Aldosterone to Renin Ratios in the Evaluation of Primary Aldosteronism
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Abstract

Primary aldosteronism, though an uncommon cause of hypertension, causes significant morbidity, making it important to diagnose and
treat this condition. Its evaluation requires complex and time consuming investigative procedures in order to confirm the diagnosis and to
differentiate between the subtypes of aldesterone producing adenoma and idiopathic hyperaldosteronism. Often, the values of renin and
aldosterone are equivocal, and the diagnosis of primary aldosteronism is in doubt. In this study, we examine the use of aldosterone to renin
ratios in confirming the diagnosis of primary aldosteronism when the usual criteria of suppressed renin and elevated aldosterone are not
met. We have found that an aldosterone to renin ratio of 50 has a 100% specificity and 92% sensitivity for detecting primary aldosteronism.

Also, an aldosterone to renin ratio of >2000 is suggestive of an aldosterone producing adenoma.
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Introduction

Primary aldosteronism (PA) was first described in
1955 when Jerome Conn described a patient whose
hypertension was cured by the removal of an adrenal
adenoma.! Aldosterone producing adenomas (APAs)
are now found to be just one subset of a spectrum of
disorders encompassed by PA.2 PA is an uncommon
cause of hypertension and its prevalence is usually
estimated at less than 1 %.® However, in certain selected
groups of patients, there have been reports of prevalence
rates of between 2% and 12%.** Considering the last
Singapore National Health Survey in 1992¢ where the
prevalence of hypertensives was 13.2% of the popula-
tion, the number of patients with PA would not be
insignificant. There are several reasons to recognise and
diagnose PA. Firstly, it can present as severe and refrac-
tory hypertension with cardiovascular as well as renal
complications.” Secondly, in the case of APAs, there are
potential for cures of between 35%® and 50%° in patients
who undergo surgery. Thirdly, in the case of idiopathic
hyperaldosteronism (IHA), the knowledge of this condi-
tion will lead to a more rational therapeutic approach in
the management of hypertension.
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PA remains a diagnostic and therapeutic challenge
despite the array of tests. Unfortunately, the test results
are often conflicting, making the diagnosis difficult at
best. This is compounded by the more recent discoveries
of different subtypes of PA. APAs represent about 60%
and IHA represents about 30% of all cases of PA. The
remaining 10% comprise the rarer subtypes. The treat-
ment for APA is surgical and that for I[HA is medical, and
thus the differentiation of these subtypes is important.

We review 26 patients with PA managed by our De-
partment. We describe the clinical and biochemical char-
acteristics of the different subtypes and evaluate the
usefulness of the investigative procedures, with particu-
lar emphasis on the use of aldosterone to renin ratios.

Materials and Methods

This study is a retrospective analysis of 26 patients
with proven PA. A comparison was made with a group
of 10 hypertensive controls who did not have PA. The
criteria used for diagnosis of PA were:

1) hypertension,
2) hypokalaemia K <3.5 mmol/L,
3) inappropriate kaliuresis >30 mmol/day," and
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4) suppressed plasma renin with an elevated serum
aldosterone.

All the patients were investigated initially because of
hypertension associated with hypokalaemia.

The criteria used for the diagnosis of APA were:

1) an adrenal tumour visualised on a computerised to-
mographic (CT) scan of the adrenals,

2) postural studies suggesting an adenoma,

3) lateralising values on adrenal venous sampling when
1) and 2) were conflicting, and

4) histological confirmation on surgery.

The criteria used for the diagnosis of IHA were:

1) normal looking adrenals or bilateral hyperplasia on
CT scan,

2) postural studies suggesting hyperplasia, and

3) non lateralising values on adrenal venous sampling
when 1) and 2) were conflicting.

Postural studies of supine and erect renin and aldos-
terone values were performed in all cases using stand-
ard guidelines.? Supine values were taken with the
patient fasted at 8 am, after 10 hours of supine posture.
Erect values were taken at noon, with the patients hav-
ing stood or walked for four hours. Cortisol was taken
concurrently with renin and aldosterone to ensure the
validity of the erect values of aldosterone. Under normal
circumstances, the level of cortisol would drop from 8
am to 12 pm, parallel to the drop in adrenocorticotrophic
homone (ACTH). If the level of cortisol at noon was
higher than that at 8 am, this would invalidate the test.
A postural study suggestive of an APA was defined by
a fall in the erect aldosterone or a rise of not more than
30% .7 A postural study suggestive of IHA was defined as
a rise of erect aldosterone of more than30%. Aldosterone
was assayed by radioimmunoassay (Coat-A-Count Al-
dosterone, Diagnostic Products Corporation, Los Ange-
les, California, USA). Aldosterone was measured in
pmol/L. Plasma renin activity was assayed by radioim-
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munoassay (Incstar GammaCoat 1251 Plasma Renin
Activity Radioimmunoassay Kit, Incstar Corporation,
Stillwater, Minnesota, USA). Plasma renin activity was
measured in ng/ml/h. When renin levels were
undetectable, a value of 0.018 ng/ml/h was assigned for
the purposed of calculating the aldosterone to renin
ratio as this was the lowest limit of detectablility for the
assay. To arrive at the aldosterone to renin ratio, aldos-
terone values had to be first divided by 27.75 to convert
the aldosterone units from pmol/L to ng/dl. Cortisol
was assayed by radioimmunoassay (Incstar GammaCoat
1251 Cortisol Radioimmunoassay kit, Incstar Corpora-
tion, Stillwater, Minnesota, USA). CT scans of the adrenals
were performed for all patients using 3 mm interval cuts.
Patients who had a diagnosis of APA had unilateral
adrenalectomies. Patients who had diagnosis of IHA
were treated with spironolactone. Statistical analysis
was performed using the non-parametric Mann Whitney
U test. A value of less than 0.05 was considered as
significant.

Results
Clinical Features

The ages of the 26 patients in our series ranged from 30
to 74 years (mean 50 years). Systolic blood pressure
whilst on medication ranged from 130 to 240 mmHg
(mean 172 mmHg) and diastolic blood pressure ranged
from 70 to 140 mmHg (mean 99 mmHg). The duration of
hypertension ranged from 0 to 28 years (mean 9 years).
Out of the 26 patients, 7 had cardiovascular complica-
tions, 4 had cerebral vascular accidents and 3 had hyper-
tensive heart disease with congestive cardiac failure.
Despite hypokalaemia in all patients, only 2 patients
presented predominantly with myositis and paralysis.

Biochemistry

The difference in the routine biochemistry between
APA and IHA was not statistically significant (Table I).

TABLE I: BIOCHEMISTRY OF ALDOSTERONE PRODUCING ADENOMAS (APA) AND IDIOPATHIC HYPERALDOSTERONISM (IHA)

APA IHA P valuer Hypertensive contols P value#
Mean SD Mean SD Mean SD
Serum potassium (mmol/L) 26 0.6 2.9 0.6 ns 3.9 0.4 0.002
Serum sodium (mmol/L) 141 2.9 141 2.2 ns 138 15 ns
Serum bicarbonate (mmol/L) 30.8 31 29.7 2.4 ns 26.8 2.3 ns
Supine adosterone (pmol/L) 1381 876 682 295 0.021 422 214 0.01
Erect adosterone (pmol/L) 1083 724 1168 451 ns 774 358 0.03
Supine renin (ng/ml/h) 0.15 0.24 0.27 0.19 ns 1.44 1.02 0.01
Erect renin (ng/ml/h) 0.49 118 0.42 0.32 ns 2.68 0.96 0.02
Supine aldosterone to renin ratio 1530 1845 314 605 0.006 12 2.8 0.002
Erect adosterone to renin ratio 774 1350 384 607 ns 11 4.2 0.012

SD: standard deviation; ns: not significant
* Difference between APA and IHA
# Difference between PA and hypertensive controls
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Fig. 1. Supine aldosterone to renin ratios in patients with 4P4 and /H{4 compared to
hypertensive controls.

The supine aldosterone to renin ratios, however, were
significantly different. The aldosterone to renin ratio
was higher in APA, (P = 0.006, 95% CI 65 to 2194). A
supine aldosterone to renin ratio of >2000 was found
only in APA (Fig. 1). The serum potassium, supine and
erect aldosterone, supine and erect renin and the aldos-
terone to renin ratios were significantly different be-
tween patients with PA and the normal hypertensive
controls. Of note, the aldosterone to renin ratios were
very much higher in patients with PA compared with
the hypertensive controls.

Postural Studies

All patients who had a fall (or rise of <30%) in aldos-
terone with the erect posture were eventually diagnosed
to have APA. Only one patient with an APA had a rise in
aldosterone with posture. This gives the postural study
100% specificity and 94% sensitivity for diagnosing APA.
The converse is true for the test to diagnose IHA, where
it gave a specificity of 94% and a sensitivity of 100%.

Imaging

All patients had CT scans of their adrenal glands. The
CT scans of 2 patients who were eventually diagnosed to
have IHA initially showed adrenal tumours. The initial
CT scan of a third patient localised the adenoma to the
wrong side. For identifying APA, a CT scan was 94%
sensitive and 82% specific.

Venous Sampling

Adrenal venous sampling was performed in 6 pa-
tients. Sampling was done when there were conflicting
results between the postural studies and the CT scans. In
2 patients the right adrenal vein was not entered, giving
a cannulation success rate of 60%. Sampling lateralised
the aldosterone secretion in 2 patients and confirmed
bilateral aldosterone secretion in 2 other patients. In the
2 patients who had unsuccessful cannulation of their
right adrenal veins, based on the ratio of the aldosterone
level between the left adrenal vein and the inferior vena

cava,'® a right-sided APA was correctly predicted in 1
case and the diagnosis of IHA was made in the other.

Histology

Based on the postural studies, CT scans and venous
sampling, an APA was predicted in 17 patients. Of these,
15 agreed to surgery. Two patients declined surgery at
present although a clear-cut diagnosis of an adenoma
was made based on the postural study and CT scan. All
15 patients had unilateral adrenalectomies of the adre-
nal with the suspected APA. Of these, 11 had single
adenomas which were classically well-circumscribed
yellow nodules, and which ranged from 1.5 cm to 2.5 cm
in diameter. In the remaining 4 patients, in addition
to the main adenoma, there were additional smaller
nodules.

Discussion

This is the first local series of patients with PA. The
proportion of APA (65%) and that of IHA (35%) corre-
sponds to reported distribution of subsets.? All the pa-
tients had mild to severe hypertension in association
with hypokalaemia. Although malignant hypertension
was initially thought not to occur in PA,™" subsequent
reports have shown this to be false.”>® In our series, 4
patients had cerebral vascular accidents, and an acute
haemorrhagic stroke was the presenting problem in 3 of
these patients. Three other patients had hypertensive
heart disease with congestive cardiac failure. It can be
seen that there was significant morbidity among pa-
tients with PA. The majority of our patients were asymp-
tomatic for symptoms of hypokalaemia, with only 2
patients presenting predominantly with myositis and
weakness. This is in contrast with Ma’s finding that
periodic paralysis was common in Orientals with PA.1
A major difficulty in the diagnosis of PA is the choice and
interpretation of screening tests. The usual tests are
serum potassium, plasma renin, plasma aldosterone
and the aldosterone to renin ratio. Hypokalaemia as an
initial screening test provides an important clue to the
presence of PA. It has however been reported that serum
potassium is normal in between 7% and 38% of cases of
PA.*>7 Thus, relying only on hypokalaemia as the sole
initial screening test will miss a substantial number of
patients who have PA. It is also known that 4% of
essential hypertensives have a serum potassium of less
than 3.5 mmol/L.* Suppressed plasma renin is also clue
to PA. This, however, is complicated by the fact that
these patients may overlap with about 35% of essential
hypertensives who have low plasma renin activity.”
Plasma aldosterone is also not an ideal test to screen for
PA as 39% of patients with PA will have aldosterone
values that fall within the range for essential hyperten-
sion.? It is said that in a hypertensive patient with
hypokalaemia, the finding of an elevated serum aldos-
terone with a suppressed plasma renin makes the diag-
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nosis of PA unequivocal. Often however, either the renin
or the aldosterone will fall within the normal range,
making the diagnosis of PA questionable. In our series,
we have found this to be a common occurrence. Using
supine values, it occurred in 42% of the patients, and
using erect values, occurred in 35% of the patients. In 3
patients both the supine as well as the erect values failed
to meet the criteria of both an elevated aldosterone with
suppressed renin. Traditionally, these patients would be
excluded from the diagnosis of PA, but as the clinical
suspicion of PA was high, they were further investi-
gated. The ratio of serum aldosterone to plasma renin
has been proposed'**’ as a more accurate screening test
to identify patients with PA. With plasma aldosterone
expressed in ng/dl and plasma renin activity in ng/ml/
h, ratios of between 25 and 50 have been proposed to
differentiate PA from other forms of hypertension. The
conditions for measurement of the ratio are not stand-
ardised, however, McKenna et al*® have shown that
although the values of renin and aldosterone vary de-
pending on posture and salt status, the ratio of aldoster-
one to renin remains essentially unchanged, indicating
that the ratio may be a fairly robust index. It has been
reported that any ratio more than 25 is suspicious and a
ratio of more than 50 is diagnostic for PA.? In contrast,
essential hypertensives have an aldosterone to renin
ratio that is less than 25."® From our study, 100% of our
patients had supine ratios of more than 25, and 92% of
the patients had supine ratios of more than 50 (Fig. 2).
The-erect ratios gave similar results. In contrast, our
group of hypertensive controls who did not have PA had
ratios ranging from 7 to 15. We thus believe that using,
the aldosterone to renin ratio is of considerable help, not
just for screening purposes but also in confirming the
diagnosis of PA. We felt that the higher ratio of 50 should
be used for confirming the diagnosis of PA, as it is both
very specific (100%) as well as sensitive (92%). Confir-
mation of autonomous aldosterone secretion should
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Fig. 2. Supine aldosterone to renin ratios in patients with PA
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also be done by measuring urinary aldosterone follow-
ing salt loading. This has been recently introduced and
we are evaluating its use. The next step is to differentiate
between APAs and IHA. Most studies have shown that
the biochemistry does not reliably differentiate between
them. We found this to be true with the exception of the
supine aldosterone to renin ratio. For IHA, the upper
limit of the supine aldosterone to renin ratio was 2000.
Values above these limits suggest APA, and if obtained,
time-consuming postural studies could be bypassed,
and one could proceed directly to a CT scan of the
adrenals. Posture studies were among the first tests
devised to differentiate between these two subgroups.”
APAs are supposed to produce an anomalous fall (or a
rise of <30%) in aldosterone at the end of the postural
test, paralleling the dip in the circadian rhythm of ACTH,
as APAs are more responsive to the stimulus of ACTH
and less responsive to the renin-angiotensin system.
IHA on the other hand showed a rise in aldosterone of
>30% as they tend to be exquisitely sensitive to the rise
in the renin and angiotensin in response to upright
posture. We found that the postural study had 100%
specificity and 94% sensitivity for diagnosing APAs,
with the converse being true for diagnosing IHA, where
it gave a specificity of 94% and a sensitivity of 100%.
Overall these values compare very favourably with
reported values of sensitivity and specificity of the
postural test of between 80% and 85%.% The other differ-
entiating test we used was a CT scan of the adrenals. In
our series, CT scan of the adrenals was 94% sensitive and
82% specific for the diagnosis of APAs. The sensitivity of
the CT scans in identifying adenomas approaches 90%
in most studies.?** In equivocal cases, we proceeded to
adrenal venous sampling, which is considered as the
gold standard for localising the source of aldosterone
secretion, with an accuracy of between 95% and 100%.2*
The procedure is unfortunately invasive and technically
demanding. Often the right adrenal vein is not cannu-
lated as it is technically more difficult. Our cannulation
success rate was 60%, with most studies reporting suc-
cess rates of 33.5% to 80%. All patients who were diag-
nosed to have adenomas were sent for adrenalectomy
except two patients who are still considering surgery.
Our overall surgical cure rate was 46%. Usually reported
cure rates range from 35%% to 50%.° Spironolactone was
used for patients with IHA in doses of between 50 mg
and 200 mg per day. Overall, over 90% of patients had
improvement in blood pressure with treatment.

Conclusion

We concluded that, in the event of normal aldosterone
or renin values, a supine aldosterone to renin ratio of 50
is confirmatory of PA, and will detect 92% of patients
with PA. Also, a supine aldosterone to renin ratio of
more than 2000 suggests an APA.
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