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Background: Adrenal venous sampling (AVS) is performed to distinguish the subtype of primary aldosteronism (PA). The clinical
implication of contralateral suppression (CS; aldosterone/cortisoluondominant <aldosterone/cortisolperipherar) at AVS remains unclear. We
aimed to investigate the clinical significance of CS and its impact on postoperative outcomes after unilateral adrenalectomy.
Methods: In this retrospective observational multi-center study, we analyzed PA patients who underwent both successful adrenocor-
ticotropin hormone-stimulated AVS and unilateral adrenalectomy. Successful cannulation was defined as the selectivity index (corti-
SOladrenal/COTtiSOlperipheral) =3. Clinical and biochemical outcomes after unilateral adrenalectomy were evaluated based on the interna-
tional Primary Aldosteronism Surgical Outcome consensus.

Results: Among 263 patients analyzed, 247 had CS (93.9%). Patients with CS had lower serum potassium levels, higher plasma al-
dosterone concentration, higher aldosterone-to-renin ratio (ARR), and larger adenoma size than those without CS. Those with CS
showed significantly higher lateralization index than those without CS (P<0.001). Although postoperative blood pressure and ARR
significantly decreased in those with CS, clinical and biochemical outcomes were comparable in both groups. When the cut-off value
of age was determined using receiver operating characteristic (ROC) analysis, patients aged =50 years old with contralateral sup-
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pression index (CSI; the ratio between aldosterone/cortisoluondominant and aldosterone/cortisolperipheral) <0.26 had greater odds ratio
(6.43; 95% confidence interval, 1.30 to 31.69) of incident chronic kidney disease than those aged <50 years with CSI >0.26 after

adjusting for other factors.

Conclusion: CS may not predict postoperative clinical and biochemical outcomes in subjects with unilateral aldosterone excess, but

it is associated with postsurgical deterioration of renal function in subjects over 50 years with CSI <0.26.

Keywords: Adrenalectomy; Glomerular filtration rate; Hyperaldosteronism; Hypertension; Phlebography; Treatment outcome

INTRODUCTION

Primary aldosteronism (PA) is the most common curable dis-
ease of secondary hypertension. Aldosterone production is inap-
propriately high, relatively independent of the renin-angioten-
sin-aldosterone system, and non-suppressible via sodium load-
ing in PA [1,2]. The two major subtypes of PA are unilateral al-
dosterone-producing adenoma (APA) and bilateral adrenal hy-
perplasia (BAH). Subtype differentiation is a key step in the
management of PA because treatment differs for these two sub-
types—unilateral adrenalectomy is recommended for patients
with unilateral APA, while medical treatment including miner-
alocorticoid receptor antagonist is recommended for patients
with BAH [3].

Adrenal venous sampling (AVS) is the gold standard in deter-
mining the specific subtype. Therefore, the 2016 Endocrine So-
ciety guideline strongly recommends AVS when surgical treat-
ment is feasible and desired by the patient [3]. However, a stan-
dardized protocol for AVS is still lacking. The lateralization in-
dex (LI; the ratio between aldosterone/cortisoldominant and aldo-
sterone/cortisolnondominant) 1s Used to determine subtype of PA in
most clinical centers. Although there is no consensus on the op-
timal LI cut-off in the subtype differentiation, LI >4 indicates
unilateral PA and 3<LI<4 is a grey zone [4]. Some studies
showed that LI predicts postoperative outcomes of hypertension
[5.6].

In some centers, contralateral suppression (CS; aldosterone/
€O1tiSOlnondominant < aldosterone/cortisolperiphera) together with LI is
used to determine whether the subtype is unilateral PA [7].
However, the clinical significance of CS and its impact on post-
operative outcomes after a unilateral adrenalectomy are still
controversial [6,8-10]. Therefore we performed a retrospective
study aimed to investigate whether the presence or degree of CS
influences postoperative outcomes after adrenalectomy in uni-
lateral PA.
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METHODS

Subject population

In this multi-center retrospective study, we evaluated PA pa-
tients who underwent both successful adrenocorticotropin hor-
mone (ACTH)-stimulated AVS and unilateral adrenalectomy.
We enrolled 263 patients at Seoul National University Hospital
(SNUH, n=135), Asan Medical Center (AMC, n=93), Sam-
sung Medical Center (SMC, n=26) and Seoul Metropolitan
Government Boramae Medical Center (SMG-BMC, n=9). Par-
ticipants who had a follow-up period of less than 3 months after
adrenalectomy were excluded. The present study was approved
by the Institutional Review Board of each institute (Approval
No.: SNUH and SMG-BMC, H-1801-010-911; AMC, 2016-
0254; SMC, SMC 2018-02-055) and was conducted according
to the Declaration of Helsinki. The need for informed consent
was waived due to the retrospective nature of the study. Clinical
data relating to PA patients at AMC were extracted using the
Asan BiomedicaL research Environment, the de-identified clini-
cal research data warehouse at the AMC [11], between May
2007 and April 2016.

Assessment of anthropometric and biochemical
parameters

Data regarding age, sex, body mass index, blood pressure (BP),
duration of hypertension, number and defined daily dose (DDD)
of anti-hypertensive drugs taken, plasma renin activity (PRA),
plasma aldosterone concentration (PAC), serum potassium lev-
els, and serum creatinine levels were retrieved from the patients’
medical records. Estimated glomerular filtration rate (GFR) was
calculated with each patient's serum creatinine, age and sex us-
ing the Modification of Diet in Renal Disease formula: 175X
serum creatinine (in mg/dL) [exp (—1.154)] X age (in years) [exp
(-0.203)]x0.742 (if female). The initial BP was recorded at the
first outpatient visit. Postoperative BP was measured once at the
latest outpatient visit. Fasting blood samples (8 to 9 AM) were
obtained as quickly as possible using a tourniquet with the pa-
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tient in the seated position. At SNUH, SMG-BMC, and AMC,
PRA was measured by radioimmunoassay (RIA) using either
renin RIA beads (before 2011; TFB Inc., Tokyo, Japan) or PRA
RIA kit (after 2011; TFB Inc.), which had intra- and inter-assay
coefficients of variations (CVs) of 3.8% and 6.7%, respectively.
Levels of PAC were determined by RIA using the SPAC-S al-
dosterone kit (TFB Inc.), which had intra- and inter-assay CVs
of 4.7% and 4.5%, respectively. PRA and PAC were measured
by RIA using angiotensin I RIA kit (intra- and inter-assay CVs
of 11.3% and 12.5%) and aldosterone RIA kit (intra- and inter-
assay CVs of 11.9% and 12.5%) (Beckman Coulter, Prague,
Czech Republic) at SMC.

Diagnosis of PA

Saline infusion test (SIT) was performed for diagnosis of PA in
patients with hypertension who exhibited an increased plasma al-
dosterone-to-renin ratio (ARR) of =20 and PAC of >15 ng/dL.
A positive test was considered if PAC after SIT was =10 ng/dL
[3]. Before confirming the diagnosis, all anti-hypertensive med-
ications were changed to calcium channel blockers or alpha-ad-
renergic receptor blockers at least 4 weeks prior to measuring
PAC and PRA, which do not interfere with the renin-angioten-
sin-aldosterone system. The subtype of PA was determined
based on AVS results under ACTH stimulation. A successful
AVS was defined as a selectivity index (i.e., the ratio of cortisol
in the adrenal vein and the peripheral vein) of =3. Unilateral PA
was identified using cut-off values of LI =4, a potential indica-
tion for adrenalectomy. The presence of an adrenal adenoma
was identified by the pathologists.

Outcomes

Clinical and biochemical outcomes after unilateral adrenalecto-
my were evaluated based on the international Primary Aldoste-
ronism Surgical Outcome (PASO) consensus [12]. Complete
clinical success was defined as the patient achieving a systolic
BP of <140 mm Hg and a diastolic BP of <90 mm Hg without
the use of anti-hypertensive medication. Partial clinical success
was defined as unchanged BP with less anti-hypertensive medi-
cations or a reduction in BP with either the same or less amount
of antihypertensive medication. Absent clinical success was de-
fined as unchanged or increased BP with either the same amount
or an increase in antihypertensive medication. Unchanged BP
levels defined as a difference (preoperatively vs. postoperatively)
in systolic BP of <20 mm Hg and diastolic BP of <10 mm Hg;
reduction or increase in BP defined as a difference in systolic
BP of =20 mm Hg or diastolic BP of =10 mm Hg, or both. An-
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tihypertensive medication was expressed as DDD assessed by
Anatomical Therapeutic Chemical/Defined Daily Dose (ATC/
DDD) index 2019. Unchanged, less and increased anti-hyper-
tensive medication were defined as a change of the DDD be-
tween pre-adrenalectomy and post-adrenalectomy; decrease or
increase less than 0.5 times, a decrease of =0.5 times and an in-
crease of =0.5 times, respectively. The number of medications
was represented by the number of classes of antihypertensive
medications.

Complete biochemical success was defined as the correction
of hypokalemia and normalization of the ARR (postoperative
ARR <20 ng/dL per ng/mL/hr). Partial biochemical success
was defined as the correction of hypokalemia and a raised ARR
with =50% decrease in baseline PAC. Absent biochemical suc-
cess was defined as persistent hypokalemia or persistent raised
ARR. Hypokalemia was defined as serum potassium levels of
<3.5 mmol/L and normalization of hypokalemia was defined as
serum potassium levels of =3.5 mmol/L after treatment if pres-
ent at pre-adrenalectomy. Postoperative hyperkalemia was de-
fined if the serum potassium level was above 5.5 mmol/L at 3
months after surgery.

For assessing renal outcomes, we defined chronic kidney dis-
ease (CKD) as GFR <60 mL/min/1.73 m?. Incident CKD was
defined when the postoperative GFR was less than 60 mL/min/
1.73 m? in the case of preoperative GFR was =60 mL/min/1.73 m?
and an overall decline in GFR was =15 mL/min/1.73 m? from
the preoperative GFR [13]. Cardiovascular diseases included
coronary artery diseases, myocardial infarction, and congestive
heart failure. Cerebrovascular diseases included ischemic or
hemorrhagic stroke [14].

Statistical analyses

Data are presented as mean=standard deviation, or in the case
of skewed distributions, as median (interquartile range [IQR]).
The independent-samples ¢ test was used to compare two
groups, and the Mann-Whitney U test was used in the case of
skewed distributions. The chi-square test and Fisher’s exact
tests were used to compare the categorical variables. Difference
within each group was analyzed using paired ¢ test. Logistic re-
gression models were performed to evaluate the odds ratios
(OR) with 95% confidence intervals (95% ClIs) of preoperative
clinical and biochemical parameters for postoperative outcomes.
Multivariate logistic regression models with stepwise backward
methods were performed including the variables a P value of
<0.05 in the univariate analysis. All statistical analyses were
performed using SPSS software version 21 (IBM Co., Armonk,
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Table 1. Baseline (Preadrenalectomy) Characteristics of Patients with Unilateral Primary Aldosteronism

Variable Contralatc(r}jlzsztf%rcssion ) ContraIatcr(z:::;r())[))rcssion -) Pvalue
Number 247 (93.9) 16 (6.1)

Male sex 128 (50.2) 4(25.0) 0.038
Age at diagnosis, yr 50.0+£10.6 50.5+11.0 0.866
BMI, kg/m* 247+3.6 229+2.7 0.044
Systolic BP, mm Hg 144.6+£19.3 140.9+15.6 0.448
Diastolic BP, mm Hg 90.8+£13.6 85.9+10.0 0.160
Serum potassium, mmol/L 3240.6 3.610.5 0.004
Hypokalemia 168 (68.3) 7 (43.8) 0.043
Serum creatinine, mg/dL 0.89+0.27 0.81+£0.25 0.234
GFR, mL/min/1.73 m? 85.0+21.7 87.4120.4 0.672
GFR <60 mL/min/1.73 m* 29 (11.6) 2 (11.1) 1.000
PAC, ng/dL 39.5(28.4-55.9) 28.3(21.0-54.8) 0.017
PRA, ng/mL/hr 0.20 (0.10-0.34) 0.27 (0.16-0.52) 0.959
ARR, ng/dL per ng/mL/hr 287.7+268.1 144.7+97.7 <0.001
PAC after SIT, ng/dL 29.6 (19.3-44.0) 18.4 (14.7-26.3) 0.026
Lateralization index during AVS 23.0(12.0-43.5) 6.1(5.2-7.6) <0.001
Mass size on CT, cm 1.5(1.3-1.9) 1.2(1.0-2.2) 0.030
Hypertension 242 (98.0) 16 (100.0) 1.000
Duration of hypertension, yr 6.0 (2.0-10.0) 4.5 (1.0-15.0) 0.463
No. of antihypertensive drugs 2.0(1.0-3.0) 2.0(2.0-3.0) 0.812
DDD of antihypertensive drugs 2.55+1.88 229+1.46 0.593
Diabetes 36 (14.6) 3(20.0) 0.474
Cardiovascular disease 27(10.9) 2(12.5) 0.692
Cerebrovascular disease 19(7.7) 1(6.3) 1.000
Values are expressed as number (%), mean+ standard deviation, or median (interquartile range).

BMI, body mass index; BP, blood pressure; GFR, glomerular filtration rate; PAC, plasma aldosterone concentration; PRA, plasma renin activity; ARR,
aldosterone-to-renin ratio; SIT, saline infusion test; AVS, adrenal venous sampling; CT, computed tomography; DDD, defined daily dose.

NY, USA), and differences with a P value of <0.05 were con-
sidered statistically significant.

RESULTS

Among the 263 enrolled patients, 247 (93.9%) had CS. Com-
pared to those without CS, patients with CS had lower serum
potassium levels (P=0.004), higher PAC (P=0.017), higher
ARR (P<0.001), higher PAC after SIT (P=0.026), and larger
adenoma size on computed tomography scan before adrenalec-
tomy (P=0.030) (Table 1). Patients with CS showed signifi-
cantly higher LI than those without CS (median, 23.0 [IQR,
12.0 to 43.5] vs. 6.1 [IQR, 5.2 to 7.6], P<0.001) (Fig. 1). Mean-
while, no significant difference in the severity and duration of
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hypertension, renal function and presence of comorbidity was
noted between two groups.

The postoperative outcomes of subjects with and without CS
are shown in Table 2. More than half (56.0%) of the patients
with CS and 43.8% of the patients without CS showed complete
clinical success. The decrease in systolic BP and diastolic BP
was more significant in patients with CS than those without CS.
Subject with CS tended to have higher complete or partial im-
provement in clinical outcomes assessed by PASO study than
those without CS (P=0.054). The DDD and number of antihy-
pertensive drugs were comparable between the two groups also.

Almost all patients in the two groups exhibited normalization
of hypokalemia. After adrenalectomy, the decrease in PAC and
ARR was more profound in patients with CS than those without

Copyright © 2021 Korean Endocrine Society
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Fig. 1. Lateralization index between patients with and without con-
tralateral suppression. Data are median with interquartile range. Us-
ing a Mann-Whitney U test, P<0.001.

CS. However, biochemical outcomes according to the PASO
study were not different according to the CS.

The median follow-up time for renal function was 380 days.
Patients with CS had higher serum creatinine (P=0.002) and
lower GFR (P=0.003) than those without CS after adrenalecto-
my (Table 2), even though the serum creatinine and GFR were
not significantly different between two groups before adrenalec-
tomy (P=0.234 and P=0.672) (Table 1). It seemed that the re-
nal deteriorations (increase of serum creatinine levels and de-
crease of GFR) were more prominent in patients with CS. The
GFR significantly decreased after adrenalectomy in patients
with CS (n=215 of 247, 84.8+21.8 to 69.6+21.7, P<0.001),
but not in patients without CS (n=14 of 16, 88.5+19.7 to 85.6 %
19.1, P=0.388) in PA patients who had the data of GFR both
before and after adrenalectomy (Fig. 2).

Associations of several clinical and biochemical parameters
as predictive factors for clinical and biochemical outcomes were
evaluated by logistic regression analysis. The cut-off value of
contralateral suppression index (CSI; the ratio between aldoste-
rone/cortisolnondominant and aldosterone/cortisolperipherar) and LI
were determined using receiver operating characteristic (ROC)
analysis. LI >12 (OR, 2.57; 95% CI, 1.34 to 4.91), duration of
hypertension (OR, 0.92; 95% CI, 0.87 to 0.97), and DDD of an-
tihypertensive drugs (OR, 0.66; 95% CI, 0.55 to 0.80) predicted
postoperative complete clinical success. CS showed an associa-
tion with clinical improvement, which included complete clini-
cal success and partial clinical success. However, after adjust-
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ment with lateralization, systolic BP, duration of hypertension
and DDD of antihypertensive drugs, CS lost its significant asso-
ciation (Supplemental Table S1).

We analyzed the associations of several clinical and biochem-
ical parameters as predictive factors for the incident CKD using
logistic regression models. CSI (OR, 0.73; 95% CI, 0.59 to
0.91), LI (OR, 1.01; 95% CI, 1.00 to 1.01), age of onset (OR,
1.04; 95% CI, 1.01 to 1.07), preoperative GFR (OR, 0.98; 95%
CI, 0.96 to 1.00), and hypokalemia (OR, 4.12; 95% CI, 1.54 to
11.0) predicted postoperative incident CKD. Postoperative inci-
dent CKD was significantly associated with the CSI after ad-
justing for other factors (Table 3).

We performed ROC analysis to determine the cut-off value of
parameters associated to the renal impairment. Area under the
curve (AUC) for CSI, LI, and age of onset was 0.65 (95% CI,
0.57 to 0.74), 0.59 (95% CI, 0.50 to 0.69), and 0.61 (95% CI,
0.53 to 0.70), respectively (Fig. 3). Patients aged =50 years old
with CSI <0.26 had greater odds (OR, 9.18; 95% CI, 2.03 to
41.52) of incident CKD than those aged <50 years with CSI
>0.26. The OR was 6.43 (95% CI, 1.30 to 31.69) after adjusting
for LI, preoperative GFR and duration of hypertension (Table 4).

DISCUSSION

In this multi-center retrospective study of 263 PA patients who
underwent both AVS and unilateral adrenalectomy, those with
CS at AVS did not show significant clinical and biochemical
success compared with those without CS after adrenalectomy
when assessed by PASO study criteria. CS was not an indepen-
dent or better predictor of clinical improvement after adrenalec-
tomy compared to LI. However, the CSI was associated with
postoperative renal impairment in patients with unilateral PA
especially over 50 years old, while LI was not. To the best of
our knowledge, the present study provided the first finding that
CSI was associated with the renal impairment after adrenalecto-
my in unilateral PA.

Postoperative GFR was significantly associated with CSI (the
more suppressed in the contralateral gland, the lower the GFR),
and its association was significant after adjusting for preopera-
tive GFR in the present study. Only a few studies on renal func-
tion after adrenalectomy according to the presence or absence
of CS have been conducted. One study [8] showed that postop-
erative urinary albumin to creatinine ratio was significantly
lower in those with CS, but data on the albumin to creatinine ra-
tio were available in only 42.5% of patients in that study, and
the median reduction was not significantly different in both
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Table 2. Postoperative Outcomes of Patients with Unilateral Primary Aldosteronism
Variable Contralatc(r’z:Ls;fs)rcssion ) Contralatcnz:zl :stllyé[;rcssion -) Pvalue
Clinical outcomes
Clinical outcomes by PASO study 0.100
Complete clinical success 136 (56.0) 7(43.7)
Partial clinical success 76 (31.3) 4(25.0)
Absent clinical success 31(12.7) 5(31.3)
Complete or partial clinical success 212 (87.2) 11 (68.8) 0.054
SBP, mm Hg 129.4+14.0 136.6+£18.2 0.060
DBP, mm Hg 82.7£9.6 87.5+13.1 0.066
ASBP, mm Hg -152+£223 -3.5+16.2 0.047
ADBP, mm Hg -8.1+15.0 27+£11.2 0.007
High BP (SBP >140 and DBP >90) 21(8.6) 5@31.3) 0.014
No. of antihypertensive drugs 0(0to1) 1(0to2) 0.110
DDD of antihypertensive drugs 0.00 (0.00-1.00) 0.75 (0.00-2.00) 0.165
ANo. of antihypertensive drugs -1 (2to-1) —1(2t00) 0.517
ADDD of antihypertensive drugs -1.86+1.81 -1.31£1.59 0.233
Biochemical outcomes
Biochemical outcomes by PASO study 0.624
Complete biochemical success 175 (74.8) 10(71.4)
Partial biochemical success 38(16.2) 2(14.3)
Absent biochemical success 21(9.0) 2(14.3)
Complete or partial biochemical success 213 (91.0) 12 (85.7) 0.626
Normalization of hypokalemia 167/168 (99.4) 7/7 (100) 1.000
Postoperative hyperkalemia 8(3.3) 0 1.000
PAC, ng/dL 12.0(7.8t0 17.2) 12.8 (8.4 t020.2) 0.802
PRA, ng/mL/hr 1.30 (0.52 t0 2.50) 1.30(0.22 t0 5.02) 0.610
ARR, ng/dL per ng/mL/hr 10.3 (4.8 t0 21.8) 9.5(2.9t027.3) 0.746
APAC, ng/dL —27.5(-42.4t0-13.8) —11.4 (-20.0 to —6.9) 0.005
APRA, ng/mL/hr 0.80 (0.26 t0 2.32) 1.03 (0.09 to 4.57) 0.673
AARR, ng/dL per ng/mL/hr —200.8 (—381.3 to —72.4) —92.2 (-153.9t0 -36.4) 0.016
PAC reduction, % 72.3 (52210 82.4) 47.0 (23.3t0 75.1) 0.028
Renal function
Serum creatinine, mg/dL 1.10£0.44 0.82+0.25 0.002
GFR, mL/min/1.73 m? 69.7+£21.7 85.6+19.1 0.003
ASerum creatinine, mg/dL 0.21£0.29 0.03+£0.08 0.001
AGFR, mL/min/1.73 m? -152£18.0 -2.9410.8 0.003
GFR <60 68(31.3) 1(7.1) 0.070
Values are expressed as number (%), mean= standard deviation, or median (interquartile range).
PASO, Primary Aldosteronism Surgery Outcome; SBP, systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; DDD, defined daily
dose; PAC, plasma aldosterone concentration; PRA, plasma renin activity; ARR, aldosterone-to-renin ratio; GFR, glomerular filtration rate.

groups. It has been known that excess aldosterone can leadtoa  modeling [15]. The more correction of hyperaldosteronism in
glomerular hyperfiltration injury secondary to renal vascular re-  those with lower CSI may lead to a stronger reduction in the rel-
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Fig. 2. Changes of glomerular filtration rate after adrenalectomy
according to the presence or absence of contralateral suppression.
Data are mean with 95% confidence intervals. A decrease of glo-
merular filtration rate (GFR) after adrenalectomy within each group
was analyzed using paired ¢ test.
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Fig. 3. Receiver operating characteristic curves of contralateral sup-
pression index (CSI), lateralization index (LI), and age as predictors
of incident chronic kidney disease after adrenalectomy. AUC, area
under the curve.

ative glomerular hyperfiltration, as proposed by Sechi et al.’s
studies [16,17]. On the other hand, our previous study showed
that surgical and medical treatment provided similar ameliora-
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Table 3. Odds Ratios of Preoperative Clinical and Biochemical
Parameters for Postoperative Incident CKD in Patients with
Unilateral Primary Aldosteronism

OR Adjusted OR
(95% CI) (95% CI)

0.73(0.59-0.91) 0.78 (0.62-0.99)

Variable

Contralateral suppression
index, /0.1 unit

Lateralization index, /1 unit 1.01 (1.00-1.01) 1.00 (1.00-1.01)
1.05 (1.00-1.10)
1.04 (1.00-1.07) 1.04 (1.00-1.08)
1.01 (0.99-1.03)
1.05 (1.00-1.10)

0.98 (0.96-1.00)  1.00 (0.97-1.01)

Mass size on CT, /mm

Age of onset, /yr

Systolic BP, /mm Hg
Duration of hypertension, /yr

GFR, /mL/min/1.73 m?

Hypokalemia 4.12 (1.54-11.0) 3.46 (1.24-9.64)
PAC, /ng/dL 1.01 (1.00-1.02)
PRA, /ng/mL/hr 1.15(0.95-1.39)

ARR, /ng/dL per ng/mL/hr
PAC after SIT, /ng/dL

1.00 (1.00-1.00)
1.01 (1.00-1.02)

DDD of antihypertensive 1.10(0.93-1.31)

drugs, /1 unit

Incident CKD was defined when the postoperative GFR was less than
60 mL/min/1.73 m? in the case of preoperative GFR was =60 mL/
min/1.73 m? and an overall decline in GFR was =15 mL/min/1.73 m’
from the preoperative GFR.

CKD, chronic kidney disease; OR, odds ratio; CI, confidence interval,
CT, computed tomography; BP, blood pressure; GFR, glomerular filtra-
tion rate; PAC, plasma aldosterone concentration; PRA, plasma renin
activity; ARR, aldosterone-to-renin ratio; SIT, saline infusion test;
DDD, defined daily dose.

Table 4. Odds Ratios for Postoperative Incident CKD in Pa-
tients with Unilateral Primary Aldosteronism According to Age
and Contralateral Suppression Index

OR Adjusted OR
(95% CI) (95% CI)*
Age <50 yrand CSI >0.26 1.00 1.00

Age =50 yrand CSI >0.26
Age <50 yrand CSI <0.26
Age =50 yrand CSI =0.26

2.50 (0.46-13.56) 2.16(0.38-12.21)
476 (1.00-22.62) 4.01 (0.83-19.40)
9.18 (2.03-41.52) 6.43 (1.30-31.69)

Incident CKD was defined when the postoperative glomerular filtration
rate (GFR) was less than 60 mL/min/1.73 m? in the case of preoperative
GFR was =60 mL/min/1.73 m* and an overall decline in GFR was =15
mL/min/1.73 m’ from the preoperative GFR.

CKD, chronic kidney disease; OR, odds ratio; CI, confidence interval,
CSI, contralateral suppression index.

“Lateralization index, preoperative GFR and duration of hypertension
were adjusted.
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tion of hypokalemia and hypertension; however, there was a
greater decrease in GFR and higher serum potassium levels in
the surgical treatment group than in the medical treatment group
in patients with PA who were aged >60 years [18]. Another ret-
rospective study showed that the GFR declined in the 6 months
after the treatments—both adrenalectomy and medical treat-
ment—however, long-term annual decline in GFR and risk for
incident CKD were not significantly different between the pa-
tients with unilateral adrenalectomy and those with essential hy-
pertension patient [13]. Therefore, it will be interesting to close-
ly observe whether GFR reduction following surgery persists in
patients with CS.

Additionally, in our study, postoperative hyperkalemia oc-
curred only in patients with CS (8/247, 3.3%). In our previous
study, impaired preoperative renal function was associated with
prolonged postoperative hyperkalemia in patients with APA
[19]. Shariq et al. [20] have reported that a CSI of <0.47 was
predictive for postoperative hyperkalemia. Post-adrenalectomy
hyperkalemia in patients with unilateral PA results from the in-
sufficiency of aldosterone secretion in the remaining adrenal
gland immediately after surgery [19,21]. Similar to the cases of
hyperkalemia, GFR reduction in patients with CS may be relat-
ed to post-adrenalectomy hypoaldosteronism that may result in
insufficient renal perfusion.

In our study, those with CS showed more definite features of
PA (lower serum potassium level, higher ARR, and higher PAC
after SIT) than those without CS. These clinical differences be-
tween the two groups suggest that CS is more likely to occur
when disease activity (e.g., autonomous unilateral aldosterone
production) of PA is more severe as previously suggested [10].
CS means that the activity of the contralateral gland is de-
creased. By contrast, the absence of CS suggests that a contra-
lateral gland might cause persistent aldosterone production and
result in a poorer BP outcome or recurrence after unilateral ad-
renalectomy as in the case of “one-side dominant” bilateral PA
[22]. Therefore, even though clinical characteristics at pre-adre-
nalectomy were shown to be more severe in the case of CS, hy-
pertension improvement and the degree of reduction of ARR
could be greater in those with CS after adrenalectomy.

In the present study, CS itself may be associated with postop-
erative BP reduction. However, magnitude of associations by LI
is significantly higher than that by CS, and there is some evi-
dence that higher LI is associated with better BP outcomes. In a
recent study from Japan, clinical benefit from adrenalectomy, as
assessed according to the recent PASO consensus [12], was
achieved in 61.7% of patients with an LI between 2 and 4, in

887 www.e-enm.org

59.4% with an LI between 4 and 10, and in 77.8% with an LI
>10 (P<0.01 for trend) [5]. In our study, the significant associa-
tion of CS with clinical outcome disappeared after adjustment
for other factors including LI (Supplemental Table S1). Similar-
ly, Wolley et al. [8] showed that the significance of CS decreased
when LI >4 was applied as a cut-off. Therefore, the effect of CS
may be reduced when the cut-off value used for LI is relatively
high. In addition, the presence of aldosterone-producing cell
clusters can exist at the contralateral adrenal gland, which atten-
uates the CS [23]. This may explain the less improvement in BP
outcome in patients without CS than in those with it. Collective-
ly, these results suggest that CS could be used complementarily
to LI in predicting postoperative outcomes after unilateral adre-
nalectomy, particularly when the LI cut-off is relatively low.

Our study has several limitations. First, it is a retrospective
and observational study by design, which is associated with a
well-known risk of bias from residual confounders. As well, the
BP measurement environment may not be the same. Second, we
did not evaluate albuminuria as a renal outcome at pre- and
post-adrenalectomy. Third, the number of cases without CS may
be underestimated due to selection bias because there is a possi-
bility that patients without CS were excluded for unilateral ad-
renalectomy. In previous retrospective studies, CS rates among
patients who underwent adrenalectomy were around 82% to
97%, similar to that of our study [6,8,10,20]. Fourth, we per-
formed AVS only under ACTH stimulation. ACTH stimulation
might increase success rate of selectivity, but reduce lateraliza-
tion rate and identification of unilateral PA. Therefore, clinical
implication of CS is necessary to be investigated in ACTH-un-
stimulated AVS in further study [24]. In addition, postoperative
aldosterone suppression study was not undertaken in the present
study. Hence, we did not fully assess the biochemical success
according to the PASO study. Lastly, the SIT, which was used as
a confirmatory test in our study, may exclude angiotensin-II-re-
sponsive APAs. Angiotensin-II-responsive APAs have been re-
ported to comprise from 43% to 70% of cases [25].

Despite these limitations, the strength of our study is its rela-
tively large number of patients from four tertiary hospitals com-
pared to previous studies. To our best knowledge, this is one of
the largest studies to analyze the clinical outcome of CS follow-
ing adrenalectomy for PA. The clinical and biochemical out-
come criteria of the PASO study were used in our study and
DDD was assessed with standard ATC/DDD index [12]. Fur-
thermore, the renal deterioration after adrenalectomy is not un-
usual complication and should be predicted with caution in pa-
tients with unilateral PA [16-18]. We showed the association be-
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tween CSI and renal impairment after adrenalectomy, which
was not reported in previous studies. These results give an im-
pression that it is important to be cautious of and manage post-
operative GFR decline because of a high risk of incident CKD
in patients >50 years with CSI <0.26, especially.

In conclusion, CS may not predict postoperative clinical and
biochemical outcomes in patients with unilateral aldosterone
excess. Our results indicate that CS is associated with postsurgi-
cal deterioration of renal function. More attention should be
paid to postoperative renal function in patients with unilateral
PA when they have CSI <0.26 at AVS before adrenalectomy,
particularly in patients over 50 years of age.
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