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Abstract
Primary hyperaldosteronism is the most common cause of secondary hypertension 
and endocrine-related hypertension and is characterized by autonomous, inappropri-
ately elevated serum aldosterone, arising from either an aldosterone producing ade-
noma or bilateral adrenal hyperplasia. In comparison to matched patients with 
primary (essential) hypertension, patients with both subtypes of primary hyperaldo-
steronism have increased odds of stroke, non-fatal heart attack and atrial fibrillation. 
Moreover, patients with primary hyperaldosteronism have worse psychosocial and 
quality of life scores when compared to patients with primary hypertension. Although 
treatment guidelines for primary hyperaldosteronism vary, diagnosis is usually 
focused on identifying serum hyperaldosteronism and subsequently by differentiat-
ing between unilateral and bilateral disease with imaging (CT or MRI) and/or adre-
nal-venous sampling. Most patients with aldosterone producing adenoma can be 
managed successfully with laparoscopic adrenalectomy, not only by curing their 
hypertension, but also by reversing cardiovascular and renal complications. Moreover, 
primary hyperaldosteronism patients diagnosed with bilateral-adrenal hyperplasia 
can likewise have improvement in hypertension and downstream cardiovascular out-
comes with appropriate mineralocorticoid-receptor antagonist treatment.
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�What Is the Public Health Impact of Hypertension?

Hypertension (HTN; see table 1 for most commonly used abbreviations) is the lead-
ing cause of heart disease, stroke and death and costs the U.S. over 46 billion annu-
ally [1]. Seventy-six million Americans and one billion people worldwide suffer 
from the disease [2]. The primary goals of treatment of HTN, as these are listed by 
the Joint National Committee on prevention, evaluation, and treatment of high 
blood pressure are: (1) Targeting modifiable lifestyle risk factors, (2) Treating end-
organ damage, and (3) Identifying the cause of the disease.

Resistant hypertension (RH), defined as failure to meet goal BP with a three-drug 
antihypertensive regimen, including a diuretic, in a compliant patient, is estimated 
between 12 and 30% of the hypertensive population [3–5]. Morbidity and death are 
even greater with RH. As outlined by expert and commonly practices, a work-up for 
secondary causes of hypertension is postponed until standard treatment for primary 
hypertension has failed [3, 6–8]. The clinical approach to these patients is a matter 
of debate and on-going research. We argue that earlier approaches to subtype dif-
ferentiation and treatment of potentially curable causes of hypertension are of para-
mount public health concern.

�Why Should We Screen for Primary Hyperaldosteronism?

Primary hyperaldosteronism (PA) is the most common cause of secondary HTN and 
is characterized by autonomous, inappropriately elevated serum aldosterone, arising 
from either an aldosterone-producing adenoma (APA) or bilateral adrenal hyperpla-
sia (BAH) [9–14]. Recent reports indicate a higher prevalence of PA than previously 
thought. This may be attributable to improvements in our diagnostic armamentar-
ium (e.g. increased use of screening with aldosterone-renin ratio) and increased use 
and quality of abdominal imaging. Best estimates of the prevalence of PA in hyper-
tensive population are approximately 10% [15]; the prevalence of PA in the resistant 
hypertensive population is more than two times higher, almost 23% [3, 16–18]. 
Most patients with aldosterone producing adenoma (APA) can be managed success-
fully with laparoscopic adrenalectomy. Depending on the definition of “cure”, 
33–77% are cured or benefited by surgery [19–23]. It has been shown that treatment 
of aldosterone excess results in vascular remodeling, reversal of ventricular hyper-
trophy and reverses cardiovascular and renal complications [21, 24].

Given 1/8 of the hypertensive population has resistant hypertension, approxi-
mately 1/5 of patients with resistant hypertension have PA, and half of patients with 
PA have unilateral disease, we estimate over a million hypertensive patients in the 
U.S. could be potentially cured with surgery [13, 25, 26]. Not only could we poten-
tially cure those patients with unilateral disease with screening, we can also identify 
those patients with bilateral adrenal hyperplasia likely to benefit from disease-tar-
geted mineralocorticoid-receptor antagonists. Disease-specific therapy—either 
medical or surgical is more effective [26–33]. In comparison to primary hyperten-
sive patients matched for blood pressure, patients with PA have four times increased 
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odds of stroke, seven times increased odds of non-fatal myocardial infarction, and 
12 times increased odds of atrial fibrillation [14]. Moreover, it has been consistently 
shown length of time with hypertension is correlated with failure of cure following 
surgery for APA [22, 23].

�Are Clinical Signs and Symptoms of Primary 
Hyperaldosteronism Helpful?

Patients with PA are difficult to distinguish from patients with primary hyperten-
sion. Frequently, HTN is the only clinical sign of PA, making its diagnosis extremely 
challenging. Because of this, PA is frequently over-looked and under-diagnosed. PA 
is characterized by inappropriately elevated plasma aldosterone, non-suppressible 
with sodium, which causes serum hypernatremia, hypokalemia, metabolic alkalo-
sis, and suppression of renin [10]. Given that many patients with all forms of hyper-
tension are on a number of anti-hypertensive medications that can affect the 
renin-angiotensin system, minor electrolyte abnormalities often go unnoticed. In 
rare instances, patients can present with muscle weakness, muscle cramping, myal-
gia and tremor which are the signs and symptoms of hypokalemia. While hypokale-
mia is commonly referenced as a distinguishing feature of patients with PA, it is 
present in <40% of patients with the disease [34]. Even more rarely, patients may be 
diagnosed during biochemical and/or hormonal evaluation of an adrenal inciden-
taloma with early-onset HTN or stroke [35]. Age nor gender is helpful in distin-
guishing PA within the hypertensive population with a mean age of diagnosis of PA 
of 52 years old and close to equivalent rate between men and women [36]. Moreover, 
there is no increased race or ethnicity-specific incidence of PA [36]. In sum, a high 
index of suspicion and systematic screening for patients with PA are the only clear 
way to identify potentially curable disease.

�Who Should We Screen for Primary Hyperaldosteronism 
and How?

There is no consensus among experts on who should be screened for PA and cur-
rently there are no guidelines recommending the screening of all primary hyperten-
sive patients for PA [11, 12, 36, 37]. However, it is agreed in the field that patients 
who fail to have their blood pressure corrected following concurrent administration 
of three antihypertensive medications with one diuretic (i.e. resistant hypertension), 
should be screened for secondary causes of hypertension [3, 7, 8]. Other possible 
entities causing secondary hypertension and their biochemical profiles should be 
considered while screening these patients (Table 27.1).

Serum potassium levels were historically used to be the only screening tool for 
the diagnosis of PA.  However, hypokalemia is currently known to occur in less 
than  38% of the PA population, rendering it an inappropriate screening test for 
PA  [15]. While hypokalemia is not a sensitive screening test, in a patient with 
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difficult-to-control hypertension, hypokalemia is predictive of PA and other second-
ary etiologies of hypertension. Patients with hypertension and hypokalemia should 
be screened for iatrogenic causes (e.g. loop-diuretic therapy, exogenous steroids), 
anatomic abnormalities (e.g. renal artery stenosis), as well as other congenital and 
acquired pathologies (APA, BAH, congenital adrenal hyperplasia, familial hyperal-
dosteronism, ectopic ACTH production and Cushing’s disease). Patients with an 
incidentaloma found on abdominal imaging should undergo a hormonal and bio-
chemical diagnostic work-up.

Aldosterone-to-renin ratio (ARR) has been proposed as the gold standard initial 
diagnostic tool for PA in hypertensive patients by most endocrine and cardiovascu-
lar societies. However, published guidelines on threshold ratios (conventional 
threshold ARR  ≥  20) and subsequent steps in management substantially differ 
among different societies (Table 27.2) [3, 7, 8, 38]. Given the obscure clinical pic-
ture of PA and the disagreement in the optimal diagnostic method, some experts 
recommend use of a combination of tests. The American Heart Association and 
American Association of Clinical Endocrinologists (AACE)/American Association 
of Endocrine Surgeons (AAES) guidelines use an absolute serum aldosterone 
level ≥ 15 ng/dL in addition to an ARR ≥ 20 for diagnosis of PA. An ARR > 30 and 
a serum aldosterone >20 ng/dL was shown to have both sensitivity and specificity 
>90% in diagnosing APA [39]. Rossi et al. developed a model with superior diag-
nostic accuracy using a combination of plasma renin activity, potassium, and either 
serum aldosterone or captopril-suppressed aldosterone [40]. The threshold value 
utilized by a clinician may also vary depending on the lateralization strategy at that 
institution. Knowledge and application of testing characteristics (i.e. using a higher 
threshold increased false-negatives) is essential to guide clinical decision making.

Although ARR is the best screening test we have for the diagnosis and differen-
tiation of PA, its accuracy depends on many factors, such as age, posture, time of 
day, medications, serum electrolyte levels and cause of hypertension [8]. It is essen-
tial that the clinician is aware of how the aforementioned factors affect the ARR 
results (Table 27.3). Confirmatory testing is recommended with either administra-
tion of oral or intravenous saline, captopril, or fludrocortisone as the specificity of 

Table 27.1  Biochemical profiles of different causes of secondary hypertension

Disease Potassium Aldosterone Renin
Aldosterone-producing adenoma 50%↓↓ ↑↑ ↓
Bilateral adrenal hyperplasia 17%↓ ↑↑ ↓
Loop-diuretic therapy ↓ ↓ ↑
Renal artery stenosis ↓ ↑ ↑
Congenital adrenal hyperplasia ↓ ↓ ↓
Cushing’s syndrome ↓ ↓ ↓
Familial hyperaldosteronism
 � Type I or GRA Normal ↑↑ ↓
 � Type II ↓ ↑ ↓
 � Type III ↓ ↑ ↓
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screening tests are low. Oral load of 5 g sodium diet for 3 days is followed by a 24 h 
urinary aldosterone level; when urinary aldosterone is greater than 12 μg the diag-
nosis of PA is confirmed. Also, intravenous load of 2 L saline infused over 4 h is 
followed by quantification of serum aldosterone; serum aldosterone >10 ng/dL con-
firms PA. However, confirmatory suppression testing could be potentially danger-
ous, especially for patients with exacerbation of congestive heart failure [37, 41]. 
For the most accurate measurements of confirmatory testing: (1) hypokalemia 
should be corrected, (2) hypertension should be controlled and (3) patients should 
not be under treatment with a mineralocorticoid receptor antagonist, such as spi-
ronolactone or eplerenone, for 6 weeks prior to testing. On the contrary, screening 
with ARR has been shown to still be useful without withdrawing anti-hypertensive 
medications and should be utilized in cases where discontinuation of medications 
may be harmful [8, 17, 36].

�How Do We Identify Appropriate Patients for Adrenalectomy?

The next step after confirming a serological diagnosis of PA is to identify if this is 
due to unilateral (APA or unilateral hyperplasia) or bilateral adrenal disease (BAH). 
The great majority of patients with unilateral disease treated with adrenalectomy 
have improvement if not cure from their hypertension [42]. Given that most aldoste-
ronomas are benign and fewer than two centimeters, nearly all tumors can be 
removed laparoscopically. Although it has been noted that APA patients have higher 
systolic blood pressure, lower serum potassium and higher aldosterone levels com-
pared to BAH patients on average, there is no single diagnostic test to successfully 
differentiate the two pathologic entities [43–45]. This is mainly because APA, BAH 
and primary hypertension could all present with systolic blood pressure and sponta-
neous hypokalemia while on numerous antihypertensive medications and varying 
clinical settings in which the blood pressure is assessed [18]. Prior to pursuing 

Table 27.3  Factors that 
affect the aldosterone-renin 
ratio (ARR)

Factor Effect on ARR
Increased age FP
Hypokalemia FN
Hypernatremia FP
Pregnancy FN
Renal failure FP
Resistant hypertension FN
Drugs
 � Diuretics FN
 � ACE inhibitors FN
 � ARBs FN

 � β-blockers FP

 � CCB FN

FP false-positive (FP), decreased specificity, FN false-negative, 
decreased sensitivity
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lateralization, a thorough discussion with the patient about the risks and benefits of 
surgery as well as the benefits and potential side effects of medical therapy (i.e. 
mineralocorticoid receptor antagonists) is needed.

Identifying the right candidates for adrenalectomy remains challenging. 
Frequently, the first step in assessing unilateral versus bilateral aldosterone-excess 
is by non-invasive imaging techniques (traditionally with CT scan). The major 
drawback of CT scan is that it does not provide us with any information regarding 
the functionality of the adrenal tumors. Also, aldosteronomas are frequently small 
tumors, thus increasing the false-negative rates and decreasing the sensitivity of 
CT scan. Rossi et al. reported on 1125 PA patients and found that 17% of them had 
tumors <1  cm, while 45% had tumors <2  cm [18]. In addition, non-functional 
adenomas increase with age, leading to high-false positive rates and decreased 
specificity of CT scan in the elderly. Magill et al. reported an accuracy rate of CT 
of 37% when is directly compared to adrenal venous sampling (AVS) [45]. Young 
et al. performed a direct comparison of AVS and CT scan lateralization results on 
194 PA patients. In their study, 41% of patients who had negative CT scans had 
positive AVS results, CT identified the wrong adrenal gland in 21% of the patients 
and AVS falsely diagnosed four patients with bilateral adrenal hyperplasia [46]. 
However, CT scan is particularly helpful in assessing for large adrenal tumors, 
with tumors larger than 4 cm raising the suspicion for aldosterone-secreting adre-
nocortical carcinoma. Due to the aforementioned weaknesses of CT, we believe 
that AVS should be performed in all patients willing to undergo surgery (Fig. 27.1). 
Because incidental non-functional adrenal nodules in patients younger than 
40 years old are rare, the AACE/AAES experts recommend proceeding with adre-
nalectomy without AVS when CT scan shows a unilateral microadenoma (with 
clear ARR elevation) [35].

Adrenal venous sampling is a costly and difficult procedure that is not available 
in all hospitals and clinics, but it remains one of the best diagnostic tools for 

1. Resistant HTN
2. Incidentaloma w/HTN or ↓K+

Screen with ARR

Confirmatory testing

Adrenal protocol CT

Adrenal venous sampling

Treat with MRA Laparoscopic adrenalectomy

BAH

Negative or
surgery not

desired

APA

Age < 40*

+

+-

*With unilateral nodule > 1cm identified on CT

Fig. 27.1  Algorithm for 
diagnosis and treatment of 
surgically-correctable 
primary aldosteronism
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lateralization of PA patients to date. It requires cannulation of both adrenal veins 
and inferior vena cava (IVC) and comparison of aldosterone and cortisol levels in 
these specific regions of venous circulation. ACTH stimulation is used to amplify 
potential laterality by reducing stress-induced fluctuations during cannulation and 
sampling, assisting in differentiating IVC versus right adrenal vein cannulation 
(adrenal to IVC cortisol ratio greater than 5 indicates proper placement in the right 
adrenal vein) and maximizing aldosterone secretion [46, 47]. Cortisol measure-
ments are used to normalize aldosterone levels and cortisol-adjusted aldosterone 
lateralization ratio greater than 4 is indicative for adrenalectomy with a sensitivity 
ranging from 78 to 98% [45, 46, 48].

Successful catheterization of both adrenal veins ranges from 95% to 97% in 
experienced centers [43, 46]. However, in low volume centers with minimal experi-
ence with the procedure this rate could drop as low as 10% [49]. Complications due 
to AVS and adrenal vein rupture are seen in less than 3% and 1%, respectively, in 
high-volume centers [43, 46].

The main limitation of AVS is the variation in indication, technique and diagnos-
tic cut-off values proposed by different research groups [43, 45, 46, 50]. Limited 
access to the procedure, technical difficulty, high cost and potential complications 
(such as hematoma, adrenal infarction and aortic dissection) are cited as arguments 
against using AVS regularly [51]. Successful categorization of PA patients in APA 
and BAH subtypes ranges from 63% to 97% in the literature [45, 52, 53].

Given the inaccuracies of CT and relatively low morbidity of AVS, we recom-
mend AVS when available. Whether or not utilizing AVS in every case is a cost-
effective approach has not been evaluated to date.

�Routine Screening for Primary Hyperaldosteronism 
in Hypertensive Patients?

Yes. PA is a prevalent and under-diagnosed disease. While the screening tests for PA 
and lateralization strategies are imperfect, the benefits of definitive treatment are 
clear. Prevalence estimates have recently increased, mainly due to successful screen-
ing. The more we are looking, the more we are finding. Hypertension is epidemic 
and PA is the main etiology in at least 10% of this population. Given that approxi-
mately half of those patients (i.e. 5% of the hypertensive population) have unilateral 
disease, we have the potential to help a large group of patients by screening and 
targeted treatment of patients with PA, especially in the subgroup of patients with 
high-risk RH. Furthermore, AVS and laparoscopic adrenalectomy are safe proce-
dures and length of stay following surgery and loss of productivity are minimal.

The financial impact of a screening strategy has been less well studied and is 
forthcoming. Reimel et al. found surgical treatment to be cost-effective compared to 
medical therapy alone in PA patients [54]. Our group presented our finding that 
screening all patients with resistant hypertension for PA is cost-effective at accepted 
willingness to pay thresholds (American Association of Endocrine Surgeons, Boston 
MA, 2013). It is less clear if screening the primary hypertensive population at large 
to identify and treat PA patients is cost-effective and is a key focus of on-going work.

K. P. Economopoulos and C. C. Lubitz



333

In summary, we believe that the health benefits of targeted intervention for the 
significant portion of PA patients within the primary hypertensive population war-
rant early screening, especially in those patients with poorly controlled hyperten-
sion, those with concomitant hypokalemia, or known adrenal nodules.
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