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Abstract - Laboratory investigations showed concurrent activation of the renin-angiotensin-aldosterone system
(RAAS) and hypothalamic-pituitary-adrenal (HPA) in a two-month-old boy infant. Plasma renin was found to
be markedly elevated (374.00 ulU/mL; reference: 4.4—46.1 ulU/mL), serum aldosterone was found to be
markedly elevated (93.2 ng/dL; reference: 2.52-39.2 ng/dL), serum cortisol was found to be low normal
(154.80 nmol/L; reference: 171-536 nmol/L) and plasma ACTH was found to be markedly elevated (185.50
pg/mL; reference: 6-58 pg/mL). This hormonal pattern raises concern for congenital adrenal hyperplasia
(CAH), primary or secondary adrenal insufficiency with compensatory RAAS activation, or a concomitant
disorder affecting both axes. This case illustrates the diagnostic challenge of dysregulation of the adrenal and
renal axis in early infancy.
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Introduction

Two major regulatory axes involved in blood pressure homeostasis and stress response are the renin-
angiotensin-aldosterone system (RAAS) and the hypothalamic-pituitary-adrenal (HPA) axis. Both axes show
significant developmental maturation during the neonatal and early-infancy periods. Simultaneous
dysregulation of both axes is a rare and clinically challenging presentation. Isolated hyperaldosteronism,
isolated hypercortisolism, and isolated adrenal insufficiency are well described entities. The combination of
markedly elevated renin, aldosterone and ACTH with suppressed cortisol levels in a 2-month-old infant is a
very unusual diagnostic picture. Such a pattern may reflect congenital adrenal hyperplasia (CAH) with salt-
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wasting, secondary adrenal insufficiency with compensatory RAAS upregulation, bilateral adrenal dysgenesis,
or a primary renal tubular disorder.

Demographics of Patients and clinical symptoms

The age of patient is 2 months boy, (approx. 8 weeks). A two-month-old infant is referred for endocrinological
evaluation following the discovery of abnormal laboratory findings. The exact clinical picture, including
feeding history, pattern of weight gain, presence of ambiguous genitalia, episodes of vomiting, dehydration, or
electrolyte disturbances, should be noted and correlated with the biochemical data presented here. The
hormonal profile obtained at evaluation is described below.

Studies in the Laboratory
The following hormonal panel was obtained during the endocrine workup: Results are compared with standard

adult reference ranges. Definitive clinical interpretation should be made using age-specific neonatal reference
intervals.

Patient

Biomarker Value Reference Range Interpretation

Standing: 4.4-46.1

Renin (Plasma) SIZJAL/r?l(I)J ulU/mL Supine: 2.8— 11 markedly elevated
39.9 ulU/mL
Aldosterone Standing: 2.52-39.2
(o) 93.2 ng/dL ng/dL Supine: 1.76— 11 markedly elevated
23.2 ng/dL
AM (07:00-10:00):
Cortisol (Serum) 154.80 171-536 nmol/L PM | low-normal / below am
nmol/L (16:00-20:00): 64-340 reference range
nmol/L
185.50
ACTH (Plasma) - 6-58 pg/mL 11 markedly elevated

Note: Values marked in (11) indicate significant elevation above the upper limit of normal. Values marked
with () indicate below or at the lower limit of the normal reference range.

Hormonal Profile Analysis
Renin (Plasma: 374.00 ulU/mL)

Plasma renin activity is markedly elevated to about 8-10 times the upper limit of the adult reference range (4.4-
46.1 ulU/mL standing). Increased renin in an infant: (1) decreased effective circulating volume with
appropriate RAAS activation (salt wasting in adrenal insufficiency or CAH); (2) a primary renal disorder
stimulating renin secretion; (3) renal artery stenosis. In view of the concomitant findings, a salt-wasting
aetiology is highly suspected.
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Aldosterone (Serum): 93.2 ng/dL

Serum aldosterone is markedly elevated (approximately 2-4 times the upper limit of normal for an adult of 39.2
ng/dL standing). The simultaneous elevation of both renin and aldosterone is consistent with secondary
hyperaldosteronism, where elevated renin levels drive aldosterone production. This is in contrast to primary
hyperaldosteronism (Conn syndrome), where renin would usually be suppressed. This pattern is most
consistent with the mineralocorticoid-deficient, salt-wasting form of CAH in infancy.

Cortisol (Serum: 154.80 nmol/L)

Serum cortisol of 154.80 nmol/L is below the lower limit of the morning reference range (171-536 nmol/L),
suggestive of relative or absolute cortisol deficiency. This dissociation with markedly elevated ACTH is
indicative of primary adrenal failure of cortisol synthesis with compensatory pituitary drive, a feature of
primary adrenal insufficiency or enzymatic defects of cortisol biosynthesis such as 21-hydroxylase deficiency.

ACTH (Plasma: 185.50 pg/mL).

Plasma ACTH is markedly elevated, approximately three times the upper limit of normal (6—58 pg/mL). An
elevated ACTH with low-normal cortisol is diagnostic of primary adrenal insufficiency or an enzymatic block
in the cortisol synthetic pathway. The pituitary is correctly responding to the lack of cortisol feedback by
making more ACTH. In congenital adrenal hyperplasia, increased ACTH also stimulates an accumulation of
adrenal androgen precursors, which could cause virilisation.

Differential Diagnosis

The differential diagnoses suggested by the hormonal profile are, in decreasing order of likelihood:
Congenital Adrenal Hyperplasia (CAH), Hydroxylase Deficiency.

In neonates, the classic salt-wasting form of 21-hydroxylase deficiency is characterised by low cortisol,
markedly elevated ACTH, low aldosterone mineralocorticoid activity (or initially elevated as compensation),
elevated renin, and in females virilisation. The hormonal pattern is very consistent here. Diagnosis would
require serum 17-hydroxyprogesterone (17-OHP) levels, which would be markedly elevated.

Congenital adrenal hyperplasia, 11B-hydroxylase deficiency.

This variant causes cortisol deficiency with increased ACTH but typically presents with hypertension due to
accumulation of 11 deoxycorticosterone, a mineralocorticoid. This is less consistent with the current profile,
as renin is usually suppressed.

Primary Adrenal Insufficiency (Addison’s Disease or Adrenal Dysgenesis)

Combined cortisol deficiency and RAAS activation could also be caused by congenital adrenal hypoplasia or
dysgenesis, but this is less common and may be associated with other electrolyte abnormalities. ACTH receptor
mutations (familial glucocorticoid deficiency) are less consistent and usually spare the mineralocorticoid axis.
Compensatory RAAS Activation in Secondary/Tertiary Adrenal Insufficiency. Central causes of adrenal
insufficiency are less likely to cause this degree of RAAS activation but should still be considered, especially
if there is associated sodium and volume depletion.
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Clinical Significance and Management Considerations

This case emphasises the clinical importance of simultaneous evaluation of both adrenal axes in infants with
nonspecific manifestations of adrenal insufficiency. Concurrent dysregulation of the RAAS and HPA axis in a
2-month-old infant presents significant short term risk, including adrenal crisis, severe hyponatraemia,
hyperkalaemia, hypoglycaemia and cardiovascular instability. Early diagnosis and start of hormone
replacement therapy are critical to prevent life-threatening adrenal crisis and support normal
neurodevelopmental outcomes.

Conclusion

The patient 2 month old infant with a striking hormonal profile with markedly elevated plasma renin, markedly
elevated serum aldosterone, low normal serum cortisol, and markedly elevated ACTH explain the activation
of the RAAS and HPA axis is highly suggestive of congenital adrenal hyperplasia. Biochemical confirmation
and initiation of hormone replacement therapy are indicated. This case highlights the diagnostic and therapeutic
challenges of combined adrenal axis dysfunction in early infancy and the importance of complete hormonal
profiling in the neonatal period.

Reference

Ahmed N., (2010). Clinical Biochemistry. Oxford, pg. 378-411

Angelousi A, Kassi E, Kaltsas GA. (2025). Adrenocortical Carcinoma. In: Endotext.

Azizan EAB, Drake WM, Brown MJ. (2023). Primary aldosteronism: molecular medicine meets public health. Nat Rev
Nephrol.;19:788-806. doi:10.1038/s41581-023-00753-6.

Bancos I, Prete A. (2021). Approach to the Patient with Adrenal Incidentaloma. J Clin Endocrinol Metab.;106(11):3331-3353, DOLI:
10.1210/clinem/dgab51, PMID: 34260734.

Berke et al., (2022). Plasma Steroid Profiling in Patients With Adrenal Incidentaloma. Observational Study J Clin Endocrinol Metab.
PMID: 34665854: https://doi.10.1210/clinem/dgab751

Berke K. et al Plasma Steroid Profiling in Patients With Adrenal Incidentaloma. The Journal of Clinical Endocrinology &
Metabolism, Volume 107, Issue 3, March 2022, Pages el1 ¢1192, https://doi.org/10.1210/clinem/dgab751

Bioletto F, Lopez C, Bollati M, et al. (2023). Predictive performance of aldosterone-to-renin ratio in the diagnosis of primary
aldosteronism in patients with resistant hypertension. Front Endocrinol (Lausanne);14:1145186, doi:10.3389/fendo.2023.1145186.
PMID:37223051.

Burrello J, Buffolo F, Domenig O, et al. (2020). RAAS Triple-A Analysis for the Screening of Primary Aldosteronism. J Endocr
Soc.;4(Suppl 1). doi:10.1210/jendso/bvaa046.2299.

Calissendorff J, Juhlin CC, Sundin A, Bancos I, Falhammar H. (2021). Adrenal Myelolipomas. Lancet Diabetes
Endocrinol.;9(11):767-775. DOI:10.1016/S2213-8587(21)00178-9 PMID:34450092.

Cuthbertson DJ, Alam U, Davison AS, Belfield J, Shore SL, Vinjamuri S. (2023). Investigation and assessment of adrenal
incidentalomas. Clin Med (Lond).;23(2):135-140. doi:10.7861/clinmed.2023-0042. PMID:36958837.

Eisenhofer G. et al, (2016). Impact of LC-MS/MS on the laboratory diagnosis of catecholamine- producing tumors.
https://doi.org/10.1016/j.trac.2016.01.027. Elsevier.

Else T, Kim AC, Sabolch A, Raymond VM, Kandathil A, Caoili EM, et al. (2014). Adrenocortical Carcinoma. Endocrine Reviews,
Volume 35, Issue 2, Pages 282—-326, https://doi.org/10.1210/er.2013-1029

Fassnacht et al. (2018). European Society of Endocrinology Clinical Practice Guidelines on the management of adrenocortical
carcinoma in adults, in collaboration with the European Network for the Study of Adrenal Tumors. Practice Guideline Eur J
Endocrinol. PMID: 30299884: https://d0i.10.1530/EJE-18-0608

Fassnacht M, Assi¢ G, Baudin E, Eisenhofer G, de Krijger RR, Haak HR, et al. (2025). Adrenocortical Carcinoma. Nat Rev Dis
Primers.

Fassnacht M, Tsagarakis S, Terzolo M, et al. (2023). European Society of Endocrinology Clinical Practice Guideline on Adrenal
Incidentalomas. Eur J Endocrinol.;189(1): doi:10.1093/ejendo/Ivad066. PMID:37318239.

Fassnacht, et al. (2023). European Society of Endocrinology clinical practice guidelines on the management of adrenal
incidentalomas, in collaboration with the European Network for the Study of Adrenal Tumors. Practice Guideline Eur J Endocrinol.
PMID: 37318239: https://do0i.10.1093/ejendo/lvad066

32


https://doi.10.1210/clinem/dgab751
https://doi.org/10.1210/clinem/dgab751
https://doi.org/10.1016/j.trac.2016.01.027
https://doi.org/10.1210/er.2013-1029
https://doi.10.1530/EJE-18-0608
https://doi.10.1093/ejendo/lvad066

17.

18.

19.
20.
21.

22.
23.
24.
25.
26.
27.

28.
29.

30.
31.

32.

33.

34.
35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
47.

International Journal of Advanced Natural Sciences and Engineering Researches

Fischer et al., ( 2023). Metastatic Pheochromocytoma and Paraganglioma: Somatostatin Receptor 2 Expression, Genetics, and
Therapeutic Responses. Multicenter Study J Clin Endocrinol Metab. PMID: 36946182 PMCID: PMC10505550:
https://d0i.10.1210/clinem/dgad166

Funes Hernandez M, Bhalla V. (2023). Underdiagnosis of Primary Aldosteronism: A Review of Screening and Detection. Am J
Kidney Dis.;82(3):333-346. doi:10.1053/j.ajkd..01.447. Diskuton pérdorimin e raportit aldosteron/reniné (ARR), reninés plazmatike
dhe algoritmet diagnostike.

Funes Hernandez M, Bhalla V. (2023). Underdiagnosis of Primary Aldosteronism: A Review of Screening and Detection. Am J
Kidney Dis.

Gardner D., Shoback D.,(2018). Greenspan’s Basic & Clinical Endocrinology. McGraw-Hill, pg.299-399

Hundemer GL, Leung AA, Kline GA, Brown JM, Turcu AF, Vaidya A. (2024). Biomarkers to Guide Medical Therapy in Primary
Aldosteronism. Endocr Rev.;45(1):69-94. doi:10.1210/endrev/bnad024. PMID:37439256. Ky review &shté njé nga burimet mé t&é
mira pér biomarkerét hormonalé (renina, aldosteroni, kaliumi, ARR) dhe ményrén si pérdoren pér monitorimin e trajtimit.

Igaz (2021). Practical Clinical Endocrinology. Springer, pg.271- 388

Jon C. Aster ; artist, James A. Perkins(2018).Robbins Basic Pathology. Elsevier, pg 784-796

Jouinot et al, (2020). Intratumor heterogeneity of prognostic DNA-based molecular markers in adrenocortical carcinoma. PMID:
32698135 PMCID: PMC7424337: https://d0i.10.1530/EC-20-0228

Kibble J., (2020). The Big Picture Physiology. McGraw Hill, pg.325-355

Kierszenbaum A., Tres L., (2020). Histology And Cell Biology:An Introduction to Pathology. Elsevier, pg.669

Kudva Y. (2023).The Laboratory Diagnosis of Adrenal Pheochromocytoma: The Mayo Clinic Experience. The Journal of Clinical
Endocrinology & Metabolism, Volume 88, Issue 10, 1 October 2003, Pages 4533—4539, https://doi.org/10.1210/j¢.2003-030720
Kumar D., (2020). Clinical Molecular Medicine Principles and Practice. Esevier, pg.230-240

Lerario et al, (2022). Update on Biology and Genomics of Adrenocortical Carcinomas: Rationale for Emerging Therapies. Endocr
Rev. PMID: 35551369 PMCID: PMC9695111: https://doi.10.1210/endrev/bnac012

Linos D., Heerden J., 2005. Adrenal Glands, Springer, pg. 25

Lippert et al, (2022). The role of molecular profiling in adrenocortical carcinoma. Review Clin Endocrinol (Oxf). PMID: 34750847:
https://d0i.10.1111/cen.14629

Lippert J, Fassnacht M, Ronchi CL. (2022). The role of molecular profiling in adrenocortical carcinoma. Clin Endocrinol (Oxf).
97(4):460—472. doi:10.1111/cen.14629..

Mangone A, Altieri B, Ferrante E, Bancos I, Luconi M, Ziolkowska B, Nekic AB, Libe R, Ceccato F, Pittaway JFH, Lagana M, Di
Dalmazi G, Peverelli E, Kimpel O, Fard BB, Canu L, Kotecka-Blicharz A, Kastelan D, Bouys L, Tizianel I, Bennett G, Schauer MP,
Elhassan Y'S, Detomas M, Zanatta L, Sadiq M, Mantovani G, Ronchi CL. Clinical predictors of outcome in advanced adrenocortical
carcinoma: a multicenter international ENSAT study. Eur J Endocrinol. 2026 Mar 4; 194 (3):381-392

Mescher A., (2021). Junqueira’s Basic Histology. McGraw Hill, pg. 425

Mezani B. (2026). RAAS Activation and Hormonal Biomarkers in Secondary Hyperaldosteronism. "3. Lisansiistii Ogrenci
Kongresi". Istanbul, Turkey

Mezani B., Mitre A., (2026). Biochemical Markers Integrated for The Diagnosis of Functional Adrenal Tumors. ICMTB, Albania.
Mizdrak M, Tic¢inovi¢ Kurir T, Bozi¢ J. (2021). Steroid metabolomics and hormone profiling in adrenocortical carcinoma.
Biomedicines.;9:174.

Mizdrak M, Tic¢inovi¢ Kurir T, Bozi¢ J. (2021). The Role of Biomarkers in Adrenocortical Carcinoma: A Review of Current Evidence
and Future Perspectives. Biomedicines.;9(2):174. doi:10.3390/biomedicines9020174. PMID:33578890.

Mytareli C, Delivanis DA, Athanassouli F, et al. (2021). The Diagnostic, Prognostic and Therapeutic Role of miRNAs in
Adrenocortical Carcinoma: A Systematic Review. Biomedicines.;9(11):1501. doi:10.3390/biomedicines9111501.

N. Shi et al (2022). Current Sample Preparation Methodologies for Determination of Catecholamines and Their Metabolites.
https://doi.org/10.3390/molecules27092702

Nolting et al, (2022). Personalized Management of Pheochromocytoma and Paraganglioma. Review Endocr Rev. PMID: 34147030
PMCID: PMC8905338: https://doi.10.1210/endrev/bnab019

Okroj D, Rzepecka A, Ktosowski P, Babinska A, Sworczak K. (2023). Review of Diagnostic Modalities for Adrenal Incidentaloma.
J Clin Med.;12(11):3739. DOI:10.3390/jcm12113739, PMID:37297933.

Okroj D, Rzepecka A, Ktosowski P, Babinska A, Sworczak K. (2023). Review of Diagnostic Modalities for Adrenal Incidentaloma.
J Clin Med.;12(11):3739. doi:10.3390/jcm12113739. PMID:37297933.

Omidi J. (2025). Molecular landscape and biomarker discovery in adrenocortical carcinoma: An integrative review of bioinformatics
and translational insights. Pathol Res Pract.;277:156295. doi:10.1016/j.prp.156295. PMID:41274066.

Otsuka H, Abe M, Kobayashi H. (2023). The Effect of Aldosterone on Cardiorenal and Metabolic Systems. Int J Mol Sci.;24(6):5370.
doi:10.3390/ijms24065370.

Prete A., Bancos 1., (2024). Mild autonomous cortisol secretion: pathophysiology, comorbidities and management approaches

Rae P., Crane M., (2018). Clinical Biochemistry Lecture Notes. John Wiley, pg 121-138

33


https://doi.10.1210/clinem/dgad166
https://doi.10.1530/EC-20-0228
https://doi.org/10.1210/jc.2003-030720
https://doi.10.1210/endrev/bnac012
https://doi.10.1111/cen.14629
https://doi.org/10.3390/molecules27092702
https://doi.10.1210/endrev/bnab019

48.

49.

50.

51.

52.

53.

54.
55.

International Journal of Advanced Natural Sciences and Engineering Researches

Remde et al. (2022). Adrenal incidentaloma - differential diagnosis and management. Dtsch Med Wochenschr. Epub 2022 Jan 31.
PMID: 35100640: https://d0i.10.1055/a-1370-6005

Rowe NE, Kumar R, Schieda N, et al. (2023). Diagnosis, Management, and Follow-Up of the Incidentally Discovered Adrenal Mass:
Canadian Urological Association Guideline Endorsed by the American Urological Association. J Urol.;210(4):590-599.
doi:10.1097/JU.0000000000003644. PMID:37556768.

Rowe NE, Kumar R, Schieda N, Siddiqi F, McGregor T, McAlpine K, et al (2023). Diagnosis, Management, and Follow-Up of the
Incidentally Discovered Adrenal Mass: Canadian Urological Association Guideline Endorsed by the American Urological
Association.J Urol.;210(4):590-599, DOI: 10.1097/JU, 0000000000003644, PMID: 37556768.

Shariq OA, McKenzie TJ. (2021). Adrenocortical carcinoma: current state of the art, ongoing controversies, and future directions in
diagnosis and treatment. Ther Adv Chronic Dis;12:20406223211033103. doi:10.1177/20406223211033103. PMID:34349894.
Shariqg OA, McKenzie TJ. (2021). Current diagnostic imaging and endocrine evaluation in adrenocortical carcinoma. Ther Adv
Chronic Dis.;12:20406223211033103.

V, Rossitto G, et al. (2020). Practice recommendations for diagnosis and treatment of the most common forms of secondary
hypertension. High Blood Press Cardiovasc Prev.

Wondisford F., (2020). Essentials of Endocrinology and Metabolism. Elsevier, pg.159- 207

Zuo R, Liu S, Xu L, Pang H. (2023). Key to the Treatment of Primary Aldosteronism in Secondary Hypertension: Subtype Diagnosis.
Curr Hypertens Rep.;25(12):471-480. doi:10.1007/s11906-023-01269-x. PMID:37787864.

34


https://doi.10.1055/a-1370-6005

