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Endocrine causes of pediatric hypertension are relatively rare but important because of their distinct 
treatment options. Adrenal diseases accompanied by an excess of mineralocorticoids, glucocorticoids, 
and catecholamines are major causes of endocrine hypertension. Typical causes of mineralocorticoid-
related hypertension include primary aldosteronism, congenital adrenal hyperplasia (11β- and 17
α-hydroxylase deficiencies), and apparent mineralocorticoid excess. Cushing syndrome and 
pheochromocytoma/paraganglioma are the primary causes of glucocorticoid- and catecholamine-
related hypertension, respectively. This review provides an overview of the diagnostic evaluations, 
including hormonal assays and imaging studies, used to identify the underlying causes of pediatric 
endocrine hypertension, focusing on adrenal disorders. It presents details regarding the major adrenal 
disorders and recommended therapeutic approaches, emphasizing the importance of early detection 
and disease-specific management to prevent cardiovascular and metabolic complications in affected 
children.

Introduction

Pediatric hypertension is defined as systolic and/or diastolic blood pressure (BP) at or above the 
95th percentile based on the normative distribution by age, sex, and height (or ≥130/80 mmHg 
for children aged ≥13 years) [1]. The recognition of hypertension in childhood is on the rise, with 
a global prevalence of approximately 4.0% [2]. Among pediatric hypertension cases, 50% are due 
to secondary causes, with endocrine hypertension comprising up to 6% [3]. Aside from obesity-
related hypertension, the primary endocrine disorders that cause hypertension in children are 
adrenal diseases characterized by an overproduction of catecholamines, glucocorticoids, and 
mineralocorticoids [4]. Non-adrenal endocrine disorders such as excess growth hormone, thyroid 
dysfunction, and hyperparathyroidism also lead to hypertension [4]. When evaluating a patient 
with suspected endocrine-related hypertension, clinicians should obtain a detailed medical 
history, a review of systems including disease-specific symptoms and signs, and a family history 
of endocrine hypertension. Identifying an endocrine cause in children with hypertension not only 
opens the door to potential surgical cures or targeted pharmacological treatments but also aids 
in the prevention of metabolic and cardiovascular sequelae [5]. This review provides an overview 
of the biochemical and clinical features of childhood endocrine hypertension, with a particular 
emphasis on adrenal disorders and a discussion of their treatment options.
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Biosynthesis and Action of Adrenal Hormones

The adrenal cortex produces three primary classes of steroid hormones that are essential for 
regulating a variety of physiological processes: mineralocorticoids from the zona glomerulosa, 
glucocorticoids from the zona fasciculata, and adrenal androgens from the zona reticularis 
[6]. Mineralocorticoids, with aldosterone being the most prominent, function by binding to the 
mineralocorticoid receptor (MR) and carry out a crucial role in BP regulation by modulating 
renal sodium reabsorption, as well as the release of hydrogen and potassium ions in the distal 
nephrons [7]. Glucocorticoids, predominantly cortisol, interact with the glucocorticoid receptor 
and are involved in regulating a wide range of bodily functions, including the mobilization of 
carbohydrates [8]. The adrenal medulla synthesizes and secretes catecholamines, including 
dopamine, norepinephrine, and epinephrine [9]. These catecholamines are released in response 
to stress, leading to an increase in BP, heart rate, and cardiac output, as well as alterations in 
smooth muscle tone [10]. Table 1 lists the major adrenal disorders that can lead to pediatric 
hypertension.

Mineralocorticoid-Related Hypertension

1. Primary aldosteronism
Primary aldosteronism (PA), the most prevalent type of secondary hypertension, accounts for 

approximately 10% of cases of pediatric hypertension [11]. In this condition, the adrenal glands 
autonomously produce aldosterone, resulting in low plasma renin activity, hypokalemic acidosis, 
polyuria, and hypertension. PA manifests with a wide range of severity, from mild to severe, and 
may initially present as elevated BP without concurrent hypokalemia or low renin activity [12].

The primary causes of PA are unilateral aldosterone-producing adenomas (also known as 
Conn syndrome, accounting for 30%–40% of cases), bilateral idiopathic hyperaldosteronism 
(comprising 60%–70% of cases), and less common forms (e.g., familial hyperaldosteronism [FH], 
representing 1%–5% of cases, and primary nodular adrenal hyperplasia). It is crucial to distinguish 
PA from physiological hyperreninemic hyperaldosteronism, which arises in response to sodium 
loss, potassium retention, or reduced blood volume. The diagnosis of PA is based on elevated 
plasma aldosterone levels and low plasma renin concentrations, resulting in an increased 
aldosterone-to-renin ratio (ARR). PA can be definitively diagnosed or excluded without the need 
for dynamic confirmatory testing in patients who present with an ARR greater than 27 ng/dL per 
ng/mL/h and a plasma aldosterone concentration exceeding 20 ng/dL, or in those with a normal 
ARR and a plasma aldosterone concentration below 9 ng/dL on two separate occasions [13]. For 
cases in the gray zone, dynamic aldosterone suppression tests are recommended, which may 
involve intravenous or oral saline loading, the administration of fludrocortisone, or captopril as 
an angiotensin-converting enzyme inhibitor [13]. PA is classified as either unilateral or bilateral 
using adrenal imaging and adrenal vein sampling [14]. The treatment of PA involves unilateral 
adrenalectomy in cases of lateralized aldosterone-producing adenoma or adrenal hyperplasia, 
and MR antagonists are used to treat bilateral PA [14].

Four subtypes of FH with autosomal dominant inheritance have been described. FH type 
I (OMIM 103900), caused by the chimeric CYP11B1/CYP11B2  gene, can be treated with 
glucocorticoids [15]. FH type II (OMIM 605635) is associated with germline variants of CLCN2 
and does not respond to glucocorticoid administration [16]. FH type III (OMIM 613677) has been 
linked to germline variants of KCNJ5 and is characterized by severe PA and hypokalemia due to 
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massive bilateral adrenal hyperplasia that cannot be treated with glucocorticoids [17]. FH type 
IV (OMIM 617027), caused by gain-of-function variants in CACNA1H, presents with PA in the first 

Table 1. Adrenal disorders causing pediatric hypertension

Disease Gene Inheritance Clinical findings Diagnostic tools

Mineralocorticoid-related hypertension

Primary aldosteronism – – Polyuria, myopathy cardiac dysrhythmias (in 
severe hypokalemia)

Increased aldosterone, suppressed 
PRA 

Increased aldosterone/renin ratio
Low potassium

FH type I 
(OMIM 103900)

Chimeric 
CYP11B1/CYP11B

AD Early and severe hyperaldosteronism relieved 
by treatment with glucocorticoids; variable 

presentation within the same family but 
associated with high morbidity and mortality 

at an early age

Germline mutation testing

FH type II 
(OMIM 605635)

CLCN2 AD Early-onset hyperaldosteronism; variable 
phenotypic presentation, incomplete 

penetrance

FH type III 
(OMIM 613677)

KCNJ5 AD Severe early-onset resistant arterial 
hypertension and hypokalemia with massive 
bilateral adrenal hyperplasia; high levels of 
18-oxocortisol and 18-hydroxycortisol; mild 

forms are also described

FH type IV 
(OMIM 617027)

CACNA1H AD Early-onset hyperaldosteronism; 
developmental delay or attention-deficit 

disorder in some patients

11β-Hydroxylase 
deficiency 
(OMIM 202010)

CYP11B1 AR Virilization (female), pseudoprecocious 
puberty, sometimes prepubertal 

gynecomastia (male)

Increased 17-hydroxyprogesterone, 
DOC, 11-deoxycortisol, 

androstenedione, testosterone, 
DHEA-S 

Germline mutation testing

17α-Hydroxylase 
deficiency 
(OMIM 202110)

CYP17A1 AR DSD (male), sexual infantilism, primary 
amenorrhea (female)

Low/low normal blood levels of 
androstenedione, testosterone, 

DHEA-S, 17-hydroxyprogesterone, 
aldosterone, cortisol 

Germline mutation testing

Apparent 
mineralocorticoid 
excess/11β
-hydroxysteroid 
dehydrogenase 
deficiency 
(OMIM 218030)

HSD11B2 AR Failure to thrive, delayed puberty, polydipsia, 
polyuria, muscle weakness, hypertension, 

nephrocalcinosis

Hypokalemia, metabolic alkalosis
Low renin, low aldosterone

Normal plasma cortisol levels 
High urinary cortisol-cortisone ratio

Glucocorticoid-related hypertension

Cushing syndrome – – Weight gain, growth failure, fatigue, round 
face, proximal myopathy, plethora, hirsutism, 

buffalo hump, central obesity

Elevated 24-hr urinary free cortisol 
excretion for 3 days

Loss of circadian rhythm of 
serum cortisol 1 mg overnight 

dexamethasone suppression test

Catecholamine-related hypertension

Pheochromocytoma 
and paraganglioma

RET, VHL, NF1, 
SDHD, SDHC, 
SDHB, SDHA, 

SDHAF2

AD Headache, palpitation, sweating, pallor, 
paroxysmal blood pressure

Fractionated plasma or 24-hr urine 
metanephrines

PRA, plasma renin activity; FH, familial hyperaldosteronism; OMIM, Online Mendelian Inheritance in Man; AD, autosomal dominant; AR, autosomal 
recessive; DOC, deoxycorticosterone; DHEA-S, dehydroepiandrosterone sulfate; DSD, disorder of sexual development.
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decade of life but shows incomplete penetrance within affected families (Table 1) [18].

2. Congenital adrenal hyperplasia: 11β- and 17α-hydroxylase deficiencies
Congenital adrenal hyperplasia (CAH) is an autosomal recessive disorder resulting from 

biochemical defects in steroid biosynthesis, leading to various alterations in mineralocorticoids, 
glucocorticoids, and adrenal androgens [19]. Hypertension is associated with CAH caused 
by 11β-hydroxylase deficiency (11OHD) and 17α-hydroxylase deficiency (17OHD) [20]. 11OHD 
(OMIM 202010), which results from variants in the CYP11B1 gene, accounts for roughly 5% of 
all CAH cases [20]. The enzyme 11β-hydroxylase is responsible for converting 11-deoxycortisol 
to cortisol and deoxycorticosterone (DOC) to corticosterone. A deficiency in this enzyme 
causes the overproduction of steroid precursors, such as 11-deoxycortisol and DOC, as well as 
adrenal androgens, and results in increased secretion of adrenocorticotropic hormone (ACTH) 
[20]. The overproduction of DOC leads to hypertension, hypokalemia, and sodium retention, 
as well as suppressing aldosterone secretion and plasma renin activity to varying degrees [21]. 
Hypertension may be present in 30%–60% of cases during childhood, and can even be evident 
at birth. Excess androgens may cause prenatal virilization in females or precocious puberty in 
both sexes. The diagnosis is confirmed by elevated levels of DOC and 11-deoxycortisol, along 
with normal or suppressed plasma renin activity (Table 1) [21]. The treatment for 11OHD includes 
glucocorticoid replacement, using doses similar to the dosage for 21-hydroxylase deficiency, 
but there is no need for mineralocorticoid replacement [21].

17OHD (OMIM 202110), caused by variants in the CYP17A1 gene involved in cortisol and an-
drogen biosynthesis, is a highly uncommon type of CAH that is present in approximately 1% of 
all CAH cases [22]. The enzyme 17α-hydroxylase converts progesterone to 17-hydroxyproges-
terone and pregnenolone to 17-hydroxypregnenolone. Deficient enzymatic activity results in 
decreased levels of 17-hydroxypregnenolone and 17-hydroxyprogesterone, reduced cortisol 
synthesis, overproduction of ACTH and elevated levels of DOC [22]. This impaired androgen 
production leads to the absence of secondary sexual characteristics during puberty in 46,XX 
individuals, who typically present as teenage girls with sexual infantilism and hypertension [23]. 
Individuals with a 46,XY karyotype may present with a disorder of sexual development, charac-
terized by absent or incomplete development of the external genitalia (Table 1) [21]. Glucocor-
ticoid replacement therapy is used to suppress hypertension induced by excess mineralocor-
ticoids, and sex steroid replacement is initiated during adolescence, tailored to the individual's 
sex of rearing [24].

3. Apparent mineralocorticoid excess 
Apparent mineralocorticoid excess (AME; OMIM 218030) is an autosomal recessive condition 

that results from pathogenic variants in the HSD11B2 gene, which encodes the enzyme 11β
-hydroxysteroid dehydrogenase type 2 (HSD11B2). This enzyme is responsible for converting 
active cortisol into its inactive counterpart, cortisone, in mineralocorticoid-responsive tissues 
[25]. Children affected by AME typically exhibit severe hypertension, muscle weakness, polyuria, 
polydipsia, delayed puberty, and failure to thrive, and this condition can lead to early-onset 
end-organ damage. AME is characterized biologically by hypokalemic alkalosis and low levels 
of renin and aldosterone. A diagnosis of defective HSD11B2 activity is made by identifying an 
elevated urinary cortisol-to-cortisone metabolite ratio (Table 1). Treatment options include MR 
antagonists, such as spironolactone or eplerenone, in combination with potassium-sparing 
diuretics, hypokalemia correction, and adherence to a low-salt diet. Despite these interventions, 
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treatment outcomes are not always successful, with a reported cardiovascular mortality rate of 
19% among patients with AME [26].

Glucocorticoid-Related Hypertension

1. Cushing syndrome 
Cushing syndrome (CS) is rare in childhood, with two to five new cases per million people 

annually, and is characterized by excessive production of glucocorticoids [27]. Pediatric CS 
most commonly arises iatrogenically due to the chronic administration of glucocorticoids. In 
rarer instances, it is caused by an over-secretion of endogenous cortisol, which can occur 
through either an ACTH-dependent or an ACTH-independent mechanism [28]. The secretion 
of excessive amounts of ACTH may be due to pituitary adenomas (known as Cushing disease), 
and, less commonly, by ectopic ACTH-secreting tumors. ACTH-independent CS takes place 
when adrenal neoplasms (e.g., carcinomas or adenomas) autonomously secrete cortisol. Another 
ACTH-independent cause is multinodular adrenal hyperplasia, including massive macronodular 
adrenal hyperplasia and primary pigmented nodular adrenocortical disease [29,30]. In children, 
CS typically presents with weight gain, central obesity, slowed growth, mood changes, altered 
facial appearance (including plethora, acne, and hirsutism), and muscle weakness. Overweight 
children who experience a halt in growth should be screened for CS, as weight gain coupled 
with growth failure are the most consistent and earliest signs [31]. Hypertension is present in 
about 63% of pediatric cases of CS [32]. When CS is clinically suspected, hypercortisolism is 
confirmed by a disruption in the normal circadian rhythm of serum cortisol, abnormally high 
24-hour urinary free cortisol levels from three consecutive collections, increased levels of 
late-night salivary cortisol, and/or a lack of serum cortisol suppression following a low-dose 
dexamethasone suppression test (Table 1) [28,29].

After confirming the diagnosis, additional assessments are needed to determine ACTH 
dependence and localize the lesion responsible for cortisol secretion. The differential diagnosis 
should involve measuring plasma ACTH levels, conducting high-dose dexamethasone 
suppression tests (also known as the Liddle test), and performing a corticotropin-releasing 
hormone stimulation test [33]. Beyond laboratory tests, imaging studies play a crucial role in 
accurately diagnosing CS. CT or MRI can be employed to detect tumors of the adrenal cortex or 
to identify macroscopic or microscopic nodular adrenal hyperplasia. To locate an ectopic ACTH-
producing source, CT or MRI scans of the neck, chest, abdomen, and pelvis, along with a labeled 
octreotide scan and fluorodeoxyglucose (FDG) PET, are utilized [27,29]. The primary treatment 
objective is the surgical removal of the lesion causing hypercortisolism [34]. While hypertension 
often improves after surgery, some patients may still need antihypertensive treatment. This can 
involve blocking the renin-angiotensin-aldosterone system with angiotensin-converting enzyme 
inhibitors and angiotensin II receptor blockers, as well as targeting glucocorticoid receptors and 
MRs [35].

Catecholamine-Related Hypertension

1. Pheochromocytoma and paraganglioma 
Pheochromocytoma (PCC) and paraganglioma (PGL) are highly uncommon catecholamine-

secreting tumors, accounting for approximately 0.5%–2% of pediatric hypertension cases 
[36]. PCC originates from the adrenal medulla (more specifically, from chromaffin cells), while 
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PGLs develop in the autonomic nervous system outside the adrenal glands, arising from both 
parasympathetic and sympathetic paraganglia external to the cerebrospinal axis [37]. The 
clinical presentation of PCC and PGL can vary widely, typically involving symptoms and signs 
of catecholamine excess. The most common symptoms and signs include hypertension, 
diaphoresis, palpitations, and headache [38]. Occasionally, symptoms such as pain may arise 
due to the mass effect of the tumor. Some individuals may also be diagnosed incidentally during 
radiographic evaluations or through family screening for an associated hereditary syndrome [39].

PCC and PGL are diagnosed by measuring the concentrations of catecholamines and their 
metabolites in samples from the blood and urine. The initial laboratory work-up should include 
fractionated plasma and/or urine metanephrines (metanephrine and normetanephrine), which 
have a sensitivity close to 100% (Table 1) [40]. Assessing plasma dopamine or methoxytyramine 
(a dopamine metabolite) can be helpful for avoiding false-negative results, especially in the 
rare cases of extra-adrenal succinate dehydrogenase-associated PGLs [41]. Additionally, 
measurements of chromogranin A, which chromaffin cells store and release together with 
catecholamines, can serve as an additional diagnostic tool when plasma free metanephrine 
levels are only mildly elevated [42]. Once biochemical testing confirms catecholamine excess, 
the tumors can be located through radiographic imaging (typically CT or MRI of the abdomen 
and pelvis). If abdominopelvic imaging is inconclusive, the next step is to conduct examinations 
of the neck and chest [43]. Functional imaging can be particularly helpful for confirming extra-
adrenal tumors or for evaluating patients for multifocal or metastatic disease, especially in 
patients who have a noradrenergic phenotype and risk factors for malignancy [44]. Functional 
imaging options include 123I- or 131I-metaiodobenzylguanidine (MIBG), which targets tissues that 
store catecholamines, and 18F-FDG PET [45]. A recent study proposed 68Ga-DOTATATE PET/
CT as a first-line imaging modality due to its high affinity for somatostatin receptors, which are 
prevalent in neuroendocrine tumors like PCC and PGL, and its superior sensitivity compared to 
18F-FDG PET/CT and 123I-MIBG [46]. Genetic testing to identify common susceptibility genes 
is advised for all pediatric cases of PCC/PGL [44,47]. In pediatric patients with PCC/PGL, 
up to 80% of cases are linked to a hereditary predisposition syndrome, such as Von Hippel-
Lindau disease, multiple endocrine neoplasia type 2, neurofibromatosis type 1, and familial 
PGL syndromes types 1 to 5. These syndromes are caused by variants of RET, VHL, NF1, and 
SDH subunit genes (SDHD, SDHC, SDHB, SDHA, and SDHAF2) [40,47]. Early identification of 
germline variants after diagnosis can positively influence management and clinical outcomes 
outcomes of patients with heritable diseases [48].

Surgical resection remains the cornerstone of treatment for both PCC and PGL, often resulting 
in the remission of hypertension [40]. For children who have adrenal PCC, laparoscopic adre-
nalectomy is the preferred procedure, with an emphasis on partial adrenalectomy as the initial 
strategy when feasible [49]. The preoperative management of hypertension is critical for mini-
mizing morbidity associated with catecholamine release and typically requires a minimum of 10 
to 14 days in pediatric patients. This management includes the use of α-1 receptor antagonists 
such as terazosin, prazosin, doxazosin, or phenoxybenzamine, and may also involve tyrosine hy-
droxylase inhibitors such as metyrosine. To prevent a hypertensive crisis, a regimen combining a 
calcium channel blocker with a β-blocker is recommended to counteract reflex tachycardia and 
prevent arrhythmias [50].
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Conclusion

Although adrenal disorders are rare, they are major causes of endocrine hypertension in 
children. These conditions are often associated with severe hypertension and may lead to end-
organ damage at an early age if not promptly diagnosed and managed. Due to their potentially 
serious consequences, identifying adrenal diseases as a cause of hypertension in children is 
crucial for the effective treatment and prevention of long-term cardiovascular and metabolic 
complications. Moreover, recent advancements in genetic approaches have significantly 
improved our understanding of its pathophysiology, enabling more targeted management 
strategies by incorporating genetic information into the overall diagnostic and treatment 
process.

Acknowledgements
Not applicable.

Conflict of Interest
No potential conflict of interest relevant to this article was reported.

ORCID iD
Hwa Young Kim: https://orcid.org/0000-0003-3238-5315
Jaehyun Kim: https://orcid.org/0000-0002-0203-7443

Author Contribution
Conceptualization: Kim HY, Kim J 
Writing – Original Draft: Kim HY
Writing – Review & Editing: Kim HY, Kim J.

Ethics Approval and Consent to Participate
Not applicable.

References
1. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels SR, et al. Clinical practice guideline for screening and 

management of high blood pressure in children and adolescents. Pediatrics 2017;140(3):e20171904.
2. Song P, Zhang Y, Yu J, Zha M, Zhu Y, Rahimi K, et al. Global prevalence of hypertension in children: a systematic review and 

meta-analysis. JAMA Pediatr  2019;173(12):1154-1163.
3. Gupta-Malhotra M, Banker A, Shete S, Hashmi SS, Tyson JE, Barratt MS, et al. Essential hypertension vs. secondary 

hypertension among children. Am J Hypertens 2015;28(1):73-80.
4. Fernandes-Rosa FL, Boulkroun S, Fedlaoui B, Hureaux M, Travers-Allard S, Drossart T, et al. New advances in endocrine hyper-

tension: from genes to biomarkers. Kidney Int  2023;103(3):485-500.
5. Kim S, Tsao H, Kang Y, Young DA, Sen M, Wenke JC, et al. In vitro evaluation of an injectable chitosan gel for sustained local 

delivery of BMP-2 for osteoblastic differentiation. J Biomed Mater Res B Appl Biomater  2011;99B(2):380-390.
6. Miller WL, Auchus RJ. The molecular biology, biochemistry, and physiology of human steroidogenesis and its disorders. Endocr 

Rev 2011;32(1):81-151.
7. Stockand JD. New ideas about aldosterone signaling in epithelia. Am J Physiol Renal Physiol  2002;282(4):F559-F576.
8. Kadmiel M, Cidlowski JA. Glucocorticoid receptor signaling in health and disease. Trends Pharmacol Sci  2013;34(9):518-530.
9. Eisenhofer G, Kopin IJ, Goldstein DS. Catecholamine metabolism: a contemporary view with implications for physiology and 

medicine. Pharmacol Rev 2004;56(3):331-349.
10. Curtis BM, O'Keefe JH Jr. Autonomic tone as a cardiovascular risk factor: the dangers of chronic fight or flight. Mayo Clin Proc 

2002;77(1):45-54.
11. Brown JM, Siddiqui M, Calhoun DA, Carey RM, Hopkins PN, Williams GH, et al. The unrecognized prevalence of primary 

aldosteronism: a cross-sectional study. Ann Intern Med 2020;173(1):10-20.
12. Vaidya A, Mulatero P, Baudrand R, Adler GK. The expanding spectrum of primary aldosteronism: implications for diagnosis, 

pathogenesis, and treatment. Endocr Rev 2018;39(6):1057-1088.
13. Reznik Y, Amar L, Tabarin A. SFE/SFHTA/AFCE consensus on primary aldosteronism, part 3: confirmatory testing. Ann 

Endocrinol  2016;77(3):202-207.
14. Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shibata H, et al. The management of primary aldosteronism: case 

https://orcid.org/0000-0002-0203-7443
https://orcid.org/0000-0003-3238-5315


Pediatric Endocrine Hypertension

https://doi.org/10.12771/emj.2023.e30 8 / 9

detection, diagnosis, and treatment: an endocrine society clinical practice guideline. J Clin Endocrinol Metab 2016;101(5):1889-
1916.

15. Lifton RP, Dluhy RG, Powers M, Rich GM, Cook S, Ulick S, et al. A chimaeric llβ-hydroxylase/aldosterone synthase gene causes 
glucocorticoid-remediable aldosteronism and human hypertension. Nature 1992;355(6357):262-265.

16. Scholl UI, Stölting G, Schewe J, Thiel A, Tan H, Nelson-Williams C, et al. CLCN2 chloride channel mutations in familial 
hyperaldosteronism type II. Nat Genet 2018;50(3):349-354.

17. Geller DS, Zhang J, Wisgerhof MV, Shackleton C, Kashgarian M, Lifton RP. A novel form of human mendelian hypertension 
featuring nonglucocorticoid-remediable aldosteronism. J Clin Endocrinol Metab 2008;93(8):3117-3123.

18. Scholl UI, Stölting G, Nelson-Williams C, Vichot AA, Choi M, Loring E, et al. Recurrent gain of function mutation in calcium 
channel CACNA1H causes early-onset hypertension with primary aldosteronism. eLife 2015;4:e06315.

19. Yoo HW. Diverse etiologies, diagnostic approach, and management of primary adrenal insufficiency in pediatric age. Ann 
Pediatr Endocrinol Metab 2021;26(3):149-157.

20. Hinz L, Pacaud D, Kline G. Congenital adrenal hyperplasia causing hypertension: an illustrative review. J Hum Hypertens 2018; 
32(2):150-157.

21. Auchus RJ. The genetics, pathophysiology, and management of human deficiencies of P450c17. Endocrinol Metab Clin North 
Am 2001;30(1):101-119, vii.

22. Lee HI, Kwon A, Suh JH, Choi HS, Song KC, Chae HW, et al. Two cases of 17α-hydroxylase/17,20-lyase deficiency caused by 
the CYP17A1 mutation. Ann Pediatr Endocrinol Metab 2021;26(1):66-70.

23. El-Maouche D, Arlt W, Merke DP. Congenital adrenal hyperplasia. Lancet 2017;390(10108):2194-2210.
24. Auchus RJ. Steroid 17-hydroxylase and 17,20-lyase deficiencies, genetic and pharmacologic. J Steroid Biochem Mol Biol  2017; 

165(Pt A):71-78.
25. Lu Y, Zhang D, Zhang Q, Zhou Z, Yang K, Zhou X, et al. Apparent mineralocorticoid excess: comprehensive overview of 

molecular genetics. J Transl Med 2022;20(1):500.
26. Yau M, Haider S, Khattab A, Ling C, MathewM, Zaidi S, et al. Clinical, genetic, and structural basis of apparent mineralocorticoid 

excess due to 11β-hydroxysteroid dehydrogenase type 2 deficiency. Proc Natl Acad Sci USA 2017;114(52):E11248-E11256.
27. Kotanidou EP, Giza S, Tsinopoulou VR, Vogiatzi M, Galli-Tsinopoulou A. Diagnosis and management of endocrine hypertension 

in children and adolescents. Curr Pharm Des 2020;26(43):5591-5608.
28. Stratakis CA. Cushing syndrome in pediatrics. Endocrinol Metab Clin North Am 2012;41(4):793-803.
29. Storr HL, Chan LF, Grossman AB, Savage MO. Paediatric Cushing's syndrome: epidemiology, investigation and therapeutic 

advances. Trends Endocrinol Metab 2007;18(4):167-174.
30. Kim SE, Lee NY, Cho WK, Yim J, Lee JW, Kim M, et al. Adrenocortical carcinoma and a sporadic MEN1 mutation in a 3-year-old 

girl: a case report. Ann Pediatr Endocrinol Metab 2022;27(4):315-319.
31. Shah NS, Lila A. Childhood Cushing disease: a challenge in diagnosis and management. Horm Res Paediatr  2011;76(Suppl 

1):65-70.
32. Devoe DJ, Miller WL, Conte FA, Kaplan SL, Grumbach MM, Rosenthal SM, et al. Long-term outcome in children and adolescents 

after transsphenoidal surgery for Cushing's disease. J Clin Endocrinol Metab 1997;82(10):3196-3202.
33. Lodish MB, Keil MF, Stratakis CA. Cushing's syndrome in pediatrics: an update. Endocrinol Metab Clin North Am 2018;47(2):451-

462.
34. Magiakou MA, Smyrnaki P, Chrousos GP. Hypertension in Cushing's syndrome. Best Pract Res Clin Endocrinol Metab 2006; 

20(3):467-482.
35. Cicala MV, Mantero F. Hypertension in Cushing's syndrome: from pathogenesis to treatment. Neuroendocrinology  2010; 

92(Suppl 1):44-49.
36. Havekes B, Romijn JA, Eisenhofer G, Adams K, Pacak K. Update on pediatric pheochromocytoma. Pediatr Nephrol  2009;24(5): 

943-950.
37. Neumann HP, Young WF Jr, Krauss T, Bayley JP, Schiavi F, Opocher G, et al. 65 Years of the double helix: genetics informs 

precision practice in the diagnosis and management of pheochromocytoma. Endocr Relat Cancer 2018;25(8):T201-T219.
38. Lenders JWM, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, Grebe SKG, Murad MH, et al. Pheochromocytoma and 

paraganglioma: an endocrine society clinical practice guideline. J Clin Endocrinol Metab 2014;99(6):1915-1942.
39. Waguespack SG, Rich T, Grubbs E, Ying AK, Perrier ND, Ayala-Ramirez M, et al. A current review of the etiology, diagnosis, and 

treatment of pediatric pheochromocytoma and paraganglioma. J Clin Endocrinol Metab 2010;95(5):2023-2037.
40. Bholah R, Bunchman TE. Review of pediatric pheochromocytoma and paraganglioma. Front Pediatr  2017;5:155.
41. Eisenhofer G, Lenders JWM, Timmers H, Mannelli M, Grebe SK, Hofbauer LC, et al. Measurements of plasma methoxytyramine, 

normetanephrine, and metanephrine as discriminators of different hereditary forms of pheochromocytoma. Clin Chem 2011; 
57(3):411-420.

42. Bílek R, Vlček P, Šafařik L, Michalský D, Novák K, Dušková J, et al. Chromogranin A in the laboratory diagnosis of pheochromo-
cytoma and paraganglioma. Cancers 2019;11(4):586.

43. Pacak K, Eisenhofer G, Ahlman H, Bornstein SR, Gimenez-Roqueplo AP, Grossman AB, et al. Pheochromocytoma: recommen-
dations for clinical practice from the first international symposium. Nat Clin Pract Endocrinol Metab 2007;3(2):92-102.

44. Babic B, Patel D, Aufforth R, Assadipour Y, Sadowski SM, Quezado M, et al. Pediatric patients with pheochromocytoma and 
paraganglioma should have routine preoperative genetic testing for common susceptibility genes in addition to imaging to 
detect extra-adrenal and metastatic tumors. Surgery 2017;161(1):220-227.

45. Brito JP, Asi N, Gionfriddo MR, Norman C, Leppin AL, Zeballos-Palacios C, et al. The incremental benefit of functional imaging in 
pheochromocytoma/paraganglioma: a systematic review. Endocrine 2015;50(1):176-186.

46. Jha A, Ling A, Millo C, Gupta G, Viana B, Lin FI, et al. Superiority of 68Ga-DOTATATE over 18F-FDG and anatomic imaging in 



Pediatric Endocrine Hypertension

https://doi.org/10.12771/emj.2023.e30 9 / 9

the detection of succinate dehydrogenase mutation (SDHx)-related pheochromocytoma and paraganglioma in the pediatric 
population. Eur J Nucl Med Mol Imaging 2018;45(5):787-797.

47. Dias Pereira B, Nunes da Silva T, Bernardo AT, César R, Vara Luiz H, Pacak K, et al. A clinical roadmap to investigate the genetic 
basis of pediatric pheochromocytoma: which genes should physicians think about? Int J Endocrinol  2018;2018:8470642.

48. Buffet A, Ben Aim L, Leboulleux S, Drui D, Vezzosi D, Libé R, et al. Positive impact of genetic test on the management and 
outcome of patients with paraganglioma and/or pheochromocytoma. J Clin Endocrinol Metab 2019;104(4):1109-1118.

49. Nagaraja V, Eslick GD, Edirimanne S. Recurrence and functional outcomes of partial adrenalectomy: a systematic review and 
meta-analysis. Int J Surg 2015;16(Pt A):7-13.

50. Romero M, Kapur G, Baracco R, Valentini RP, Mattoo TK, Jain A. Treatment of hypertension in children with catecholamine-
secreting tumors: a systematic approach. J Clin Hypertens 2015;17(9):720-725.




