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Background: The aim of this study was to investigate the factors associated with resolution of hypertension after adrenalectomy in 
patients with primary aldosteronism. A secondary aim was to describe our use of the contralateral ratio in adrenal venous sampling 
(AVS) in the setting of suboptimal successful cannulation rates.
Methods: A retrospective review of patients who underwent AVS followed by unilateral adrenalectomy for primary aldosteronism 
was performed.
Results: Complete resolution of hypertension and hypokalemia was seen in 17 of 40 patients (42.5%), while a clinical improvement 
in hypertension was seen in 38 of 40 (95%). Shorter duration of hypertension, mean aldosteronoma resolution score (ARS), and a 
high ARS of 3 to 5 were associated with resolution of hypertension after adrenalectomy (P=0.02, P=0.02, and P=0.004, respective-
ly). Of the individual components of ARS, only a duration of hypertension of ≤6 years was associated with resolution of hyperten-
sion after adrenalectomy (P=0.03). 
Conclusion: A shorter duration of hypertension was significantly associated with resolution of hypertension after adrenalectomy in 
patients with primary aldosteronism. 
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INTRODUCTION

Primary aldosteronism is being increasingly diagnosed in hy-
pertensive patients. This may be related to an increased aware-
ness of the need for screening, especially in patients with con-
comitant hypokalemia, and because adrenal incidentalomas are 
more commonly identified as imaging becomes a more routine 
part of patient care. The prevalence of primary aldosteronism is 
estimated to be 5% to 11% among individuals with hyperten-
sion [1-5]. In a prospective study of hypertensive patients in 
Singapore, the prevalence of primary aldosteronism was esti-

mated to be 5%, and hypokalemia was present in 37.5% of 
those patients [5,6]. 

Primary aldosteronism is an important cause of secondary hy-
pertension, as it has been associated with worse cardiovascular 
complications than essential hypertension [7]. The causes of 
primary aldosteronism include aldosterone-producing adenoma 
(APA) (30% to 50%) [1,8], bilateral adrenal hyperplasia (50% 
to 65%) [1,8], and rarely, glucocorticoid-suppressible hyperal-
dosteronism, adrenocortical carcinoma, and primary adrenal 
hyperplasia. The management of unilateral adrenal hypersecre-
tion (APA or primary adrenal hyperplasia) and bilateral adrenal 
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hyperplasia are different and thus, the distinction between them 
is crucial.

Adrenal venous sampling (AVS) has been advocated as the 
reference test for the lateralization of aldosterone hypersecretion 
in patients with primary aldosteronism [9,10]. Using computed 
tomography (CT) imaging alone for deciding upon adrenalecto-
my in cases of unilateral aldosterone hypersecretion would lead 
to inappropriate surgery in 20% to 50% of patients [8,11-13]. 
However, AVS remains a technically challenging and operator-
dependent procedure, mainly due to difficulties in cannulation 
of the right adrenal vein. This is reflected in the widely varying 
rates of successful bilateral adrenal vein cannulations, which 
have been reported to be 8% to 96% at various centers [8,11,14-
17]. The Adrenal Vein Sampling International Study showed 
that the use of AVS, even at large centers, was not routine or 
standardized worldwide [18]. Even with successful bilateral ad-
renal vein cannulations, significant confusion exists due to con-
troversies regarding the appropriate cutoffs for the selectivity 
index, lateralization ratio (LR), and contralateral ratio (CR), as 
well as the use of cosyntropin during AVS. These problems 
highlight the necessity to identify patients who will benefit most 
from adrenalectomy before subjecting them to AVS and surgery.

The main aim of this paper was to investigate the factors as-
sociated with resolution of hypertension after adrenalectomy, 
including the aldosteronoma resolution score (ARS). We also 
described our experiences in using the CR in the setting of sub-
optimal AVS results in patients who underwent surgery.

METHODS

Study design and patients
The records and results of all patients who underwent AVS at 
Singapore General Hospital from January 1, 2003 to December 
31, 2013 were reviewed retrospectively. The study was ap-
proved by Singapore General Hospital’s Institutional Review 
Board who waived the requirement for informed written con-
sent for this study. All patients had primary aldosteronism that 
was identified at screening based on a plasma aldosterone con-
centration (PAC) to plasma renin activity (PRA) ratio ≥20 and 
an elevated PAC (≥416 pmol/L) [9]. Confirmatory tests were 
performed with intravenous or oral salt loading tests. A PAC ≥
277 pmol/L after infusion of 2 L of 0.9% saline was confirmato-
ry of primary aldosteronism. For the oral salt loading test, the 
diagnosis of primary aldosteronism was confirmed if 24-hour 
urinary aldosterone was ≥39 nmol/day in the presence of a uri-
nary sodium excretion of >250 mmol/day.

Electronic and written medical records were retrospectively 
reviewed to obtain baseline characteristics, the indication for 
testing for primary aldosteronism, the number of antihyperten-
sives used, and laboratory, radiological, and histology results. 
Factors associated with resolution of hypertension after adrenal-
ectomy were investigated. These factors included the ARS score 
[19], which consists of the following: number of antihyperten-
sive medications ≤2 (2 points), body mass index (BMI) ≤25 
kg/m2 (1 point), ≤6 years of hypertension (1 point), and female 
sex (1 point).

The clinical outcome data collected after adrenalectomy in-
cluded potassium levels, PAC, and the number of antihyperten-
sive medications at 6-month to 1-year postoperative follow-up 
examinations. Clinical improvement was defined as resolution 
of hypertension or reduction in the use of antihypertensives.

CT imaging
All patients underwent CT imaging of the adrenals, but dedicat-
ed adrenal CT was only performed in 71 patients. The remain-
ing cases were adrenal incidentalomas detected on abdominal 
CT or a CT urogram.

Adrenal venous sampling
Regardless of CT findings, all patients with primary aldosteron-
ism who were deemed surgical candidates for adrenalectomy, 
were willing to undergo surgery, and agreed to undergo AVS 
underwent the procedure by interventional radiologists. At our 
center, AVS procedures were performed by a group of experi-
enced interventional radiologists. If present, hypokalemia was 
corrected before AVS to avoid blunting of aldosterone secretion. 
An adrenocorticotropic hormone (ACTH) infusion (50 μg/hr) 
was used in 79 of 81 patients (97.5%). In the earlier years (2003 
to 2004), ACTH infusions were not uniformly used, but were 
subsequently implemented into our institute’s AVS protocol for 
standardization purposes. These two patients were excluded 
from our analysis (Fig. 1). Paired blood samples were obtained 
from the bilateral adrenal veins and inferior vena cava for corti-
sol and aldosterone measurements during sequential catheter-
ization. Adrenal vein cannulation was regarded as successful if 
the adrenal-peripheral cortisol ratio (selectivity index) was >5. 
Positive lateralization was defined as LR ≥4. A CR <1 was 
considered positive. Prior to blood sampling from the adrenal 
veins, catheter placement was checked via fluoroscopy.

At the first attempt of AVS, bilateral cannulation was success-
ful in 44 of 79 patients (55.6%). The options offered after un-
successful AVS at the first attempt were repeat AVS, medical 
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treatment, or unilateral adrenalectomy. Among the 36 patients 
in whom AVS was unsuccessful, only two agreed to undergo re-
peat AVS. One of these procedures was successful, resulting in 
a total of 45 patients (57%) who had successful AVS. The can-
nulation success rates were 46 of 79 (58.2%) on the right, and 
74 of 79 (93.7%) on the left. 

The patients with bilateral successful cannulation were divid-
ed into groups with various combinations of LR and CR (Fig. 
1): Group A: positive LR and positive CR (n=20); Group B: 
positive CR but negative LR (n=8); Group C: positive LR but 
negative CR (n=1); Group D: negative LR and positive CR 
(n=6); and Group E: invalid LR or CR because aldosterone and 
cortisol assays were not diluted to absolute levels (n=10).

There was only one patient who had a negative CR with a 
positive LR. This patient did not undergo adrenalectomy. There 
were no cases of mortality from AVS, although one of the pa-
tient who underwent a repeat AVS had adrenal hemorrhage sec-
ondary to the AVS procedure. 

All patients who did not undergo surgery received medical 
treatment with spironolactone or eplerenone.

Statistical analysis
Statistical analysis was performed using SPSS Statistics version 
20.0 (IBM Corp., Armonk, NY, USA). In the univariate analy-
sis, the chi-square test was used for categorical variables and the 
Student t test for continuous variables. P values <0.05 were 
considered to indicate statistical significance. All results are ex-
pressed as mean±standard error of the mean.

RESULTS

Baseline characteristics
The baseline characteristics of the 40 patients who underwent 
surgery are summarized in Table 1. Their mean age was 52.8 
years old, and 55% were male. The majority were of Chinese 
ethnicity (90%), while the rest were Indian and Malay (5% 
each).

The most common indication for screening for primary aldo-
steronism was hypertension with hypokalemia (80%). The other 
indications were adrenal incidentaloma (15%) and hypertension 
at a young age (5%). The mean LR was 14.8 (n=18), while the 
mean CR was 0.35 (n=27).

1 Unsuccessful

81 Patients

Successful AVS on first attempt
(successful bilateral cannulation)

=44/79 (55.6%)

Unsuccessful AVS on first attempt
(unsuccessful cannulation of any adrenal vein)

=35/79 (44.3%)

Success of first 
cannulation

2 Patients had repeat AVS 33 Declined repeat AVS

Unsuccessful AVS (final) 
=34/79 (43.0%)

1 Successful

Successful AVS (final) 
=45/79 (57%)

Group B :

8 Positive CR and 
negative LR

Group D:
6 Negative LR and 

negative CR
No surgery

Group E:
10 Invalid LR or CR 

(aldosterone not diluted 
to appropriate values)

Group A : 

20 Positive LR and positive 
CR

Group C:
1 Positive LR but 

negative CR
No surgery

13 
Surgery 

100% Clinical 
improvement

6 No 
surgery

5 
Surgery 

3 No 
surgery 

4/5 Clinical 
improvement

(80%)

4 Surgery 6 No 
surgery

100% Clinical 
improvement

18 Surgery 16 No surgery 

17/18 (94%)    
Clinical 

improvement

7/18 With 
surgery guided by 

positive CR 
1 Lost 

to 
follow-

up

2 Removed because ACTH infusion 
was not used for AVS

Fig. 1. Details of 81 patients who underwent adrenal venous sampling followed by surgery. ACTH, adrenocorticotropic hormone; AVS, ad-
renal venous sampling; LR, lateralization ratio; CR, contralateral ratio. 
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Thirty-seven patients (92.5%) had unilateral adrenal masses, 
with 60% found on the left and 32.5% on the right. Three pa-
tients had bilateral adrenal masses observed on CT. None of the 
patients who underwent surgery had a normal CT scan of the 
adrenals. The site of the adrenal adenoma on the CT scan was 
correctly correlated with the histology result from surgery in 36 
of the 40 patients (90%). There were six incorrect correlations 
of the CT scan and AVS results; in these cases, AVS confirmed 
bilateral adrenal hyperplasia.

The histology results of all patients who underwent adrenal-
ectomy was adenoma, except for two cases of cortical hyperpla-
sia and one cavernous hemangioma. The patients who had corti-

cal hyperplasia and cavernous hemangioma did show clinical 
improvements after adrenalectomy, but not resolution of hyper-
tension.

Among all the patients that underwent adrenalectomy, there 
was a reduction of antihypertensives postoperatively. The mean 
number of preoperative and postoperative antihypertensives in 
this group was 2±0.1 and 0.8±0.1, respectively. The number of 
patients requiring three and four antihypertensives as reduced 
from eight of 40 (20%) and two of 40 (5%), respectively, to 
none. The number of patients requiring two antihypertensives 
was 17 of 40 (42.5%) preoperatively, and this was reduced to 10 
of 40 (25%) postoperatively. Thirteen of the 40 patients (32.5%)  
required a single antihypertensive both preoperatively and post-
operatively. The mean potassium level of the patients who un-
derwent adrenalectomy also improved from 2.9±0.1 to 4.5±0.1 
mmol/L.

Resolution of hypertension was seen in 17 of the 40 patients 
(42.5%), and a clinical improvement in hypertension was seen 
in 38 of the 40 patients (95%). Resolution of hypokalemia oc-
curred in all patients except one who did not achieve resolution 
of hypertension after adrenalectomy. After adrenalectomy, re-
nin-aldosterone biochemistry normalized in 23 of the 25 pa-
tients (92%) whose results were available.

Factors associated with resolution of hypertension after 
adrenalectomy
A shorter duration of hypertension was significantly associated 
with resolution of hypertension after adrenalectomy (mean±

SEM: 3.8±0.8 years vs. 8.5±1.5 years, P=0.02) (Table 2). A 
higher ARS of 3 to 5 was associated with a higher hypertension 
resolution rate (16 of 28; 57.1%) as compared to a lower ARS (0 
to 2) (1 of 12; 8.3%; P=0.004). However, no association with 
resolution of hypertension was found when comparing an ARS 
of 4 to 5 to an ARS 0 to 3 or when comparing an ARS of 5 to an 
ARS of 0 to 4 (results not shown). Although a high ARS of 3 to 
5 and a higher mean ARS were associated with resolution of 
hypertension after adrenalectomy (P=0.004 and P=0.02, re-
spectively), the individual components of ARS were not statisti-
cally significantly associated with resolution of hypertension af-
ter adrenalectomy, except for a duration of hypertension ≤6 
years (P=0.03). Neither the mean CR nor a CR ≤0.5 was asso-
ciated with resolution of hypertension after adrenalectomy.

There were no significant differences in age, gender, race, 
BMI, baseline potassium levels, preoperative PRA, or preopera-
tive PAC between patients who had resolution of hypertension 
after adrenalectomy versus those who did not.

Table 1. Characteristics of the Patients Who Underwent Adre-
nalectomy for Primary Aldosteronism

Variable Value

Age, yr 52.8±1.3

Sex, male/female 22 (55)/18 (45)

Ethnicity, Chinese/Indian/Malay 36 (90)/2 (5)/2 (5)

Indication for screening aldosterone

   Hypertension and hypokalemia 32 (80)

   Adrenal incidentaloma 6 (15)

   Young hypertension 2 (5)

   Poorly controlled hypertension 0

No. of antihypertensives

   1 13 (32.5)

   2 17 (42.5)

   3 8 (20)

   4 2 (5)

Duration of hypertension, yr 6.5±6.2

Mean serum potassium level, mmol/L 2.9±0.1

Basal aldosterone level, pmol/L 962.8±90.6

Basal plasma renin activity, μg/L/hr 0.17±0.03

Basal aldosterone-to-renin ratioa (n=32) 364.4±84.9

Lateralization ratio (n=18) 14.8±4.9

Contralateral ratio (n=27) 0.35±0.05

Site of adrenal mass on CT scan

   Left adrenal mass 24 (60)

   Right adrenal mass 13 (32.5)

   Bilateral adrenal masses 3 (7.5)

   Normal CT scan 0

Values are expressed as mean±SEM or number (%). 
CT, computed tomography; SEM, standard error of the mean.
aMissing values in 11 patients because the aldosterone-to-renin ratio 
cannot be calculated when renin is 0.
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Contralateral ratio in patients who underwent 
adrenalectomy
Of the 40 patients who underwent adrenalectomy for primary 
aldosteronism, the decision for surgery was guided by a positive 
CR in 28 (Table 3). Details of 81 patients who underwent AVS 
followed by surgery are described in Fig. 1.

In Group A (positive LR and positive CR), 100% showed a 
clinical improvement in blood pressure after adrenalectomy, of 
whom six of 13 (46%) had resolution of hypertension (Fig. 1). 

In Group B (positive CR and negative LR), five of eight pa-
tients underwent surgery, and clinical improvement was ob-
served in four of those five patients (80%). In this group, a posi-

Table 2. Factors Associated with Resolution of Hypertension After Adrenalectomy in Patients with Primary Aldosteronism

Variable Resolution of hypertension after 
adrenalectomy (n=17)

No resolution of hypertension after 
adrenalectomy (n=23) P value

Age, yr 51.3±2.1 53.9±1.8 0.3

Ethnicity 0.4

   Indian (n=2) 0 2 (100)

   Chinese (n=36) 16 (44.4) 20 (55.6)

   Malay (n=2) 1 (50.0) 1 (50.0)

BMI, kg/m2 25.4±0.8 25.7± 0.7 0.7

Duration of HTN, yr 3.8±0.8 8.5±1.5 0.02

Potassium level, mmol/L 2.9±0.2 2.9±0.1 0.8

Preoperative PRA, μg/L/hr 0.2±0.05 0.1±0.03 0.06

Preoperative PAC, pmol/L 983.3±125.4 947.7±129.8 0.8

Mean LR (n=18) 8.0±2.5 (n=9) 21.7±9.3 (n=9) 0.1

Mean CR (n=27) 0.36±0.20 (n=13) 0.34±0.09 (n=14) 0.8

CR level 1.0

   ≤0.5 (n=20) 10 (50.0) 10 (50.0)

   >0.5 (n=7) 3 (42.9) 4 (57.1)

Components of ARS

   No. of anti-HTN meds ≤2 (2 points) 0.09

      ≤2 (n=30) 15 (50.0) 15 (50.0)

      >2 (n=10) 2 (20.0) 8 (80.0)

   BMI ≤25 kg/m2 (1 point) 0.3

      ≤25 (n=15) 8 (53.3) 7 (46.7)

      >25 (n=25) 9 (36.0) 16 (64.0)

   Duration of HTN ≤6 yr (1 point) 0.03

      ≤6 (n=23) 13 (56.5) 10 (43.5)

      >6 (n=17) 4 (23.5) 13 (76.5)

   Female sex (1 point) 0.3

      Female (n=18) 9 (50.0) 9 (50.0)

      Male (n=22) 8 (36.4) 14 (63.6)

   ARS 0.004

      0–2 (n=12) 1 (8.3) 11 (91.7)

      3–5 (n=28) 16 (57.1) 12 (42.9)

   Mean ARS 3.5±0.3 2.5±0.3 0.02

Values are expressed as mean±SEM or number (%).
BMI, body mass index; HTN, hypertension; PRA, plasma renin activity; PAC, plasma aldosterone concentration; LR, lateralization ratio; CR, contralat-
eral ratio; ARS, aldosteronoma resolution score; SEM, standard error of the mean.
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tive CR (CR <1) was used to aid the decision for surgery. The 
LR was between 2 and 4. The patient without clinical improve-
ment in hypertension after surgery had an LR of 2.83 with a CR 
of 0.69 and had hypertension for 20 years. Surgical resection of a 
1.3-cm right adrenal nodule confirmed it to be adrenal adenoma. 

In Group E (invalid LR or CR), among the four patients who 
underwent surgery, the decision for surgery in three patients was 
guided by a positive CR (range, 0.11 to 0.95) as the LR was in-
valid. Histology confirmed adrenal adenoma in all patients. 

Of the 35 patients in whom AVS was unsuccessful, 18 
(51.4%) underwent surgery. Among these 18 patients, seven in 
whom right-sided cannulation failed underwent right adrenalec-
tomy, guided by a positive CR (0.13, 0.22, 0.22, 0.26, 0.46, 
0.67, and 0.98) and right adrenal nodules on CT imaging. Clini-
cal improvement after surgery was seen in six of seven patients 
(85.7%), three of whom had resolution of hypertension. Seven-
teen of the 18 patients who underwent adrenalectomy had clini-
cal improvements in hypertension. The only patient who did not 
have clinical improvement was a 40-year-old ethnically Chinese 
man with young-onset hypertension and hypokalemia for 7 
years. The adrenal CT scan showed a small right adrenal nod-
ule, but with bilateral nodular and bulky adrenals. The CR was 
0.98. The histology results showed two small right adrenocorti-

cal adenomas. The aldosterone-to-renin ratio was persistently 
high postoperatively and he was treated with eplerenone.

DISCUSSION

Zarnegar et al. [19] developed the ARS model, which has also 
been shown to have high predictive accuracy for postoperative 
cure in Japanese patients [20]. Many studies have found differ-
ent factors to be associated with cure after adrenalectomy in 
their patient groups, including duration of hypertension, number 
of blood pressure medications, age, female sex, weight, size of 
the tumor, preoperative mineralocorticoid antagonist use, creati-
nine levels, and plasma aldosterone levels [21-29]. However, 
not all components of the ARS model, apart from duration of 
hypertension, have been consistently found to be predictors of 
cure. In our study group, we found that a shorter duration of hy-
pertension and a high ARS of 3 to 5 were associated with reso-
lution of hypertension after adrenalectomy. Although a higher 
mean ARS and an ARS score of 3 to 5 were statistically signifi-
cantly associated with hypertension resolution after adrenalec-
tomy, of the four components of the ARS model, only duration 
of hypertension ≤6 years was associated with hypertension res-
olution. Using ≤2 antihypertensive medications, a BMI ≤25 

Table 3. Rates of Resolution and Improvement of Hypertension in Patients in Whom a Contralateral Ratio <1 Was Used to Assist in the 
Decision for Adrenalectomy

Group Details of patients who underwent adrenalectomy

Hypertension 
resolution rate of 

patients who 
underwent 

adrenalectomy 
guided by a positive 

CR

Improvement rate 
(including resolution 
rate) of patients who 

underwent 
adrenalectomy 

guided by a positive 
CR

Mean CR of the 
patients who 
underwent 

adrenalectomy 
(range)

Group A (positive LR and CR) 13 of 20 patients underwent adrenalectomy. The 
decision for surgery was guided by a positive 
CR and LR.

6/13 (46%) 13/13 (100%) 0.27 (0.02–0.8)

Group B (positive CR and  
negative LR)

5 of 8 patients underwent adrenalectomy. The  
decision for surgery in all 5 cases was guided by 
a positive CR.

3/5 (60%) 4/5 (80%) 0.43 (0.14–0.76)

Group E (invalid LR or CR) 4 of 10 patients underwent adrenalectomy. The de-
cision for surgery in 3 of the 4 cases was guided 
by a positive CR because the LR was invalid.

1/3 (33.3%) 3/3 (100%) 0.55 (0.11–0.95)

Unsuccessful AVS (failed either 
one or both adrenal vein cannu-
lations)

18 out of 35 patients underwent adrenalectomy. 
The decision for operation in 7 of the adrenalec-
tomy cases was guided by a positive CR.

3/7 (42.8%) 6/7 (85.7%) 0.42 (0.13–0.98)

Total 28 patients underwent adrenalectomy guided by a 
positive CR.

13/28 (46%) 26/28 (92.9%) 0.42 (0.02–0.98)

CR, contralateral ratio; LR, lateralization ratio; AVS, adrenal venous sampling.
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kg/m2, and female sex each showed a positive association with 
hypertension resolution, although these associations were not 
statistically significant. This is very likely explained by the 
small numbers of patients in this study causing power limita-
tions for the detection of statistical significance. Further studies 
in our local population are required to validate the use of ARS 
as a predictive tool. Apart from our study, a shorter duration of 
hypertension has been consistently found in many studies to be 
an important factor associated with hypertension resolution af-
ter adrenalectomy [19,27-29]. This is unsurprising, as chronic 
hyperaldosteronism causes irreversible cardiovascular and renal 
damage, leading to permanent hypertension [6].

The role of predictors of good after adrenalectomy outcomes 
is particularly important in the setting of suboptimal successful 
bilateral cannulation rates. In our large tertiary center, the rate of 
successful bilateral cannulation was lower, at 55.6%, than the 
success rates >90% that have been reported at some experi-
enced tertiary centers. However, the German Conn’s Registry 
illustrated a large divergence in success rates (with a mean rate 
of 30.5%), with centers doing fewer procedures having lower 
rates of success [17]. Cannulation of the right adrenal vein is 
technically more difficult due to its anatomical position. The 
small right adrenal vein drains directly into the inferior vena 
cava at different angles or directly into the small accessory he-
patic vein [10,30]. In contrast, the left adrenal vein, which 
drains into the left renal vein, is usually cannulated easily. 

A significant difficulty arises when only one adrenal vein is 
successfully cannulated during AVS. Espiner et al. [31] suggest-
ed that assessment of the CR may be useful in such cases. The 
reasoning behind this is that if there is significant contralateral 
suppression of aldosterone secretion, the majority of aldoste-
rone excess would presumably arise from the opposite adrenal 
gland. In cases where access was to a single adrenal vein con-
tralateral to the site of unilateral hyperaldosteronism, the CR 
ranged from 0.07 to 0.4 [31]. In those with a unilateral lesion 
and bilateral successful cannulation, the mean CR was 0.54±

0.16 (range, 0.1 to 1.4) [31]. A low CR has also been associated 
with primary aldosteronism cure in patients with an LR <4 on 
AVS who underwent unilateral adrenalectomy [32]. Strajina et 
al. [33] also showed that a CR ≤0.5 in patients with failed can-
nulation of one of the adrenal veins in AVS was predictive of 
unilateral primary aldosteronism. In our study, a CR ≤0.5 was 
not associated with hypertension resolution after surgery; how-
ever, our study is likely to be underpowered to detect any sig-
nificance due to the lack of patients who underwent surgery 
with a CR >1 and the small sample size. There were 28 patients 

who had a positive CR, of whom 15 underwent surgery based 
on these CR results (CR <1): five cases with a negative LR, 
three cases with an invalid LR, and seven cases when cannula-
tion of only one adrenal vein was successful. Of note, after ad-
renalectomy, 87% (13 of 15) of these patients had clinical im-
provement in hypertension. 

The appropriate cut-off for CR still requires further study. In a 
study (without cosyntropin stimulation) of 93 patients in the 
UK, a CR <1.4 was found to be associated with unilateral aldo-
sterone excess, which suggests that not all patients with APA 
have complete contralateral suppression [15]. Another pub-
lished study of 99 patients also found that a CR <1.4 (with co-
syntropin stimulation) was 94% specific and 90% sensitive for 
predicting lateralization [34]. Young et al. [8] also reported that 
32% of bilateral adrenal hyperplasia cases had a CR <1, high-
lighting yet another limitation of the CR. 

The use of the CR, however, has not been universally adopt-
ed. An expert consensus panel suggested that in general, AVS 
studies that are not bilaterally successful should not be used to 
establish lateralization. However, they acknowledged that in 
some instances, CR can be useful to guide clinical decisions 
when there are incomplete data for lateralization due to unsuc-
cessful sampling. They cautioned, however, that adrenalectomy 
should only be done in cases in which the clinical likelihood of 
APA is high and that of persistent hypertension is low, as sug-
gested by young age, a short duration of hypertension, a mark-
edly high PAC and aldosterone-to-renin ratio, and normal renal 
function [10]. In our study, among five patients who underwent 
surgery based on AVS results of a positive CR and negative LR, 
there was one patient who did not achieve clinical improvement 
in hypertension. Although histology confirmed an adrenal ade-
noma and his hypokalemia resolved, he continued to require 
two antihypertensive medications, likely because of his long 
duration of hypertension (20 years) and co-existing essential 
hypertension. In cases such as this, evaluating predictors of cure 
after adrenalectomy would be very helpful to aid clinicians in 
management decisions, especially in weighing the risk versus 
benefit of surgery versus medical management.

Our study has several limitations. These include the retro-
spective study design and the small sample size. The successful 
AVS cannulation rate at our center was modest, but this is re-
flective of the real-world difficulties of AVS. Although our cen-
ter uses a CR <1 as a guide to determine suitability for surgery 
in the setting of unilateral cannulation of the adrenal vein, the 
descriptive nature of our results do not allow a conclusion to be 
made regarding the exact role or cut-offs of CR. Our center did 
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not have patients who underwent adrenalectomy who had a 
negative CR, and hence there is potential selection bias. Another 
limitation is that 37.5% of patients did not have their PAC and 
PRA levels checked after the operation to confirm the resolution 
of primary aldosteronism.

In conclusion, a shorter duration of hypertension and ARS of 
3 to 5 were significantly associated with resolution of hyperten-
sion after adrenalectomy in patients with primary aldosteron-
ism. Further studies are required to evaluate the role of CR in 
guiding the decision to perform adrenalectomy for primary al-
dosteronism in our local population.
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