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Abstract
Context: Adrenocorticotropin (ACTH) loading is used to increase the success rate of adrenal vein sampling (AVS).

Objective: We aimed to determine the effect of intraprocedural cortisol measurement (ICM) on ACTH-stimulated AVS (AS-AVS) owing to a lack
of reliable data on this topic.

Methods: This multicenter, retrospective, observational study took place in 28 tertiary centers in Japan. Among 4057 patients enrolled, 2396
received both basal AVS (B-AVS) and AS-AVS and were divided into 2 groups according to whether ICM was used. The effect of ICM on AS-AVS
was measured.

Results: In patients who underwent both AVS procedures, the ICM group had significantly higher success rates for both B-AVS and AS-AVS
than the non-ICM group did. However, the probability of failure of AS-AVS after a successful B-AVS and the probability of success of AS-AVS
after a failed B-AVS were not significantly different in the 2 groups. For subtype diagnosis, propensity-score matching revealed no significant dif-
ference between the 2 groups, and the discrepancy rate between B-AVS and AS-AVS for subtype diagnosis was also not significantly different.

Conclusion: ICM significantly increased the success rate of B-AVS and AS-AVS in protocols in which both AVS procedures were performed and
had no effect on subtype diagnosis. However, in protocols in which both AVS procedures were performed, the results suggest ICM may not be
necessary when performing AS-AVS if ICM is used only when B-AVS is performed. Our study suggests that ICM during AVS plays an important
role and should be recommended.
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Primary aldosteronism (PA) is the most common cause of sec-
ondary endocrine hypertension [1]. Patients with PA are at a
higher risk of developing cardiovascular disease than those
with essential hypertension [2]. Therefore, it is essential to
determine a treatment strategy that depends on the PA sub-
type. Adrenal vein sampling (AVS) is recommended for pa-
tients with PA when surgical treatment is considered [3].
As recommended, unilateral PA confirmed by AVS should
be optimally treated with laparoscopic adrenalectomy [4].
Some researchers have used less invasive methods to diagnose
PA subtypes, including clinical features [5] and predictive
machine-learning models [6]. However, AVS is essential
for detecting aldosterone hypersecretion sites. The use of
"C-metomidate has been reported as a diagnostic method
for localization, but its sensitivity and specificity remain inad-
equate [7]. Therefore, AVS, which assesses the hypersecretion
of aldosterone from the left and right adrenal glands, has been
considered the gold standard for PA subtyping [1].

The success rate of AVS varies across facilities [4, 8, 9], and
improving the success rate in patients with PA is challenging.
In AVS, catheters are selectively inserted into both adrenal
veins, and adrenal venous blood is collected. The main reason
for AVS failure is the unsuccessful insertion of a catheter into
the adrenal vein, either because the vein is too narrow or be-
cause of anatomical variants [4]. Successful catheterization for
AVS is determined by an increase in cortisol levels in the blood
between the inferior vena cava and adrenal vein [8]. Although
multiple criteria have been developed, the higher the adrenal
vein-to-inferior vena cava cortisol ratio, the higher the reli-
ability. It generally takes several hours or more to measure cor-
tisol concentrations, and the success or failure of AVS can be
determined only after the procedure is completed.

One method of increasing the success rate of AVS is to de-
velop an institution-specific protocol [10] with the involve-
ment of specialists. Furthermore, a recent meta-analysis
reported that intraoperative computed tomography is ef-
fective, especially in cases in which AVS is considered difficult
or in centers with low surgeon success rates [11]. Another
method used in major centers worldwide and recommended
in Japan is the use of adrenocorticotropin (ACTH) loading;
the advantage of ACTH loading is that it increases the con-
centration gradient between the adrenal vein and the inferior
vena cava, which is used to determine the success or failure
of AVS. However, it has been reported that ACTH loading
may affect subtype diagnosis [12-14]. In the same patients, a
divergence in AVS subtype diagnosis before and after ACTH
loading was shown, especially with ACTH-simulated AVS, re-
sulting in a greater proportion of patients being diagnosed
with bilateral PA. Thus, ACTH loading increases the success
rate of AVS, but the clinical effect remains controversial.

Intraprocedural cortisol measurement (ICM) has recently
been increasingly reported as a method to improve the suc-
cess rate of AVS. Real-time measurement of cortisol levels in
adrenal venous blood can determine the success or failure of
AVS, and there have been multiple reports of improved suc-
cess rates primarily due to rapid ICM during AVS [15-20]. In

particular, recent reports have shown that using rapid cor-
tisol measurement during AVS can reduce radiation exposure
[21, 22] and that ICM is useful, especially in facilities with
low AVS success rates. Furthermore, a point-of-care testing
(POCT) device that measures cortisol levels has been devel-
oped in Japan, and its usefulness has been reported [19]. Thus,
ICM during AVS is becoming more widespread, especially
in specialized facilities. However, no large-scale multicenter
studies have evaluated the effect of ICM on ACTH-stimulated
(AS)-AVS. In addition, it is necessary to evaluate whether ICM
has the same potential to influence disease type diagnosis as
ACTH loading. Therefore, we evaluated the effect of ICM on
PA practice using data from the registry of the Japan Rare/
Intractable Adrenal Diseases Study (JRAS), a multicenter,
retrospective, observational study conducted in Japan.

Materials and Methods
Study Design

This was a nationwide, multicenter, observational study.
Eleven institutions with known ICM use and duration during
AVS and 17 control centers with no history of ICM partici-
pated in this study.

Adrenal Vein Sampling

AVS is usually performed at baseline and repeated with
ACTH loading. However, some facilities use only one method.
Furthermore, there are 3 techniques for ACTH loading: intra-
venous bolus, continuous infusion, and intravenous bolus
plus continuous infusion. A successful selective catheteriza-
tion depends on the adrenal vein-to-inferior vena cava cor-
tisol ratio (ie, a selectivity index [SI] of >2 for basal AVS
[B-AVS] and > 5 for AS-AVS). Successful AVS was defined as
successful insertion into the bilateral adrenal veins. The lat-
eralization ratio (LR) was defined as the ipsilateral adrenal
vein aldosterone-to-cortisol ratio divided by the contralateral
aldosterone-to-cortisol ratio. Unilateral aldosterone overpro-
duction was confirmed by an LR greater than 2 on B-AVS and
an LR greater than 4 on AS-AVS.

Intraprocedural Cortisol Measurement

This study used data from PA patients from 28 centers; in 11
of these centers, AVS with ICM was performed. Any of the 4
ICM measuring instruments was used in each institution. The
electrochemiluminescence immunoassay (ECLIA) method using
the COBAS system and a kit from Roche Diagnostics KK was
the most used method, with a measurement time of 18 min-
utes; it was used in 6 centers. The next most commonly used
method was the immunochromatographic assay based on gold
nanoparticles (GN-ICA), using the Quick Cortisol Kit from
Trust Medical Co Ltd (Kasai) [20, 23]. This method allowed
the quantitative measurement of plasma cortisol concentrations
within 6 minutes and the semiquantitative measurement within
5 minutes without laboratory technical skills; this was used in
4 institutions. Chemiluminescent enzyme immunoassay (CLEIA)
using Accuraseed (FUJIFILM Wako Pure Chemical Corp) [24]
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was used in 2 institutions; the reaction and processing time was
6 minutes using this method. A competitive enzyme immuno-
assay (competitive EIA) (Tosoh Corp) was used in 1 institution;
10 minutes were required for the antigen—antibody reaction and
processing time using this method. Multiple types of equipment
were used at different time points during the study in one in-
stitution. Meanwhile, different types of equipment were used
simultaneously in another institution.

Patients

The patients enrolled in this study (n = 4057) underwent AVS
for PA subtyping (Fig. 1). The patients were enrolled at each in-
stitution between January 2006 and December 2018. Patients
with an aldosterone-to-renin ratio (ARR) of 200 or greater
and 1 or more positive functional confirmation tests were con-
sidered as having PA. Patients aged 20 to 90 years were in-
cluded in this study. Of these enrolled patients, 924 were first
excluded because their ICM status was unknown. Moreover,
according to the presence or absence of ICM, 1158 patients in
the group with ICM and 1975 patients in that without ICM
were enrolled; these patients were further divided into 3 sub-
groups depending on the AVS method. The first group received
only B-AVS, the second received only AS-AVS, and the third
received both B-AVS and AS-AVS.

This study was conducted according to the guidelines for
clinical studies published by the Ministry of Health, Labour,
and Welfare, Japan. The study adhered to the principles of
the Declaration of Helsinki. The study was approved by the
central ethics committee of Kyoto University (R1868-4) and
was conducted with permission from the director or ethics
committee of each institution.

Statistical Analyses

The study data are expressed as mean + SEM. The chi-square
test was used to test for differences in proportions. The Mann-
Whitney U test was used to compare 2 independent groups,
and the Wilcoxon signed rank test was used to compare 2
related samples. Propensity-score matching using logistic re-
gression was used to calculate the predictive probability for
each patient and to form pairs of patients with similar values
to separate the data into 2 groups for analysis. All statistical
analyses were performed using Prism 8 (GraphPad Software
Inc) or IBM SPSS Statistics for Windows, version 22 (SPSS
Inc). Statistical significance was set at P less than .035.

| PA with AVS n=4057 |
>
>

! !

AVS with ICM AVS without ICM
n=1158 n=1975
— (=
v v
Only Only Both Only Only Both
basal ACTH-s AVS basal ACTH-s AVS
AVS AVS n =688 AVS AVS n=1,708
n=111 n=313 n=48 n =160

Figure 1. Number of adrenal vein sampling (AVS) enroliments divided
into 2 groups according to intraprocedural cortisol measurement (ICM)
status.

Results

Clinical Characteristics and Outcomes of

Primary Aldosteronism Patients Who Underwent
Adrenocorticotropin-stimulated Adrenal Vein
Sampling

The characteristics of patients enrolled in AS-AVS only are
shown in Table 1. A total of 473 patients were classified into
2 groups according to the use of ICM during AVS; concerning
the ACTH-loading method, intravenous bolus and intravenous
bolus plus continuous infusion were performed in 175 and
136 patients in the ICM group, respectively. In the non-ICM
group, the number of patients who received the intravenous
bolus, continuous infusion, and intravenous bolus plus con-
tinuous infusion were 12, 24, and 74, respectively. Clinically,
there were no significant differences between the 2 groups re-
garding age, systolic and diastolic blood pressure, serum po-
tassium concentration, potassium replacement therapy, plasma
renin activity, plasma aldosterone concentration (PAC), and
ARR. The ICM group had a significantly higher proportion of
males and a significantly higher body mass index (BMI) than
the non-ICM group did; regarding AVS results, SI was signifi-
cantly higher in the non-ICM group than in the ICM group
for both right and left adrenal veins. However, the success rate
of AVS was higher in the ICM group than in the non-ICM
group but not significantly so (94% vs 92%; P = .33) (Fig. 2);
subtype diagnosis by LI in AVS was not significantly different
between the 2 groups (37% vs 38%; P = .84); complications
during AVS were not different between the 2 groups (P = .16).

Clinical Characteristics and Outcomes of Primary
Aldosteronism Patients Who Underwent Basal

and Adrenocorticotropin-stimulated Adrenal Vein
Sampling

The characteristics of the patients who underwent both B-AVS
and AS-AVS are shown in Table 2. A total of 2396 patients
were classified into 2 groups according to the use of ICM
during AVS. Concerning the ACTH-loading method, 473,
6, and 207 patients in the ICM group received intravenous
bolus, continuous infusion, and intravenous bolus plus con-
tinuous infusion, respectively. However, in the group that did
not receive ICM, 1250, 16, and 372 patients were allocated to
intravenous bolus, continuous infusion, and intravenous bolus
plus continuous infusion, respectively. Clinically, there were
no significant differences in age, sex, systolic blood pressure,
diastolic blood pressure, or plasma renin activity between the
2 groups. Serum potassium levels were significantly lower in
the non-ICM group than in the ICM group, as well as the
percentage receiving potassium replacement therapy, PAC, and
ARR. Regarding AVS results, SI in both the right adrenal vein
and left adrenal vein was significantly higher in both B-AVS
and AS-AVS in the ICM group than in the non-ICM group.
Complications during AVS did not differ between the 2 groups.

Effect of Intraprocedural Cortisol Measurement on
the Success Rate of Insertion into the Adrenal Vein
During Consecutive Basal Adrenal Vein Sampling
(AVS) and Adrenocorticotropin-stimulated AVS

For B-AVS, the success rate of insertion into the right adrenal
vein was significantly higher with ICM (566/688, 81%) than
without ICM (1230/1708, 72%) (P < .01), and for AS-AVS,
the success rate of insertion into the right adrenal vein was
significantly higher with ICM (636/688, 92%) than without
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Table 1. Clinical characteristics and outcomes of the intraprocedural cortisol measurement (ICM) and non-ICM groups who underwent only

adrenocorticotropin-stimulated adrenal vein sampling

Only ACTH-s AVS with ICM  Only ACTH-s AVS without ICM

No. of patients 313 160
ACTH-loading method, n (intravenous bolus/continuous 0/175/136/2 18/37/105/0
infusion/intravenous bolus plus continuous infusion/unknown)

Age, mean (range), y 52 (25-81) 54 (27-74) =.05
Sex, men/women 154/159 59/101 P=.01
Body mass index 25 +4 24 + 4 P=.01
Systolic blood pressure, mm Hg 142 + 19 143 =19 P=.35
Diastolic blood pressure, mm Hg 89«13 87 = 14 P=.30
Serum potassium, mEq/L 3.6+0.5 3.7+0.5 P=.13
Plasma renin activity, ng/mL/h 0.7 +6.3 0.4+0.5 =.19
Plasma aldosterone concentration, pg/mL 171 = 121 166 = 122 P=.65
Aldosterone-to-renin ratio 1193 = 1325 1152 + 1324 P=.41
Selectivity index of right adrenal vein 2917 38+23 P<.01
Selectivity index of left adrenal vein 2916 36+19 P<.01
Potassium replacement therapy, n (yes/no) 71/236 48/110 P=.09
Complication during AVS, n (yes/no) 3/234 6/153 =.16

Abbreviations: ACTH, adrenocorticotropin; ACTH-s, ACTH-stimulated; AVS, adrenal vein sampling; ICM, intraprocedural cortisol measurement.

Only ACTH-s AVS

with ICM
n=313
Failure
é n=18
LI>4 LI<4
n=109 n=186

Only ACTH-s AVS

with ICM

n =160
LI>4 LI<4
n=>56 n=91

Figure 2. Number of successful adrenal vein sampling (AVS) and subtype diagnosis among patients who received only adrenocorticotropin
(ACTH)-stimulated AVS, classified by whether intraprocedural cortisol measurement (ICM) was performed.

ICM (1522/1708, 89%) (P = .01) (Fig. 3). There was no sig-
nificant difference in the failure rate of AS-AVS after suc-
cessful insertion of basal AVS with or without ICM (4% vs
4%; P =.70). Similarly, there was no significant difference in
the success rate of AS-AVS after a failed B-AVS, regardless of
ICM (79% vs 72%; P = .12).

The results for insertion into the left adrenal vein were
similar to those for the right adrenal vein. The success rate
of insertion into the left adrenal vein was significantly higher
when ICM was used for both B-AVS (600/688, 87% vs
1406/1708, 82%; P <.01) and AS-AVS (670/688, 97% vs
1616/1708, 95%; P < .01) than when ICM was not used (see
Fig. 3). However, the failure rate of AS-AVS in patients with
successful insertion with B-AVS (2% vs 3%; P =.17) and the
success rate of ACTH-stimulated AVS in patients with failed
insertion with basal AVS (92% vs 83%; P = .06) did not differ
between the 2 groups.

Effect of Intraprocedural Cortisol Measurement on
Adrenal Vein Sampling (AVS) Success Rate and
Subtype Diagnosis in Patients Receiving Both Basal
AVS and Adrenocorticotropin-stimulated AVS

In patients who underwent both B-AVS and AS-AVS, the
percentage of cases in which both B-AVS and AS-AVS were

successfully inserted into both the left and right adrenal veins
was significantly higher in the ICM group than in the non-
ICM group (500/688, 73% vs 1049/1708, 61%; P <.01)
(Figs. 4A and 5A).

In terms of AVS subtype diagnosis, the non-ICM group
was significantly more frequently diagnosed with unilat-
eral PA than the ICM group in both B-AVS (56% vs 68%;
P <.01) and AS-AVS (19% vs 32%; P <.01) (Figs. 4B and
5B). However, the proportion of cases with so-called sub-
type diagnosis discordance, in which the subtype diagnosis of
B-AVS and AS-AVS did not match, was similar in the 2 groups
(40% vs 41%; P = .74) (see Figs. 4B and 5B)

Effect of Intraprocedural Cortisol Measurement
on Adrenal Vein Sampling (AVS) Success Rate
and Subtype Diagnosis after Propensity Matching
in Patients Who Underwent Both Basal and
Adrenocorticotropin-stimulated AVS

We first limited the ACTH-loading method to the most
common intravenous administration and employed age, sex,
BMI, presence of hypokalemia, presence of adrenal tumor,
tumor diameter, systolic blood pressure, diastolic blood
pressure, serum potassium concentration, presence of potas-
sium replacement therapy, PAC, ARR, and antihypertensive
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Table 2. Clinical characteristics and outcomes of the intraprocedural cortisol measurement (ICM) and non-ICM groups who underwent both basal and

adrenocorticotropin-stimulated adrenal vein sampling

Both AVS with ICM Both AVS without ICM
No. of patients 688 1708
ACTH loading method, n (intravenous bolus/continuous 473/6/207/2 1250/16/372/70
infusion/intravenous bolus plus continuous infusion/unknown)

Age, mean (range), y 53 (20-77) 52 (21-84) =.14
Sex, men/women 344/344 823/885 P=.44
Body mass index 25 +4 25 +4 P=.23
Systolic blood pressure, mm Hg 142 +19 140 = 17 P=.07
Diastolic blood pressure, mm Hg 87 =14 86«13 P=.32
Serum potassium, mEq/L 3.8+0.5 3.7+0.5 P<.01
Plasma renin activity, ng/mL/h 0.4+0.3 0.4+0.3 =.82
Plasma aldosterone concentration, pg/mL 218 =338 261 +234 P<.01
Aldosterone-to-renin ratio 851 = 1638 1155 = 1625 P<.01
Selectivity index of right adrenal vein 22+78 15«31 P<.01
Selectivity index of left adrenal vein 20+ 32 19 +32 P=.01
Selectivity index of right adrenal vein 48 + 35 44 + 30 P<.01
Selectivity index of left adrenal vein 44 = 24 38+24 P<.01
Potassium replacement therapy, n (yes/no) 93/557 462/1184 P<.01
Complication during AVS, n (yes/no) 14/669 46/1585 P=.32

Abbreviations: ACTH, adrenocorticotropin; AVS, adrenal vein sampling; ICM, intraprocedural cortisol measurement.

medication as variables. Propensity-score matching was per-
formed on 473 patients in the ICM group and 1250 patients
in the non-ICM group who underwent B-AVS and AS-AVS
with intravenous administration (Fig. 6A), and 425 patients
in each group were selected. After propensity-score matching,
the ratio of successful insertion into both right and left ad-
renal veins was significantly higher in the ICM group than
in the non-ICM group for both AVS (Fig. 6A). Regarding
subtype diagnosis by AVS, there was no significant difference
in the proportion of patients diagnosed with unilateral PA
in both B-AVS (55% vs 60%; P =.22) and AS-AVS (17% vs
23%; P = .06). There was also no significant difference in the
proportion of cases with a discrepancy in subtype diagnosis
between B-AVS and AS-AVS.

Comparison of the Effect of Different
Intraprocedural Cortisol Measurements on Adrenal
Vein Sampling

The 2 most commonly used ICM procedures in the cases in-
cluded in this study were ECLIA and GN-ICA, with ECLIA
used at 5 centers and GN-ICA at 4 centers. To compare
ICA, 182 cases had both AVS performed at ECLIA and 182
cases had both AVS performed at GN-ICA, with no signifi-
cant difference between the 2 groups for B-AVS (81% vs
78%; P =.39) and AS-AVS (93% vs 90%; P =.22) (Fig. 7).
To evaluate the effect on subtype diagnosis, propensity-score
matching was performed using age, sex, BMI, presence of
hypokalemia, presence of adrenal tumor, tumor diameter,
systolic blood pressure, diastolic blood pressure, serum po-
tassium concentration, presence of potassium replacement
therapy, PAC, ARR, antihypertensive medication, and ACTH
administration method during AVS as variables, and 100 in-
dividuals each from the 2 groups were selected. A comparison
performed after propensity-score matching showed no sig-
nificant difference between the 2 groups in both AVS success

rates (72% vs 80%; P = .25) (Fig. 8A) and the diagnostic rate
of unilateral PA in B-AVS (51% vs 56%; P = .63) and AS-AVS
(19% vs 23%; P = .69), respectively (Fig. 8B and 8C).

Discussion

Cortisol and aldosterone concentrations are measured in
AVS. The success of selective catheter insertion into the ad-
renal vein is confirmed by the fact that the cortisol concen-
tration obtained from the adrenal vein is higher than that in
the IVC blood; SI is commonly used as an index to determine
this, but different cutoff values have been reported [25-29].
Specifically, the SI for B-AVS ranges from 1.1 to 3.0, and the
SI for AS-AVS ranges from 2.0 to 5.0 [30]. In the Adrenal Vein
Sampling International Study, which involved representative
sites globally, the most used SIs were 2.0 for B-AVS and 3.0
or 5.0 for AS-AVS. In the Endocrine Society Clinical Practice
Guidelines [4], the SI is 2.0 and 5.0 for protocols without
ACTH stimulation and for protocols with ACTH stimulation,
respectively; these criteria were adopted in this study. These
SI values are also recommended in the Japanese PA guidelines
in 2021.

AVS is the gold standard method for subtyping PA; how-
ever, the main challenge is its low success rate. Moreover, in
this study, the success rate for the right adrenal vein was evi-
dently lower than that of the left adrenal vein. It has been
reported that even if catheter insertion into the unilateral ad-
renal vein is unsuccessful, the aldosterone-to-cortisol ratio of
the adrenal vein to the inferior vena cava in which catheter in-
sertion was successful can be used for localization. However,
this method requires further study. The main reason for ICM
during AVS is to increase the success rate of AVS [20]. During
AVS, it is possible to measure cortisol levels in the adrenal
veins and inferior vena cava and predict the success or failure
of catheter insertion into the adrenal vein using ICM. If the
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Insertion into RIGHT Insertion into RIGHT adrenal
adrenal vein with ICM vein without ICM
n = 688 n=1708

¢ Basal AVS ¢I ¢ Basal AVS ¢

Success Failure Success Failure
n =560 n=128 n=1230 n =478
ACTH-s AVS ACTH-s AVS
Success Failure Success Failure Success Failure Success Failure
n =535 n=25 n=101 n=27 n=1180 n=72 n =342 n=136
Insertion into LEFT Insertion into LEFT adrenal
adrenal vein with ICM vein without ICM
n = 688 n=1708

¢ Basal AVS ¢ ¢ Basal AVS ¢

Success Failure Success Failure
n =600 n =88 n = 1406 n =302
ACTH-s AVS ACTH-s AVS
Success Failure Success Failure Success Failure Success Failure
n =589 n=11 n =381 n=7 n = 1364 n=42 n =252 n=50

Figure 3. Number of successful insertions into the left and right adrenal veins in patients who underwent basal adrenal vein sampling (AVS) and
adrenocorticotropin (ACTH)-stimulated AVS in the 2 groups classified based on intraprocedural cortisol measurement (ICM) use.
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Figure 4. Number of A, cases in which both adrenal vein samplings Figure 5. Number of A, successful adrenal vein sampling (AVS)
(AVS) were successful and B, subtype diagnosis in cases in which cases and B, subtype diagnosis in cases in which both basal AVS and
intraprocedural cortisol measurement (ICM) was performed and adrenocorticotropin (ACTH)-stimulated AVS were performed without
both basal AVS and adrenocorticotropin (ACTH)-stimulated AVS were

intraprocedural cortisol measurement (ICM) (one case excluded because
performed. of insufficient data in B).
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when using A, electrochemiluminescence immunoassay (ECLIA) and B, immunochromatographic assay based on gold nanoparticles (GN-ICA),

respectively.

catheter insertion is inappropriate, then the catheter position
can be adjusted and repeat blood sampling can be performed.
Even if the catheter is inserted correctly into the adrenal vein,
it may be dislodged during blood collection, especially during

AVS. In addition, multiple adrenal veins are anatomical ab-
normalities. In such situations, the use of an ICM can provide
a quick solution. The selection of samples with appropriate
SIs can be performed by the quantitative or semiquantitative
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Figure 8. Comparison of adrenal vein sampling (AVS) success rate and subtype diagnosis between cases using electrochemiluminescence
immunoassay (ECLIA) and immunochromatographic assay based on gold nanoparticles (GN-ICA) after propensity-score matching. A, is the number of
successful cases of both AVS after case selection. Also shown in B is for subtype diagnosis in the ECLIA group and C shows the subtype diagnosis in

the GN-ICA group.

assessment of cortisol levels. In this multicenter, retrospective
study, the Sls of the left and right adrenal veins for B-AVS were
significantly higher in the ICM group than in the non-ICM
group. In addition, the success rates of B-AVS and AS-AVS
were significantly higher in the ICM group than in the non-
ICM group. ACTH loading is the most common method to
increase the success rate of AVS [31]. In this study, there was
no significant difference in the success rate of AVS between
the ICM and non-ICM groups when only AS-AVS was per-
formed. SI was significantly higher in the non-ICM group
than in the ICM group. However, this comparison may have
been influenced by differences in the ACTH-loading methods
between the 2 groups. In both AVS protocols, many patients
had successful insertion after ACTH loading, even when in-
sertion into each adrenal vein failed during B-AVS. There was
no significant difference in the percentage of patients who
went from failure in the B-AVS to success in the AS-AVS in the
right (79% vs 72%; P = .12) and left (92% vs 83%; P = .06)
adrenal veins, with or without the use of ICM. Therefore,
ACTH loading is a powerful method for improving the suc-
cess rate of AVS.

The main purpose of AVS lies in PA diagnosis and identi-
fication of the site of aldosterone overproduction. However,
there have been mixed reports on the effect of ACTH loading
on disease type diagnosis. In particular, its usefulness for lo-
calization diagnosis is unclear, and there have been several
reports of discrepancies in the final diagnosis before and after
ACTH stimulation [12-14]. Moreover, in the present study,
a discrepancy in disease type diagnosis between B-AVS and
AS-AVS was evident; concerning the effect of ICM on disease
type diagnosis, no significant difference in disease type diag-
nosis was found when AS-AVS was performed. However, in
protocols in which both AVS procedures were performed, a
significantly higher percentage of patients in the non-ICM
group were diagnosed with unilateral PA in both B-AVS and
AS-AVS than in the ICM group. Furthermore, because there
were significant differences in clinical characteristics between
the 2 groups, we performed a propensity-score matching
limited to patients who received the most common intra-
venous administration of ACTH and found no difference
in disease type diagnosis. These results indicate that ICM is
unlikely to influence disease type diagnosis. In PA practice,
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facilities that do not perform ICM may recommend AVS for
more typical PA cases, such as those with lower serum potas-
sium levels and higher ARR than those with ICM.

ICM may not be effective in AVS in some situations.
First, PA is often associated with Cushing syndrome that is
caused by autonomous cortisol production [32, 33]. When
aldosterone-producing adenomas produce cortisol, cortisol
production in the contralateral adrenal gland is reduced, and
this might affect SI. As such, determining the success of ad-
renal vein insertion using cortisol can be difficult. Therefore,
the presence of Cushing syndrome must be assessed before
AVS [34]. Second, ICM is labor-intensive, expensive, and re-
quires specialist technicians to operate some of the measuring
instruments. However, POCT devices for ICM with nano-
technology have been developed in 2016. The entire assay
system for the Quick Cortisol Kit from Trust Medical Co Ltd
is both compact and portable; hence, it can be used in any
facility [20]. A previous report showed that cortisol measure-
ment using a POCT device during AVS improved cannulation
success rates and reduced radiation exposure [23]. Given that
POCT equipment does not entail advanced techniques, its de-
mand will likely increase in the future.

In recent years, there have been many studies reporting that
cortisol is an inadequate indicator of insertion into the ad-
renal vein. Substances that may be more useful as indicators
than cortisol including 11-deoxycortisol [35], androstene-
dione [36, 37], 17a-hydroxyprogesterone [36], adrenocortical
androgens [38, 39], and metanephrine [37, 40, 41] have been
reported. These substances may be particularly useful in cases
with high cortisol fluctuations due to stress or other factors,
or in cases with aldosterone-producing tumors that may
co-produce cortisol. The utility of liquid chromatography—
tandem mass spectrometry in evaluating profiles has also
been reported [42, 43]. In Japan, many of the aforementioned
hormones are difficult to measure in one’s own facility, and
rapid measurement may still be difficult. However, if further
evidence reveals a hormone more useful as an indicator of
AVS than cortisol, the establishment of a rapid measurement
device may lead to further breakthroughs in AVS.

This is the first multicenter study to evaluate the efficacy
of ICM for AS-AVS, assessing the success rate of ICM not
only in B-AVS but also in AS-AVS, its effect on disease type
diagnosis, and AVS complications. The success rate of AVS
was similar to the findings of previous reports, not only for
B-AVS but also for AS-AVS. However, there was no significant
difference in the success rate of AS-AVS with or without ICM
after determining the success or failure of B-AVS in protocols
that performed both AVS. Furthermore, when only AS-AVS
was performed, there was no significant difference in success
rates with or without the use of ICM. These results suggest
that it is not always necessary to use ICM during AS-AVS if
the protocol is to perform both AVS or only AS-AVS. This
result is important because there are many different methods
of ICM, and some methods require multiple additional phys-
icians or technicians, or even costs, when performing AVS. In
addition, previous reports suggest that ICM directly confirms
the success or failure of insertion into the adrenal vein, thus
reducing the need for intraoperative contrast to confirm the
catheter position and decreasing the amount of radiation ex-
posure. On the other hand, there was concern that the results
of ICM might lead to repeated insertion into the adrenal vein
and an increase in intraoperative complications, but such re-
sults were not observed in this study. These results suggest

that ICM is a very useful technique for performing AVS, and
its use should be considered according to each institution’s
success rate and method of implementation.

This study is not without limitations. First, this was a retro-
spective and observational study. Second, the information in
the registry did not allow us to assess the time required for
AVS, which is an important challenge with the use of ICM or
the number of repeated insertions into the adrenal vein based
on the results of ICM. Finally, there is no consensus protocol
for ICM. A randomized trial is currently underway in Europe
to evaluate the efficacy of ICM [44] and is expected to pro-
vide further insight into the effect of ICM on AVS. Further
prospective studies are needed to assess the benefits and effect
of ICM on examination time and complications.

In conclusion, the present multicenter JRAS study showed
that ICM improves the success rate of B-AVS and AS-AVS;
furthermore, ICM, unlike ACTH loading, has no effect on
subtype diagnosis. Notably, the use of ICM does not increase
intraoperative AVS complications. Our study also compared
the efficacy between ICMs, but no significant differences were
found between the 2 types of ICMs. However, depending on
the protocol, it is not always necessary to use ICM, especially
for AS-AVS, and it is desirable to decide based on the actual
situation at each facility. These results suggest that ICM during
AVS plays an important role and should be recommended.
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