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Abstract

Introduction: The captopril challenge test (CCT) is the major confirmatory test for primary aldosteronism (PA), and
frequently carried out because of its convenience. However, it presents false-negative results with a certain probability,
and as there are many criteria for CCT, it is not concluded yet which criteria to use.

Materials and methods: A total of 7| PA patients were evaluated. We compared CCT-positive and CCT-negative
patients in the following three criteria: plasma aldosterone/renin ratio (ARR) >200 after the CCT (criterion |); plasma
aldosterone concentration (PAC) >120 pg/ml after the CCT (criterion 2); and PAC suppression <30% of PAC before
CCT (criterion 3).

Results: The positive rate was 70.4%, 64.8% and 54.9% for criterion |, criterion 2 and criterion 3, respectively. With
criterion |, the baseline plasma renin activity was lower, thus baseline ARR was higher in CCT-positive patients. With
criterion 2, PAC was higher and estimated sodium intake and K were lower in CCT-positive patients. With criterion 3,
K and PAC were lower in CCT-positive patients. Although it was not significant, in the patients with high sodium intake,
the positive rate of criterion | was higher than that of the other criteria.

Conclusions: ARR>200 is the valuable criterion for the diagnosis of PA.
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Introduction as screening method in current guidelines,? 10 confirmatory
tests are also recommended to diagnose PA.3-10 In the
guideline from the Japanese Society of Hypertension (JSH),
one of the following confirmatory tests must be used to
diagnose PA: captopril challenge test (CCT),"! upright
furosemide loading test, saline loading test!? or oral sodium
loading test.!> Similarly, in the guideline from the Japan
Endocrine Society (JES), it is recommended that the
definitive diagnosis be made when at least two of three

Primary aldosteronism (PA) is characterized by autono-
mous production of aldosterone from the adrenal glands
that is not regulated by angiotensin II (Ang II) or plasma
potassium concentrations.! PA is the leading cause of sec-
ondary hypertension, seen in 5-10% of patients with
hypertension.2 It is especially frequent in resistant hyper-
tension and reported to account for 3.9% in stage 1 hyper-
tension and 11.8% in stage 3 hypertension.3
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confirmatory tests (CCT, upright furosemide loading test
and saline loading test) are positive. Nevertheless, it has not
yet been determined which confirmatory test is the best.

CCT was proposed to be useful in discriminating PA
from essential hypertension (EH) in 1983.'% It was
reported to be as effective as the sodium loading test in
confirming PA.!5 In Japan, the consensus statement pub-
lished in 2016 recommends CCT as the first choice
because of its convenience and safety. CCT raises the
accuracy of definitive diagnosis when added to the meas-
urement of ARR alone.!®

However, the CCT has false-negative results in some
cases. Mulatero et al. noted that CCT might be misleading
in confirming the diagnosis.!” Because CCT is relatively
safe and easily carried out in outpatients, physicians might
rule out PA simply by the fact that the CCT is negative.
Furthermore, although there are several criteria for CCT in
guidelines, it is not assessed yet whether there are differ-
ences in the clinical features between CCT-positive
patients and CCT-negative patients in various criteria.

Therefore, we compared and examined influencing fac-
tors for the differences between CCT-positive and CCT-
negative patients in each criterion of CCT recommended
in current guidelines to elucidate the points to note when
we use these criteria for PA diagnosis.

Materials and methods

Participants and the CCT procedure

A total of 71 patients who were finally diagnosed with PA
based on the guideline from JSH!? in our hospital from
2011 to 2017 were included. In detail, all the patients ful-
fill ARR >200, plasma aldosterone concentration (PAC)
>120 pg/ml, and at least one confirmatory testing other
than CCT. Our study protocol was approved by the Ethics
Committee of The Jikei University School of Medicine
(No. 30-410), and informed consent was obtained from all
patients participating in the study.

All antihypertensive agents except for calcium channel
blockers and a-blockers were withdrawn at least 6 wk
before the baseline blood sample, confirmatory testing and
adrenal vein sampling (AVS). Baseline blood samples
were taken one day after the patients remained in the
recumbent position for at least 30 min. Baseline urine sam-
ples were obtained at the same time. All blood and urine
samples were examined by SRL Inc. (Tokyo, Japan). All
the patients who have visible adenoma with computed
tomography (CT) underwent 1 mg dexamethasone sup-
pressing test as previously described'® and there were no
patients who were diagnosed with subclinical Cushing’s
syndrome or Cushing syndrome.

CCT was carried out on another day. All patients under-
went CCT in the morning. The blood samples were obtained
just before the patients received 50 mg of captopril at

approximately 8:00 a.m. Then, 90 min after captopril
administration, blood samples were again obtained, and
before taking blood samples, patients remained in the
recumbent position for at least 30 min.

The comparison of CCT criteria

In the guideline from JSH, a criterion for CCT is ARR
>200 at 60 or 90 min after captopril administration.!* In
the guideline from JES, the three criteria for CCT are:
ARR >200; PAC/active renin concentration ratio >40;
and PAC >120 pg/ml at 60 or 90 min after captopril
administration.” On the other hand, in the Endocrine
Society clinical practice guideline, the value of PAC after
the CCT (post PAC) remains elevated, not suppressed.
More than 30% of the value of PAC before the CCT (pre
PAC) is used as the criterion.® Therefore, each of the crite-
ria was compared: ARR >200 (criterion 1); PAC >120
pg/ml (criterion 2); and post PAC >0.7 X pre PAC (crite-
rion 3). The clinical features and the rates of a positive
upright furosemide loading test and saline loading test
were compared between the CCT-positive and CCT-
negative groups using each criterion. In addition, we com-
pared the characteristics of PA patients in accordance with
the number of the positive results in various criteria for
CCT; group 1: CCT positive in all the criteria; group 2:
CCT positive in one or two criteria; group 3: CCT negative
in all the criteria.

Procedures of confirmatory tests other than
CCT for PA

The other confirmatory tests for PA were performed as
described in JSH guideline.!® In the upright furosemide
loading test, plasma renin activity (PRA) <2.0 ng/ml/h at
2 h after furosemide infusion was considered a positive. In
the saline loading test, PAC >60 pg/ml at 4 h after saline
infusion was considered a positive result.

AVS

AVS was carried out on another day. Criteria for adequate
catheterization were defined as an adrenal venous cortisol
concentration after adrenocorticotropic hormone (ACTH)
stimulation =200 pg/dl and an adrenal venous cortisol
concentration after ACTH stimulation =5 times the corti-
sol concentration from the inferior vena cava, as described
in the current guideline.’ The adrenal venous blood aldos-
terone/cortisol (A/C) ratio after ACTH stimulation was
calculated bilaterally. An adrenal PAC after ACTH stimu-
lation =14,000 pg/ml was defined as aldosterone hyperse-
cretion. When it was present in each of the adrenal glands
and if the lateralized ratio calculated as the adrenal vein
A/C ratio on the high value side/low value side was =4,
and the contralateral ratio calculated as the adrenal vein
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A/C ratio on the low value side/high value side was <1,
the patient was diagnosed as having unilateral hypersecre-
tion. If the patient did not meet each of the requirements
above, the patient was diagnosed as having bilateral
hypersecretion.

Formula to estimate sodium and potassium
excretion

The estimated amount of creatinine excreted per day
was calculated by the formula (-2.04 X age (y) + 14.89
X body weight (kg) + 16.14 X height (cm) — 2244.45
mg/d), and then the estimated amount of sodium
excreted per day was calculated as 21.98 X [(urinary
sodium concentration/urinary creatinine concentration)
X estimated creatinine excretion] 0-392.19 Similarly, the
estimated amount of potassium excreted per day was
calculated as 7.59 X [(urinary potassium concentration/
urinary creatinine concentration) X estimated creati-
nine excretion] 043119

Statistical analysis

Data are described as means = standard deviation. P<<0.05
was considered significant. The significance of differences
between the CCT-positive and CCT-negative groups was
assessed by the Mann—Whitney U test. The comparison
between three groups in accordance with the number of the
positive results was assessed by the Kruskal-Wallis test.
The associations between parameters were analyzed by
Pearson’s product moment correlation coefficient. One-
way analysis of variance was used to compare the positive
rate of each criterion.

Multivariable logistic regression models were employed
to elucidate the factors contributing to the result of each
criteria. Multivariate regression analyses were operated to
identify the factors related to ARR value or PAC value
after CCT.

All statistical analyses were performed with EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna,
Austria). More precisely, it is a modified version of R com-
mander designed to add statistical functions frequently
used in biostatistics.?°

Results

A total of 71 patients were included. Their mean age was
50.3%=10.4 y, and 69.0% of patients were male. Overall,
67.6% of patients received only calcium channel block-
ers before the CCT, and 2.8% received calcium channel
blockers and a-blockers at the time of the CCT. The
baseline values of PRA and PAC were 0.43+0.30 ng/
ml/h and 229.0*£189.4 pg/ml, respectively, and ARR

was 911.3%21897.6. From CT, 38.0% of the patients had
unilateral or bilateral adrenal adenomas. Unilateral
hypersecretion was verified in 21.1% of patients.
Estimated sodium excretion by day was 145.3*x41.2
mEq/d. Of the 71 patients, 83.3% and 76.1% of them
were positive on the upright furosemide loading test and
saline loading test, respectively.

Subsequently, the positive rate for each of the diagnos-
tic criteria of CCT was evaluated and found to be 70.4%,
64.8% and 54.9% for criterion 1, criterion 2 and criterion
3, respectively. The positive rate of each criterion was not
different significantly (P=0.15).

For criterion 1, the patients with unilateral hypersecre-
tion were more likely to be included in the CCT-positive
group. Although there was no significant difference in
PAC between the CCT-positive and CCT-negative groups,
PRA was significantly lower, and thus ARR was signifi-
cantly higher in the CCT-positive group. The estimated
amount of sodium excretion and the serum adrenaline and
noradrenaline concentrations were not different between
the two groups (Table 1).

Also, for criterion 2, the patients with unilateral hyper-
secretion were more likely to be included in the CCT-
positive group. Serum potassium concentration was
significantly lower in the CCT-positive group, and esti-
mated sodium and potassium excretion from urine were
significantly lower in the CCT-positive group. Although
there was no significant difference in ARR between the
two groups, PAC was significantly higher in the CCT-
positive group (Table 2).

For criterion 3, the patients with unilateral hypersecre-
tion were again more likely to be included in the CCT-
positive group. Serum potassium concentration was
significantly lower in the CCT-positive group, and serum
noradrenaline concentration was significantly lower in the
CCT-positive group. Although the difference was rela-
tively small, PAC was significantly lower in the CCT-
positive group (Table 3).

The differences in the ARR and PAC values after the
CCT between the unilateral and bilateral PA groups were
evaluated. The values of both PAC and ARR after the
CCT were similarly and significantly higher in unilateral
PA (PAC 362.7%+374.4 pg/ml versus 193.2£66.9 pg/ml,
P<0.005; ARR 2203.9£3909.6 versus 565.0+424.5,
P<0.005), which explain the reason that the patients of
unilateral hypersecretion were much more included in
the CCT-positive group in all the criteria. On the other
hand, there was no significant difference in the ratio of
PAC after the CCT to PAC before the CCT between uni-
lateral hypersecretion and bilateral hypersecretion
(0.79%+0.15 versus 0.76%0.28, P=0.17). In the CCT-
negative patients of each criteria, the patients with uni-
lateral hypersecretion were 4.8%, 8.0% and 9.4%,
respectively. There were no significant differences
between the groups (P=0.83).
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Table I. Comparison between captopril challenge test (CCT)-positive and CCT-negative patients using the criterion of

aldosterone/renin ratio >200.

positive negative P value
patient numbers, n (%) 50 (70.4) 21 (29.6)
chronic kidney disease (%) 10.0 28.6 0.05
hypokalemia (%) 28.0 9.5 0.09
age (y) 48.7x10.7 53.8%£9.2 0.07
sex (male) (%) 68.0 714 0.78
body mass index (kg/m?) 25.9+5.6 24.0+3.9 0.28
unilateral hypersecretion (%) 28.0 4.8 <0.05
calcium channel blocker (%) 68.0 66.7 0.92
a-blocker (%) 4.0 0.0 0.37
upright furosemide loading test (%) 80.0 90.0 0.34
saline loading test (%) 72.0 85.7 0.22
serum creatinine concentration (mg/dl) 0.84=0.20 0.88+0.20 0.44
estimated glomerular filtration rate (ml/min) 744=134 69.0=13.9 0.09
Na (mEq/l) 141.5%1.6 141.4+1.7 0.59
K (mEq/l) 3.80+0.50 4.04*+0.36 0.06
estimated sodium excretion (mEq/d) 147.7+44.8 139.7+33.0 0.70
estimated potassium excretion (mEq/d) 45.1£94 45.7£79 0.56
serum noradrenaline concentration (pg/ml) 259.2x116.7 272.3*116.5 0.67
serum adrenaline concentration (pg/ml) 23.8+18.8 234+15.1 0.89
urinary normetanephrine concentration (mg/mgCr) 0.23*0.10 0.22+0.09 0.99
urinary metanephrine concentration (mg/mgCr) 0.09+0.04 0.09+0.03 0.51
urinary noradrenaline concentration (pg/mgCr) 216.6+266.8 174.1162.4 0.78
urinary adrenaline concentration (pg/mgCr) 13.4x75 14374 0.6l
plasma renin activity (ng/ml/h) 0.35x0.18 0.63+0.43 <0.005
plasma aldosterone concentration (pg/ml) 234.8+220.9 215.2+87.0 0.46
aldosterone/renin ratio 1094.6+-2236.9 474.7+490.1 <0.005

Since baseline ARR differed between the two groups
for criterion 1 because of the PRA, factors related to PRA
variation were further explored. While sodium intake has
been found to be inversely related to the synthesis and
release of renin,?! in the present study, sodium intake esti-
mated by urinary sodium excretion was not correlated with
the PRA value (Figure 1(a)). Although urinary sodium
excretion was also not correlated with ARR (Figure 1(b)),
it was significantly and inversely correlated with PAC
(Figure 1(c)).

We underwent logistic regression analysis to evaluate
which factors influence the result of each CCT criteria. We
included age, estimated glomerular filtration rate, serum
potassium concentration, unilateral hypersecretion, esti-
mated sodium excretion, baseline PRA and baseline PAC.
For criterion 1, baseline PRA (odds ratio (OR) 0.0057
(95% confidence interval (CI) 0.00023-0.14), P=0.0015)
and age (OR 0.92 (95% CI 0.86—-0.98), P=0.016) remained
as the contributing factors. For criterion 2, only baseline
PAC (OR 1.010 (95% CI 1.00-1.02), P=0.02) remained as
the contributing factor. For criterion 3, baseline PRA (OR
0.052 (95% CI 0.004-0.638), P=0.021) and age (OR 0.95
(95% CI 0.90-0.99), P=0.040) remained as the contribut-
ing factors.

Furthermore, univariate and multivariate regression

analyses were performed to identify the causal factors for
ARR after CCT, PAC after CCT, and decrement of PAC
after CCT. Baseline PRA, baseline PAC, serum potassium
concentration and unilateral hypersecretion were inde-
pendent predictors of the ARR after CCT after adjusting
for adrenal adenoma, serum creatinine concentration,
serum sodium concentration, estimated sodium excretion
and serum noradrenaline concentration (Table 4). Baseline
PAC, serum potassium concentration and unilateral hyper-
secretion were independent predictors of the PAC after
CCT after adjusting for serum creatinine concentration,
and estimated sodium excretion (Table 5). There was no
independent predictor for the decrement of PAC after CCT.

As it is postulated that estimated sodium excretion,
almost equal to sodium intake, was considerably related to
the result of CCT in criterion 2, we compared the positive
rate of each criteria on the basis of estimated sodium excre-
tion. In the patients whose estimated sodium intake was
more than the median value (estimated sodium excretion
=143.47 mEq/d), the positive rate of criterion 2 and crite-
rion 3 tended to be lower than criterion 1 (criterion 1:
66.7%, criterion 2: 50.0%, criterion 3: 50.0%; P=0.27). As
a matter of fact, although the positive rate was not different
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Table 2. Comparison between captopril challenge test (CCT)-positive and CCT-negative patients using the criterion plasma
aldosterone concentration > 120 pg/ml.

positive negative P value
patient numbers, n (%) 46 (64.8) 25 (35.2)
chronic kidney disease (%) 15.2 16.0 0.94
hypokalemia (%) 21.7 24.0 0.84
age (y) 49.7+10.6 51.4=10.3 0.61
sex (male) (%) 73.9 60.0 0.23
body mass index (kg/m?) 25.8+5.6 245+4.4 0.39
unilateral hypersecretion (%) 28.3 8.0 <0.05
calcium channel blocker (%) 76.1 52.0 <0.05
a-blocker (%) 22 4.0 0.67
upright furosemide loading test (%) 783 91.3 0.20
saline loading test (%) 80.0 68.0 0.25
serum creatinine concentration (mg/dl) 0.87+0.20 0.81=0.19 0.15
estimated glomerular filtration rate (ml/min) 72.1=14.2 74.1=12.9 0.37
Na (mEq/l) 141.3£1.5 141.8*1.8 0.41
K (mEgq/l) 3.78+0.46 4.04+0.49 <0.05
estimated sodium excretion (mEq/d) 136.140.8 161.8+38.3 <0.05
estimated potassium excretion (mEq/d) 43.6£7.2 484108 <0.05
serum noradrenaline concentration (pg/ml) 26141167 266.7+116.9 0.89
serum adrenaline concentration (pg/ml) 25.0+19.5 21.6+14.2 051
urinary normetanephrine concentration (mg/mgCr) 0.21x0.09 0.24=0.11 0.36
urinary metanephrine concentration (mg/mgCr) 0.09+0.03 0.09+0.04 0.57
urinary noradrenaline concentration (pg/mgCr) 147.9+125.2 263.3£310.2 0.47
urinary adrenaline concentration (pg/mgCr) 12.66.8 15.0£8.0 0.33
plasma renin activity (ng/ml/h) 0.46+0.35 0.39+0.18 0.74
plasma aldosterone concentration (pg/ml) 261.0+228.8 170.1£49.4 <0.005
aldosterone/renin ratio 1120.2+2345.5 526.8+316.6 0.41

due to sodium intake in criterion 1 (estimated sodium
excretion =143.47 : estimated sodium excretion <143.47
was 66.7% : 73.5%, P=0.54), and criterion 3 (estimated
sodium excretion =143.47 : estimated sodium excretion
<143.47 was 50.0% : 61.8%, P=0.33), the positive rate
was significantly lower in the patients with more sodium
intake (estimated sodium excretion =143.47 : estimated
sodium excretion <143.47 was 50.0% : 79.4%, P<<0.01).

Besides, we compared the characteristics of PA patients
in accordance with the number of the positive results in
various criteria for CCT; group 1: CCT positive in all the
criteria; group 2: CCT positive in one or two criteria; group
3: CCT negative in all the criteria (Table 6). Although
PRA, PAC and ARR values were not different between the
three groups, serum potassium concentration was signifi-
cantly higher in group 3 than in group 1 and group 2.
Furthermore, there were no patients with unilateral hyper-
secretion in group 3.

Discussion

The CCT is a confirmatory test that was first proposed in
1983,'4 and it has been broadly applied worldwide. The
CCT raises the sensitivity and specificity from 95.4% and

28.3% when using the ARR value alone to 100% and
67.9%, respectively,!' and various guidelines emphasize
its usefulness for diagnosing PA. Guidelines that were
recently published mention the use of confirmatory tests
for PA,310 and the CCT is recommended preferentially
because of its simplicity and safety. However, Mulatero
et al. disputed the usability of the CCT because of the
diversity in absorption efficiency for each patient.!”
Westerdahl et al. even argued that the ARR after the CCT
is only marginally better than basal ARR measurement, so
that it is almost no use administering the CCT for diagnos-
tic confirmation.?? Rossi et al. reported that, although the
PAC values after the CCT and the saline loading test were
equally helpful in PA diagnosis, the accuracy of the CCT
was inferior to that of the saline loading test in patients
with sodium intake less than 130 mEq/d because of renin-
angiotensin system (RAS) activation.??

Which criterion of the CCT is the best for diagnosing
PA is also a matter of discussion. Naomi et al. reported
first that ARR>200 after the CCT showed sufficient sen-
sitivity (95%) and specificity (92%) in Japanese PA
patients.?* There are various reports about the thresholds
for PAC after the CCT,” and a recent paper from
Korea indicated that sensitivity and specificity of PAC
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Table 3. Comparison between captopril challenge test (CCT)-positive and CCT-negative patients using the criterion of post

plasma aldosterone concentration (PAC) >0.7 X pre PAC.

positive negative P value
patient numbers, n (%) 39 (54.9) 32 (45.1)
chronic kidney disease (%) 12.8 18.8 0.50
hypokalemia (%) 30.8 12.5 0.07
age (y) 48.7+10.8 52.6+9.8 0.14
sex (male) (%) 743 62.5 0.29
body mass index (kg/m?) 26.3+4.9 24.2*55 <0.05
unilateral hypersecretion (%) 30.8 9.4 <0.05
calcium channel blocker (%) 69.2 65.6 0.75
a-blocker (%) 2.6 3.1 0.90
upright furosemide loading test (%) 833 83.3 0.99
saline loading test (%) 79.5 71.9 0.46
serum creatinine concentration (mg/dl) 0.86=0.21 0.84=0.19 0.79
estimated glomerular filtration rate (ml/min) 74.1=13.9 71.3=13.5 0.37
Na (mEq/l) 141.4x1.7 141.6+1.6 0.60
K (mEg/l) 3.76+0.39 4.00+0.54 <0.01
estimated sodium excretion (mEq/d) 144.9+40.5 145.8+43.4 0.85
estimated potassium excretion (mEq/d) 44.7+8.5 46.1£9.5 0.37
serum noradrenaline concentration (pg/ml) 237.5=1125 2954=113.9 <0.05
serum adrenaline concentration (pg/ml) 248+19.7 22.4+14.9 0.45
urinary normetanephrine concentration (mg/mgCr) 0.20%0.07 0.25*0.12 0.1
urinary metanephrine concentration (mg/mgCr) 0.09+0.03 0.09+0.04 0.52
urinary noradrenaline concentration (pg/mgCr) 157.2+167.3 259.0£296 .4 0.26
urinary adrenaline concentration (pg/mgCr) 11.9x6.1 16.084 0.12
plasma renin activity (ng/ml/h) 0.37=0.19 0.52+0.39 0.11
plasma aldosterone concentration (pg/ml) 222.6+235.0 236.8+119.9 <0.05
aldosterone/renin ratio 1103.0+2503.3 677.6+680.8 0.59

>120 pg/ml after the CCT were 98% and 71.4%, respec-
tively,'® which meant that it showed enough reliability
for PA diagnosis. Therefore, the Japanese guideline rec-
ommends using ARR>200 and PAC>120 pg/ml after
the CCT as the criterion,” whereas the Endocrine Society
clinical practice guideline recommends the use of the
extent of PAC suppression.®

Recently, two reports from China discussed which cri-
terion is the most suitable for diagnosing PA after the
CCT. Meng et al. advocated that, since the difference in
the degree of PAC decline was relatively small (17.7% in
EH versus 14.2% in PA), the PAC value after the CCT
rather than the degree of PAC decline is better for PA
diagnosis.?® They indicated that the optimal cutoff value
of PAC after the CCT was 16.7 ng/ml. Song et al. also
alleged that the CCT is equally reliable for diagnosing PA
with the fludrocortisone suppression test, and the area
under the receiver operating characteristic curve of the
CCT was higher for PAC after the CCT than for the PAC
diminution rate after the CCT.?’” Nanba et al. reported
that, at least for unilateral aldosterone-producing ade-
noma (APA) diagnosis, ARR after the CCT was as useful
as PAC after the CCT.28 As a matter of fact, ARR after the
CCT was also reported to be helpful for differentiation of

APA from EH and idiopathic hyperaldosteronism (IHA)
at the threshold of ARR=422 (sensitivity 75.0%, specific-
ity 81.0%).2°

For criterion 1, the ARR value was significantly higher
in CCT-positive patients. As the PAC value was not differ-
ent between the two groups, the PRA discrepancy is the
main reason for this ARR dissimilarity. In general, PRA is
suppressed in PA patients. PRA has been shown to be
modulated by sodium intake, Ang II, the sympathetic
nervous system (SNS), atrial natriuretic peptide and auta-
coids such as prostaglandins, nitric oxide and adeno-
sine.?!30 We explored the relationship between PRA, PAC
and estimated sodium excretion, and elucidated that, at
least in our study, estimated sodium excretion was corre-
lated not with PRA but with PAC. As sleep apnea syn-
drome is found to be associated with hyperaldosteronism,
and leads to SNS activation,?!32 and renal sympathetic
nerve activity is indicated to be the mediator of renin
secretion, this coexisting disease might affect the PRA
value. We evaluated the correlation between serum, urine
noradrenaline concentration and PRA value, and found
that PRA value was significantly correlated with serum
noradrenaline value, but it was not correlated with urine
noradrenaline value.
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Figure 1. Relationships between plasma renin activity (PRA), aldosterone/renin ratio (ARR) and plasma aldosterone concentration
(PAC) with 24-h estimated sodium excretion. (a) There is no significant correlation between 24-h estimated sodium excretion

and the baseline PRA value. (b) There is no significant correlation between 24-h estimated sodium excretion and the baseline ARR
value. (c) PAC is inversely correlated with 24-h estimated sodium excretion.
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Table 4. Univariate and multivariate regression analyses performed to identify the causal factors for aldosterone/renin ratio after

captopril challenge test.

univariate multivariate

B P value B P value
adenoma 0.265 0.027
unilateral hypersecretion 0.556 0.0000005 0.258 0.017
serum creatinine concentration 0.258 0.03
Na 0.279 0018
K —-0.568 0.0000002 -0.314 0.0037
estimated sodium excretion -0.249 0.038
serum noradrenaline concentration -0.269 0.037
baseline plasma renin activity —0.363 0.0018 -0.214 0.029
baseline plasma aldosterone concentration 0.467 0.000041 0.298 0.0031
Table 5. Univariate and multivariate regression analyses performed to identify the causal factors for plasma aldosterone
concentration after captopril challenge test.

univariate multivariate

B P value B P value
unilateral hypersecretion 0.566 2.75E-07 0.343 0.0017
serum creatinine concentration 0.26 0.029
K -0.46 0.000055 -0.225 0.029
estimated sodium excretion -0.324 0.0067
baseline plasma aldosterone concentration 0517 0.0000039 0.335 0.00093

Although PRA is regulated by sodium intake change, in
the stable state, PRA is reported to be not necessarily cor-
related with 24-h urine sodium excretion.’?® Furthermore,
as we employed spot urine sodium measurements which
do not take circadian changes in sodium excretion through-
out the day and changes in diet into account to predict the
estimated sodium excretion,! it might not reflect actual
24-h sodium excretion.3* Therefore, it was not possible to
rule out the effect of sodium intake from the spot urinary
specimens alone. It is also difficult to evaluate the strength
of SNS activation by a single index. Since all catechola-
mines released are ultimately excreted in urine, measure-
ments of urinary catecholamine excretion and its
metabolites might provide information about the strength
of SNS activity.>> However, it is indicated that the repro-
ducibility of the measurements was relatively low.3¢

Furthermore, circulating norepinephrine levels are only
a minor fraction of the amount derived from sympathetic
nerve terminals and might not reflect SNS activity.>>*7 In
fact, a current review emphasized that the measurement of
plasma norepinephrine (or any other single measurement)
cannot be taken as a sensitive or specific marker of overall
sympathetic activity.’” Hence, the influence of SNS activ-
ity on PRA dissimilarity cannot be discounted.

From these data, it is suggested that we should beware
of both baseline PRA and baseline PAC when we select
this criterion.

For criterion 2, estimated sodium excretion was signifi-
cantly less in the CCT-positive group. Although it seems
that this is in conflict with the report from Rossi et al.,
which indicated that false-negative results increase in
patients with sodium intake less than 130 mEq/d because
of PRA augmentation,? their report presumed ARR>300
to be CCT-positive, which might explain the reason for
this deviation. Since sodium depletion activates the RAS
in general, it might increase the PAC value and lead to
CCT-positive results when the PAC value after the CCT is
used as the criterion. In fact, although estimated sodium
excretion was not correlated with PRA and ARR, it was
inversely correlated with PAC.

On the other hand, although serum potassium concen-
tration was significantly lower in the CCT-positive
group, estimated potassium excretion in urine was also
lower in the CCT-positive group. It is reported that 48%
of the patients with APA and 17% of those with IHA had
serum potassium concentrations under 3.5 mmol/1.38
Hypokalemia can be caused either by a deficit of potas-
sium intake or by excessive excretion of potassium in
the urine and gastrointestinal tract’® and in general, it is
postulated that excessive aldosterone secretion leads to
increased potassium excretion from the urine, which is
indicated to be the main reason of hypokalemia in PA
patients.® Therefore, it is incompatible with our data. We
cannot elucidate the precise reason for this discrepancy,
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Table 6. Comparison of three groups classified in accordance with the number of the positive results in various criteria for
captopril challenge test (CCT); group |: CCT positive in all the criteria; group 2: CCT positive in one or two criteria; group 3: CCT

negative in all the criteria.

group | group 2 group 3 P value
patient numbers, n (%) 25 (35.2) 41 (57.7) 5(7.0)
chronic kidney disease (%) 12.0 14.6 40.0 0.28
hypokalemia (%) 32.0 19.5 40.1 0.23
age (y) 47.3=11.2 51.6+9.7 54.0*+10.9 0.21
sex (male) (%) 72.0 65.9 80.0 0.75
body mass index (kg/m?) 26.5+4.9 248%5.6 24.1x2.6 0.18
adenoma (%) 52.0 35.0 0.0 0.07
unilateral hypersecretion (%) 40.0 12.2 0.0 <0.05
calcium channel blocker (%) 76.0 634 48.8 0.54
a-blocker (%) 4.0 2.4 0.0 0.87
upright furosemide loading test (%) 77.8 83.8 100.0 0.50
saline loading test (%) 80.0 732 80.0 0.80
serum creatinine concentration (mg/dl) 0.87+0.23 0.83+0.17 0.93+0.25 0.43
estimated glomerular filtration rate (ml/min) 734+14.2 732*+13.4 66.8+15.7 0.6l
Na (mEq/l) 141.2+1.7 141.6+1.6 141.8+1.6 0.74
K (mEg/l) 3.73x0.44 3.89+0.47 4.40+0.37 <0.01
estimated sodium excretion (mEq/d) 135.1=36.1 150.4-46.2 156.39.2 0.30
estimated potassium excretion (mEq/d) 42.8+6.9 46.5=10.0 48.4*6.5 0.09
serum noradrenaline concentration (pg/ml) 239.2+108.6 283.2*121.8 219.0£80.1 0.12
serum adrenaline concentration (pg/ml) 26.2+22.8 22.3*14.4 234x16.7 0.71
urinary normetanephrine concentration (mg/mgCr) 0.20+0.08 0.25*0.11 0.16+0.02 <0.05
urinary metanephrine concentration (mg/mgCr) 0.09+0.03 0.09+0.03 0.10*0.05 0.87
urinary noradrenaline concentration (pg/mgCr) 116.6:49.5 255.7+280.7 80.0+30.7 0.05
urinary adrenaline concentration (pg/mgCr) 11.9+5.8 14.6+7.9 13.0+9.2 0.56
plasma renin activity (ng/ml/h) 0.36*0.19 0.48+0.36 0.42+0.08 0.48
plasma aldosterone concentration (pg/ml) 259.4+218.0 218.0+1124 167.4+54.0 0.46
aldosterone/renin ratio 1393.2+3080.6 679.4-681.2 402.2+103.1 0.37

but it might be due to the lack of reliability with the for-
mula to estimate the potassium ingestion only from a
one-time urine sample because it is carried out at an
arbitrary time in outpatient visits.

As estimated sodium excretion was significantly differ-
ent between CCT-positive and CCT-negative patients in
criterion 2 whereas there was no significant difference in
criterion 1, we compared each criterion from the aspect of
estimated sodium intake. Although it did not reach signifi-
cance, the positive rate of CCT was relatively lower for the
patients with high sodium intake in criterion 2 and crite-
rion 3 than in criterion 1, and, actually, the positive rate of
CCT was significantly lower in the patients with high
sodium intake in criterion 2. Although the formula we
adopted for the presumption of sodium intake is not vali-
dated enough, we demonstrated that sodium intake pre-
sumed by the formula in one day was significantly
correlated with the sodium intake calculated in another day
(data not shown). Hence, the estimated value was consist-
ent to some extent. Therefore, we must consider the esti-
mated amount of sodium ingestion particularly when we
use this criterion for PA diagnosis.

For criterion 3, the PAC value was significantly lower
in the CCT-positive group.

As the reduction rate of PAC is adopted in this criterion,
the patients whose baseline PAC was high might tend to be
included in the CCT-negative group. Furthermore, the
serum potassium concentration was significantly lower in
the CCT-positive group. Univariate and multivariate
regression analyses revealed that decrement of PAC after
CCT was not influenced by any variables we adopted in
our study. It means that the result of criterion 3 was rela-
tively independent of baseline status of PRA, PAC thus
ARR. However, as the positive rate of this criterion was
the lowest among all criteria, and about half of the PA
patients are misdiagnosed with this criterion, we consider
that this criterion is short of reliability.

In our study, the positive rate of criterion 1 was sig-
nificantly higher than that for criterion 2. It seems differ-
ent from a previous report which showed that the area
under the curve (AUC) of ARR after CCT was lower than
the AUC of PAC after CCT.?” We speculated two reasons
for this discrepancy. For the first, although we adopted
PRA to calculate ARR, their study adopted plasma renin
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concentration (PRC) to calculate ARR. Although PRA is
proposed to be correlated with PRC to some extent, there
might be discrepancies in some cases. Besides, although
their study did not present the baseline value of PRA,
PAC or ARR, the PAC value before CCT in our study
(215.7£110.7 pg/ml) was relatively lower than their
study (29.5 ng/dl). Hence, the patients in our study tend
to exhibit a negative result in the criterion based on the
PAC value.

As unilateral forms of PA are able to be cured by unilat-
eral adrenalectomy,*>*! a current guideline emphasizes the
importance of discriminating unilateral hypersecretion
from bilateral hypersecretion.® Therefore, it is exceedingly
important not to overlook the patients with a unilateral
form of PA. As patients with unilateral hypersecretion
were significantly more included in the CCT-positive
group in all the criteria, and the false-negative rate of CCT
was not different significantly between the three criteria,
these three criteria are equally useful from this perspec-
tive. Moreover, as there was no patient with unilateral
hypersecretion in the group which presented a negative
result in all the criteria, CCT might be a useful method to
rule out the possibility of unilateral hypersecretion.

Conclusions

In the present study, it is suggested that although there are
several criteria in CCT, we should evaluate baseline PAC
level, PRA level and sodium intake beforehand, in order to
make a precise examination of CCT. Furthermore, ARR
>200 after the CCT seems to be the useful criterion,
because it shows the highest positive rate and it is not
influenced relatively by the amount of sodium intake.
However, we must take into consideration that it is not
always correct to ignore the possibility of PA simply
because the CCT is negative, since 30% of PA patients
exhibit a negative result even for this criterion.
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