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ABSTRACT

Introduction: Resistant hypertension, defined as
uncontrolled blood pressure despite multiple
antihypertensive agents, necessitates evaluation
for secondary causes. Primary aldosteronism
(PA) is a common but underdiagnosed endocrine
etiology, characterized by autonomous
aldosterone production leading to hypertension,
hypokalemia, and suppressed renin.

Case Presentation: A 60-year-old male presented
with hypertension refractory to a five-drug
regimen. Persistent hypokalemia (K as low as 2.4
mmol/L) and hypernatremia prompted
biochemical testing, which revealed a markedly
elevated aldosterone-to-renin ratio of 287.5
(aldosterone 23 ng/dL, renin 0.08 ng/mL/h). CT
imaging confirmed bilateral lipid-rich adrenal
adenomas. An electrocardiogram during severe
hypokalemia showed significant QT
prolongation (QTc 514 ms).

Treatment and Outcome: The patient was started
on spironolactone. Follow-up at 14 days showed
improved blood pressure (137/95 mmHg),
sustained and normalized at three months
(127/76 mmHg). Serial ECGs demonstrated
correction of the QT interval following

potassium repletion.

Conclusion: This case highlights that primary
aldosteronism is a reversible cause of resistant
hypertension, frequently associated with bilateral
disease. It underscores the critical importance of
screening with the aldosterone-to-renin ratio in
all patients with resistant hypertension,
particularly when hypokalemia is present, as
targeted therapy leads to rapid clinical
improvement.

INTRODUCTION

Resistant hypertension (RH), defined as blood
pressure that remains above goal despite
adherence to at least three maximally tolerated
antihypertensive agents of different classes, is
associated with significantly elevated
cardiovascular and renal risk [1,2]. Among
secondary causes, primary aldosteronism (PA) is
increasingly recognized as a prevalent and
modifiable etiology, accounting for 5-10% of all
hypertensive cases and up to 20% of resistant
hypertension [3,4]. PA is characterized by
autonomous aldosterone secretion, leading to
sodium retention, potassium wasting, and
suppression of plasma renin activity [5]. Early
identification and targeted treatment are
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essential, as they can dramatically improve blood
pressure control and potentially mitigate the
excess cardiovascular morbidity linked to
chronic aldosterone excess [6,7].

CASE DESCRIPTION

A 60-year-old male with a history of
hypertension was followed longitudinally for
persistent blood pressure elevation despite
escalating pharmacologic therapy.
Antihypertensive therapy was escalated
sequentially as detailed in Table 1, ultimately
including a five-drug regimen without adequate
control.

Despite this optimized regimen, blood pressure
remained labile and uncontrolled, with
documented readings ranging from 130/79 to
180/97 mmHg. The patient was evaluated
approximately every three months. Hypokalemia
was first noted approximately 9 months before
the diagnostic workup. Comprehensive
metabolic panels over a 6-9 month period
revealed persistent electrolyte abnormalities, and
subsequent confirmatory endocrine testing was
performed, with key results summarized in Table
1.

Diagnostic Evaluation

Given the triad of resistant hypertension, severe
hypokalemia, and hypernatremia, PA was
suspected. Biochemical screening, per Endocrine
Society guidelines, was performed [5]. At the
time of ARR testing, the patient remained on an
ARB and beta-blocker, both of which can
suppress renin and potentially elevate ARR.
However, given the markedly suppressed renin
and severe phenotype, the results were
considered clinically meaningful.

The findings of a markedly elevated ARR with
suppressed renin were highly suggestive of PA
[8]. Confirmatory suppression testing was not

pursued, consistent with Endocrine Society
guidance that such testing is not mandatory in
patients with spontaneous hypokalemia,
suppressed renin, and elevated aldosterone,
particularly when surgical intervention is not
being considered [5]. Computed tomography of
the abdomen identified bilateral lipid-rich
adrenal adenomas (right: 3.2 cm, left: 2.7 cm).
Figure 1.

During an episode of severe, symptomatic
hypokalemia (K 2.4 mmol/L), serial 12-lead
electrocardiograms were obtained. The initial
ECG showed QT/QTc intervals of 514/423 ms
(Bazett correction) (Figure 2A) [9]. Following
intravenous potassium chloride repletion, serial
follow-up ECGs demonstrated significant
improvement, with normalization of the QT
interval to 402/402 ms (Figure 2B) and
subsequently to 402/434 ms. Cardiology
evaluation, including echocardiography and
stress testing, was otherwise normal.

Treatment and Outcome

Given the imaging evidence of bilateral disease,
the patient was started on the mineralocorticoid
receptor antagonist spironolactone as first-line
medical therapy [5,10]. He was counseled on the
potential side effects of gynecomastia. At a
14-day follow-up, blood pressure significantly
improved to 137/95 mmHg. The dose was
carefully titrated based on serum potassium and
blood pressure response. Table 2 outlines the
clinical and laboratory course over the
subsequent three months.

As illustrated, following intravenous potassium
repletion and the initiation of spironolactone,
serum potassium normalized and remained stable
within the reference range. Follow-up ECG after
treatment showed sustained QTc correction (QTc
434 ms). A subsequent ECG showed sustained
correction of repolarization, with a QT/QTc of
402/434 ms, confirming resolution of the
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hypokalemia-induced electrical disturbance.
Blood pressure control was achieved and
sustained, with average readings meeting the
guideline-recommended goal [15]. This robust
therapeutic response is characteristic of
successfully treated PA [11].

DISCUSSION

This case exemplifies a common diagnostic
delay in PA, where escalating conventional
therapy precedes investigation of the underlying
endocrine disorder [12]. The pivotal clues were
the persistent and severe electrolyte
abnormalities. It is critical to note that
normokalemia does not exclude PA, but
hypokalemia, when present, is a highly specific
prompt for evaluation [13]. The biochemical
hallmark is a significantly elevated ARR with
suppressed renin, as demonstrated by our
patient's ARR of 287.5 [8].

The presence of hypernatremia, while not a
classic hallmark, can be explained by
aldosterone-driven sodium retention stimulating
thirst and ADH release, potentially leading to a
reset osmostat, particularly if free water intake is
relatively inadequate. It served as an additional
clue to the mineralocorticoid excess state in this
patient.

This case provides a clear illustration of the
cardiac electrophysiological consequences of
aldosterone excess [9]. The documented severe
hypokalemia (K 2.4 mmol/L) and the associated
ECG findings represent a potentially
life-threatening condition, significantly
increasing the risk for malignant arrhythmias
[14]. The progressive normalization of the QT
interval following potassium repletion, evidenced
by serial improvement, powerfully demonstrates
the reversible nature of this electrical disturbance
upon addressing the underlying cause.

A critical point of discussion is the diagnostic

pathway. While an elevated ARR is highly
suggestive, it is not itself a confirmatory test. In
this case, the decision to forgo formal
confirmatory suppression testing was justified by
the presence of spontaneous hypokalemia,
suppressed renin, and a markedly elevated ARR,
which together constitute strong biochemical
evidence of PA per guideline recommendations
[5]. Furthermore, while the finding of bilateral
adenomas on CT is often assumed to represent
bilateral hyperplasia, imaging alone cannot
determine the functional lateralization of
aldosterone production. The excellent clinical
response to spironolactone, while supportive of
the diagnosis, is not diagnostic in itself, as
MRAs can also be effective in other forms of
resistant hypertension [14].

Beyond hypertension control, targeted treatment
of PA may ameliorate the associated increased
risk of atrial fibrillation, heart failure, and other
cardiovascular events [16,17]. This case
reinforces the guideline recommendation to
screen for PA in all patients with resistant
hypertension [5].

Conclusion

Primary aldosteronism is a common and
reversible cause of resistant hypertension, with
bilateral adrenal disease representing a frequent
subtype. This case illustrates several critical
learning points: the importance of maintaining a
high index of suspicion for PA in patients with
resistant hypertension, the value of persistent
electrolyte abnormalities (including hypokalemia
and, less typically, hypernatremia) as diagnostic
clues, and the potentially life-threatening cardiac
electrophysiological consequences of severe
hypokalemia. The markedly elevated
aldosterone-to-renin ratio with suppressed renin
was highly suggestive of PA, and the decision to
forgo confirmatory suppression testing was
appropriate given the severe phenotype and the
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patient's preference for medical management.
However, it is important to recognize that
imaging alone cannot determine the functional
source of aldosterone production, and the
therapeutic response to spironolactone, while
characteristic, is not diagnostic.

Early diagnosis and targeted therapy with
mineralocorticoid receptor antagonists can
normalize blood pressure, correct electrolyte
disturbances, and reverse hypokalemia-induced
electrical abnormalities such as QT prolongation.
Clinicians should screen for PA using the
aldosterone-to-renin ratio in all patients with
resistant or severe hypertension, particularly
when hypokalemia is present. A thoughtful
diagnostic approach, understanding the
limitations of screening tests, the role of
confirmatory testing, and the need for subtype
evaluation when considering surgery, is essential
for optimal management and improved long-term
cardiovascular outcomes.

ARTICLE INFORMATION
Published: 2026-05-01
Corresponding Author: Shamas Rafique
drjanjuah@gmail.com
Author Contributions: Shamas Rafique:
Conceptualization, data curation, Writing – original
draft, patient
management, and supervising the work.
Iqra Rafiq: Writing – review and editing, literature
review.
Saad A. Janjuah: Writing – review and editing,
literature review.
All authors have read and approved the final
manuscript.
Author Affiliations
Shamas Rafique, MBBS, MD: Family Medicine,
Family Medical Health Care PLLC, New York, USA;
Internal Medicine, First Affiliated Hospital of
Xinjiang Medical University, Urumqi, CHN;
Medicine and Surgery, BeeWell Int Hospital,
Islamabad, PAK; Consultant Physician, Avicenna
Health Care, Lahore, PAK
Iqra Rafiq, MBBS: Clinical Medicine, First Affiliated
Hospital of Xinjiang Medical University, Urumqi,
CHN; General Medicine, Services Hospital Lahore,

Lahore, PAK; General Medicine, Avicenna Health
Care, Lahore, PAK
Saad Janjuah, BPS, PharmD, Rph: Pharmacology,
Long Island University, Brooklyn, New York, USA;
Brookdale University Hospital & Medical center,
New York, USA
Acknowledgements: The authors acknowledge the
use of AI for language polishing and minor editorial
assistance in preparing this manuscript. The authors
are solely responsible for the final
content, clinical interpretations, and conclusions.
The full article and any supplementary material are
available at rjmedicine.org/publications/e00010

REFERENCES
1. Carey RM, Calhoun DA, Bakris GL, et al.
Resistant Hypertension: Detection, Evaluation, and
Management: A Scientific Statement From the
American Heart Association. Hypertension.
2018;72(5):e53-e90.
10.1161/HYP.0000000000000084
2. Daugherty SL, Powers JD, Magid DJ, et al.
Incidence and prognosis of resistant hypertension in
hypertensive patients. Circulation.
2012;125(13):1635-1642.
10.1161/CIRCULATIONAHA.111.068064
3. Monticone S, Burrello J, Tizzani D, et al.
Prevalence and Clinical Manifestations of Primary
Aldosteronism Encountered in Primary Care Practice.
J Am Coll Cardiol. 2017;69(14):1811-1820.
10.1016/j.jacc.2017.01.052
4. Rossi GP, Bernini G, Caliumi C, et al. A
prospective study of the prevalence of primary
aldosteronism in 1,125 hypertensive patients. J Am
Coll Cardiol. 2006;48(11):2293-2300.
10.1016/j.jacc.2006.07.059
5. Funder JW, Carey RM, Mantero F, et al. The
Management of Primary Aldosteronism: Case
Detection, Diagnosis, and Treatment: An Endocrine
Society Clinical Practice Guideline. J Clin
Endocrinol Metab. 2016;101(5):1889-1916.
10.1210/jc.2015-4061
6. Monticone S, D'Ascenzo F, Moretti C, et al.
Cardiovascular events and target organ damage in
primary aldosteronism compared with essential
hypertension: a systematic review and meta-analysis.
Lancet Diabetes Endocrinol. 2018;6(1):41-50.
10.1016/S2213-8587(17)30319-4
7. Hundemer GL, Curhan GC, Yozamp N, Wang M,
Vaidya A. Cardiometabolic outcomes and mortality in
medically treated primary aldosteronism: a
retrospective cohort study. Lancet Diabetes
Endocrinol. 2018;6(1):51-59.
10.1016/S2213-8587(17)30367-4
8. Rossi GP. A comprehensive review of the clinical
aspects of primary aldosteronism. Nat Rev
Endocrinol. 2011;7(8):485-495.



RJIM • Page 5

10.1038/nrendo.2011.76
9. Weiss JN, Qu Z, Shivkumar K. Electrophysiology
of hypokalemia and hyperkalemia. Circ Arrhythm
Electrophysiol. 2017;10(3):e004667.
10.1161/CIRCEP.116.004667
10. Young WF. Diagnosis and treatment of primary
aldosteronism: practical clinical perspectives. J Intern
Med. 2019;285(2):126-148. 10.1111/joim.12831
11. Vilela LAP, Almeida MQ. Diagnosis and
management of primary aldosteronism. Arch
Endocrinol Metab. 2017;61(3):305-312.
10.1590/2359-3997000000274
12. Jaffe G, Gray Z, Krishnan G, et al. Screening
Rates for Primary Aldosteronism in Resistant
Hypertension: A Cohort Study. Hypertension.
2020;75(3):650-659.
10.1161/HYPERTENSIONAHA.119.14359
13. Mulatero P, Stowasser M, Loh KC, et al.
Increased diagnosis of primary aldosteronism,
including surgically correctable forms, in centers
from five continents. J Clin Endocrinol Metab.
2004;89(3):1045-1050. 10.1210/jc.2003-031337
14. Williams B, MacDonald TM, Morant S, et al.
Spironolactone versus placebo, bisoprolol, and
doxazosin to determine the optimal treatment for
drug-resistant hypertension (PATHWAY-2): a
randomised, double-blind, crossover trial. Lancet.
2015;386(10008):2059-2068.
10.1016/S0140-6736(15)00257-3
15. Williams B, Mancia G, Spiering W, et al. 2018
ESC/ESH Guidelines for the management of arterial
hypertension. Eur Heart J. 2018;39(33):3021-3104.
10.1093/eurheartj/ehy339
16. Rossi GP, Maiolino G, Flego A, et al.
Adrenalectomy Lowers Incident Atrial Fibrillation in
Primary Aldosteronism Patients at Long Term.
Hypertension. 2018;71(4):585-591.
10.1161/HYPERTENSIONAHA.117.10596
17. Freel EM, Mark PB, Weir RA, et al.
Demonstration of blood pressure-independent
noninfarct myocardial fibrosis in primary
aldosteronism: a cardiac magnetic resonance imaging
study. Circ Cardiovasc Imaging. 2012;5(6):740-747.
10.1161/CIRCIMAGING.112.974576



RJIM • Page 6

Table 1. Chronology of antihypertensive therapy escalation and the key laboratory and diagnostic
findings.

Figure 1. Non-contrast CT of the abdomen revealing bilateral adrenal adenomas. Bilateral adrenal
lipid-rich adenomas. Axial non-contrast computed tomography images demonstrate a 3.2-cm right
adrenal nodule (yellow arrow) and a 2.7-cm left adrenal nodule (green arrow). Both lesions are well
circumscribed and homogeneous, with imaging characteristics consistent with lipid-rich adrenal
adenomas. No evidence of local invasion or regional lymphadenopathy is present.
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Figure 2. A: ECG during severe hypokalemia (K 2.4 mmol/L) showing prolonged QTc (514 ms) and
prominent U waves. 12-lead ECG during profound hypokalemia (K 2.4 mmol/L) showing a markedly
prolonged QT interval (QT/QTc: 514/423 ms), flattened T waves, ST-segment depression in
inferior/lateral leads, and prominent U waves. B: ECG after initial potassium repletion showing
normalized QTc (402 ms). Follow-up 12-lead ECG after initial IV potassium repletion shows
significant improvement with a normalized QT interval (QT/QTc: 402/402 ms) and resolution of U
waves.

Table 2. Follow-up course: spironolactone titration, potassium stabilization, and blood pressure control.


