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Abstract
Objectives To investigate whether adrenal volumetry provides better agreement with adrenal vein sampling (AVS) than 
conventional CT for subtyping PA. Furthermore, we evaluated whether the size of this contralateral adrenal was a prognostic 
factor for clinical outcome after unilateral adrenalectomy.
Methods We retrospectively analyzed volumes of both adrenal glands of the 180 CT-scans (88/180 with unilateral and 92/180 
with bilateral disease) of the patients with PA included in the SPART ACU S trial of which 85 also had undergone an AVS. 
In addition, we examined CT-scans of 20 healthy individuals to compare adrenal volumes with published normal values.
Results Adrenal volume was higher for the left than the right adrenal (mean and SD: 6.49 ± 2.77 ml versus 5.25 ± 1.87 ml 
for the right adrenal; p < 0.001). Concordance between volumetry and AVS in subtyping was 58.8%, versus 51.8% between 
conventional CT results and AVS (p = NS). The volumes of the contralateral adrenals in the patients with unilateral dis-
ease (right 4.78 ± 1.37 ml; left 6.00 ± 2.73 ml) were higher than those of healthy controls reported in the literature (right 
3.62 ± 1.23 ml p < 0.001; left 4.84 ± 1.67 ml p = 0.02). In a multivariable analysis the contralateral volume was not associ-
ated with biochemical or clinical success, nor with the defined daily doses of antihypertensive agents at 1 year follow-up.
Conclusions Volumetry of the adrenal glands is not superior to current assessment of adrenal size by CT for subtyping 
patients with PA. Furthermore, in patients with unilateral disease the size of the contralateral adrenal is enlarged but its size 
is not associated with outcome.

Keywords Adrenal gland neoplasms · Hyperaldosteronism · Tomography · X-ray computed · Primary aldosteronism · 
Diagnosis · CT-scanning · Diagnosis

Abbreviations
ADX  Adrenalectomy
APA  Aldosterone-producing adenoma
ARR   Aldosterone-to-renin ratio
AVS  Adrenal vein sampling
BAH  Bilateral adrenal hyperplasia
DDD  Defined daily doses

ICC  Intraclass correlation coefficient
MRAs  Mineralocorticoid receptor antagonists
PA  Primary aldosteronism

Introduction

Primary aldosteronism (PA) is an endocrine disorder 
caused by adrenal hypersecretion of aldosterone resulting 
in hypertension. PA is generally classified into two subtypes: 
aldosterone-producing adenoma (APA) and bilateral adrenal 
hyperplasia (BAH) which can be distinguished by adrenal 
CT-scan or adrenal vein sampling (AVS) [1]. APA is mainly 
treated by adrenalectomy (ADX), and BAH by mineralocor-
ticoid receptor antagonists (MRAs).

Both subtyping procedures have their limitations, occa-
sionally resulting in biochemical failure after ADX [2]. The 
concordance between CT and AVS results is disappointingly 
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low, around 60% [3]. In the SPART ACU S (Subtyping Pri-
mary Aldosteronism: A Randomized Trial Comparing Adre-
nal Vein Sampling and Computed Tomography Scan) trial, 
the only study thus far that has compared outcome after both 
subtyping modalities in a randomized prospective design [2], 
this was even lower with 50%. However, clinical outcome 
of adrenalectomy is similar when therapy is based on either 
CT or AVS in the SPART ACU S study.

No consensus exists on the criteria for adrenal enlarge-
ment on CT scan. Furthermore, the complex shape of the 
adrenal glands can complicate the interpretation of the two-
dimensional images of CT. At our center we use, as a rule of 
thumb, that the thickness of the adrenal body or limb must 
be 7 mm or more for diagnosing an adenoma or hyperplasia, 
provided that density and, if contrast is administered, con-
trast wash-out are compatible with adenoma [4, 5]. Apply-
ing the same cut-off for both adrenals seems questionable, 
considering the difference in size of the right and left adre-
nal that has been reported previously [4]. An alternative for 
conventional two-dimensional measurement of the adrenal 
glands is three-dimensional volumetric evaluation [4]. It has 
been shown before that in PA patients adrenal volumes are 
higher than in controls, irrespective of the presence of an 
APA or BAH [6].

In the SPART ACU S study 20% of patients were not 
biochemically cured after CT-guided adrenalectomy. This 
raised the question whether conventional CT-interpretation 
might miss contralateral adrenal enlargement or overesti-
mates unilateral enlargement. The first aim of the present 
study was to investigate whether adrenal volumetry has 
better agreement with AVS than conventional CT. If so, 

volumetry might provide superior prediction of success-
ful ADX than conventional reading. The second aim was 
to investigate whether this contralateral adrenal is indeed 
enlarged, as described by Degenhart et al. [6]. Our last 
aim was to evaluate whether the size of the contralateral 
adrenal was a prognostic factor for outcome after ADX.

Materials and methods

Patients

We analyzed the data from the SPART ACU S study in 
which 184 patients underwent adrenal CT-scanning and 
all had a clinical follow-up. In 92 of these patients an AVS 
was also performed (Fig. 1). Of these 92 patients, four 
were excluded, because CT-scans were inconclusive or not 
available. In another three patients AVS failed.

For this post-hoc analysis we included the 180 patients 
in whom CT result was available. PA was confirmed in 
all by salt loading test. In 85 patients AVS was used for 
subtyping, while in 95 patients subtyping was based on the 
results of the CT scan. Of all patients, 88 were treated by 
ADX and 92 by MRA-based treatment.

In addition, we used CT-scans from 20 healthy subjects 
without PA as controls. These adult participants had been 
screened for kidney donation and were included consecu-
tively from 2018 back to 2017. No adrenal abnormalities 
had been described by the radiologist.

Fig. 1  Patient flow chart. 
AVS=adrenal vein sampling. 
*Based on AVS result

Primary aldosteronism n=184

AVS procedure and CT n=92

Excluded:
CT not available n=2
CT inconclusive n=2

AVS failed
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Adrenalectomy n=88

Unilateral disease*
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The purpose of this group was to check whether reported 
reference values for the volumes of normal adrenal glands 
[4] were applicable to patients at our center.

Study design

We performed a retrospective, observational study of CT-
scans of adrenals of patients with PA. The images used 
to derive the data for this study have been collected in 
the framework of the randomized diagnostic multicenter 
SPART ACU S trial (registered at clinicaltrials.gov as 
NCT01096654) performed between July 2010 and August 
2015 in 12 Dutch teaching and academic hospitals and 1 Pol-
ish hospital [2]. This trial compared adrenal CT and adrenal 
vein sampling for subtyping of PA. Briefly, patients rand-
omized to CT or adrenal vein sampling underwent ADX 
if, respectively, unilateral adrenal enlargement or unilateral 
aldosterone hypersecretion with contralateral aldosterone 
suppression was demonstrated. All other patients received 
MRA-based treatment. All patients were further treated with 
conventional antihypertensive drugs according to a treatment 
algorithm targeting normal blood pressure. Approval for this 
study was obtained from institutional review boards of all 
participating centers, and informed consent was obtained 
from all participants. For the control cohort of CT-scans 
of 20 kidney donation participants our Ethics Committee 
judged that no detailed review was warranted given the non-
intrusive and non-experimental character of the study. All 
CT-scans were anonymized before volumetric measurement.

CT examinations

Because the CT-scans were carried out in different cent-
ers, CT-scanners from different manufacturers were used 
(Table S1). The slice thickness ranged from 0.75 mm to 
5 mm (0.75 n = 13, 0.90 n = 3, 1.0 n = 100, 1.5 n = 1, 2.0 
n = 16, 2.5 n = 3, 3.0 n = 42, 5.0 n = 2).

In the cohort of healthy kidney donors all CT-scans were 
made according to a protocol in which the Toshiba Aquilion 
Precision CT-scanner was used (slice thickness 1 mm).

Conventional adrenal measurement on CT‑scan

Adrenal glands with a transversal diameter of 7 mm or more 
of lesions in the body or limb on CT as judged by a radi-
ologist were considered enlarged, indicating an adenoma or 
hyperplasia [2, 5].

Volumetry

For the current analysis, we measured volumes of both 
adrenals using an in-house developed annotation work-
station (CIRRUS Essentials, Diagnostic Image Analysis 

Group, Nijmegen, the Netherlands). Volumetric analysis was 
performed by two observers (MV n = 90 and LC n = 90), 
both endocrinologists and both trained by a radiologist 
with expertise in the field of adrenal disorders. Scans were 
randomly assigned to one of two observers (MV and LC). 
They were blinded for both AVS results and previous CT 
interpretations. We used the images from the venous phase 
when available (n = 167) and the images without contrast 
enhancement in other cases (n = 13). We performed volu-
metry at standard abdominal settings with a window width 
of 360 and a window level of 60. We used axial slices. We 
outlined the adrenals manually at twofold magnification. In 
the slices between those who were manually outlined, the 
software program calculated the expected demarcations of 
the adrenal. Then, we adapted these automatically gener-
ated lines when deemed appropriate. Finally the CIRRUS 
software calculates the volume in milliliters by adding the 
volumes determined of each slice.

For interobserver and intraobserver reliability, the analy-
sis was performed twice by the two observers in 30 ran-
domly selected CT-scans of patients with PA. The time 
between evaluations of the same CT by one and the same 
observer was at least 3 weeks.

In the cohort of healthy kidney donors, volumetry was 
carried out by an endocrinologist (MV) similarly, using the 
venous phase.

Statistical analysis

For clinical outcomes after ADX we used the PASO criteria 
[7]: complete biochemical success was defined as correction 
of hypokalemia (if present pre-surgery) and normalization 
of the aldosterone-to-renin ratio (ARR); in patients with a 
raised ARR post-surgery, aldosterone should be suppressed 
in a confirmatory test. Complete clinical success was defined 
as a normal blood pressure without the aid of antihyperten-
sive medication. Total adrenal volume was defined as right 
plus left adrenal volumes. We expressed intensity of antihy-
pertensive medication as defined daily doses (DDD, https 
://www.whocc .no/ddd). We compared the right and the left 
adrenal volumes with a paired-samples t test.

For the interobserver and intraobserver reliability analy-
sis of the volume measurements we calculated an intraclass 
correlation coefficient (ICC) using a two-way mixed model, 
characterized by absolute agreement (single measures). ICC 
values ranging between 0 and 1 can be interpreted as fol-
lows: < 0.4 poor agreement; 0.40–0.74 fair to good agree-
ment, and ≥ 0.75 excellent agreement [8].

We compared measured volumes with published data 
on adrenal volumes in healthy subjects [4] with a one sam-
ple t test. In addition, we explored whether these reported 
reference values for adrenal volumes of these healthy indi-
viduals were applicable for Dutch people using a different 

https://www.whocc.no/ddd
https://www.whocc.no/ddd
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CT-scanner with a different protocol. For this purpose, we 
used the cohort of 20 kidney donors and compared the meas-
ured adrenal volumes with the reference values [4] with a 
one sample t test.

We considered the best cut-off value for enlargement of 
the adrenal gland by volumetry the value which yielded the 
best concordance with AVS result for the subtyping of PA. 
For this purpose, we calculated this concordance for every 
0.125 SD volume in addition to the expected mean volume 
based on gender and side of the adrenal (from the expected 
mean up to plus three SD) [4]. The concordances between 
AVS and conventional CT and AVS and volumetry were 
compared with a Chi-square test. We performed a subgroup 
analysis for CT slice thickness (≤ 1 mm or > 1 mm).

To determine the predictive value of the contralateral 
adrenal volume we performed multivariable binary logis-
tic regression analysis with the outcome after ADX (com-
plete biochemical and complete clinical success yes/no) as 
dependent variable and univariate multivariable linear analy-
sis with DDD after ADX as the dependent variable. The 
candidate predictors for outcome which, based on literature, 
could be associated with adrenal volume were included in 
the model: age, side, gender, CT slice thickness (≤ 1 mm 
or > 1 mm) and weight. We used backward stepwise Wald 
regression in which each step consisted of removing the 
variable with the smallest contribution to the model until 
only variables with p < 0.05 remained. To compare age and 
weight between the patients with unilateral versus bilateral 
disease, we used an unpaired t test.

p values of < 0.05 were considered to indicate statistical 
significance. All analyses were performed with the use of 
SPSS statistics 22.0 for Windows (SPSS, Inc., Chicago, IL). 
All results are given as mean ± SD unless stated otherwise.

Results

Baseline characteristics of all patients with PA

The majority of the PA patients were male (78.9%) (Table 1). 
Unilateral disease, defined by either CT or AVS, was present 
in 88/180 patients, while bilateral disease was diagnosed 
in 92/180 patients (Fig. 1). There were no differences in 
weight and age between the patients with unilateral versus 
bilateral disease.

After ADX 73/88 (83.0%) patients had complete bio-
chemical cure and 13/88 (14.8%) patients had complete 
clinical success.

Interobserver and intraobserver reliability

The ICC between both observers (MV and LC, n = 30) was 
0.938 (95% CI 0.851–0.975) for the right adrenal and 0.937 

(95% CI 0.849–0.974) for the left adrenal. The ICC of intra-
observer reliability of MV was 0.987 (95% CI 0.968–0.995, 
n = 30) for the right adrenal and 0.946 (95% CI 0.87–0.978, 
n = 30) for the left adrenal. The ICC of intraobserver reli-
ability of LC was 0.945 (95% CI 0.869–0.978, n = 30) for 
the right adrenal and 0.924 (95% CI 0.820–0.969, n = 30) 
for the left adrenal.

Comparison of adrenal volumes of healthy 
individuals with published normal values

The adrenal volumes of our 20 subjects without adrenal 
disease were comparable with published normal values for 
adrenal volumes of healthy subjects by Schneller et al. (for 
men 5.18 ml versus 4.58, for women 3.79 versus 3.57, both 
p > 0.05, see Table S2) [4].

Measurements of adrenal volumes in PA patients

The adrenal volume in all 180 patients was 1.24 ml (95% CI 
1.57–0.92) lower for the right adrenal (5.25 ± 1.87 ml) than 
for the left adrenal (6.49 ± 2.77 ml) (Table 2). The volume of 
the contralateral adrenals in the patients with left unilateral 
disease was 4.78 ml ± 1.37, whereas this was 6.00 ml ± 2.73 
in patients with right unilateral disease. Table 2 shows that 
these differences were similar in the patients in whom uni-
lateral disease was established by CT or AVS. The volumes 

Table 1  Baseline characteristics

Data presented as mean (SD) unless stated otherwise. Aldosterone 
ng/dl to pmol/l conversion factor 27.74
BMI body mass index, AVS adrenal vein sampling, DDD defined daily 
doses, ARR  aldosterone-to-renin ratio, SLT salt loading test intrave-
nously
a In n = 75 renin activity was measured
b In n = 24 post-SLT urinary aldosterone were measured

Characteristics All patients (n = 180)

Male, n (%) 142 (78.9)
Age, years 53.2 (9.6)
Polish, n (%) 32 (17.8)
BMI, kg/m2, median (IQR) 28.4 (25.7–32.0)
Systolic ambulatory blood pressure 24 h, 

mmHg
146.1 (18.2)

Diastolic ambulatory blood pressure 24 h, 
mmHg

90.1 (11.1)

DDD antihypertensive medication, median 
(IQR)

3 (2–4)

DDD MRAs, median (IQR) 0 (0–0.6)
Serum potassium, mEq/l 3.5 (0.5)
ARR, pmol/mU (n = 105)a 194 (79–233)
Post SLT plasma aldosterone, pmol/l, median 

(IQR) (n = 158)b
412 (290–678)
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of the contralateral adrenals were higher than the published 
reference volumes of adrenal glands in healthy subjects 
[5] (mean difference right 1.16 ml, 95% CI 0.17–2.17; left 
1.16 ml, 0.79–1.52).

In subgroup analysis for gender the volumes of the con-
tralateral adrenal in patients with unilateral disease remained 
higher than the published reference volumes of both left and 
right adrenal glands in healthy men. This was also the case 
in women regarding the right contralateral gland but not for 
the left contralateral gland (Table S3).

Concordance of subtyping based on volumetry 
with AVS results

We reached the best concordance with AVS results for sub-
typing PA at a cut-off level for enlargement of the adrenal 
gland at an expected volume + 2.125 SD (based on published 
reference values, see Statistics) [5]. With this cut-off value 
the concordance was 58.8% (50/85, 95% CI 47.6–69.4) for 
the classification of unilateral right, unilateral left or bilat-
eral disease (Fig. 2). For the subgroup with a CT slice thick-
ness of ≤ 1 mm the concordance was 57.8% and for the sub-
group with a CT slice thickness of > 1 mm the concordance 
was 60.7%. For the conventional CT results this concordance 
with AVS was 51.8% (44/85, 95% CI 40.7–62.7) and not 
significantly different from the concordance of volumetry 

Table 2  Adrenal volumes

Volumes (ml) are mean ± SD of adrenal glands on CT-scan as meas-
ured by volumetry. Unilateral and bilateral means unilateral and bilat-
eral adrenal disease
AVS adrenal vein sampling
a Subtyping based on AVS results
b Subtyping based on CT results

n Right adrenal Left adrenal p value

All patients
 Total 180 5.25 ± 1.87 6.49 ± 2.77 < 0.001
 Unilateral right 32 6.09 ± 1.98 6.00 ± 2.73 0.92
 Unilateral left 56 4.78 ± 1.37 7.15 ± 2.84 < 0.001
 Bilateral 92 5.24 ± 2.01 6.26 ± 2.69 < 0.001

AVS  groupa

 Total 88 5.42 ± 2.22 6.83 ± 3.08 < 0.001
 Unilateral right 20 6.17 ± 1.74 6.57 ± 2.60 0.40
 Unilateral left 21 4.89 ± 1.80 7.43 ± 3.26 < 0.001
 Bilateral 44 5.35 ± 2.55 6.66 ± 3.23 < 0.001

CT only  groupb

 Total 92 5.10 ± 1.50 6.19 ± 2.43 < 0.001
 Unilateral right 12 6.04 ± 2.41 5.05 ± 2.78 0.27
 Unilateral left 35 4.70 ± 1.05 6.98 ± 2.60 < 0.001
 Bilateral 48 5.15 ± 1.41 5.91 ± 2.08 0.004

Fig. 2  Concordance of adrenal 
vein sampling and volumetry 
results regarding subtype clas-
sification (n = 85)

AVS right -
Volumetry right 
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Volumetry right  
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with AVS (p = 0.43), also not in the subgroup analysis for 
CT slice thickness.

The overlap of the adrenal volumes of both sides was sub-
stantial between right and left unilateral disease and bilateral 
disease (Fig. 3).

Volume of contralateral adrenal and outcome 
after ADX

The volume of the contralateral adrenal gland was not sig-
nificantly associated with complete biochemical or clinical 
success, nor with DDD (data not shown). We found also 
no association for weight, CT slice thickness and laterality. 
Gender was a significant predictor for complete clinical suc-
cess with an odds ratio of 9.0 (95% CI 2.44–33.24). Female 
had a lower DDD than male (0.84; 95% CI 0.12–1.56 versus 
2.13; 95% CI 1.69–2.57). Gender was not associated with 
biochemical success.

Discussion

The two main findings of our study are that volumetry of 
adrenals on CT-scan for subtyping of PA seems to be no 
improvement compared to conventional CT measurements 
and that the size of the contralateral adrenal is not associ-
ated with outcome after ADX. In addition, we confirm the 
findings of Degenhart et al. [6], that the contralateral adrenal 

gland is enlarged in unilateral disease and that on average, 
like in healthy subjects [4], the left adrenal gland is larger 
than the right one. To our knowledge, this is the first study 
in which results of volumetry of adrenals in PA are related 
to clinical parameters and outcome after ADX and in which 
the concordance of volumetry as a subtyping modality with 
AVS is explored.

In the SPART ACU S trial it was remarkable that, although 
the distribution of right and left unilateral disease was fairly 
equal for the AVS results (respectively, n = 20 and n = 21), 
it was not for the CT in the same group (respectively, n = 6 
and n = 39) [2], regarding the patients included in this study 
(n = 85). We speculated that the discordance between both 
conventional subtype modalities might be the result of 
underdetection of an enlarged right adrenal or overdetec-
tion of an enlarged left adrenal based on conventional CT 
measurements, given the higher volume of the left adrenal in 
healthy subjects [6] as well as in patients with PA. However, 
this hypothesis is not supported by our results. In our study, 
for example, in patients with bilateral disease according to 
AVS, the volume of the left adrenal was 1.31 ml higher on 
average than the right one, suggesting that the criteria for 
adrenal enlargement should be side- (and perhaps gender-)
specific. However, the concordance between AVS and CT 
does not substantially improve when applying age- and gen-
der adjusted volume CT-based measurement.

Degenhart et al. already suggested that volumetry is not 
very promising for subtyping PA [6]. The concordance of 

Fig. 3  Vertical scatter plot of 
the measured adrenal volumes 
on CT of both sides according 
to subtype minus the expected 
value based on healthy subjects. 
Subtype was based on AVS 
(n = 85) or conventional CT 
results. Mean and SD are pre-
sented. R right, L left
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volumetry with AVS results was indeed not superior to the 
concordance between conventional CT measurements and 
AVS. The disappointing concordance between volumetry 
and AVS can be explained by the limitations of CT scan for 
the adequate detection of adrenal adenomas or hyperplasia 
in PA, which also apply in case of volumetry: first of all the 
detection of non-functional adenomas, which are indistin-
guishable from an APA. Adrenal incidentalomas are present 
in 2.5 to 10% of the abdominal CT-scans in patients with-
out (the suspicion of) adrenal disease, increasing with age 
[1, 9–11]. Secondly, APAs or hyperplasia may also be too 
small to be detected. For this reason the Endocrine Society 
guideline recommends AVS for subtyping PA in most cases 
[1]. Obviously, also limitations of AVS affect this concord-
ance negatively.

It is known that, although biochemical remission will be 
achieved in most cases, a majority of patients (63%) after 
ADX still needs antihypertensive medication [7]. Female 
patients need less medication and more of them have com-
plete clinical cure. This is in line with earlier findings 
[12–15]. So, female gender could be an incentive to proceed 
to surgery.

The enlarged contralateral adrenal, the opposite of what is 
seen in cortisol-producing adenomas, where the contralateral 
gland is atrophic, is in line with histopathological findings of 
hyperplasia and nodularity of the zona glomerulosa in some 
patients with an APA in the adjacent cortex [16], suggest-
ing the presence of an unknown trigger of cell proliferation 
[6]. Although most patients are cured after ADX, in some 
patients the enlarged contralateral adrenal might also be the 
result of inadequate subtyping. An enlarged contralateral 
gland is also in line with APA and BAH being two ends of a 
spectrum [17]. Considering these two possible explanations 
for an enlarged contralateral adrenal it could be hypothesized 
that patients with an enlarged contralateral adrenal have 
worse outcome after ADX. However, we could not conform 
this hypothesis with our results. The adrenal volumes of our 
PA patients were slightly lower than published by Degenhart 
et al. [6]. It might be that the volume is higher in this previ-
ous study, because these patients had been suffering from PA 
for a longer time. Regarding the similarity of the volumes in 
healthy subjects measured in Germany and in our center, it 
is unlikely that the differences in software and interobserver 
variability have had a substantial impact on the volumes.

The strengths of this study are the excellent agreement 
between observers, the low intraobserver variability and 
the high number of patients. Also, the prospective design 
of the original SPART ACU S trial provided a complete set 
of data and the observers were blinded for these data. A 
limitation of our study is the use of different CT-scans and 
CT protocols, as a result of the multicenter character of the 
original study. However, this reflects clinical practice and it 
is unlikely that this had a substantial impact on our results, 

because we used similar software for volumetry. A higher 
slice thickness will result in a slightly less precise estimate, 
but seems not to affect our results as supported by our sub-
group analyses for CT slice thickness. Secondly, we used 
normative data from healthy subjects from a German study 
that used different software. A different population might 
affect the measured volume. We overcame this by comparing 
the adrenal volumes of the healthy subjects without adrenal 
disease with these published normal values, showing similar 
results.

Furthermore, although we could determine concordance 
with AVS results, it was impossible to draw a firm conclu-
sion regarding diagnostic accuracy in subtyping of PA, due 
to the lack of a gold standard [2]. The last limitation is that 
there is no validated cut-off value for an enlarged adrenal. 
We overcame this by calculating the cut-off value corre-
sponding with the best concordance with AVS results [4].

In conclusion, volumetry of the adrenal glands provides 
no additional value to current assessment of adrenal size 
for subtyping patients with PA, nor in predicting outcome 
after ADX.
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