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Abstract: Primary aldosteronism (PA) is a common cause of secondary hypertension caused by excessive
and inappropriate secretion of the hormone aldosterone from one or both adrenal glands. The prevalence
of PA ranges from 10% in the general hypertensive population to 20% in resistant hypertension, yet only a
small fraction of patients is diagnosed. Disease and symptom recognition, screening in indicated populations,
multidisciplinary communication, and appropriate imaging and biochemical workup can identify patients
who might benefit from effective and targeted treatment modalities. Effective treatments available include
both surgical and medical approaches, usually dependent on the subtype of PA present. Our collective
understanding of the pathophysiology of PA is expanded by recent developments in molecular biology and
genetics, including understanding the specific somatic and germline mutations involved in pathogenesis. We

review the pathophysiology, diagnostic workup, and treatment considerations for this disease process.
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Background gland (distinct from cortisone) was established and accepted.
) ) L . Initially named “electrocortin”, the hormone was renamed
It was at the University of Michigan in 1956 that Dr. « ” .
] ] ) aldosterone”, the 18-aldehyde of corticosterone (3,4).

Jerome Conn first described in a landmark paper a case C .
onn presented a case report of a woman with

report describing the physiological manifestations of generalized weakness and transient paralysis, muscle

what he would label primary aldosteronism (PA) (1). The
designation of “primary” was meant to distinguish it from
secondary forms of aldosterone hypersecretion such as in
intra-vascular volume depletion, congestive heart failure,
and hepatic cirrhosis. He described a case series of nine
patients cured of “potassium-losing nephritis” with the
surgical removal of an adrenal cortical adenoma. Indeed,
it had only been a few years prior that the hormone
aldosterone had first been described and localized to the
adrenal cortex (2). In the 1930’-1940%, the recognition of
a distinct mineralocorticoid produced within the adrenal
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spasms, hypertension, and hypokalemia. It is a case report
demonstrating the end stage and progressive effects of the
disease process in its most severe form. While it provided a
framework for the diagnosis, it perhaps obscured the more
common and subtle variants of PA that represent the vast
majority of the disease burden. Indeed, until the late 1990’
PA was rarely suspected outside of patients with profound
hypokalemia, resulting in much lower estimated prevalence
ranges. With the increased adoption of aldosterone to renin

ratio as a screening tool, the prevalence estimates increased
5-to 15-fold (5,6).
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PA is characterized by excessive aldosterone secretion
despite a sodium and volume avid state where renin and
angiotensin II are suppressed. The resulting over-activation
of the mineralocorticoid receptor has several well studied
effects: volume retention, hypertension, hypokalemia, and
metabolic alkalosis, as well as a higher risk for developing
cardiovascular and kidney disease (3). Sodium is the greatest
contributor of serum osmolarity, and total body sodium
plays a key role in determining our overall plasma volume (7).

In modern industrialized society, where high sodium
diets are commonplace, aldosterone levels are typically low
or suppressed. However, studies evaluating hunter-gatherer
tribes have demonstrated that in populations with very
low dietary sodium intake, aldosterone levels are typically
much higher. Chronically elevated aldosterone in these
populations is viewed as a normal physiological response to
a low sodium (and high potassium) diet, typically does not
result in hypertension, and does not result in damage to
the cardiovascular or renal systems in the same way that PA
does (3). Thus, the unique combination of high aldosterone
levels with a volume expanded state in PA ultimately
results in a significantly increased risk of death, even when
compared to blood pressure-matched control populations
(3,9).

At a cellular level, the lipophilic aldosterone traverses the
cell membrane and binds the mineralocorticoid receptor
(MR) present in the cytoplasm. The aldosterone-MR ligand
pair translocates to the nucleus where it is responsible for
transcriptional regulation. MR are expressed in the kidney
(where their mechanism of action has been well studied),
however the receptors are also present in a wide variety of
cells including colonic mucosa, eccrine sweat glands, cardiac
myocytes, vascular smooth muscle, brown adipose cells,
macrophages, and neurons (7). In the kidney, aldosterone
promotes the expression of sodium channels in the principal
cell, thus induces sodium reabsorption and consequent
water reabsorption (7).

Clinical presentation

Hypertension is a common phenomenon in the United
States and western populations. Depending upon the
diagnostic criterion, an estimated 31.9-45.6% of adults
are affected by hypertension with 34.3-36.2% being
recommended antihypertensive medication (9). Up to
10% of patients with hypertension have PA whereas this
prevalence can exceed 20% in patients with resistant
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hypertension (10-12). This makes it the most common
cause of endocrine hypertension.

Hypertension can be divided into primary (essential)
and secondary forms. It is important for clinicians to always
consider secondary hypertension, particularly in patients
who have resistant hypertension (blood pressure >140/90
mmHg despite being on three antihypertensive agents) (13).
Secondary hypertension refers to types of hypertension with
an underlying cause from an alternative pathophysiological
process, the most common cause of which is PA. Stein and
Yee (14) state that there are several situations that should
alert the clinician to an underlying diagnosis of PA: new onset
hypertension that is resistant or refractory to treatment, new
exacerbation of hypertension in a patient with previously
mild or controlled hypertension, history of leg cramps, or
hypokalemia (spontaneous or diuretic-induced).

It should be stressed that hypokalemia is not a
prerequisite for the diagnosis, and in fact is actually
uncommon in PA (a fact that was not known until broader
screening and implementation of aldosterone to renin ratio
testing). Indeed, one major study found only 9-37% of PA
patients were hypokalemic (6).

Cardiovascular morbidity associated with PA

Patients with PA experience an increase in cardiovascular
morbidity and mortality when compared to patients of
similar age or blood pressure (15,16). Cardiovascular effects
of PA are varied and severe, including left ventricular
hypertrophy, decreases in both systolic and diastolic function,
myocardial ischemia, vascular remodeling, arrhythmias,
and sudden cardiac death (7). The mechanism of vascular
damage extends beyond the hypertension, which in and of
itself is a problem for the cardiovascular system. Aldosterone
also creates oxidative stress, endothelial inflammation, and
vessel damage which produces fibrosis (17).

Renal morbidity associated with PA

PA patients are also at risk for renal disease, frequently
manifesting early with tubulointerstitial fibrosis and
albuminuria (18). The mechanism of renal decline is
thought to be due to renal fibrosis, vascular damage, and
injury to the renal podocytes. This results in a decline in
glomerular filtration rate (GFR) over time. Chronic kidney
disease and end-stage renal disease contribute greatly to the

overall morbidity of PA.
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Additional morbidity associated with PA

Beyond cardiovascular and renal morbidity, observational
studies have demonstrated deleterious effects ranging from
metabolic syndrome, skeletal disease, stroke, atrial fibrillation,
and cognitive function (3). Associations between Conn
Syndrome and diabetes mellitus have been noted since shortly
after its discovery in the 1950’ (19,20). Metabolic organ-
specific effects of adrenal aldosterone hypersecretion include
impaired pancreatic beta cell function, increased hepatic
gluconeogenesis, impaired glucose uptake and impaired
adipocyte cell differentiation, decreased glucose uptake
within skeletal muscle, and increased vascular smooth muscle
oxidative stress and endothelial remodeling (19). Further
complicating a potential metabolic link is the revelation that
some aldosterone producing adenomas often also secrete
cortisol (referred to as Connshing Syndrome) (21).

Additional morbidity from PA includes increased
probability of obstructive sleep apnea (OSA). While OSA
development remains a multifactorial process, the proposed
mechanism involves fluid retention from sustained
hypertension resulting in peripharyngeal edema and throat
mechanical obstruction. A cross-sectional study of PA
patients by Wang et a/. demonstrated that treatment of PA
in this population leads to a reduced probability of OSA
symptoms post adrenalectomy (22). As a result, an official
guideline recommendation is that all patients with both
OSA and hypertension should be screened for PA (13).

PA has also been associated with psychiatric morbidity
such as anxiety and depression in numerous small studies
in both human and animal models (23). In animal models,
mineralocorticoid administration has been demonstrated
to induce anxious behavior, with subsequent eplerenone
having anxiolytic effect (24,25). Symptoms of mental
fatigue, anxiety, and depression detrimentally affect the
quality of life of patients with PA (see section: Quality of Life
with Primary Aldosteronism, and the effect of treatment) (26).

Epidemiology

The prevalence of PA is controversial and variable in the
literature, given the lack of screening in most patients with
primary hypertension and spectrum of disease severity (3).
Estimates of prevalence within the general population have
ranged widely, from 1-20% (27), with increased proportions
in the resistant hypertensive population. Factors
confounding the determination of prevalence include the
possibility of a large amount of subclinical PA in the general
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population, the heterogeneity in the diagnostic workup, the
lack of formalized screening processes, and the propensity
for the disease process to have atypical presentations (in fact
very few patients present with all the cardinal symptoms of
hypertension and hypokalemia) (27). Most cases of PA likely
go unrecognized and undiagnosed in the population (28).
In a large series from a major academic medical center,
less than 3% of patients with resistant hypertension and
hypokalemia were screened for PA, suggesting that the
screening and diagnosis of PA is abysmal, even at tertiary
care centers (29). One large prospective trial of 1,125 newly
diagnosed hypertensive patients found an incidence of
4.8% aldosterone producing adenoma and 6.4% idiopathic
hyperaldosteronism (for a total of 11.2% of the hypertensive
population) (30). The prevalence of PA increases with the
severity of hypertension, with one study demonstrating
a 3.9% prevalence of PA in stage 1 hypertension and an
11.8% prevalence in stage 3 hypertension (5). A recent
review and metanalysis of 36 articles found an incidence
range of 3.2-12.7% in primary care settings and 1-29%
in tertiary referral centers. Due to substantial study
heterogeneity and design flaws, it remains difficult to
further narrow the estimated prevalence range (31).
While other study estimates have been lower, Douma
et al. found in a retrospective observational study that
11.3% of patients with resistant HTN had PA based on
salt suppression testing (10), most epidemiological studies
have demonstrated a high prevalence and a high degree of
under-diagnosis. The true incidence within this high-risk
population remains subject to debate due to the challenges
of obtaining a proper diagnosis.

Given the degree of under-diagnosis and underappreciated
prevalence of PA, the 2016 Endocrine Society’s guidelines
called for recognition of PA as a fundamental public health
issue. It is estimated that over 99% of PA patients have
not received appropriate diagnosis or treatment, and the
consequences of lack of treatment are great (including
significant cardiovascular and renal risk compared to age and
blood pressure matched controls). This has prompted many
specialists in the field to strive to improve awareness and
access to care (32).

Screening, diagnostic workup and approaches

Given the potential morbidity and mortality of unrecognized
hyperaldosteronism, coupled with the widespread availability
of effective treatment options, it is imperative for clinicians
to recognize and diagnose PA within their at-risk patient
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populations (3). While confirmatory testing for PA can be
complex and often requires referral to either endocrinology
specialists or tertiary centers, initial screening for PA is
straightforward (28).

Initial workup for suspected PA includes a biochemical
evaluation for hyperaldosteronism including testing plasma
aldosterone and plasma renin activity. Although variable
among experts; a suppressed renin and an aldosterone to
renin ratio of greater than 30 is commonly used as the
screening diagnostic threshold for PA (33). Alternatively,
some laboratories utilize direct renin concentration
(as opposed to plasma renin activity). This has several
advantages including faster turnaround times, high
reproducibility, and can similarly be interpreted as a ratio
to plasma aldosterone levels (14). An aldosterone to renin
ratio greater than 30 may be also be too high a threshold for
confirmation testing, missing many true positives. A practical
approach to capture the maximum number of true cases of
PA would suggest that any patient with a suppressed renin
and a relatively suggestive aldosterone level (i.e., 10 ng/dL
or greater) should be considered as a positive screen (3,7).

Serum aldosterone to renin ratio is not without flaws
as an initial screening test, with numerous situations
creating false positives (hyperkalemia, excessively low renin
laboratory thresholds, presence of direct renin inhibitors,
use of oral contraceptives) and conversely situations creating
false negative results (hypokalemia, mineralocorticoid
receptor antagonist use, concurrent use of angiotensin-
converting enzyme inhibitors or angiotensin II receptor
blockers, diuretic use, sodium restriction, pregnancy) (7).
Clinicians should be aware of these drawbacks when
interpreting the results of this screening test.

The Endocrine Society guidelines put forth in 2016 are
widely considered the gold standard for the management of
PA and lay out criteria for screening in at-risk populations.
Similarly, the American College of Cardiology and
American Heart Association put forth similar hypertension
management guidelines in 2017 recommending screening
for PA. The following high-risk populations should be
screened: patients with resistant hypertension, hypertension
with (spontaneous of diuretic-induced) hypokalemia,
hypertension with a concurrent adrenal nodule or mass,
or hypertension with a family history of early onset
hypertension or cerebrovascular accident (13). Many others
advocate for a less complex guideline for initial screening,
countering that all hypertensives should be screened
for PA given the high prevalence of PA in even stage 1
hypertension (34). Screening of all patients with resistant
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hypertension with computed tomography (CT) abdomen,
followed by AVS, has been demonstrated to be a cost
effective intervention even when compared to empiric MRA
treatment and other medical treatment modalities (35).

Adrenal incidentalomas and PA screening

Incidentally identified adrenal nodules or tumors are
frequent on cross sectional imaging, presenting in 0.5-
10% of patients undergoing CT scan (with variations in
incidence depending on age of the patient) (36,37). While
the majority of adrenal incidentalomas are non-functioning
benign adenomas, it is important for the clinician to screen
for a functioning tumor (such as an aldosteronoma) upon
identification of such a lesion. The Endocrine Society
recommends that all patients with an incidentally identified
adrenal mass and concurrent hypertension be screened for

PA (38).

Biochemical workup for PA and confirmatory
testing

Patients who screen positive for PA are typically referred to
an endocrine or hypertension specialist who will perform
confirmatory testing. The caveat is that in patients with
a markedly elevated plasma aldosterone, suppressed
renin, and hypertension and hypokalemia, the diagnosis
of PA is confirmed, and dynamic confirmatory testing is
unnecessary (39).

Dynamic confirmatory testing can help avoid costly
imaging or unnecessary invasive procedures in the
estimated 30-50% of patients with a falsely positive
screening examination (39). An oral sodium loading test can
frequently be used to confirm the diagnose, as this should
suppress aldosterone levels (except in patients with PA) (7).
This is commonly performed via oral administration of
high doses of salt (6 g per day, for 3-5 days) to achieve a
24-hour urinary sodium excretion >200 mmol. Another
commonly utilized option is a saline infusion test (serum
aldosterone level is collected after an IV saline infusion
of 2 liters over four hours) (40). Additional confirmatory
tests include the captopril challenge test (performed by
acutely inhibiting the angiotensin converting enzyme) and
the fludrocortisone suppression test (sodium loading by a
standardized high dose mineralocorticoid administration),
which are not commonly utilized in the United States. In
all the confirmatory tests, the endpoint of non-suppression
of plasma aldosterone indicates a positive test (39). The
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Figure 1 Representative computed tomography (CT) images
of a typical left adrenal gland aldosterone-producing adenoma,
1.15 c¢m in size (blue arrow denotes the adenoma, with normal
gland parenchyma medially). CT scan plays an integral role in the

diagnosis and management of primary aldosteronism.

thresholds used to consider a confirmatory test “positive” vs.
“negative” are relatively arbitrary, and are often set to detect
the most severe cases of PA, thus representing another
challenge for increasing the diagnosis of PA.

Confirmatory testing often requires referral to a specialist
or endocrinologist and can require temporary suspending
mineralocorticoid antagonists. Discontinuing these
medications, even temporarily, in this population can have
significant adverse side effects which remains a significant
limitation to the classical diagnostic approach (41).
An alternative, when confirmatory testing cannot be
performed, is to empirically treat with mineralcorticoid
receptor antagonists which are indicated for resistant
hypertension and PA.

Imaging workup for PA

Once a diagnosis of PA is established, it is important to
differentiate which subtype of PA the patient has (42).
This can dictate the ultimate therapeutic management.
It is necessary to delineate whether it is due a unilateral
or bilateral cause, as this will dictate preferred treatment
methods. Imaging findings alone (even when CT or MRI
demonstrates a unilateral adenoma) is not sufficient for
diagnosis, as bilateral adrenal hyperplasia is common
in Conn’s syndrome/PA (43). Unilateral sources of PA
include adrenal aldosterone producing adenoma, and much
less commonly, carcinoma. Carcinoma and adenoma are
usually readily differentiated based on size alone, with
aldosteronomas rarely being greater than 2 cm in size (and
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most carcinomas being greater than 6 cm) (Figure 1) (7).
Bilateral adrenal hyperplasia effects both adrenal glands
typically without a distinct nodule or lesion.

Cross-sectional CT imaging is an essential component
of the PA workup. CT provides reliable anatomical
information regarding the bilateral adrenal glands, is
relatively inexpensive, can exclude an adrenal cortical
carcinoma, and is widely accessible (42). In the approximate
40% of PA patients with a hypersecreting adenoma, CT
is fairly sensitive in detecting the adenoma. However, CT
is not sufficient to confirm a diagnosis of aldosterone-
secreting adenoma as it gives no information regarding
the physiological or functional status of the tumors (42).
Volumetric analysis to differentiate bilateral adrenal
hyperplasia versus unilateral adenoma has not been
predictive (44). Therefore, while CT is not considered
adequate alone, it is an indispensable component of the PA
workup to necessarily rule out adrenocortical carcinoma (42).
In rare instances of young patients (<35 years old) with a
unilateral adenoma and unequivocal presentation, CT may
be adequate for subtype differentiation, however in the
majority of cases further testing (namely, adrenal venous
sampling) is indicated.

Adrenal vein sampling (AVS) is the gold standard to
differentiate between unilateral and bilateral forms of PA.
When AVS is systematically performed for a diagnosis of
PA, unilateral adenomas or hyperplasia amount to 27%
of this population and bilateral causes of PA 65-73%
(35,45). Despite AVS remaining the “gold standard” for
PA subtyping, there remains great interest in the field in
finding alternatives which may expand access of care. AVS
is invasive, technically demanding, and requires referral
to specialized centers. Right adrenal vein cannulation can
be difficult, and AVS success rates are estimated to range
from 26-81% (46,47). This is believed to create an “eye
of the needle” phenomenon which may limit the ability
of providers to continue the diagnostic workup (48). The
importance of access to AVS for proper disease subtyping
is underscored by the fact that in centers without ready
access to AVS, a significantly lower percentage of patients
are correctly subtyped as having unilateral PA that may be
surgically cured (6).

Additional imaging options include functional imaging
utilizing radiolabeled PET scans. Original agents such as
NP-59 were abandoned due to cost, radiation exposure, and
lack of efficacy, however an ongoing push for more effective
imaging has produced new effective biomarkers such as

""C-Metomidate. This marker could bind with high avidity

Gland Surg 2020;9(1):14-24 | http://dx.doi.org/10.21037/gs.2019.10.23



Gland Surgery, Vol 9, No 1 February 2020

Figure 2 Gross specimen of aldosterone-producing adrenal
adenoma, removed via laparoscopic adrenalectomy. The specimen
is transected to demonstrate a 1.5 cm cortical adenoma (black circle,
blue arrow) consistent with the diagnosis. The adrenal parenchyma

is demarcated with a white line for clarity.

and specificity to the enzymes in the adrenal cortex involved
in steroid synthesis (CYP11B1, CYP11B2) (42,49). While
initial studies have been promising, the broad applicability
of ""C-Metomidate is limited by the short half-life of the
"C molecule, requiring an onsite cyclotron (which is
cost prohibitive for many centers). New markers such as
CDP2230 under investigation promise better sensitivity,
specificity, and broader clinical applicability (42).

Pathophysiology and molecular genetics

New insights into the molecular and genetic basis of PA have
helped further our understanding of the pathophysiology (14).
Aldosterone is produced, under normal conditions,
exclusively within the zona glomerulosa, the outermost layer
of the adrenal cortex. Aldosterone is produced via oxidation
and hydroxylation of deoxycorticosterone by aldosterone
synthase (CYP11B2) (48).

Both somatic and germline mutations have been found
to be associated with aldosterone producing adenomas
(APAs). Somatic mutations (noted in 88% of cases of
APAs) include KCNJ5, CACNA1D, ATP1A1, ATP2B3,
CACHAI1H, and CLCN2 (50-53). These mutations are
thought to contribute by activating intracellular signaling
pathways that regulate aldosterone production and calcium
concentrations. These are the same genes that are thought
to be implicated in familial hyperaldosteronism, when found
as germline alterations (7).

Immunohistochemistry of resected adrenal glands in PA
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(typically for aldosterone synthase of CYP11B2) have given
us new insights into the localization and pathophysiology
of aldosterone excess (48). Whereas subtyping used to be
limited to hyperplasia vs. adenoma, we now are able to
better understand patterns of aldosterone dysregulation.
Aldosterone producing cell clusters (sometimes referred
to as APCC’) represent tiny foci or “islands” of intense
aldosterone production, as visible by immunohistochemistry.
It has been postulated that APCC’s may act as the precursor
lesion to APA (48). Diffusely increased CYP11B2 activity
within the adrenal cortex subcapsular region or zona
glomerulosa has also been observed, consistent with our
classical understanding of hyperplasia. While detailed
genetic analysis has increased our understanding for a
molecular framework for the disease process, identification
of specific somatic mutations does currently guide treatment

approach (14).

Treatment approaches
Surgical management

Treatment for PA when it is attributable to a functioning
unilateral adrenal adenoma (or unilateral hyperplasia) is
predominantly surgical, with the recommended surgical
approach being minimally invasive unilateral adrenalectomy.
Surgical treatment offers good result with a relatively low
complication profile. The laparoscopic adrenalectomy offers
numerous advantages over traditional open surgery including
less pain, faster return of bowel function, and shorter
hospital length of stay. For this reason, minimally invasive
adrenalectomy is the preferred approach for benign tumors
such as aldosterone-producing adenomas (APAs) (Figure 2)
(54,55). Studies comparing medical management against
surgery for patients with unilateral adenoma have found that
surgery results in a significantly higher complete control of
hypertension (87.5% vs. 13.3%), improved cardiovascular
outcomes at 2.5 years (56), and improved renal outcomes (18),
suggesting that in this subtype population surgery should
remain first line of treatment (57,58). Patients who are not
deemed surgical candidates are often treated medically in
the same manner of those patients with bilateral PA (i.e.,
with MRAs).

While it is generally considered to have a steeper
learning curve than traditional transperitoneal approach,
a posterior retroperitoneoscopic adrenalectomy (PRA)
has become increasingly popular as a minimally invasive
approach to these tumors. This approach has the benefit
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of avoiding the peritoneal cavity, particularly in patients
with prior abdominal scar tissue or surgeries. This
approach has been found to be safe and equally effective to
transperitoneal approach and may have additional benefits
such as earlier resumption of diet and activity (59,60).

Alternative non-surgical approaches such as percutaneous
or image-guided ablation techniques may offer similar
levels of efficacy for adrenal adenomas in patients that
cannot tolerate general anesthesia (61). One disadvantage
of this approach is the unavailability of histopathology and
diagnosis confirmation post-procedure.

There are several perioperative considerations for
surgeons to be aware of when performing adrenalectomy for
APA. Postoperative adrenal insufficiency and hyperkalemia
should be screened for, particularly in patients with
contralateral suppression on AVS (62,63). MRAs should be
discontinued in the postoperative setting and both blood
pressure and electrolytes should be monitored closely.

Medical treatment options for hyperaldosteronism

Medical treatment is typically with mineralocorticoid
receptor antagonists (MRAs) such as spironolactone or
eplerenone. MRAs are recommended as first-line treatment
when tolerated in non-lateralized forms of PA, and in
patients with lateralized forms that decline surgery (or
are not deemed appropriate surgical candidates) (64).
Spironolactone has numerous side effects independent of
the mineralocorticoid system, most prominently affecting
the sex hormones. It is an antagonist of the androgen
and progesterone receptors, and enhances testosterone
aromatization into estradiol, increases testosterone
clearance. Side effects, such as gynecomastia in males and
menstrual dysfunction in females can occur (64). For those
who cannot tolerate spironolactone, alternative agents such
as eplerenone can be utilized (64). Additional second line
agents include amiloride and dihydropyridinic calcium
channel blockers, some of which are MR antagonists (64).
While most studies demonstrate risk reduction with
the implementation of an appropriate medical regimen
for PA, outcomes in patients treated with MRA therapy
remain inferior to hypertensive controls. Patients on
MRA for PA, when compared to hypertensive controls,
continue to have a nearly two-fold increased risk of adverse
cardiovascular event, significantly higher risk of death, and
higher rates of atrial fibrillation and diabetes mellitus (58).
On subgroup analysis, it was demonstrated that ongoing
suppression of plasma renin activity while on MRA is a
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risk factor for deleterious outcome in PA (58). Thus, an
alternative interpretation is that MRA therapy can be
effective at lowering incident cardiovascular risk, but one
potential determinant of this efficacy is a rise in renin from
a suppressed to unsuppressed level.

Defining successful treatment and remission of
PA

Defining successful cure after medical or surgical treatment
of PA has been challenging as well due to heterogeneity
in the proposed criteria for success. In 2016 the Primary
Aldosteronism Surgical Outcomes (PASO) group convened
as an international multidisciplinary panel to establish
consensus regarding these criteria (65). In broad terms, cure
can be defined using clinical or biochemical parameters and
can be subdivided into “complete”, “partial”, or “missing”.
The most stringent definitions for cure using the PASO
calls for normokalemia, normalization of aldosterone to
renin ratio (ARR), normal blood pressure, and cessation of
all blood pressure medications (66). Partial success can be
obtained with a reduction in blood pressure medications,
improved blood pressure on the same medication regimen,
and/or abnormal but improved plasma aldosterone levels.
The PASO group reported complete clinical success in
37% undergoing adrenalectomy, partial clinical success in
an additional 47%, and complete biochemical success in
94%. Younger patients, female patients, and patients on
less preoperative blood pressure medications had a higher
likelihood of postoperative complete clinical success (65).

Quality of life with PA, and the effect of
treatment

Beyond objective outcome measures, new research has
aimed to determine the impact of PA on patient-centered
outcomes and quality of life. Increasingly recognized as an
important health status marker, health-related quality of
life (QOL) attempts to view the disease process through
a broader psychosocial lens to determine its complete
impact on affected patients. As previously mentioned, PA
has been linked to psychiatric co-morbidities including
depression and anxiety (23,26). One prospective study
found significantly higher QOL scores amongst PA patients
undergoing treatment at 3 and 6 months, with highest
QOL scores going to those undergoing adrenalectomy (67).
This is concurrent with other studies that have found
QOL benefit with treatment regardless, but an increased
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and more immediate benefit in the subset undergoing
laparoscopic adrenalectomy compared to MRA therapy
alone (68,69).

Special considerations including pregnancy and
atrial fibrillation

Hypertension is very common during pregnancy, however
the incidence of PA within the pregnant population is
uncertain. Normal physiological changes during pregnancy
to the renin angiotensin system can make the diagnosis
during pregnancy exceptionally difficult. PA during
pregnancy is associated with numerous maternal and fetal
complications and is a high risk for pregnancy. Further
complicating management, spironolactone is considered
teratogenic and is typically held during pregnancy.
Adrenalectomy is rarely indicated in pregnancy for cases of
refractory hypertension, however can be performed safely
during pregnancy when indicated (70,71).

Recent evidence has demonstrated that aldosterone plays
an important in the pathogenesis of atrial fibrillation via
cardiac modeling (left atrium dilation, diastolic dysfunction),
hypertrophy, inflammation, and fibrosis. It should therefore
come as no surprise that patients with PA have a 7-12-
fold higher risk of atrial fibrillation than control patients
with essential hypertension. The development of atrial
fibrillation plays an important role in explaining the worse
cerebrovascular and cardiovascular outcomes in the PA
population (35). Moreover, appropriate treatment of PA
with surgical adrenalectomy or appropriate MRA therapy
may mitigate this increased risk of atrial fibrillation (72).

Conclusions

Our understanding of PA has rapidly grown since it was first
recognized little over 60 years ago. However, PA continues
to be vastly under-recognized and under-diagnosed despite
effective medical and surgical treatment options being
available. Our understanding of the disease process has
evolved to include increased knowledge of the genetic
factors that drive the disease, as well as improvements
in screening, imaging, and treatment modalities. The
cardiovascular, renal, and cerebrovascular consequences
of delayed diagnosis and prolonged untreated PA are too
great to be ignored. Patients will greatly benefit from
clinicians who recognize the many patients who might be
suffering from undiagnosed hyperaldosteronism and can
pursue an appropriate diagnostic workup when applicable.
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While it remains one of the few forms of hypertension
with an available, cost-effective, cure, few reach the point
of treatment and there remains much work to be done to
improve outcomes in this population. Clinicians should
continue to increase screening for PA in at-risk populations,
increase referrals to available specialists for any positive
or equivocal screens, and when in doubt, consider empiric
treatment with MRAs.
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