
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-202402.00224

Application of the Captopril Suppression Test in
the Diagnosis, Subtyping, and Clinical Outcomes
of Primary Aldosteronism: Postprint
Authors: Tan Lu, Chen Tao, Gao Hongjiao, Chen Yanxi, Ren Yan, Ren Yan

Date: 2024-02-22T00:00:00+00:00

Abstract
Background Primary aldosteronism (PA), as the disease with the highest inci-
dence among secondary hypertensions, is associated with significant cardiovascu-
lar and cerebrovascular hazards but offers high cure rates following surgery, and
has been recommended by major hypertension guidelines for expanded screening,
early diagnosis, and treatment. However, the methods for confirming diagnosis,
subtyping, and evaluating post-treatment clinical outcomes in these patients
are numerous and controversial. The captopril challenge test (CCT), due to
its convenience and safety, can be directly performed in community and out-
patient settings, with the expectation that CCT may be utilized for the entire
management process of PA patients to improve prognosis.

Objective To investigate the diagnostic efficacy of CCT for PA, its ability to
determine subtypes, and its capacity to assess clinical outcomes.

Methods A total of 824 patients who underwent screening for endocrine hyper-
tension causes and were registered in the Department of Endocrinology and
Metabolism, West China Hospital of Sichuan University from October 1, 2020,
to December 30, 2022, were selected as study subjects. After screening, 370
patients were finally included in the study, comprising 123 patients with es-
sential hypertension (EH) in the EH group, and 247 PA patients who were
assigned to the unilateral aldosterone-producing adenoma (APA) group (n=81),
idiopathic hyperaldosteronism (IHA) group (n=55), and unclassified PA (u-PA)
group (n=111). Differences among the four groups were compared, and re-
ceiver operating characteristic (ROC) curves for each post-CCT indicator and
combined diagnosis of PA were plotted to determine optimal cutoff values. Sec-
ondly, ROC curves for each post-CCT indicator in diagnosing APA and IHA
subtypes were plotted, and the area under the ROC curve (AUC) was calcu-
lated to evaluate the ability of CCT to determine subtypes of APA and IHA.
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Finally, based on postoperative clinical outcomes, patients undergoing unilat-
eral adrenalectomy were divided into three groups: non-remission group (n=11),
clinical improvement group (n=27), and clinical remission group (n=54). Dif-
ferences among the three groups were compared to assess the ability of CCT to
evaluate postoperative clinical outcomes in APA patients.

Results Post-CCT plasma aldosterone concentration (PAC) demonstrated the
highest diagnostic efficacy for PA (AUC=0.921, 95%CI=0.893~0.950), with an
optimal cutoff value of 11.7 ng/dL, and sensitivity and specificity of 84.6% and
86.0%, respectively. Post-CCT aldosterone-to-renin ratio (ARR) also showed
good diagnostic efficacy for PA (AUC=0.868, 95%CI=0.823~0.923), with an
optimal cutoff value of 2.8 (ng/dL)/(mU/L), and sensitivity and specificity of
82.2% and 81.0%, respectively. Post-CCT PAC>17.0 ng/dL could assist in diag-
nosing the APA subtype, while patients with post-CCT PAC<11.7 ng/dL and
simultaneously ARR<2.8 (ng/dL)/(mU/L) could be excluded from the APA
subtype. The post-CCT PAC suppression rate and the postoperative PAC re-
duction rate from baseline showed low efficacy in determining biochemical remis-
sion, whereas post-CCT PAC or post-CCT ARR better reflected postoperative
biochemical remission.

Conclusion CCT can be utilized throughout the entire process for diagnosis,
subtyping, and clinical outcome evaluation in PA patients. The optimal cutoff
values for post-CCT PAC and post-CCT ARR in diagnosing PA are 11.7 ng/dL
and 2.8 (ng/dL)/(mU/L), respectively, which can also be applied to APA sub-
typing determination and postoperative biochemical remission assessment. Pre-
CCT blood sampling has minimal clinical significance, and the procedure can
be appropriately simplified.
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Abstract

Background: Primary aldosteronism (PA), as the most common cause of sec-
ondary hypertension with significant cardiovascular and cerebrovascular risks
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but high cure rates after surgery, has been recommended by major hyperten-
sion guidelines for expanded screening, early diagnosis, and treatment. How-
ever, the methods for confirming diagnosis, classification, and evaluation of
post-treatment clinical outcomes in these patients remain varied and contro-
versial. The captopril challenge test (CCT) is expected to enable whole-course
management of PA patients due to its convenience and safety for direct appli-
cation in community and outpatient settings, potentially improving prognosis.

Objective: To investigate the diagnostic efficacy, classification capability, and
clinical outcome assessment of CCT in PA patients.

Methods: A total of 824 patients who underwent screening for endocrine hyper-
tension and were registered in the Department of Endocrinology and Metabolism
at West China Hospital of Sichuan University between October 1, 2020, and De-
cember 30, 2022, were selected as study subjects. After screening, 370 patients
were ultimately included in the study, comprising 123 patients with essential
hypertension (EH) in the EH group and 247 patients with PA, who were further
divided into the unilateral aldosterone-producing adenoma (APA) group (n=81),
idiopathic hyperaldosteronism (IHA) group (n=55), and unclassified PA (u-PA)
group (n=111). Inter-group differences were compared, and receiver operating
characteristic (ROC) curves were plotted for post-CCT indicators alone and in
combination for diagnosing PA to determine optimal cut-off values. Addition-
ally, ROC curves for post-CCT indicators in diagnosing APA and IHA subtypes
were constructed, and the area under the ROC curve (AUC) was calculated to
evaluate CCT’s ability to distinguish APA and IHA. Finally, based on postoper-
ative clinical outcomes, patients who underwent unilateral adrenalectomy were
divided into three groups: non-remission group (n=11), clinical improvement
group (n=27), and clinical remission group (n=54). Inter-group differences were
compared to assess CCT’s ability to evaluate postoperative clinical outcomes
in APA patients.

Results: Post-CCT plasma aldosterone concentration (PAC) demonstrated
the highest diagnostic efficacy for PA (AUC=0.921, 95%CI=0.893–0.950), with
an optimal cut-off value of 11.7 ng/dL, achieving sensitivity and specificity of
84.6% and 86.0%, respectively. Post-CCT aldosterone-to-renin ratio (ARR) also
showed good diagnostic performance for PA (AUC=0.868, 95%CI=0.823–0.923),
with an optimal cut-off value of 2.8 (ng/dL)/(mU/L), yielding sensitivity and
specificity of 82.2% and 81.0%, respectively. Post-CCT PAC >17.0 ng/dL could
assist in diagnosing the APA subtype, while patients with post-CCT PAC <11.7
ng/dL combined with ARR <2.8 (ng/dL)/(mU/L) could be excluded from the
APA subtype. Post-CCT PAC suppression rate and the percentage decrease in
postoperative PAC from baseline showed low efficacy in assessing biochemical
remission, whereas post-CCT PAC or post-CCT ARR better reflected postop-
erative biochemical remission status.

Conclusion: CCT can be applied throughout the entire course of PA manage-
ment, including diagnosis, classification, and clinical outcome evaluation. The
optimal cut-off values for diagnosing PA are 11.7 ng/dL for post-CCT PAC
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and 2.8 (ng/dL)/(mU/L) for post-CCT ARR, which can also be used for APA
subtype classification and postoperative biochemical remission assessment. Pre-
CCT blood sampling has minimal clinical significance and the procedure can be
appropriately simplified.

Keywords: Primary aldosteronism; Captopril; Captopril challenge test;
Aldosterone-producing adenoma; Aldosterone-to-renin ratio; Receiver operat-
ing characteristic curve

Primary aldosteronism (PA) is the most common cause of curable hyperten-
sion [1] and poses greater risks of cardiac, cerebral, and renal organ damage
compared to patients with essential hypertension (EH) [2]. Following surgical
treatment, 80% of PA patients experience improvement in blood pressure and
electrolyte disturbances [3]. Consequently, current domestic and international
PA guidelines continue to expand screening of high-risk populations [4] to im-
prove prognosis among hypertensive patients. The main confirmatory tests for
PA currently include the captopril challenge test (CCT), saline infusion test
(SIT), and fludrocortisone test. The fludrocortisone test is rarely performed in
China due to lack of drug availability, while SIT, particularly the seated saline
test, has high diagnostic value [5]. CCT is widely used in clinical practice due
to its simple methodology, low cost, and high safety profile, especially as it can
be safely performed in most patients with cardiac or renal insufficiency [4,6].
However, studies from various centers show controversy regarding the diagnos-
tic threshold of CCT for PA, and while some research suggests CCT may assist
in PA subtype classification and analysis of postoperative clinical outcomes in
patients with unilateral aldosterone-producing adenoma (APA), relevant domes-
tic studies are limited. Therefore, this study explored the application value and
accuracy of CCT in the diagnosis, classification, and prognostic evaluation of
PA patients to provide evidence for whole-course management of PA patients.

1.1 Study Subjects

A total of 824 patients who underwent screening for endocrine hypertension and
were registered in the Department of Endocrinology and Metabolism at West
China Hospital of Sichuan University between October 1, 2020, and December
30, 2022, were retrospectively selected as study subjects. All participants pro-
vided informed consent. This study was approved by the Ethics Committee
of West China Hospital of Sichuan University (approval number: 2022 Review
No. 1197).

Exclusion criteria: (1) Combined moderate or severe hepatic or renal insuffi-
ciency; (2) History of malignant tumors within 3 years prior to enrollment; (3)
Occurrence of severe acute cardiovascular disease (acute myocardial infarction,
stroke, coronary intervention) within 3 months prior to enrollment; (4) Pregnant
or lactating women; (5) Current use of oral steroid hormones, contraceptives,
licorice, or other interfering medications.
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1.2 PA Diagnostic Criteria

According to the“Expert Consensus on the Diagnosis and Treatment of Primary
Aldosteronism (2020 Edition)”(hereinafter referred to as the CSE Consensus)
issued by the Chinese Society of Endocrinology (CSE) [7], all medications affect-
ing screening were discontinued prior to screening as per guidelines [4,7]. Based
on our center’s previous research, an initial screening aldosterone-to-renin ratio
(ARR) >2.4 (ng/dL)/(mU/L) was considered positive [8]. All included patients
were required to complete both SIT and CCT. PA was confirmed based on SIT
results: post-SIT plasma aldosterone concentration (PAC) >10 ng/dL confirmed
PA, PAC <5 ng/dL with exclusion of other secondary hypertension diseases was
diagnosed as EH, and patients with post-SIT PAC between 5–10 ng/dL were
defined as a gray zone and excluded from the study.

CCT Procedure: After maintaining a non-supine position for 2 hours, patients
orally administered 50 mg captopril at approximately 8:00 AM. Blood samples
were collected at 0 and 2 hours after administration to measure PAC, direct
renin concentration (DRC), ARR, and serum potassium. Patients remained in
a non-supine position and fasted during this period.

SIT Procedure: After sitting for 2 hours, patients received an intravenous
infusion of normal saline at 500 mL/h starting at approximately 8:00 AM for
4 consecutive hours. Blood samples were collected before infusion and after 4
hours of infusion to measure PAC, DRC, ARR, and serum potassium. Patients
remained seated and fasted during this period.

1.3 Bilateral Adrenal Venous Sampling (AVS)

All patients with surgical intent and feasibility, who showed unilateral or
bilateral adrenal morphological abnormalities on adrenal CT, underwent
asynchronous AVS with continuous intravenous adrenocorticotropic hormone
(ACTH) infusion. Patients under 35 years of age with spontaneous hypokalemia,
massive aldosterone secretion, and CT findings consistent with unilateral ade-
noma could proceed directly to unilateral adrenalectomy without AVS [4,7].
Criteria for successful sampling: adrenal vein to inferior vena cava cortisol ratio
>3, and dominant side aldosterone⋯

1.4 APA Diagnosis and Grouping

According to the Primary Aldosteronism Surgery Outcomes (PASO) study,
CCT-related indicators can be used to evaluate surgical outcomes: a post-CCT
PAC suppression rate >30% indicates biochemical remission; if the post-CCT
PAC suppression rate $�$30% but PAC decreased by $�$50% from preopera-
tive baseline, it is considered biochemical improvement [3]. Patients underwent
unilateral adrenalectomy and were followed up for 6 months postoperatively.
Follow-up results were grouped according to PASO clinical criteria: (1) Clini-
cal remission group: normal blood pressure without need for antihypertensive
medication; (2) Clinical improvement group: lower blood pressure with fewer
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antihypertensive medications than preoperatively, or blood pressure reduction
while using the same or fewer medications; (3) Non-remission group: unchanged
or elevated blood pressure while taking the same or increased doses of antihy-
pertensive medications. Patients with clinical remission or improvement were
included in the APA group, while non-remission patients were included in the
u-PA group.

1.5 Observation Indicators

General patient data were collected, including sex, age, height, weight, maxi-
mum blood pressure, hypertension duration, renal function, electrolytes, and
pre- and postoperative PAC, DRC, ARR, and serum potassium. PAC and
DRC were analyzed using the LIAISON fully automated chemiluminescence
immunoassay analyzer with test kits purchased from Diasorin, Italy. The intra-
assay coefficient of variation was 2.1%–4.2% for PAC and 2.1%–4.9% for DRC;
the inter-assay coefficient of variation was 5.8%–10.8% for PAC and 6.8%–13.0%
for DRC. Reference ranges were: PAC (supine: 3–23.6 ng/dL, upright: 3.0–35.3
ng/dL); DRC (supine: 2.8–39.9 mU/L, upright: 4.4–46.1 mU/L).

1.6 Statistical Methods

Statistical analysis was performed using SPSS 27.0 software. Normally dis-
tributed continuous variables were expressed as mean ± standard deviation
(x±̄s) and compared between groups using one-way ANOVA with Bonferroni
correction. Non-normally distributed continuous variables were expressed as
median (P25, P75) and compared using independent samples nonparametric
tests. Categorical data were expressed as relative numbers and compared using
�2 test or Fisher’s exact test. The post-CCT PAC suppression rate was cal-
culated as [(pre-CCT PAC - post-CCT PAC) / pre-CCT PAC] × 100%. ROC
curves were plotted for PAC suppression rate and post-CCT indicators for PA
diagnosis. Delong’s test was used to analyze differences in AUC among various
models, with P<0.05 considered statistically significant.

2.1 Screening Process

Among the 824 subjects, 776 hypertensive patients met the PA screening criteria
of the CSE Consensus. After examination, 134 patients with other secondary
hypertension causes were excluded. One hundred ninety patients withdrew from
the study after negative ARR screening and refused to complete CCT or SIT; 54
patients (12.4%) could be directly diagnosed with PA based on initial screening
(diagnostic criteria: PAC >20 ng/dL and DRC below the lower limit of normal),
of whom 18 refused to complete SIT and CCT. Ultimately, 434 patients with
positive screening underwent SIT and CCT. Based on SIT results, 370 patients
were included in the final comparative study, comprising 123 in the EH group,
81 in the APA group, 55 in the IHA group, and 111 in the u-PA group. The
screening process is shown in Figure 1 [Figure 1: see original paper].
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Comparison of sex, age, maximum systolic blood pressure, maximum diastolic
blood pressure, creatinine, and eGFR among the four groups showed no statis-
tically significant differences (P>0.05), as presented in Table 1 .

2.3 Comparison of Renin-Angiotensin-Aldosterone System (RAAS)
Parameters

One-way ANOVA of supine and upright RAAS parameters before and after
captopril challenge test among the four groups showed statistically significant
differences (P<0.05), as presented in Table 2 . The DRC, PAC, and ARR
parameter levels in the u-PA group were intermediate between those of the
APA and IHA groups.

2.4.1 Diagnostic Efficacy of Post-CCT Indicators for PA

Since the ROC curve for DRC in PA diagnosis uses a lower test result to indicate
a more positive finding, while ROC curves for PAC, ARR, and PAC suppres-
sion rate use higher results to indicate more positive findings, the reciprocal of
DRC was used along with PAC, ARR, and PAC suppression rate to plot ROC
curves (Figure 2A [Figure 2: see original paper]). The AUCs for post-CCT PAC,
DRC, ARR, and PAC suppression rate were 0.921 (95%CI=0.893–0.950), 0.785
(95%CI=0.730–0.840), 0.868 (95%CI=0.823–0.923), and 0.737 (95%CI=0.681–
0.793), respectively, indicating that all these indicators have certain diagnos-
tic efficacy. Post-CCT PAC was the best diagnostic indicator for PA, with an
optimal cut-off value of 11.7 ng/dL, sensitivity of 84.6%, specificity of 86.0%,
positive predictive value of 92.8%, and negative predictive value of 73.1%.

Post-CCT ARR also demonstrated good diagnostic efficacy for PA, with an op-
timal cut-off value of 2.8 (ng/dL)/(mU/L), sensitivity of 82.2%, and specificity
of 81.0%. Using the 30% suppression rate recommended by the CSE guide-
lines as a cut-off yielded a sensitivity of 87.4% but specificity of only 48.0%. A
post-CCT PAC suppression rate of 18.7% provided the maximum Youden index
(sensitivity 75.6%, specificity 64.5%), but both sensitivity and specificity were
lower than those of post-CCT PAC and post-CCT ARR.

2.4.2 Diagnostic Efficacy of Pre-CCT Indicators for PA

The AUCs for pre-CCT PAC and ARR were 0.826 (95%CI=0.785–0.867) and
0.858 (95%CI=0.814–0.903), respectively.

2.4.3 Combined Diagnostic Efficacy of Post-CCT Indicators for PA

ROC curves for PA were plotted for the combination of post-CCT PAC
plus ARR, and for the combination of post-CCT PAC, ARR, and PAC
suppression rate (Figure 2B [Figure 2: see original paper]), with AUCs of 0.925
(95%CI=0.898–0.952) and 0.928 (95%CI=0.900–0.955), respectively.

chinarxiv.org/items/chinaxiv-202402.00224 Machine Translation

https://chinarxiv.org/items/chinaxiv-202402.00224


Delong’s test comparing the AUCs of the two combined indicators with
post-CCT PAC alone showed no statistically significant difference between
post-CCT PAC combined with ARR versus post-CCT PAC alone (Z=-1.610,
P=0.107). Similarly, no significant difference was found between the combi-
nation of PAC, ARR, and PAC suppression rate versus post-CCT PAC alone
(Z=-0.980, P=0.327).

2.5.1 Classification Efficacy of Post-CCT Indicators for PA Subtypes

ROC curves for post-CCT PAC, PAC suppression rate, and ARR in diagnosing
APA and IHA were plotted separately (Figures 3 [Figure 3: see original paper]
and 4 [Figure 4: see original paper]). The AUC for post-CCT PAC in diagnosing
APA was 0.817 (95%CI=0.768–0.865), with an optimal cut-off value of 17 ng/dL,
sensitivity of 81.4%, specificity of 68.1%, positive predictive value of 41.7%, and
negative predictive value of 92.9% (Figure 3 [Figure 3: see original paper]).
The AUCs of ROC curves for post-CCT indicators in diagnosing IHA ranged
between 0.5–0.6 (Figure 4 [Figure 4: see original paper]).

2.5.2 Combined CCT Indicators for PA Classification

Although post-CCT PAC had low positive predictive value for APA, the simul-
taneous application of the two optimal diagnostic cut-off values for PA could
serve as exclusion criteria for APA patients. The combination of post-CCT
PAC <11.7 ng/dL and post-CCT ARR <2.8 (ng/dL)/(mU/L) achieved a neg-
ative predictive value of 100% for APA.

2.6 CCT for Evaluating Postoperative Clinical Outcomes in APA

Among the 247 PA patients, 124 underwent surgery and 92 completed postop-
erative follow-up, including 11 in the non-remission group and 81 in the APA
group (comprising 27 in the clinical improvement group and 54 in the clinical
remission group). Comparison among the three groups showed statistically sig-
nificant differences in age, hypertension duration, upright PAC, upright ARR,
preoperative serum potassium, post-CCT PAC, and post-CCT ARR (P<0.05),
but no significant differences in sex or upright DRC (P>0.05), as presented in
Table 3 .

According to PASO clinical outcome criteria, the effective rate after surgical
treatment reached 88.04% (81/92). Among the 92 patients who completed post-
operative follow-up, 78 underwent captopril challenge testing. Analysis using
PASO biochemical outcome criteria revealed: (1) Only 18% (14/78) of patients
had post-CCT PAC suppression rate >30%; (2) 80.76% (63/78) of patients
showed $�$50% reduction in postoperative PAC compared to preoperative base-
line; (3) 87.18% (68/78) of patients had post-CCT PAC <11.7 ng/dL; (4) 89.74%
(70/78) of patients had post-CCT ARR <2.8 (ng/dL)/(mU/L).
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Figure 2. ROC curves of independent and combined post-CCT index
for PA diagnosis

Note: CCT = captopril challenge test, PAC = plasma aldosterone concentration,
DRC = direct renin concentration, ARR = aldosterone-to-renin ratio.

Figure 3. ROC curves of post-CCT index in APA patients

Note: CCT = captopril challenge test, PAC = plasma aldosterone concentration,
DRC = direct renin concentration, ARR = aldosterone-to-renin ratio.

Figure 4. ROC curves of post-CCT index in IHA patients

Note: CCT = captopril challenge test, PAC = plasma aldosterone concentration,
DRC = direct renin concentration, ARR = aldosterone-to-renin ratio.

Table 2. Comparison of RAAS among the four groups [M(P25, P75)]

Note: DRC = direct renin concentration, PAC = plasma aldosterone concentra-
tion, ARR = aldosterone-to-renin ratio, K = serum potassium, CCT = captopril
challenge test.

Table 3. Clinical parameters after unilateral adrenalectomy [M(P25,
P75)]

Discussion

CCT is widely used in PA patients due to its simplicity, low cost, and high
safety profile, particularly as it can be safely performed in most patients with
cardiac or renal insufficiency. The currently accepted CCT protocol involves
the seated position with blood drawn 2 hours after oral administration of 50 mg
captopril [9]. However, controversies persist regarding its diagnostic efficacy,
classification capability, and clinical outcome assessment. Current consensus
recommendations propose three diagnostic indicators for PA using CCT: post-
CCT PAC suppression rate, post-CCT PAC, and post-CCT ARR, with varying
diagnostic thresholds for each indicator. Additionally, CCT has received in-
sufficient attention for PA subtype classification and postoperative biochemical
remission assessment. This study confirms through analysis that CCT plays a
valuable role throughout the entire management course of PA patients, including
diagnosis, subtype classification, and clinical outcome evaluation.

This study recommends an optimal cut-off value of 11.7 ng/dL for post-CCT
PAC as the primary diagnostic criterion for PA, with post-CCT ARR as a
secondary diagnostic criterion at a cut-off of 2.8 (ng/dL)/(mU/L). The CSE
Consensus recommends a post-CCT PAC suppression rate <30% as the diag-
nostic standard for PA [6,9]; however, multiple studies have shown that post-
CCT ARR or PAC are more suitable than post-CCT PAC suppression rate for
diagnosing Chinese PA patients [11]. Chen et al. [12] compared 674 patients
and concluded that post-CCT ARR is superior to PAC suppression rate as a
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diagnostic criterion for PA, with an optimal cut-off value of 46.2 (ng/dL)/(�g・
L−1・h−1), although their study used 25 mg captopril. A Japanese study of 71
patients recommended post-CCT ARR >200 (pg/mL)/(ng・L−1・h−1) as the
most valuable diagnostic criterion for PA [13].

An increasing number of studies recommend post-CCT PAC as the diagnostic
standard for PA. A Korean study comparing 64 PA patients confirmed that
post-CCT PAC had superior diagnostic performance to post-CCT ARR, with
an optimal cut-off value of 13 ng/dL [14]. The Chongqing Primary Aldostero-
nism Study (CONPASS) team plotted ROC curves for post-CCT PAC, ARR,
and PAC suppression rate for PA diagnosis, with corresponding AUCs of 0.86
(95%CI=0.83–0.89), 0.78 (95%CI=0.74–0.82), and 0.62 (95%CI=0.56–0.67), re-
spectively, confirming that post-CCT PAC had the highest diagnostic efficacy
and recommending a post-CCT PAC level of 110 ng/L as the optimal cut-off
[15], which is similar to the 11.7 ng/dL cut-off identified in this study.

Our center previously used radioimmunoassay to demonstrate that both
post-CCT ARR (AUC=0.860, 95%CI=0.800–0.907) and PAC (AUC=0.881,
95%CI=0.825–0.924) had higher diagnostic value than post-CCT PAC sup-
pression rate (AUC=0.632, 95%CI=0.558–0.701), with post-CCT PAC being
more suitable as a confirmatory standard for PA [16]. The current study using
chemiluminescence immunoassay again confirms that post-CCT PAC has the
highest diagnostic efficacy.

In PA subtype analysis, post-CCT PAC and ARR can assist in distinguish-
ing APA from non-APA patients. A Japanese study of 238 patients strongly
recommended using post-CCT ARR >897 (pg/mL)/(ng・L−1・h−1) combined
with PAC >203 pg/mL for APA identification [17]. A Beijing study of 91 pa-
tients also recommended that both pre-CCT ARR and post-CCT ARR could
assist in APA subtype classification [18], with corresponding optimal cut-off val-
ues of 7.12 (ng/dL)/(mU/L) (sensitivity 35.85%, specificity 77.78%) and 4.23
(ng/dL)/(mU/L) (sensitivity 71.43%, specificity 62.22%). When pre-CCT ARR
was combined with a history of hypokalemia, the diagnostic efficacy for APA
classification could be improved to 80% [18]; however, that study used CCT as
the diagnostic standard for confirming PA. Our study, with a larger sample size
and using SIT as the diagnostic standard for PA, recommends an optimal post-
CCT PAC cut-off of 17 ng/dL (sensitivity 81.4%, specificity 68.1%) to assist in
APA diagnosis. When ARR <2.8 (ng/dL)/(mU/L) and PAC <11.7 ng/dL are
both present, APA can be essentially excluded, and patients in this category
should not be recommended for aggressive surgical treatment.

CCT shows poor efficacy in classifying IHA subtypes, which may be related to
angiotensin-II type-1 receptor autoantibody (AT1AA) titers. AT1AA directly
participates in the pathogenesis of PA, with antibody titers in APA patients be-
ing twice those in IHA patients. Particularly after CCT, AT1AA titers increase
significantly in APA, helping to differentiate APA patients from those with EH
or IHA [19].
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CCT can also be used to evaluate outcomes after unilateral adrenalectomy in
APA patients. Studies have shown that biochemical remission after APA surgery
is significantly higher than clinical remission, as PA often coexists with EH, and
aldosterone-induced hypertension before surgery causes persistent vascular and
renal damage that does not resolve immediately after surgery. A Czech study
of 87 patients confirmed this view, reporting that 77% of patients achieved
complete biochemical success postoperatively, 22% achieved partial biochemical
success, but only 22% normalized blood pressure and discontinued all antihy-
pertensive medications, while 65% achieved partial clinical success [20]. Our
study showed that only 18% (14/78) of patients had post-CCT PAC suppres-
sion rate >30%, because pre-CCT PAC was already significantly reduced, and
80.76% (63 patients) had $�$50% reduction in postoperative PAC compared to
preoperative levels. Therefore, post-CCT PAC suppression rate is not suitable
as a postoperative remission indicator for Chinese patients. Using post-CCT
ARR <2.8 (ng/dL)/(mU/L) and post-CCT PAC <11.7 ng/dL as indicators of
biochemical remission more closely approximates clinical remission status.

Comparative analysis in this study revealed that pre-CCT factors have weak
roles in PA diagnosis, classification, and clinical outcome assessment. In PA
diagnosis, the AUCs of ROC curves for pre-CCT PAC and ARR were lower
than those of post-CCT indicators. Furthermore, the diagnostic efficacy of post-
CCT PAC suppression rate calculated from pre-CCT PAC was also inferior to
post-CCT indicators. Pre-CCT indicators have minimal clinical significance,
and post-CCT PAC is more suitable for PA diagnosis confirmation regardless
of whether chemiluminescence or radioimmunoassay is used. We recommend
omitting pre-captopril blood sampling for hormone testing.

The main limitation of this study is that u-PA patients accounted for 45%
(111/247) of all PA patients. These patients had clinical characteristics, serum
potassium levels, and adrenal imaging features more consistent with IHA. After
fully understanding the condition, costs, risks of AVS failure, and potential
clinical benefits, they declined AVS examination. No meaningful diagnostic
indicators or cut-off points were identified to distinguish u-PA from IHA during
subtype classification, suggesting that u-PA and IHA may represent a single
subtype.

This study applies the captopril challenge test to the whole-course manage-
ment of primary aldosteronism patients, including not only diagnosis but also
subtype classification and postoperative outcome assessment, using the same
parameters and cut-off values as much as possible to facilitate clinical memo-
rization and application. Post-CCT PAC at 11.7 ng/dL and post-CCT ARR
at 2.8 (ng/dL)/(mU/L) can assist in PA diagnosis, serve as exclusion criteria
for APA classification, and function as indicators of postoperative biochemical
remission. Additionally, pre-CCT blood sampling and testing have weak clinical
significance and can be omitted to simplify the procedure and reduce costs.
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