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ALDOSTERONISM

Primary Disciplinary Field(s): Endocrinology, Nephrology, Cardiology, Internal Medicine

1. Core Definition and Overview

Aldosteronism, often referred to as hyperaldosteronism, is a complex endocrine disorder

characterized by the excessive and inappropriate production of aldosterone, a crucial

mineralocorticoid hormone secreted by the adrenal cortex. This pathological state results in a

profound disruption of the body's electrolyte homeostasis, leading principally to increased sodium

retention, plasma volume expansion, and accelerated potassium excretion. Clinically, the condition

is defined by the presence of hypertension--which is often resistant to conventional therapeutic

regimens--combined with varying degrees of hypokalemia (low potassium levels) and metabolic

alkalosis. Because aldosterone plays a critical regulatory role in the Renin-Angiotensin-

Aldosterone System (RAAS), its autonomous overproduction fundamentally bypasses normal

physiological feedback loops, distinguishing aldosteronism from other causes of hypertension.

The recognition of aldosteronism is critical due to its designation as a secondary, potentially

curable, cause of hypertension, which, if left untreated, significantly increases the risk of severe

cardiovascular and renal complications. The clinical picture often extends beyond mere blood

pressure elevation, encompassing debilitating symptoms such as chronic fatigue, frequent

headaches (migraines), and neurological or muscular dysfunction stemming directly from severe

potassium depletion. The term encompasses a spectrum of disorders, fundamentally categorized

into primary and secondary forms, based on whether the excess aldosterone production originates

autonomously within the adrenal gland or is triggered externally by activation of the RAAS due to

systemic factors such as renal or cardiac dysfunction.

While the most recognized form, Primary Aldosteronism (PA), constitutes a significant percentage

of all hypertensive cases--potentially affecting up to 10% of the general hypertensive population

and a higher percentage of those with treatment-resistant hypertension--it remains an

underdiagnosed condition. Early identification and appropriate therapeutic intervention are

paramount, as the specific management of aldosteronism, whether surgical or pharmacological,

offers a pathway to blood pressure normalization and the substantial mitigation of end-organ

damage associated with prolonged exposure to high aldosterone levels, particularly myocardial

fibrosis and nephropathy.

2. Pathophysiology of Aldosterone Excess

The primary pathophysiological mechanism underlying aldosteronism revolves around the actions

of excessive aldosterone on the principal cells of the distal tubules and cortical collecting ducts of
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the kidneys. Aldosterone functions by binding to mineralocorticoid receptors (MR), stimulating the

expression and activity of the epithelial sodium channel (ENaC) and the sodium-potassium

ATPase pump. The resulting enhanced activity of ENaC promotes the vigorous reabsorption of

sodium ions from the tubular fluid back into the circulation, leading to water retention and

subsequent expansion of the extracellular fluid volume and plasma volume, which are the

fundamental drivers of volume-dependent hypertension characteristic of the disease.

Concurrently, the increase in sodium reabsorption necessitates an accompanying electrical

balance, which is primarily achieved through the enhanced secretion of potassium ions (K+) and

hydrogen ions (H+) into the tubular lumen. This accelerated excretion process inevitably leads to

hypokalemia, which is the biochemical hallmark of severe or long-standing aldosteronism, though

it is not present in all cases. The resulting loss of hydrogen ions contributes to the development of

metabolic alkalosis. Furthermore, the sustained high levels of aldosterone exert direct deleterious

effects on cardiovascular tissues, promoting vascular inflammation, endothelial dysfunction, and

myocardial remodeling, including fibrosis, independently of its effect on blood pressure. These non-

classical, non-genomic effects of aldosterone contribute significantly to the increased morbidity and

mortality observed in patients with untreated hyperaldosteronism.

In the specific case of Primary Aldosteronism (PA), the autonomous production of aldosterone by

the adrenal cortex leads to a unique feedback mechanism: the excessive volume expansion

suppresses the release of renin by the juxtaglomerular apparatus in the kidneys. This key

distinction--high aldosterone coupled with suppressed plasma renin activity (PRA)--forms the

biochemical basis for diagnosis. Conversely, in Secondary Aldosteronism, the underlying cause

(such as renal artery stenosis or congestive heart failure) activates the RAAS system, resulting in

elevated renin, which in turn stimulates the adrenal glands to produce high levels of aldosterone.

Understanding this differential involvement of the RAAS components is essential for accurate

clinical classification and treatment selection.

3. Etiological Classification: Primary vs. Secondary Aldosteronism

Aldosteronism is structurally categorized based on the origin of the hormonal signal that drives the

excessive aldosterone secretion, distinguishing between primary and secondary forms. Primary

Aldosteronism (PA), historically synonymous with Conn's Syndrome, arises from intrinsic

dysfunction within the adrenal glands themselves, where aldosterone production is unregulated by

the normal feedback mechanisms of the RAAS. The most common specific causes of PA include

an aldosterone-producing adenoma (APA), a benign tumor responsible for approximately 30-40%

of cases, and bilateral idiopathic adrenal hyperplasia (IAH), where both adrenal glands are

overactive, accounting for 60-70% of cases. Less common causes involve unilateral hyperplasia,

aldosterone-producing carcinoma, and the rare familial hyperaldosteronism types (FH-I, II, and III).
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The key biochemical feature defining PA is the state of inappropriate, high aldosterone output

occurring despite the low levels of renin activity. This autonomy distinguishes PA from all other

forms of hypertension and underscores the need for specific adrenal-targeted therapy. Patients

with APA generally benefit most from surgical removal of the tumor (adrenalectomy), which offers

the potential for complete cure of the condition. In contrast, patients diagnosed with IAH are

typically managed with mineralocorticoid receptor antagonists (MRAs), as surgical intervention on

both glands is highly complex and carries significant risks of chronic adrenal insufficiency.

Secondary Aldosteronism, conversely, is characterized by an appropriate physiological response

of the adrenal glands to an upstream stimulus, typically resulting in highly elevated renin levels that

drive increased aldosterone production. This condition is an indirect consequence of diseases that

cause reduced effective circulating volume or diminished renal perfusion. Primary examples

include severe congestive heart failure (CHF), cirrhosis leading to ascites, and dehydration.

Crucially, conditions that reduce blood flow to the kidneys, such as renal artery stenosis, trigger

the release of renin, which then activates the full RAAS cascade, raising both renin and

aldosterone levels simultaneously. Management of secondary aldosteronism, therefore, focuses

primarily on treating the underlying etiological condition that initiated the RAAS activation, rather

than targeting the adrenal gland directly.

4. Clinical Manifestations and Symptomatology

The clinical presentation of aldosteronism is diverse, ranging from asymptomatic hypertension to a

severe constellation of neuromuscular symptoms directly related to electrolyte imbalance. The

most consistent and defining characteristic is hypertension, which is frequently moderate to

severe and often difficult to control with standard anti-hypertensive agents. The hypertensive state

is volume-mediated and is particularly concerning because the associated high aldosterone levels

confer cardiovascular risks (e.g., stroke, myocardial infarction) disproportionately greater than

those seen in essential hypertension matched for blood pressure levels. The chronic hypertension

contributes to generalized fatigue and the specific manifestation of headaches, often described as

intense migraines, as noted in the original clinical descriptions.

The symptoms directly attributable to hypokalemia are particularly debilitating. Low potassium

interferes with normal nerve and muscle function, leading to a host of neuromuscular complaints.

These often include generalized muscle fatigue, weakness, and cramps. In severe or acute cases

of potassium depletion, patients may experience debilitating symptoms such as temporary

paralysis (paralytic attacks) or episodes of paresthesia, described as prickling or tingling senses,

particularly in the extremities. The original description accurately highlighted the potential for nerve

destruction, manifesting as these intense prickling sensations.

Furthermore, chronic hypokalemia impairs the kidney's ability to concentrate urine, leading to
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characteristic urinary dysfunctions, specifically polyuria (frequent urination) and nocturia (waking

up at night to urinate). This state, known as nephrogenic diabetes insipidus, is a direct

consequence of potassium deficiency impairing the responsiveness of the collecting ducts to

antidiuretic hormone (ADH). The combination of resistant hypertension, chronic fatigue, and

unexplained muscle weakness or urinary changes should always prompt clinical suspicion for

aldosteronism, necessitating specific screening protocols to differentiate it from essential

hypertension.

5. Diagnosis and Screening Protocols

Diagnosing aldosteronism requires a multi-step approach, beginning with effective screening,

followed by confirmatory testing, and finally, subtype classification. Screening for aldosteronism is

recommended for all patients with resistant hypertension, severe hypertension (BP > 150/100

mmHg), hypertension combined with spontaneous hypokalemia, or hypertension associated with

an adrenal incidentaloma. The primary screening test is the measurement of the Aldosterone-to-

Renin Ratio (ARR), calculated by comparing plasma aldosterone concentration (PAC) with

plasma renin activity (PRA) or direct renin concentration (DRC). A high ARR, particularly when the

PAC is elevated and the PRA/DRC is suppressed, strongly suggests Primary Aldosteronism.

Following a positive screening result (elevated ARR), confirmatory testing is necessary to

definitively establish the diagnosis. These tests, known as suppression tests, aim to prove the

autonomy of aldosterone production--that is, the failure of aldosterone secretion to be suppressed

by interventions that typically suppress it in healthy individuals. Standard suppression tests include

the Saline Infusion Test (SIT), the Oral Sodium Loading Test, or the Fludrocortisone Suppression

Test (FST). If, after adequate volume expansion (as in the SIT), the aldosterone level remains

elevated above a predefined threshold, the diagnosis of autonomous aldosteronism is confirmed.

The final diagnostic step, necessary only for confirmed PA, is subtype classification, which

determines whether the condition is caused by a unilateral adenoma (APA) or bilateral hyperplasia

(IAH), as this dictates the definitive treatment pathway. This classification is typically achieved

through Adrenal Venous Sampling (AVS). While CT or MRI imaging of the adrenal glands can

identify large adenomas, AVS remains the gold standard because it accurately measures

aldosterone concentration gradients directly from the veins draining each adrenal gland, providing

functional evidence of unilateral versus bilateral overproduction, especially crucial when imaging is

inconclusive or shows bilateral nodules.

6. Management Strategies and Pharmacological Intervention

Management of aldosteronism is highly dependent on the established etiology following subtype

classification. For patients diagnosed with Aldosterone-Producing Adenoma (APA), the
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treatment of choice is unilateral laparoscopic adrenalectomy (surgical removal of the affected

adrenal gland). This procedure is often curative, leading to normalized blood pressure or

significantly easier-to-manage hypertension, and the resolution of hypokalemia in the majority of

patients. Surgical success is optimized when the patient is pre-treated with mineralocorticoid

receptor antagonists to normalize potassium levels and block the cardiovascular effects of excess

aldosterone prior to surgery.

For patients diagnosed with Bilateral Idiopathic Adrenal Hyperplasia (IAH), or for those with

APA who are medically unfit or unwilling to undergo surgery, the primary long-term management

involves pharmacological blockade using Mineralocorticoid Receptor Antagonists (MRAs).

Spironolactone is the classical MRA used, effectively blocking the action of aldosterone at the renal

tubules, thereby reversing sodium retention and potassium wasting. However, spironolactone is

associated with dose-dependent side effects such as gynecomastia and sexual dysfunction in

men. Eplerenone, a newer, more selective MRA, is often preferred as it has a lower affinity for

androgen and progesterone receptors, mitigating these side effects, though it may be less potent

and require twice-daily dosing.

Effective treatment not only achieves better blood pressure control but also significantly reduces

the morbidity associated with the direct, non-genomic effects of aldosterone on the heart and

vasculature. Regardless of whether surgery or medication is chosen, the therapeutic goal extends

beyond mere blood pressure reduction to include the correction of hypokalemia and the prevention

of long-term end-organ damage, particularly addressing the risks of atrial fibrillation, cardiac

fibrosis, and kidney damage. Dose titration and regular monitoring of electrolytes and blood

pressure are essential components of chronic management.

7. Prognosis and Long-Term Impact

The prognosis for patients diagnosed with aldosteronism is generally favorable, provided the

condition is identified and treated appropriately. When successful treatment, either surgical or

pharmacological, normalizes aldosterone levels and corrects hypertension, the associated

cardiovascular risk is substantially reduced. However, untreated or inadequately managed

aldosteronism carries a significantly worse prognosis compared to essential hypertension. Patients

with PA are at a substantially increased risk of serious cardiovascular events, including stroke,

myocardial infarction, and heart failure, owing to the synergistic detrimental effects of hypertension,

hypokalemia, and direct aldosterone toxicity on the myocardium.

Long-term studies have demonstrated that the aldosterone-specific injury to target organs is

reversible or significantly attenuated with appropriate therapy. For example, treating PA has been

shown to improve cardiac function, reverse left ventricular hypertrophy, and potentially reduce the

incidence of atrial fibrillation. This highlights the critical importance of actively screening for PA in
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high-risk hypertensive populations. Furthermore, the correction of the severe electrolyte

imbalances, specifically hypokalemia, resolves the debilitating muscular and neurological

symptoms, drastically improving the patient's quality of life and eliminating the risk of nerve

destruction and temporary paralysis noted in severe, chronic cases.

Despite the excellent long-term outcomes achievable with treatment, PA remains a chronic

condition requiring lifelong monitoring. Even after successful unilateral adrenalectomy for APA,

some patients may require ongoing, albeit reduced, antihypertensive medication due to established

damage from years of preceding hypertension. For patients managing IAH pharmacologically, strict

adherence to MRA therapy and consistent follow-up monitoring of potassium, sodium, and

creatinine levels are necessary to prevent relapse and manage potential side effects, underscoring

the necessity of a dedicated, multidisciplinary medical approach involving endocrinologists,

cardiologists, and nephrologists.

Further Reading
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