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Congenital Adrenal Hyperplasia: Clinical Features of CAH with Complete Virilization
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Objective: To describe the clinical, biochemical, radiological, and outcome characteristics of congenital adrenal hyperplasia (CAH) with complete virilization in a pediatric cohort.

Methods: We conducted a retrospective review of nine 46,XX patients presenting with Prader stage IV or V virilization, followed in the pediatric endocrinology department of Rabat Children’s Hospital over a 10-year period. Clinical presentation, hormonal profile, imaging, genotyping and follow-up were analyzed.

Results: All patients were diagnosed in the neonatal period. External genitalia were completely virilized (Prader IV–V), with no palpable gonads. Biochemical testing confirmed 21-hydroxylase deficiency in all cases. Salt-wasting crisis occurred in 55% of patients. Karyotyping confirmed 46,XX status. Early genital surgery was performed in six patients. Hydrocortisone and fludrocortisone replacement therapy were initiated. The long-term follow-up showed variable outcomes in terms of growth, bone age advancement, gender identity and surgical results.

Conclusion: Complete virilization in CAH requires early diagnosis and multidisciplinary management to optimize outcome and gender identity support. Delayed diagnosis and inadequate hormone replacement remain key challenges in developing settings.
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Introduction
Congenital adrenal hyperplasia (CAH) represents a group of autosomal recessive disorders caused by mutations in genes encoding enzymes involved in adrenal steroid biosynthesis. The most prevalent form is 21-hydroxylase deficiency (21-OHD), which accounts for over 90% of CAH cases. This enzymatic defect results in decreased cortisol and aldosterone synthesis, leading to compensatory adrenocorticotropic hormone (ACTH) secretion and consequent adrenal hyperplasia and androgen excess. In 46,XX individuals, prenatal androgen exposure can cause varying degrees of virilization of the external genitalia, with the Prader classification system used to grade severity. Complete virilization (Prader stage IV or V) is rare and presents significant diagnostic, therapeutic, and psychosocial challenges. This article aims to describe the clinical profile, management, and outcomes of nine such cases managed at a tertiary care center.
Patients and Methods
We conducted a retrospective descriptive study of nine patients with classical CAH due to 21-hydroxylase deficiency and complete virilization (Prader stage IV–V), all genetically female (46,XX), followed at the Pediatric Endocrinology Unit of Rabat Children’s Hospital from January 2012 to December 2022. Data were extracted from medical records and included perinatal history, initial presentation, age at diagnosis, biochemical profile, karyotype, imaging findings, genotyping results, treatments received (medical and surgical), and follow-up data.
Hormonal assays included 17-hydroxyprogesterone (17-OHP), cortisol, ACTH, plasma renin activity, and electrolyte levels. Pelvic ultrasound and genitography were performed to assess internal genitalia. Karyotype and, where available, CYP21A2 gene analysis were performed. All patients received standard treatment with glucocorticoids and mineralocorticoids. Psychosocial support was also provided.
Results
1 Epidemiology
This 14-year retrospective study focused on congenital adrenal hyperplasia (CAH) with complete virilization (Prader stages IV–V) in nine patients managed as outpatients or inpatients in the pediatric endocrinology–neuro pediatrics department of Rabat Children’s Hospital. Cases involving genetic males (46,XY) and those with milder virilization (Prader stages I–III) were excluded.
Data were extracted from medical records and included patient demographics, reason for hospitalization, personal and family medical history, and disease chronology. Clinical assessments and paraclinical investigations—encompassing biochemical assays and morphological imaging—were also reviewed.
Therapeutic management was analyzed by evaluating treatments administered during both the acute phase and long term follow up, as well as decisions regarding sex assignment. Finally, patients’ clinical outcomes and follow up data were examined to assess treatment efficacy and improve care strategies for this condition.
2 Clinical Data
Of the nine cases studied, eight were hospitalized—five for genital ambiguity and three for precocious pseudo puberty. The most common presenting sign was the absence of palpable gonads in the labioscrotal folds (6 cases), occasionally accompanied by pubic hair development (2 cases) or pubic pruritus (1 case).
Physically, five patients exhibited accelerated linear growth (+2 to +3 SD above the mean), while three maintained normal growth patterns. Two patients were found to have hypertension; none showed signs of dehydration. The degree of virilization was uniformly pronounced across the cohort.
3 Biological Data
Biological results revealed microcytic hypochromic anemia in one patient (case no. 3), while ionogram was normal in all others. Hormonal assays showed elevated levels of 17-alpha-OH-progesterone (mean 39.4 ng/ml), testosterone (mean 2.59 ng/ml), and Δ4 androstenedione (18.9 ng/ml). ACTH was elevated in one patient (726 ng/l), while cortisol values were below normal. 11-deoxycortisol was elevated in several patients. Other hormones such as S-DHEA, DOC and aldosterone were abnormal, with very low plasma renin in two patients. FSH-LH levels were elevated in one patient in precocious pseudo puberty, normal in another, and low in a third. All patients had female karyotype 46 XX.
4 Radiological Data
Left wrist radiographs, obtained in four patients, demonstrated advanced bone age in three (+1, +3, and +6 years compared to chronological age) and normal bone age in one. Abdominopelvic ultrasound, performed in all nine patients, showed adrenal enlargement in seven and normal adrenal size in one; an internal uterus and ovaries were visualized in seven patients, while one had no detectable internal genitalia. Voiding cystourethrography (genitography) in five patients revealed a male‐type urethra in three, a vaginal opening in one, and a short urethra without Müllerian remnants in another. Abdominopelvic CT in one patient was unremarkable.
5 Treatment
No patient presented with acute adrenal crisis. All received hydrocortisone at a dosage of 10 to 20 mg/m²/day. Sex assignment was determined by a multidisciplinary committee. In two cases, feminization was chosen despite the parents’ preference for male gender. In the remaining cases, male gender was retained. Several patients underwent hysterectomy and oophorectomy, and one patient is scheduled for laparoscopic surgery. Four patients were treated with Androtardyl at puberty.
In terms of follow-up, five patients are regularly monitored, while four have irregular follow-up. Two patients developed persistent hypertension requiring antihypertensive therapy. Final height at puberty was below the target height in some cases. All patients identified as male, though some exhibited psychological distress. No adverse effects related to treatment were reported.

Discussion
Pathophysiology
Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase (21-OH) deficiency is the most frequent form of this autosomal recessive disorder, accounting for over 90% of cases [1]. This enzymatic deficiency disrupts adrenal steroidogenesis by blocking the conversion of progesterone and 17α-hydroxyprogesterone (17-OHP) into corticosteroids, leading to a deficiency in cortisol and aldosterone. The accumulation of these precursors is diverted towards the androgen pathway, resulting in excessive testosterone production. Additionally, an alternative metabolic pathway, particularly active during the perinatal period, allows for the direct conversion of 17-OHP into dihydrotestosterone (DHT), which may contribute to the observed virilization in some patients [2,3].
The lack of cortisol-mediated negative feedback at the hypothalamic-pituitary level leads to hyperstimulation by adrenocorticotropic hormone (ACTH), further enhancing androgen production. Clinically, phenotypes vary according to the severity of the enzymatic defect. The classical forms, which present in the neonatal period, include the salt-wasting type (about 75% of cases) and the simple virilizing type. In the salt-wasting form, the mineralocorticoid deficiency results in severe water and salt loss, causing hypovolemia, hyponatremia, and hyperkalemia, which can be life-threatening [4,5]. In girls, prolonged prenatal exposure to androgens causes significant virilization of the external genitalia, ranging from clitoromegaly to complete fusion of the labioscrotal folds. However, the development of internal genital organs remains normal due to the absence of anti-Müllerian hormone.
The simple virilizing form is characterized by residual enzymatic activity sufficient to maintain water-electrolyte balance, while still inducing significant hyperandrogenism, especially in females. In contrast, the non-classical forms, more prevalent in the general population (estimated prevalence of 1 in 1,000) [6], are associated with variable degrees of hyperandrogenism that can manifest at any age—sometimes as isolated early pubarche, hirsutism, or menstrual disturbances in adolescent girls.
A precise understanding of the hormonal and enzymatic mechanisms underlying 21-OH deficiency, as well as the clinical variability of CAH, is essential to ensure early diagnosis—particularly in neonatal forms—and timely initiation of multidisciplinary care.
Clinical Presentation of Congenital Adrenal Hyperplasia with Complete Virilization
1. Prenatal Diagnosis and Treatment
Congenital adrenal hyperplasia (CAH) is one of the first genetic disorders treated prenatally to prevent virilization of external genitalia in female fetuses with classic 21-hydroxylase deficiency [7]. This treatment involves early dexamethasone (DXM) administration to at-risk pregnant women, especially those carrying severe CYP21A2 mutations or with an affected child [8]. DXM reduces ACTH secretion by suppressing pituitary stimulation secondary to cortisol deficiency, thereby limiting excessive fetal androgen production [9]. This mechanism prevents prenatal virilization, reducing the need for postnatal surgery and psychosocial impact [10,11].
DXM is chosen for its long half-life, strong glucocorticoid activity, and ability to cross the placenta without inactivation by 11β-HSD type 2 [12]. The recommended dose is 20 µg/kg/day divided into three doses, max 1.5 mg/day [13]. Introduced in the 1980s, this treatment improves female genital phenotype in ~85% of cases, failures mostly linked to late or poor adherence [14,15]. The critical period for urogenital differentiation is weeks 6–10 gestation, making treatment before week 7 crucial [16].
Initially, all fetuses at risk were treated due to lack of non-invasive prenatal diagnosis, unnecessarily exposing males and non-carriers [17,18]. Since the late 1990s, fetal sex and genotype can be determined early via cell-free fetal DNA in maternal blood [19,20].
Despite efficacy, concerns remain about neurological and metabolic side effects based mainly on animal studies [21–23]. In humans, no major adverse effects are confirmed, though mild neurocognitive impairments have been reported [24–27]. No lasting growth or hormonal dysfunction observed [28].
Some countries restrict prenatal DXM to research protocols [29], and France limits administration to specialized centers per guidelines [30].
2 Treatment
Treatment aims to replace deficient hormones, limit androgen excess, and restore HPA axis balance by suppressing cortisol insufficiency feedback [32]. Daily glucocorticoid and mineralocorticoid replacement are standard. Hydrocortisone is preferred in children for its short half-life minimizing growth impact [33]. Dose: ~30 mg/m² first year, then 8–15 mg/m² [33], up to 50 mg/m² in neonates to reduce clitoral virilization [34].
Stress or illness require increased doses and sometimes parenteral administration. Families must be educated for emergencies [33]. Mineralocorticoid (fludrocortisone) dose is 50–100 µg/day,
Conclusion
CAH with complete virilization in 46,XX individuals presents significant clinical and ethical challenges. Early diagnosis, accurate sex assignment, adequate hormonal replacement, and a coordinated multidisciplinary approach are essential for optimal physical and psychosocial outcomes. Public health measures should include newborn screening programs to ensure timely diagnosis.
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