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Abstract 8 

Pseudohypoaldosteronism type 1 (PHA1) is a rare and serious disorder caused by aldosterone 9 

resistance, leading to significant disturbances in electrolyte balance. Due to overlapping clinical 10 

manifestations, it is frequently misidentified as congenital adrenal hyperplasia (CAH), resulting in 11 

unnecessary corticosteroid therapy. We reported on the case of a 3-month-old infant who had been 12 

initially diagnosed and treated for CAH due to severe salt-wasting symptoms. Further biochemical 13 

evaluation and genetic analysis later confirmed PHA1. The patient achieved clinical stabilization 14 

with fludrocortisone and sodium supplementation. This case underscored the necessity of 15 

differentiating PHA1 from CAH through repeated biochemical assessments and genetic testing to 16 

ensure an accurate diagnosis and appropriate treatment strategy.  17 

Keywords: Pseudohypoaldosteronism, aldosterone resistance, salt-wasting, case report. 18 

1. INTRODUCTION 19 

Pseudohypoaldosteronism type 1 (PHA1) is a rare disorder characterized by mineralocorticoids  20 

resistance, leading to significant salt wasting, hyponatremia, hyperkalaemia, and metabolic 21 

acidosis [1]. These clinical manifestations overlap with congenital adrenal hyperplasia (CAH), 22 

particularly the salt-wasting form, the common neonatal cause of electrolyte imbalance [2]. In 23 

current clinical practice, diagnosing CAH remains challenging due to the unavailability of 24 

synthetic ACTH for the ACTH stimulation test and the limitations of genetic testing, which cannot 25 

fully confirm or exclude the disease. This diagnostic uncertainty often results in initial 26 

management directed toward CAH, as observed in this case. 27 

Here, we presented a 3-month-old infant with persistent vomiting, poor feeding, and biochemical 28 

abnormalities indicative of a salt-wasting disorder. Given the suspicion of adrenal insufficiency, 29 

hydrocortisone stress doses were administered. However, subsequent hormonal testing 30 

demonstrated normal cortisol and ACTH levels, alongside markedly elevated renin and 31 

aldosterone, which led to the diagnosis of PHA1. The lack of immediate access to genetic testing 32 

further complicated the diagnostic process, reinforcing the necessity of clinical judgment and 33 

repeated biochemical assessments. 34 



4 
 
 

 

2. METHOD 35 

This case report was prepared following the CARE Case Report Guidelines checklist to ensure 36 

comprehensive and transparent reporting of clinical details [3]. 37 

[Insert Table 1 here] 38 

3. CASE REPORT 39 

A 3-month-old male infant was admitted to Children's Hospital 1, Ho Chi Minh City, Vietnam 40 

with a four-day history of persistent vomiting, occurring 5–6 times per day, accompanied by 41 

significantly reduced formula intake (10–20 mL). He was born to a nonconsanguineous 42 

Vietnamese couple at 38 weeks of gestation via caesarean section, with a birth weight of 3300 g 43 

(25th–50th percentile). On examination, his weight was 3200 g (<3rd percentile) and length was 44 

52 cm (<3rd percentile). Clinical signs of dehydration, including dry lips and delayed capillary 45 

refill, were observed. Vital signs showed tachycardia and hypotension, but there were no signs of 46 

hyperpigmentation or abnormalities in genitalia (Fig. 1).  47 

[Insert Figure 1 here]  48 

Laboratory evaluation showed electrolyte imbalances, including severe hyponatremia (112.5 49 

mEq/L), hyperkalaemia (7.54 mEq/L), and metabolic acidosis (pH 7.23, HCO3⁻ 15.6 mmol/L, 50 

base excess -11.9 mmol/L). Blood glucose concentration was within normal range (4.62 mmol/L) 51 

with normal serum creatinine (43.2 µmol/L). Urinalysis demonstrated a specific gravity of 1.012 52 

and pH of 5.0, with spot urinary sodium and potassium levels of 65 mEq/L and 27 mEq/L, 53 

respectively, indicative of significant renal salt wasting. The hormonal tests, including plasma 54 

renin, aldosterone, cortisol, ACTH, and 17-hydroxyprogesterone, were sent to the Medic Medical 55 

Center in Ho Chi Minh City, Vietnam, for analysis. Hormonal assessment revealed elevated 56 

plasma renin activity (500 µUI/mL; normal range 2.8–39.9 µUI/mL) and aldosterone levels (>100 57 

ng/dL; normal range 4.2–20.9 ng/dL), with normal cortisol (31.15 µg/dL) and ACTH (28 pg/mL). 58 

17-Hydroxyprogesterone levels were initially mildly elevated (16.3 ng/mL; normal range: 1.7-4.0 59 

ng/mL). Given the significant salt loss and an elevated 17-hydroxyprogesterone level, CAH (21-60 

hydroxylase deficiency, salt-wasting form) could not be completely ruled out at the time of 61 
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presentation. Hydrocortisone stress doses were administered, followed by maintenance therapy 62 

with physiological doses of hydrocortisone (15 mg/m²/day), synthetic mineralocorticoid 63 

(fludrocortisone) 200 µg/day and salt supplement.  64 

However, one month after discharge, the patient was readmitted with electrolyte disturbances, 65 

characterized by hypernatremia and hypokalaemia. On examination, clinical features suggestive 66 

of Cushing’s syndrome due to prolonged steroid use were noted (Fig. 2). Repeated hormonal 67 

assessment showed persistent elevated plasma renin activity (500 µUI/mL) and aldosterone levels 68 

(>100 ng/dL), while ACTH (13 pg/mL) and cortisol (9.3 µg/dL) remained within the respective 69 

normal range after discontinuation of hydrocortisone for 48 hours. Additionally, repeated testing 70 

of 17-hydroxyprogesterone confirmed normalization (1.42 ng/mL), making CAH a less likely 71 

diagnosis. These findings raised concerns about the initial diagnosis, prompting genetic testing for 72 

further evaluation.  73 

[Insert Figure 2 here]  74 

Under the impression of pseudohypoaldosteronism, genetic testing was indicated. The test was 75 

performed in Gene Solution, a genetic testing company in Ho Chi Minh City, Vietnam. A targeted 76 

panel for pseudohypoaldosteronism was performed on the following genes: CUL3, HSD11B2, 77 

KCNJ5, KLHL3, NR3C2, SCNN1A, SCNN1B, SCNN1G, WNK1, and WNK4.  78 

Genetic testing revealed a heterozygous mutation in the NR3C2 gene (dominant), consistent with 79 

PHA1 (Table 1).  We gradually titrated the dose of fludrocortisone up to 4 tablets (400 µg/day) to 80 

achieve electrolyte stability. The patient subsequently showed significant clinical improvement 81 

and normalization of biochemical parameters with appropriate mineralocorticoid therapy and salt 82 

supplementation (8 mEq/kg/day). 83 

[Insert Table 2 here] 84 

From 12 months of age, the fludrocortisone dose was gradually tapered without complications. At 85 

the 24-month follow-up, the patient remained stable on 50 µg of fludrocortisone per day, with no 86 

recurrent hospitalizations, stable electrolyte levels and normal growth.  87 
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4. DISCUSSION 88 

PHA1 is a rare disorder with an estimated incidence of approximately 1 in 47,000 live births, with 89 

autosomal dominant PHA1 occurring in 1 in 66,000 [4]. Diagnosing PHA1 can be challenging due 90 

to its clinical overlap with other salt-wasting disorders, especially CAH [2, 4]. Both conditions 91 

often present with symptoms such as hyponatremia, hyperkalaemia, and metabolic acidosis in 92 

infancy. CAH is typically associated with abnormal cortisol and mineralocorticoid synthesis, 93 

whereas PHA1 is characterized by marked elevations in plasma renin and aldosterone levels [1]. 94 

However, laboratory challenges can further complicate the diagnosis of PHA1. In early infancy, 95 

transient aldosterone resistance can occur, leading to the increase of renin and aldosterone levels, 96 

which may not obviously indicate the diagnosis of PHA1 [5]. Serial biochemical testing, combined 97 

with clinical assessment, is crucial for distinguishing between transient aldosterone resistance and 98 

mineralocorticoid receptor dysfunction. 99 

Salt-wasting conditions in infants can be caused by congenital adrenal hypoplasia, CAH, 100 

aldosterone deficiency, or PHA. Both CAH and congenital adrenal hypoplasia lead to adrenal 101 

insufficiency, characterized by low cortisol, elevated ACTH, and decreased aldosterone. However, 102 

a single cortisol measurement may not reliably reflect adrenal function, as cortisol secretion is 103 

influenced by stress and physiological variability [5]. Even if cortisol levels appear normal, adrenal 104 

insufficiency could not be completely ruled out. Because 17-hydroxyprogesterone was mildly 105 

elevated (16.3 ng/mL), the diagnosis of CAH was favoured over congenital adrenal hypoplasia. 106 

The presence of salt-wasting and suspected CAH led to hydrocortisone treatment, which was later 107 

found to be unnecessary. Aldosterone resistance was suspected as the patient exhibited remarkedly 108 

elevated aldosterone levels accompanied by electrolyte imbalance. Although PHA was considered 109 

during the first hospital admission, aldosterone resistance in neonates and infants can lead to 110 

transient elevations in aldosterone levels during the first few months of life [4]. Thus, an increased 111 

aldosterone level alone was insufficient to confirm the diagnosis at that time. In the absence of an 112 

ACTH stimulation test, due to unavailability of the required medication, diagnosing the cause of 113 

salt-wasting remains extremely challenging, and repeated testing was crucial to confirm the 114 

diagnosis and exclude CAH. Genetic testing is costly and not covered by national health insurance, 115 

so it was not initially advised for the patient. 116 
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In this case, repeat testing of 17-hydroxyprogesterone revealed a normalized level of 1.42 ng/mL, 117 

effectively ruling out CAH as the leading differential diagnosis. The persistence of electrolyte 118 

imbalances despite glucocorticoid therapy, along with elevated renin and aldosterone, prompted 119 

genetic testing, which confirmed PHA1 (heterozygous mutation in the NR3C2 gene). Due to cost 120 

limitations and the goal of practicing cost-effective medicine, we chose to focus on a targeted panel 121 

related to pseudohypoaldosteronism, which helped reduce the patient's genetic testing expenses. If 122 

no mutation is detected in this panel, we will discuss expanding the test to include a broader range 123 

of genes.  124 

The condition results from inactivation mutations in the NR3C2 gene, which encodes the 125 

mineralocorticoid receptor primarily expressed in the kidney [6]. This leads to aldosterone 126 

resistance in the kidney. The disorder typically follows an autosomal dominant inheritance pattern, 127 

though sporadic cases with de novo mutations have been documented [6-8]. In our patient, genetic 128 

testing of the parents was declined, preventing confirmation of whether the mutation was inherited 129 

or occurred de novo. 130 

Management of PHA1 includes salt supplementation and mineralocorticoid therapy. The dose of 131 

fludrocortisone may be titrated up to 500 µg/day (5 tablets) to maintain electrolyte balance [1]. 132 

The delay in definitive diagnosis highlights the challenges of differentiating these conditions in 133 

clinical practice, especially in settings where genetic testing is not always available, and results 134 

often require 3–4 weeks to finalize. Amir Babiker et al. also reported four cases of PHA that 135 

experienced delayed diagnosis due to clinical presentations resembling CAH, which is more 136 

commonly encountered in clinical practice [2]. Therefore, clinical judgment and repeated 137 

biochemical evaluations are essential for timely diagnosis and management. Clinicians should 138 

remain cautious in interpreting hormonal results in the neonatal/infant period and consider the 139 

possibility of transient aldosterone resistance before confirming a diagnosis of PHA1. The clinical 140 

overlap between these conditions can result in unnecessary glucocorticoid treatment, as observed 141 

in our patient, and such misdiagnoses are not uncommon in clinical practice. This case provided 142 

valuable insights into the real-world challenges of distinguishing PHA1 from CAH, two conditions 143 

with overlap clinical and biochemical features. The initial misdiagnosis of PHA1 as CAH led to 144 
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unwarranted glucocorticoid therapy, highlighting the importance of serial biochemical 145 

assessments and careful interpretation of hormonal results in neonates and infants. 146 

A notable aspect of PHA1 is the progressive improvement of aldosterone resistance with age. This 147 

natural course can reduce the reliance on high-dose mineralocorticoids and sodium 148 

supplementation over time [4, 7]. This requires careful tapering of medications to avoid 149 

destabilizing electrolyte balance. Clinicians must remain vigilant for signs of hyperkalaemia or 150 

hyponatremia during this transition. At the 24-month follow-up, our patient demonstrated 151 

improved aldosterone resistance, remaining stable on 50 µg of fludrocortisone per day, with no 152 

recurrent hospitalizations. 153 

4. CONCLUSION 154 

In conclusion, this case illustrated the diagnostic and management complexities associated with 155 

PHA1. Early differentiation from CAH and other salt-wasting disorders is critical to prevent 156 

complications and guide appropriate therapy. Comprehensive hormonal and genetic testing, 157 

combined with individualized management, is key to optimizing patient outcomes. 158 
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    Table 1. CARE Checklist of information to include when writing a case report  197 

Topic Item Checklist item description Reported on Line 

Title 1 The diagnosis or intervention of primary focus followed by the words “case report”  Yes 

Key Words 2 

2 to 5 key words that identify diagnoses or interventions in this case report, including

 "case report" 

11 

Abstract 

(no references) 

3a 

Introduction: What is unique about this case and what does it add to the scientific lite

rature? 

2-5 

3b Main symptoms and/or important clinical findings . . 5-6 

3c The main diagnoses, therapeutic interventions, and outcomes 6-8 

3d Conclusion—What is the main “take-away” lesson(s) from this case? 8-10 

Introduction 4 One or two paragraphs summarizing why this case is unique (may include references) 3-10 

Patient 

Information 

5a De-identified patient specific information 32-33 

5b Primary concerns and symptoms of the patient  32-34  

5c Medical, family, and psycho-social history including relevant genetic information 34-35 

5d Relevant past interventions with outcomes 34-35  
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Clinical Findings 6 Describe significant physical examination (PE) and important clinical findings 35-39 

Timeline 7 Historical and current information from this episode of care organized as a timeline 32-54 

Diagnostic 

Assessment 

8a Diagnostic testing (such as PE, laboratory testing, imaging, surveys). 41-49, 55-61 

8b Diagnostic challenges (such as access to testing, financial, or cultural) 55-63 

8c Diagnosis (including other diagnoses considered) 49-54 

8d Prognosis (such as staging in oncology) where applicable 75-77 

Therapeutic 

Intervention 

9a 

Types of therapeutic intervention (such as pharmacologic, surgical, preventive, self-

care) . 

70-73 

9b Administration of therapeutic intervention (such as dosage, strength, duration) 70-73 

9c Changes in therapeutic intervention (with rationale) 70-73 

Follow-up and 

Outcomes 

10a Clinician and patient-assessed outcomes (if available) 75-77 

10b Important follow-up diagnostic and other test results 55-61 

10c Intervention adherence and tolerability (How was this assessed?) 75-77 

10d Adverse and unanticipated events no 

Discussion 11a The strengths AND limitations associated with this case report 131-135 (strengh),117-
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119, 102-105 (limitation

s) 

11b Discussion of the relevant medical literature with references 

79-87,114-117,124-126,

136-138 

11c The scientific rationale for any conclusions (including assessment of possible causes) 120-135,80-89,136-142 

11d 

The primary “take-away” lessons of this case report (without references) in a one par

agraph conclusion 

144-147 

Patient 

Perspective 

12 The patient should share his or her perspective or experience whenever possible. . . . Not mentioned 

Informed Consent

  

13 Did the patient give informed consent? Please provide if requested . . Yes  No  

 198 

  199 
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Table 2. The genetic report 200 

Gene Inheritance Zygosity Location Nucleotide/ 

Protein Change 

Consequence Phenotype 

NR3C2 dominant heterozygous chr4: 

148120254 

NM_000901.5: c.2545T>C 

(NP_000892.2: p.Cys849Arg) 

missense mutation Pseudohypo- 

aldosteronism type 

I, autosomal 

dominant (AD) 

201 
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Figure 1. The patient had no hyperpigmentation. Normal genitalia examination: stretched penile length of 

3 cm, both gonads were palpable in the scrotum. 

 

 

Figure 2. The patient exhibited signs of Cushing syndrome one month after initiating treatment.

 

 


