.e., adrenal insufficiency) and/or other deficient or dysregulated adrenal steroid secretion. While rare in children, hypoaldosteronism may occur  as an isolated condition, either congenital or acquired, and can be classified into 1) defective aldosterone biosynthesis 2) disturbances in stimulation of aldosterone secretion, and 3) impaired aldosterone action at the target tissue, mainly the kidneys (resistance) (2). The latter is also referred to as “pseudohypoaldosteronism” since circulating aldosterone levels are elevated despite clinical symptoms and signs of mineralocorticoid deficiency due to dysfunctional mineralocorticoid receptor or its downstream effects (2). In this chapter, we discuss isolated aldosterone-deficient conditions other than PAI, AHC, and CAH.  In depth coverage of adrenal insufficiency can be found in Endotext.org chapter: Adrenal Insufficiency in Children (3). 

Normal aldosterone production, regulation, and action are essential in neonates, infants, and children for salt balance and overall growth. If untreated, defects in aldosterone secretion or action in children may lead to salt wasting, hypotension, hyperkalemia, metabolic acidosis, and failure to thrive. Severe hyponatremia (salt wasting) and metabolic acidosis can be life-threatening in newborns and infants. In depth coverage of mineralocorticoid deficiency and resistance can be found in Endotext.org chapter: Aldosterone Deficiency and Resistance (4). Our chapter focuses on isolated aldosterone defects in the pediatric population. 
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[bookmark: _Hlk195978648]Figure 1.  Enzyme defects related to aldosterone synthesis. Schematic of adrenal steroidogenesis demonstrating the various enzymes involved in aldosterone synthesis (large black box). The red lines indicate the specific enzymatic defects that result in defects in aldosterone synthesis. Cortisol circulates in the bloodstream at higher concentrations than aldosterone and it also interacts with MR. However, within the kidney and target tissues, there is selectivity of MR by aldosterone due to the enzyme 11βHSD2 that converts active cortisol to inactive cortisone (small black box). SCC: side-chain cleavage. HSD: hydroxysteroid dehydrogenase. MR: mineralocorticoid receptor. DHEA: dehydroepiandrosterone. Aldo: aldosterone.

PATHOPHYSIOLOGY

Aldosterone Synthesis 

Aldosterone biosynthesis occurs at the zona glomerulosa, the outermost layer of the adrenal cortex, via the action of several enzymes: cholesterol desmolase [also known as cholesterol side-chain cleavage enzyme] (CYP11A1), 3β-hydroxysteroid dehydrogenase (HSD3B2), 21-hydroxylase (CYP21A2), 11-hydroxylase (CYP11B1) and aldosterone synthase (CYP11B2) (Figure1). The first four enzymes are also expressed in the zona fasciculata and are involved in cortisol biosynthesis. Defects in any of these enzymes may lead to combined aldosterone/cortisol deficiencies as part of the syndromes seen in Congenital Adrenal Hyperplasia. Aldosterone synthase encoded by CYP11B2, the last enzymatic step in aldosterone biosynthesis, is expressed only at the zona glomerulosa and genetic defects in this gene result in isolated aldosterone deficiency (Figure 1).

Aldosterone synthesis involves two steps. The first includes the 18-hydroxylation of corticosterone to form 18-hydroxycorticosterone (18OH corticosterone) and the second is the 18-oxidation of 18OH corticosterone to form aldosterone. Although it was previously considered that these two steps are catalyzed by two different enzymes, it is now known to involve the same enzyme, aldosterone synthase (5). Based on the two final steps in aldosterone synthesis, two subtypes of aldosterone synthase deficiency (ASD) have been described; however, with further clarification of the enzymatic process this is now thought to be an overlapping clinical spectrum, depending on the degree of enzyme deficiency (5). 

Aldosterone Regulation and Action

Serum potassium concentrations and the Renin, Angiotensin, Aldosterone (RAA) axis are the main regulators of aldosterone synthesis. Hyperkalemia has a direct stimulating effect independent of RAA axis (2). The RAA axis is a feedback loop that regulates sodium, potassium, water, fluid volume, and blood pressure (2). The cells in the macula densa of the juxtaglomerular apparatus are triggered to release renin in response to a drop in perfusion. Angiotensinogen is a protein produced from the liver that is cleaved to angiotensin I (Ang I) by renin (2). Angiotensin-converting enzyme (ACE) in vascular endothelium rapidly converts Ang I to Angiotensin II (Ang II).  Ang II is the most potent stimulus for aldosterone production and release (2). Of note, tissue and plasma peptidase inactivate angiotensin within minutes and circulating renin levels are the rate-limiting factor of this process (1). 

[bookmark: _Hlk187852528]Aldosterone mediates its effects by binding to the mineralocorticoid receptor (MR; aka NR3C2) at the distal convoluted tubules and collecting duct epithelial cells of the kidneys (Figure 2). The MR is a member of the nuclear receptor family, and along with the glucocorticoid and androgen receptors, forms the steroid receptor subfamily. In its unliganded state, the MR is located in the cytoplasm. Upon binding with its ligand, MR is translocated into the nucleus, where it modulates the transcription of several genes, such as those that encode the ENaC subunits (1). Mutations that inactivate the MR result in aldosterone resistance or pseudo-hypoaldosteronism type 1 (PHA1). 

[bookmark: _Hlk187851925]Aldosterone, 11-deoxycorticosterone (DOC), and cortisol are all endogenous agonists of the MR. Specifically, cortisol and aldosterone have an equal affinity for the mineralocorticoid receptor (2); however, selectivity of MR receptor for aldosterone is ensured in epithelial target tissues by 11βHSD2 enzyme that converts active cortisol to inactive cortisone (1) (Figure 1). This is of particular importance as cortisol circulates at concentrations 100 to 1,000-fold higher than aldosterone. Loss-of-function mutations of the kidney 11βHSD2 result in excessive cortisol-dependent MR activation and cause an autosomal recessive form of familial hypertension called apparent mineralocorticoid excess (6).

After binding to MR, aldosterone activates ENaC gene transcription, decreases ENaC degradation, and activates Na-K ATPase pump. ENaC, located at the apical membrane of epithelial cells, plays a crucial role in sodium reabsorption, potassium secretion, and subsequent volume expansion. ENaC consists of 3 subunits (a, b, and g) that are encoded by unique genes (SCNN1A, SCNN1B, SCNN1G, respectively) (1). Defects in these genes can impair ENaC function and lead also to aldosterone resistance or pseudo hypoaldosteronism type Ib. In addition to the epithelial cells of the distal convoluted tubule, ENaC is expressed at the epithelial cells of other tissues that are involved in salt conservation, such as colon, sweat glands, and lungs. Dysfunction of ENaC, therefore, has systemic manifestations from muti-organ water and salt loss.
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Figure 2. Physiology of aldosterone secretion and action. The figure demonstrates the renin-angiotensin-aldosterone (RAA) system and its effects on sodium and potassium homeostasis, and blood pressure. Aldosterone secretion is regulated by decreased blood volume and hyponatremia via activation of the RAA axis, and indirectly, by hyperkalemia. Aldosterone then binds to the mineralocorticoid receptor (MR; aka NR3C2) at the distal convoluted tubules and collecting duct of the kidneys. Upon binding with aldosterone, MR translocate into the nucleus, where it modulates the transcription of the genes that encode the epithelial sodium channel (ENaC). ENaC is a sodium-selective ion channel that plays a crucial role in sodium reabsorption. Aldosterone action results in urinary potassium excretion and sodium reabsorption, and thus, increased blood volume. 

Aldosterone Secretion in the Newborn

There are limited studies in infants investigating the interaction between water, sodium, and the renin-angiotensin-aldosterone system. Various changes related to water turnover, sodium metabolism, and kidney adaptation to extrauterine life occur in the neonatal period (1). The immediate postnatal phase in the first week of life is characterized by oliguria followed by a diuretic phase with extracellular contraction and net loss of sodium and water (1). Maximum weight loss occurs during this period (up to 10% of birth weight is considered normal). Kidneys in the neonate  exhibit tubular immaturity resulting in sodium wasting and impaired ability to reabsorb water (1). Additionally, aldosterone and renin concentrations are higher in the newborn period, whereas expression of renal MR is reduced, leading to transient renal resistance to aldosterone (7). In very preterm infants,  there is decreased activity of 11β-hydroxylase (CYP11B1) and low aldosterone synthase (CYP11B2) activity, possibly due to immaturity of these enzymes in the fetal adrenal cortex, leading to deficient aldosterone secretion (8, 9). After the first week of life, water losses decrease, and positive sodium balance is important for growth (1). It is essential to acknowledge these physiologic changes when evaluating mineralocorticoid function in the neonatal period. 

CLINICAL PRESENTATION 

The clinical presentation of aldosterone deficiency is variable depending on the etiology. Broadly, the signs of hypoaldosteronism include hypotension, hyponatremia (salt wasting), hyperkalemia, and metabolic acidosis. The symptoms that can be seen in infants and children related to these electrolyte derangements are dehydration, vomiting, irritability, weakness, seizures, and failure to thrive. 

ETIOLOGY OF ISOLATED HYPOALDOSTERONISM 

Isolated aldosterone disorders can be classified into disorders of defective synthesis, aldosterone resistance and diminished stimulation (Table 1). 

Defective Aldosterone Synthesis

This refers to hyperreninemic hypoaldosteronism in which the renin production is intact, and the defect is at the level of the adrenal gland. The etiology of defective aldosterone synthesis can be separated into congenital and acquired causes. It is important to note that aldosterone deficiency due to defect in synthesis can be the first presenting sign of adrenal cortex failure and later progress to involve insufficient cortisol production. For descriptions of disorders involving adrenal cortical failure such as congenital adrenal hyperplasia and Addison’s disease, see Endotext.org chapter: Adrenal Insufficiency in Children (3).  

CONGENITAL CAUSES

Prematurity

Very preterm infants (<33 weeks’ gestation) have deficient aldosterone concentrations, thought to be related to both the general immaturity of the fetal adrenal cortex and specifically a defect in aldosterone production, perhaps due to low aldosterone synthase activity (10). This also aligns with other defects in adrenal steroidogenesis seen in preterm infants (e.g. low 11β-hydroxylation leading to high 17OHP and false positive on the newborn screening) (11). 

Aldosterone Synthase Deficiency

Variants in the CYP11B2 gene result in variable loss of enzyme activity and aldosterone deficiency. As seen in Figure 1, aldosterone synthase is responsible for the hydroxylation of corticosterone to 18-hydroxycorticosterone followed by oxidation from 18-hydroxycorticosterone to aldosterone. Previously, these steps were thought to be controlled by 2 different enzymes and this disorder was called corticosterone methyl-oxidase (CMO) deficiency with 2 subtypes described (CMOI and CMOII) based on the aldosterone and precursor relative concentrations. These subtypes are now thought to be a spectrum of severity (12). Due to continued production of DOC and corticosterone, there is some mineralocorticoid activity. However, this may be insufficient in the setting of aldosterone resistance of the neonate and salt loss may occur in infancy. Children are more affected than adults who may even have normal renin levels as the mineralocorticoid sensitivity improves and exogenous salt from table food intake increases.

ACQUIRED CAUSES

Critical Illness

Despite intact ACTH and renin secretion as well as angiotensin II production, a portion of critically ill patients may  have low aldosterone levels (13, 14). This  is considered to represent a shift in the adrenal cortex prioritizing cortisol production to aid in recovery. 

Adrenalectomy 

Typically, unilateral adrenalectomy would not be expected to lead to a glucocorticoid or mineralocorticoid defect; however, this may occur in the setting of a hyperfunctioning defect in one adrenal with contralateral atrophy. In the case of mineralocorticoid function, a patient with Conn’s syndrome (also known as primary hyperaldosteronism) who undergoes unilateral adrenalectomy can experience signs and symptoms of hypoaldosteronism including hyperkalemia, with reports indicating this occurrence in 6-62% of patients (15-17). Post surgical monitoring is recommended, although few patients require medical treatment.  

Medication Induced

While other medications may lead to diminished aldosterone stimulation or resistance, heparin is  known to reduce aldosterone synthesis leading to natriuresis and hyperkalemia without an impact on corticosteroid production (18). 

Aldosterone Resistance

This refers to impaired action of aldosterone at the level of the target tissue and can further be categorized into congenital and acquired causes. 

CONGENITAL CAUSES

Pseudo-Hypoaldosteronism (PHA) Type 1

The genetic form of aldosterone resistance occurs due to a mutation impacting the mineralocorticoid receptor (19). Despite the prevalent consideration of PHA1 as a genetic form of type IV renal tubular acidosis (RTA), the biochemical profile can differ. Hyperkalemia, hyponatremia, and acidosis are universal; however, while RTA type IV involves a hyperchloremic non-anion gap acidosis, there are descriptions of both hyper and hypochloremia as well as an anion gap acidosis in PHA1 (20). PHA can be either autosomal dominant or recessive. The autosomal recessive disease (PHA1b) occurs due to a mutation in  the genes encoding one of the 3 ENaC subunits (SCNN1A, SCNN1B, SCNN1G) (21). The presentation of PHA1b is often severe given the systemic nature of ENaC outside of the kidney and in the epithelial cells of other tissues including colon, sweat glands, and lungs. The autosomal dominant disease (PHA1a) occurs due to a mutation in the gene encoding the mineralocorticoid receptor (NR3C2) and is restricted to the kidney (21, 22). This form is milder and tends to improve during childhood. However, despite its isolation to the kidney, the hyperkalemia that results can be devastating if not identified and treated early;  cases are described involving cardiac arrest and hypoxic ischemic encephalopathy as an outcome (23).  

Despite the classification of  PHA1 based on mutation (PHA1a vs. PHA1b), some individuals with features of PHA1 do not have identifiable molecular defects.  

ACQUIRED CAUSES

Secondary Pseudo-Hypoaldosteronism (PHA Type 3) 

PHA Type 3 is often associated with urinary tract infections (UTI) and/or related to underlying urinary anomalies, primarily urinary tract obstruction, resulting in decreased aldosterone responsiveness (24). PHA Type 3 occurs frequently in male infants;  a recent systematic review identified 80% of cases in male babies under 4 months of age (25). Presentation can include failure to thrive and vomiting and laboratory evaluation reveals hyperreninemic, hyperaldosteronism with impaired responsiveness, and hyponatremic, hyperkalemic metabolic acidosis. Early identification allows for prevention of electrolyte related morbidity and expedited resolution of urinary obstruction through surgical management in over 40% of cases (24, 25). 

Medication Related 

Medications that block the ENaC channel (amiloride) or MR (spironolactone) will cause aldosterone resistance. These medications are used therapeutically in resistant hypertension and to prevent hypokalemia seen with other diuretics. Spironolactone is also used for its anti-androgenic properties and the potential for dehydration and hyperkalemia should be considered and monitored. Other ENaC blockers include triamterene, trimethoprim, and pentamidine, while other aldosterone antagonists include synthetic progestins and calcineurin inhibitors.  

Diminished Stimulation

Decreased renin or angiotensin II results in decreased aldosterone production due to diminished adrenal stimulation. When this hyporeninemic hypoaldosteronism occurs with hyperchloremia and non-anion gap metabolic acidosis, it is called Type 4 RTA. In adults, this is most often associated with nephropathy (diabetes, autonomic neuropathy, sickle cell disease, HIV, SLE) and medications (beta blockers, ACE inhibitors) (26). In children, Gordon Syndrome (Familial Hyperkalemic hypertension or pseudo-hypoaldosteronism type II [PHA2]) is rare and associated with low renin/low aldosterone (or inappropriately normal for degree of hyperkalemia) state with normal glomerular filtration. This is thought to be due to abnormal thiazide-sensitive sodium-chloride co-transporter in the distal nephron (mutations in WNK1, WNK4, CUL3, or KLHL3 genes) (27). The increased sodium and chloride reabsorption leads to hypertension, volume expansion, and decreased potassium and hydrogen excretion resulting in hyperkalemia and metabolic acidosis. In contrast to PHA1, PHA2 does have a biochemical profile that aligns with Type IV RTA including hyponatremic, hyperkalemic, and hyperchloremic non-anion gap metabolic acidosis (28). These causes of defective aldosterone stimulation are rare in the pediatric population, so when identified, affected children should be referred to the appropriate subspecialities such as nephrology for evaluation and treatment. Given the rare nature and lack of a primary endocrine etiology, these causes are not reviewed in the table below.

	Table 1. CAUSES OF ISOLATED ALDOSTERONE DEFECTS IN CHILDREN

	
	Condition 
	Cause 
	Presentation

	Congenital – Aldosterone Synthesis 

	Prematurity (transient)
	Immaturity of aldosterone synthase in very premature infants
	HYPERreninemic, HYPOaldosteronism

Hyponatremia and hyperkalemia
Increased corticosterone



	
	Aldosterone synthase deficiency
Formerly divided into:
CMO I deficiency (low 18-OH corticosterone)
-CMO II deficiency (high 18-OH corticosterone)

	Autosomal recessive or autosomal dominant (mixed penetrance) variant in CYP11B2 
	

	Acquired – Aldosterone Synthesis
	Critical illness
	Thought to represent a shift in the adrenal cortex prioritizing cortisol production to aid in recovery
	

	
	Adrenalectomy
	Can occur in the setting of a hyperfunctioning lesion with contralateral atrophy
	

	
	Medication induced
	Heparin
	

	Congenital – Aldosterone Resistance 
	Systemic Pseudo-hypoaldosteronism (PHA1b) 
	Autosomal recessive variant in ENaC gene (SCNN1A, SCNN1B, SCNN1G)
	HYPERreninemic HYPERaldosteronism (pseudo-hypoaldosteronism)

Hyponatremia and hyperkalemia (electrolytes may be normal in mild cases)


	
	Renal Pseudo-hypoaldosteronism (PHA1a) 
	Autosomal dominant variant in MR receptor gene (NR3C2)
	

	Acquired – Aldosterone Resistance
	Secondary Pseudo-hypoaldosteronism (type 3 PHA)
	Associated with urinary tract infections
	

	
	Secondary (medication induced) pseudo-hypoaldosteronism
	Meds that block ENaC (amiloride, triamterene, trimethoprim, pentamidine), meds that block MR receptor (spironolactone, synthetic progestins, calcineurin inhibitors)
	



DIAGNOSTIC APPROACH 

Defects of aldosterone synthesis or action in children should be suspected in the setting of dehydration, hyponatremia (salt wasting), and hyperkalemia. The clinical phenotype varies depending on the etiology and some infants or children may present only with mild electrolyte abnormalities and failure to thrive. Additionally, the causes of hyponatremia in children are broad, and may include iatrogenic causes due to hypotonic fluid, central nervous system or lung disease causing syndrome of inappropriate antidiuretic hormone (SIADH), excess ingestion of free water, and high salt losses due to diarrhea. Determining volume status and urinary sodium content are starting points for refining the etiology of hyponatremia. Mineralocorticoid deficiency is characterized by hypovolemic hyponatremia with high urine sodium. The other causes of hyponatremia will not be discussed in this chapter. 

Differential Diagnosis and Laboratory Evaluation 

The first step in the evaluation of a child with suspected mineralocorticoid deficiency is to determine whether there is associated adrenal insufficiency (figure 3). The evaluation for adrenal insufficiency includes measurement of serum cortisol (ideally morning level depending on the clinical scenario and age of patient), ACTH, 17-hydroxyprogesterone (17OHP), and possible provocative testing (ACTH stimulation test). Plasma renin activity and serum aldosterone should be measured to evaluate for mineralocorticoid deficiency. If there is global adrenal dysfunction resulting in both cortisol and aldosterone deficiency, the differential diagnosis can be narrowed to causes of primary adrenal insufficiency (see Endotext: Adrenal Insufficiency in Children) (3). It is critical to identify primary adrenal insufficiency, especially in infants, and promptly treat with hydrocortisone to avoid adrenal crisis.

If  an isolated aldosterone defect is considered, the second step is to evaluate whether the defect is at the level of the adrenal glands or kidneys. High renin and low aldosterone points to a defect at the level of the adrenal glands (defective aldosterone synthesis). High renin and high aldosterone points to a defect at the level of the kidneys causing resistance to aldosterone. The various causes of aldosterone resistance are detailed above in the section “Etiology”. Briefly, these include congenital (mutations in MR or ENaC channel) and acquired causes (medications, transient resistance in the setting of UTI, or renal tubular dysfunction). Low renin and low aldosterone states do not commonly occur in children, as they are often the consequence of chronic illness causing type IV RTA (i.e. in adults with diabetic nephropathy); however, there is also a genetic form, Gordon Syndrome or pseudo-hypoaldosteronism type 2 which is characterized by hypertension, hyperkalemia, and metabolic acidosis. 

As  stated above, measurement of renin and aldosterone at the time of hyponatremia and hyperkalemia are important biochemical markers to differentiate the etiology of hypoaldosteronism. Furthermore, if there is suspicion for aldosterone synthase deficiency, corticosterone and 18-hydroxycorticosterone measurements can be useful (see figure 1). Values need to be interpreted according to age of the patient. Hemolyzed lblood may result in a falsely elevated potassium level and must be repeated to ensure accuracy of test values.

[image: ]
Figure 3. A proposed approach in the differential and diagnostic evaluation of children with suspected aldosterone deficiency.

Genetic Testing

In addition to biochemical evaluation, genetic testing is an invaluable tool to help guide treatment and prognosis, especially in infanta and children where the clinical manifestations of aldosterone defects vary widely (29). Genetic testing including whole exome sequencing or gene panels (for pseudo-hypoaldosteronism) may  clarify the diagnosis, treatment, and prognosis. Genes associated with hypoaldosteronism and pseudo-hypoaldosteronism include CYP11B2, NR3C2, SCNN1A, SCNN1B, SCNN1G, WNK1, WNK4, CUL3, KLHL3 (2). 

TREATMENT

The initial management depends upon severity of presentation and etiology of the mineralocorticoid defect. Infants or children who are acutely ill with salt-wasting crisis must undergo fluid resuscitation to correct salt and water losses. It is essential to give stress dose corticosteroids (intramuscular or intravenous hydrocortisone 100mg/m2) if co-existing glucocorticoid deficiency exists. Hydrocortisone at high doses has mineralocorticoid effect, and fludrocortisone tablets may be added once hydrocortisone is weaned to be below about 50-60 mg/m2/day (3). 

Oral treatment options for children with aldosterone defects include mineralocorticoid replacement (fludrocortisone), sodium chloride tablets, and sodium bicarbonate. The management plan depends on the underlying mineralocorticoid defect and is separated according to those children who are not able to produce aldosterone, and those who have resistance to its action.

Primary Hypoaldosteronism

Children with primary hypoaldosteronism (including those with adrenal insufficiency such as Addison’s Disease or CAH) should start mineralocorticoid replacement (fludrocortisone 0.05-0.2 mg/day). Infants and young children usually need higher doses of fludrocortisone in addition to sodium chloride supplementation due to renal resistance and general diet that is lower in salt. Sodium chloride is weaned over time as renin activity normalizes, and salt is incorporated into the diet. Fludrocortisone is continued for mineralocorticoid replacement and titrated based on normalization of blood pressure, electrolytes, and renin levels.

Aldosterone Resistance 

Children with autosomal recessive (PHA1b) and autosomal dominant (PHA1a) pseudo-hypoaldosteronism are usually treated with high dose sodium chloride supplementation. Those who have PHA1a (mild form only affecting the kidneys) usually need lower doses of salt supplementation with gradual clinical improvement (typically no need for salt supplementation by 1-3 years of age) (30).  Infants and children with the severe/systemic form (PHA1b) are more difficult to manage given the need for higher doses of salt supplementation, potassium lowering agents, and potential for recurrent pulmonary infections (31). Some of these children might need gastrostomy tubes to allow for consistent high dose salt supplementation which is not always tolerated by mouth. Sodium bicarbonate is another medication used to improve metabolic acidosis which can impact growth and development if acidosis persists. Given the rarity of pseudo-hypoaldosteronism, the doses of sodium chloride and sodium bicarbonate are not well established and must be titrated based on serum sodium and bicarbonate concentrations.  

	Table 2. SUMMARY OF TREATMENT OPTIONS FOR CHILDREN WITH ALDOSTERONE DEFECTS:

	Treatment
	Dose
	Considerations

	Fludrocortisone 
	0.05-0.2 mg/day
	Once or twice daily
Doses titrated based on blood pressure, electrolytes, and renin levels.

	Sodium chloride (salt tablets)
	2 g/day or 2-5 mEq/kg daily 
	1-gram NaCl tablets = 17mEq
Higher/more frequent doses in babies and weaned down as they get older. 
Doses titrated based on sodium levels. 

	Sodium bicarbonate or sodium citrate/citric acid 
	2-3 mEq/kg daily 
	Titrate based on bicarbonate levels 



CONCLUSION

Isolated defects in aldosterone synthesis or action are rare in children; however, it is important to identify these disorders to prevent life-threatening complications. Infants may present with salt wasting crisis while older children may present with failure to thrive, mild hyponatremia, and metabolic acidosis. The two major categories of isolated hypoaldosteronism include aldosterone synthesis defects and aldosterone resistance. There are several genes associated with isolated hypoaldosteronism, and genetic testing is an important diagnostic tool. Treatment and prognosis depend on the underlying etiology.
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