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ABSTRACT

Objectives Accurate subtype classification in primary
aldosteronism (PA) is critical in assessing the optimal
treatment options. This study aimed to evaluate the
diagnostic accuracy of adrenal imaging for unilateral PA
classification.

Methods Systematic searches of PubMed, EMBASE and
the Cochrane databases were performed from 1 January
2000 to 1 February 2020, for all studies that used CT

or MRI in determining unilateral PA and validated the
results against invasive adrenal vein sampling (AVS).
Summary diagnostic accuracies were assessed using a
bivariate random-effects model. Subgroup analyses, meta-
regression and sensitivity analysis were performed to
explore the possible sources of heterogeneity.

Result A total of 25 studies, involving a total of 4669
subjects, were identified. The overall analysis revealed

a pooled sensitivity of 68% (95% Cl: 61% to 74%) and
specificity of 57% (95% Cl 50% to 65%) for CT/MRI in
identifying unilateral PA. Sensitivity was higher in the
contrast-enhanced (CT) group versus the traditional CT
group (77% (95% Cl 66% to 85%) vs 58% (95% Cl 50%
0 66%). Subgroup analysis stratified by screening test for
PA showed that the sensitivity of the aldosterone-to-renin
ratio (ARR) group was higher than that of the non-ARR
group (78% (95% Cl 69% to 84%) vs 66% (95% Cl 58%
to 72%)). The diagnostic accuracy of PA patients aged
<40 years was reported in four studies, and the overall
sensitivity was 71%, with 79% specificity. Meta-regression
revealed a significant impact of sample size on sensitivity
and of age and study quality on specificity.

Conclusion CT/MRI is not a reliable alternative to
invasive AVS without excellent sensitivity or specificity for
correctly identifying unilateral PA. Even in young patients
(<40 years), 21% of patients would have undergone
unnecessary adrenalectomy based on imaging results
alone.

INTRODUCTION

Primary aldosteronism (PA) is one of the
most common causes of endocrine hyperten-
sion, with a prevalence of approximately 20%
in patients with resistant hypertension, 10%
in those with severe hypertension and 6%
in those with uncomplicated hypertension.'

, Dan Wang, Licheng Jiang, Fei Ran, Sichao Chen, Peng Zhou,

Strengths and limitations of this study

» This study is the first meta-analysis to synthesise
the evidence regarding the diagnostic value of adre-
nal imaging for primary aldosteronism classification
and demonstrated that CT/MRI is not a reliable alter-
native to invasive adrenal vein sampling (AVS) even
in young patients (<40 years).

» The main methodological limitations of this system-
atic review and meta-analysis are the exclusion of
unpublished high-quality trials and foreign-language
publications.

» Another potential limitation is that we encountered
different AVS methods and large variation in the lat-
eralisation criteria, which might also have affected
the results for diagnostic accuracy.

Accumulating clinical and epidemiological
evidence suggests that PA amplifies cardio-
vascular and cerebrovascular complications
beyond essential hypertension prior to treat-
ment, even after controlling elevated blood
pressure.”* However, patients with unilateral
resected PA have slightly better risk profiles
than matched essential hypertensive patients.
Patients with bilateral PA whose plasma
renin activity is not suppressed have the
same risk profiles as essential hypertensive
patients; those whose renin activity remains
suppressed have fourfold higher-risk profiles
than controls, and titration of mineralocor-
ticoid receptor antagonist therapy to raise
renin might reduce this excess risk.*® Accord-
ingly, early diagnosis and specific treatment of
affected patients are key steps for the reversal
of target-organ damage and prevention of
cardiovascular and cerebrovascular events.
Selection of the most appropriate thera-
peutic strategy for patients with PA requires
a distinction between unilateral and bilat-
eral forms of PA. The former requires a
unilateral adrenalectomy, mainly entailing
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aldosterone-producing adenoma and, less commonly,
unilateral adrenal hyperplasia. In contrast, the latter,
also known as idiopathic hyperaldosteronism, is opti-
mally treated with target medical therapy.” Regarding the
differentiation of the unilateral and bilateral subtypes,
all current clinical practice guidelines recommend
adrenal vein sampling (AVS) as the standard procedure
for subtype diagnosis.’” However, several shortcomings
of AVS have been reported, such as its technical chal-
lenges, invasive nature, poorly standardised procedures,
high cost and lack of availability. Thus, it is urgent to
explore alternative diagnostic methods without sacri-
ficing accuracy.

Adrenal imaging with CT or MRI is recommended as
the first step for subtype classification given the ease of
performance and relative accessibility.® By now, numerous
studies have evaluated the diagnostic performance of CT/
MRI in subtype diagnosis of PA, but the results have been
inconsistent. Moreover, all these studies were limited
by small sample sizes in a single centre, which limited
the credibility of the results. In this context, systematic
reviews and meta-analyses have the benefit of increasing
the sample size, generating more precise results, which
have been widely applied in clinical studies.” In 2009, one
systematic review reported that CT/MR-based diagnoses
were discordant with AVS results in 37.8% of PA patients.'”
However, the conclusions may not be reliable because of
the potential for bias and concerns regarding the compa-
rability of the included studies. Moreover, several addi-
tional studies were reported after this systematic review.
We, thus, performed a comprehensive meta-analysis of all
the available studies to evaluate the diagnostic value of
adrenal imaging (CT/MRI) for subtype classification of
PA.

METHOD
Patient and public involvement
Patient and public involvement

Search strategy

The study followed the guidelines specified in the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Protocols."" We searched the PubMed,
EMBASE and Cochrane Library databases from 1 January
2000 to 1 February 2020, using the following terms in
combination, as both Medical Subject Headings (MeSH)
or Emtree terms and text words: “primary aldosteronism”,
“adrenal vein sampling” and “hyperaldosteronism”. The
electronic search strategy for PubMed is shown in online
supplemental table S1. To reflect modern practice, we
decided to limit the publication date to after 1 January
2000. We searched articles published in English, and
the references of relevant studies were also searched. All
studies were carefully examined to exclude overlapping
or potential duplicate data.

Eligibility criteria

We included a study if: (1) it used CT or MRI as a diag-
nostic test for PA subtyping; (2) it used AVS as the stan-
dard of reference. Successful AVS should be determined
by calculating the selectivity index (SI), defined as the
adrenal/peripheral vein cortisol ratio. Unilateral PA
should be determined by calculating the lateralisation
index (LI), defined as the aldosterone/cortisol ratio
between the dominant and the non-dominant adrenal
gland and (3) absolute numbers of true-positive, true-
negative, false-positive and false-negative results were
provided or could be derived. Identified studies had to be
independent. In the case of multiple reports on the same
population or subpopulation, the most recent or compre-
hensive information was used.

Data extraction and quality assessment

Data extraction from the eligible studies was performed
by two independent investigators (YZ and PW) using a
standardised data extraction form. The form included the
following characteristics of each trial: first author’s name
and year of publication; study population characteris-
tics, including sample size, geographical location, mean
age and sex; diagnostic criteria characteristics, including
screening test and confirmatory test for PA; AVS char-
acteristics, including with/without adrenocorticotropic
hormone (ACTH) stimulation, SI and LI; diagnostic
test characteristics, including imaging methodology and
whether contrast was administered. Differences between
reviewers were resolved by discussion and consensus
when necessary.

The methodological quality of the identified studies was
assessed by two independent reviewers (YZ and PW) using
the modified Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) criteria. If a study was judged
as ‘low” on all domains relating to bias or applicability,
then it was judged to be a high-quality study. If a study
was judged to be ‘high’ and/or ‘unclear’ in more than
one domain, then it was judged as a low-quality study. If
a study was judged to be ‘unclear’ in one domain, it was
considered an unclear-quality study.'” Discrepancies were
resolved by discussion and consensus.

Statistical analysis

Measures of diagnostic accuracy are reported as point
estimates with 95% ClIs. Sensitivity, specificity, the positive
likelihood ratio (+LR) and the negative likelihood ratio
(-LR) were modelled based on the true-positive, true-
negative, false-positive and false-negative rates for each
trial."”” The ratio of +LRto ~LR was combined in a single
global accuracy measure, the diagnostic OR (DOR).
Summary sensitivity, specificity,+LRs, —-LRs and DORs
were assessed using a bivariate random-effects model.
The approach assumes bivariate normal distributions
for the logit transformations of sensitivity and specificity
from the individual studies. These bivariate models can
be analysed using linear mixed model techniques that are
now widely available in statistical packages, such as STATA
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gllamm." '® A hierarchical summary receiver operating
characteristic curve analysis was performed, yielding
point estimates for each trial and pooled characteristics,
including the 95% prediction region and the 95% confi-
dence region.

Sources of statistical heterogeneity were explored
by subgroup analyses, sensitivity analysis and meta-
regression analysis,'® which involved the I? statistic; the
following interpretation was applied for 1%:<50%=low
heterogeneity, 50% to 75%=moderate heterogeneity and
>75%=high heterogeneity.

Several studies demonstrated that MRI has poorer
resolution and slower acquisition than CT, with a risk of
respiratory artefacts and that MRI is inferior to adrenal
CT in PA subtype evaluation.'”™ Contrast materials can
improve the visibility of adrenal structures imaged by CT
and MRI scans and might have a positive effect on diag-
nosis accuracy.”’ Thus, imaging methods and contrast
materials were thought to be confounders for subgroup
analyses. Moreover, a large sample size may represent
experienced interventional radiologists and support the
credibility of the included studies. Thus, a small sample
size was thought of as another confounder for subgroup
analyses. The different diagnostic criteria for PA, the
AVS procedure (with or without ACTH stimulation),
different cut-offs for the LI criteria and methodological
quality might also affect the results for diagnosis accu-
racy,”’ Therefore, we also performed subgroup analyses
stratified by these parameters. Thus, subgroup analyses
were performed by the following factors: imaging meth-
odology (CT or CT/MRI), contrast use, AVS procedure
(with or without ACTH stimulation), cut-off value for the
LI (2 or 4), diagnostic criteria for PA, sample size (divided
by 100 subjects) and methodological quality (high quality,
low quality and unclear quality).

Potential publication bias was examined using the
Deeks test.”” The Cohen k test was employed to assess the
interrater reliability between two observers for quality
assessment. If there was not agreement, a third reviewer
was involved to resolve disagreements, and final decisions
were determined by consensus. Statistical analyses were
performed using Stata V.13.0 (StataCorp) and Review
Manager V.5.3.

RESULTS

Study selection

After removal of 548 duplicates, the systematic review
generated 1022 references that were screened according
to titles and abstracts for possible inclusion. Among them,
962 studies were excluded for the following reasons: 489
studies were not relevant; 280 studies were reviews or prac-
tice guidelines; 92 studies did not include humans and
101 studies were case reports/letters. After screening, 60
studies were identified as being potentially eligible, and
their full texts were retrieved for detailed evaluation. A
total of 35 studies were excluded for the following reasons:
data to compute diagnostic accuracy were not provided

s N
Records identified through database
searching and other sources

=1570
N (@ * ) J
' ™
Records after duplicates removed
(n=1022)
S * J
( Record d ) (" Records excluded on the
ecords screene > basis of title or abstract
(n=1022) »
L J L (n=962)
- ¢ ~ // Articles excluded (n=35):

Full-text articles Data could not be extracted:25

assessed for eligibility > Reporting on the same
\_ (n=60) J population:4
l No comparison of CT/MRI and
( Studies included in qualitative ) AVS resulis:6
synthesis
L (n=25) )
Figure 1 Flow diagram of the review process. AVS, adrenal

vein sampling.

or could not be derived (25 papers), reporting on the
same population (4 papers) and no comparison of CT/
MRI and AVS results in individual patients (6 papers).
Finally, 25 articles were deemed eligible and analysed in
our meta-analysis' " % (figure 1).

Study characteristics

Overall, a total of 4669 patients (mean age of 51 years;
54% male) from 25 articles were included. The sample
sizes of the identified studies ranged from 35 to 1591,
with the largest study recruiting over 1000 partici-
pants.*! Five studies including 724 participants under-
went cross-sectional imaging either CT or MRI, and the
remaining 20 studies including 3945 patients only used
CT scans (eight studies administered contrast mate-
rial). Seventeen studies performed AVS with ACTH
stimulation, seven studies performed it without ACTH
stimulation, and the remaining one study provided
the above two methods. The aldosterone-to-renin ratio
(ARR) was used as a screening tool for PA in 21 of
the included articles, and an ARR >20 was commonly
used as the threshold for a positive PA screening.
The remaining four studies did not use the ARR as a
screening test for PA. In 12 articles, a salt-loading test
was performed to confirm the diagnosis of PA. Eight
studies used additional options, including the fludro-
cortisone suppression test, captopril challenge test,
upright-furosemide loading test and postural stimula-
tion test, as a confirmatory test for PA. The diagnosis
of PA was not confirmed in the remaining five studies
by one of the confirmatory tests. The 2016 Endocrine
Society Guideline recommends more strict criteria for
the LI (2.0 or greater under unstimulated conditions
and/or 4 for ACTH stimulation) and SI (2.0 or greater
under unstimulated conditions and/or 3 for ACTH
stimulation).® In the meta-analysis, one included
study used less permissive criteria for the LI,** and six
included studies used less permissive criteria for the
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SI.** #7942 The threshold of the SI was not accessible
in four studies,18 233334 3nd it was not accessible for the
LI in two studies.' *® Further details about the eligible
and analysed studies are shown in table 1 and online
supplemental table S2.

Quality assessment

Overall, the identified studies were of excellent quality
in terms of applicability and risk of bias. Out of 175
QUADAS-2 items (25 articlesx7 items), the 172 (98%)
were agreed on by the two reviewers, with an inter-rater
agreement of ¥=0.9. Figure 2 summarises the QUADAS-2
assessment, and online supplemental table S3 displays
each of the 25 individual QUADAS-2 evaluations.

The risk of bias from the reference standard was
high in three studies,” **** and it was unclear in five
studies' * % because it was not clear whether the
reference standard was interpreted without knowledge of
the adrenal imaging results or whether the cut-off values
of the SI and LI correctly classified the target condition.
The risk of bias regarding flow and timing was unclear in
six studies™ ** %% 4 hecause the time interval between
the index test and the reference standard was unclear;
it was high in one study* because not all patients had
the same reference standard (figure 2). Finally, 13 studies
were considered to be high-quality studies,'” ' 27 29 3173843
7 were considered low-quality studies™ ** 2> #3034 and 5
were unclear-quality studies.' * 20 %41

Overall analysis

Using the bivariate model, statistical heterogeneity was
found for sensitivity (I°=86.9%; p=0.001), specificity
(I°=86.9%; p=0.00), the positive LR (I°=76.3%; p=0.00),
the negative LR (I’=79.2%; p=0.00) and DOR (I°=100.0%;
p=0.00), indicating high between-study heterogeneity for all
pooled measures, which might compromise the credibility
of the study.

In the overall analysis, the pooled sensitivity, speci-
ficity, positive LR, negative LR and DOR for adrenal
imaging were 68% (95% CI 61% to 74%), 57% (95%
CI 50% to 65%), 1.6 (95% CI 1.4 to 1.9), 0.56 (95%
CI 0.47 to 0.68) and 3 (95% CI 2 to 4), respectively
(figures 3 and 4).

Subgroup analyses
Subgroup analysis, stratified by the imaging methodology,
found more favourable specificity (60%) for CT than
CT/MRI (45%). Notably, subgroup analysis showed an
increase in sensitivity when contrast material was adminis-
tered during the CT scan, compared with the traditional
CT group (77% vs 58%). There was low heterogeneity
detected on sensitivity in the CT/MRI group (I*=30%).
However, the heterogeneity was high in all other groups,
regardless of sensitivity or specificity (I* >75%).
Subgroup analysis based on AVS procedure (with or
without ACTH stimulation) revealed a slight decrease in
sensitivity when ACTH was administered during the AVS
procedure (66% vs 70%). Sensitivity and specificity were

higher when LI was 24 vs LI was 22. However, a large degree
of heterogeneity was observed in all groups (I* all >75%).

Subgroup analysis stratified by screening test showed
that the sensitivity of the ARR group was higher than
that of the non-ARR group (78% vs 66%). The hetero-
geneity was high (I°=87.7%) in the ARR subgroup,
whereas it disappeared (0%) in the non-ARR subgroup.
Regarding specificity, the heterogeneity was high for
both groups (86.2% vs 89.1%). Subgroup analysis strat-
ified by the confirmatory test for PA demonstrated an
increase in sensitivity (71% vs 57%) and a slight decrease
in specificity (60% vs 66%) for the salt-loading test group
compared with additional options group, with moderate
to high heterogeneity observed in all the above groups
(I* all >50%).

Subgroup analysis based on methodological quality
(high quality, low quality and unclear quality) revealed
that there was low heterogeneity for sensitivity in all the
above groups (I* all<50%). The diagnostic pooled sensi-
tivity for the high-quality group was the highest, followed
by the unclear-quality group and the low-quality group
(78% vs 62% vs 48%). The unclear-quality group had the
highest specificity, followed by the high-quality group and
the low-quality group (69% vs 62% vs 51%). Regarding
specificity, heterogeneity was decreased but still high in
all the groups.

There were four studies that reported diagnostic accu-
racy in PA patients with an age of 40 years or younger.
Using the bivariate model, the pooled sensitivity and spec-
ificity were 71% (95% CI 54% to 84%) and 79% (95%
CI 37% to 96%), respectively, with moderate heteroge-
neity (53.1% vs 70.1%) (online supplemental figure S1).
Summary estimates for pooled measures of diagnostic
accuracy are shown in table 2.

Meta-regression analysis

Results of meta-regression analysis showed that the
sample size was the only covariate with a negative effect
on sensitivity. Additionally, there was a significant
interaction between lower age, as well as high method-
ological quality, and higher specificity of CT/MRI for
the detection of unilateral forms of PA (online supple-
mental figure S2).

Sensitivity analysis

Goodness-of-fit and bivariate normality analyses (online
supplemental figure S3A,B) showed that the bivar-
iate model was moderately robust. Influence analysis
and outlier detection identified four outliers (online
supplemental figure S3C,D). After we excluded these
outliers, the overall results did not change signifi-
cantly, which suggested that the results of this study
were statistically reliable (table 2).

Publication bias

Neither Deeks’ funnel plot nor Deeks test (t=0.46,
p=0.65) showed evidence of publication bias (online
supplemental figure S4).
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Figure 2 Assessment of methodological quality of included
studies using the QUADAS-2 Criteria. Stacked bars represent
the proportion of studies with a high (red), or unclear (yellow)
or low (green) risk of bias and applicability concerns.
QUADAS-2, Quality Assessment of Diagnostic Accuracy
Studies-2 criteria.

DISCUSSION

Main findings

The accurate differentiation of unilateral and bilateral
PA is critical for optimal clinical management. Although
AVS is the ‘gold-standard’ test for subtype diagnosis,’®
numerous studies have investigated the underlying diag-
nostic value of CT/MRI for subtype diagnosis due to
several insurmountable shortcomings of AVS. The present
meta-analysis, involving 4669 individuals from 25 studies,
demonstrated that CT/MRI has poor sensitivity (68%)
and specificity (57%) in subtype classification when AVS
was used as the reference standard.

In the subtype diagnosis of PA, AVS was initially used in
the 1960s. Subsequently, CT was adopted as the primary
method for distinguishing the unilateral and bilateral
forms of PA. Owing to its less invasive nature, lower cost
and wide availability, many physicians prefer to perform
CT/MRI as the first, and sometimes only, investigation
of PA subtype. However, its sensitivity and specificity vary
widely. The reported sensitivities ranged from 29%° to
94%,”" and the reported specificities ranged from 18%"
to 87%.” Although the sensitivities reportedly exceeded
80% in five studies,'? %" 231 97 relatively poor specificities
were reported, with only one study showing a specificity
of 72%."* Similarly, three studies reported the sensitivities

Studyld ! SENSITIVITY (95% CI) Studyld ' SPECIFICITY (95% CI)
Magil392001 | —O 047[023-0.72) Magill39/2001 - 0.62[038-0.82]
Young38/2004 o 0.58[0.47-067) Young3812004 [+] 0.49[0.39- 0.60]
Nwariaku2006 | —OH Nwariaku/2006 —Jo- | o0s7[035-090)

Minami/2008 5 Minami2008 | —Or 047[023-0.72]
Mulatero/2008 - Mulatero/2008 W | 0720055-085)
Mathur2010 | €| Mathur2010 —- | ossp3s-ose)
Sarlon-Bartoli/2011 o -0 Sarlon-Bartoli2011 | =G| 030 [0.13-0.53]
0h2012 I Q| o094[085-093) 0Oh2012 -0 0.35[0.16-0.57)
Salem/2012 Ho- | 076[036-090) Salem2012 —o— | 067(030-093]
Burton/2012 =0 | 076[055-091) Burton 2012 O | 087[060-098]
Lau2012 == | oe[ss-036 Law2012 —o- | ose39-091)
Kupers 2012 - 0.53[0.38-067) Kupers2012 10 | o0s7[0.72-096)
Candy Sze2014 H> | 030[0.66-0.90] Candy Sze/2014 -0 0.62[0.41-0.80)
Riester/2014 0.68[0.45-0.86] Riester2014 —C- [ 0s3(036- 1.00]
Asmar2015 0.72[0.63-0.79] Asmar2015 [+h 0.36 [0.26 - 0.46]
Kocjan/2016 +0 | 052[063-094] Kocjan'2016 O 0.46[0.30-0.63]
Pedersen2016 -G 0.65[0.48-0.79] Pedersen2016 —g— 0.60 [0.15 - 0.95]
Zn20ts | © 0.43[0.36-0.50) Zhu2016 0.59 [0.51-0.66)
Kamemura/2017 o 0.63[0.52-0.72) Kamemura/2017 fe] 0.70 [0.65 - 0.76)
Nanba2017 é} 0.70[0.59-0.79] Nanba2017 | O] 034[023-047)
Umakoshi/2018 0.62[0.57-0.66] Umakoshi’2018 13 0.71[0.68-0.74]
Sam2019 a 0.64[0.56-0.71] Sam2019 ¢} 0.59 [0.52- 0.66]
Aono2019 | @ | 034[026-042] Aonon2019 o 0.72[0.64-0.79)
Campbell 2019 O | 0s3(0.66-093] Campbell 2019 | O | 0.18 [0.08 - 0.34]
Li2019 o | 07706s-083) Li2019 < 0.5 [0.36-0.74]
COMBINED + 0.68[0.61-0.74) COMBINED + 0.57[0.50 - 0.65)
: Q=183.06, df =24.00,p = 0.00 : Q=183.00, df =24.00, p = 0.00
H 12=86.89 [$2.64 - 91.14] H 12=36.88 [82.63 - 91.14]
T T T T
02 10 [ 10
Sensitivity Specificity

Figure 3 Forest plots of sensitivity and specificity of adrenal
imaging compared with AVS. Horizontal lines are the 95%
Cls. AVS, adrenal vein sampling.
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Figure 4 Hierarchical SROC plot showing average
sensitivity and specificity estimate of the study results
with 95% confidence region. The 95% prediction region
represents the confidence region for a forecast of the true
sensitivity (SENS) and specificity (SPEC) in a future study.
AUC, area under the curve; SROC, summary receiver
operating characteristic.

to be over 80%,” ** ¥ but the specificities were reported
to be lower than 76%.”* The present meta-analysis showed
that the pooled sensitivity was 68% and the specificity was
57%, which means that treatment decisions based on the
presence of unilateral disease on CT/MRI alone could
result in inappropriate unilateral adrenalectomy in 43%
of patients. Basing this decision on CT/MRI alone would
miss the possibility of a potentially curative procedure
by surgery in 32% of patients. However, failure to make
an early diagnosis and provide specific treatment for PA
places these patients at higher risk of irreversible renal
and cardiovascular damage. Our results suggest that CT/
MRI does not have satisfactory diagnostic performance in
classifying the subtypes of PA.

Stimulation with ACTH during the AVS procedure was
introduced in 1979 and remains popular at many centres.
Today, the AVS procedure, with or without ACTH stim-
ulation, is still controversial."* The present meta-analysis
revealed that there was no significant difference between
the two AVS procedures (with or without ACTH stimu-
lation) in terms of the diagnostic accuracy of CT/MRI
to identify unilateral PA. In theory, the application of
more stringent lateralisation criteria (a condition that is
more likely to capture true cases of unilateral PA) would
result in increased sensitivity and decreased specificity of
CT/MRI to identify unilateral PA. However, our analysis
demonstrated that stricter thresholds for determining
lateralisation on AVS would result in higher sensitivity
and specificity, which is not completely consistent with
the theoretical situation.
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Table 2 Pooled summary results by subgroups

Subgroups No of studies Sensitivity (95% Cl) Sensitivity with I>* Specificity (95% Cl) Specificity with I ”
Total 25 68 (61 to 74) 86.9% 57 (50 to 65) 86.9
Age

<40years 4 71 (54 to 84) 53.1% 79 (39 to 96) 70.1

>40years 21 68 (60 to 75) 87.4% 57 (49 to 64) 87.4
AVS procedure

With ACTH 17 66 (57 to 73) 86.5% 56 (46 to 65) 90.5

Without ACTH 7 70 (58 to 79) 90.3% 60 (45 to 74) 79.2
Cutoff values of LI

LI>2 4 61 (37 to 80) 95.5% 54 (38 to 68) 88.3

LI>4 18 69 (62 to 75) 76.4% 59 (50 to 68) 89.0
Screening test for PA

ARR 21 66 (58 to 72) 87.7% 58 (50 to 65) 86.2

Not ARR 4 78 (69 to 84) 59 (29 to 84) 89.1
Confirmatory test for PA

Salt-loading test 12 71 (62 to 80) 78.6% 60 (49 to 70) 74.9

Additional options 8 57 (46 to 67) 90.6% 66 (60 to 72) 66

No 5 72 (64 to 79) 55.8% 42 (24 to 63) 90.3
Imaging methodology

CT 20 67 (59 to 74) 88.6% 60 (53 to 67) 82.5

Contrast CT 8 77 (66 to 85) 86.4% 60 (49 to 69) 82.2

Nocontrast CT 12 58 (49 to 66) 83.8% 60 (51 to 68) 81.8

CT/MRI 5 69 (62 to 76) 30% 45 (27 to 64) 87.9
Quality of studies

High-quality studies 13 78 (73 to 83) 48.6% 51 (39 to 63) 78.6

Unclear-quality 6 62 (58 to 65) 62 (54 to 70) 85.1

studies

Low-quality studies 6 44 (38 to 50) 46.4% 69 (60 to 78) 69.2
Sample size

>100 10 59 (51 to 67) 90.6% 58 (49 to 66) 92.1

<100 15 74 (67 to 81) 71.3% 60 (47 to 71) 78.1

Outlier excluded 20 65 (60 to 70) 771% 59 (52 to 66) 85.2

ACTH, adrenocorticotropic hormone; ARR, aldosterone-to-renin ratio; AVS, adrenal vein sampling; LI, lateralisation index; PA, primary

aldosteronism .

Although the overall analysis suggested that CT/MRI
does not have satisfactory diagnostic performance in
classifying the subtypes of PA, the results should be inter-
preted with caution because of moderate to high hetero-
geneity due to several underlying confounders. First, the
screening test and confirmatory test for PA may influ-
ence the results. In our meta-analysis, some patients did
not undergo a screening test and confirmatory test for
PA, which is the diagnostic reference standard test, and
some of them might not have PA. Generally, inadvertently
including patients without PA should increase the spec-
ificity of CT/MRI in identifying unilateral PA, as these
subjects would not show lateralisation on AVS or a unilat-
eral aldosteronoma on CT/MRI. However, although the

difference in the screening test was responsible for the
heterogeneity of sensitivity and specificity to some extent,
according to our analysis, there is no evidence to indi-
cate that the confirmatory test influences the specificity
of CT/MRI.

Second, meta-regression analysis showed that the
heterogeneity of specificity may partly be due to age.
Given that non-functioning adrenocortical adenomas
(‘incidentaloma’) are relatively uncommon in young
people (40 years), the 2009 guidelines for managing
PA contended that younger patients with an unequiv-
ocal biochemical diagnosis of PA and a clear-cut unilat-
eral adenoma on adrenal CT scan should proceed
directly to surgery, whereas the AVS procedure may be
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skipped.” Among studies included in the present meta-
analysis, four reported the diagnostic accuracy of CT/
MRI in identifying unilateral PA in patients <40 years.
By combining these four studies, our results demon-
strated that although the sensitivity (71%) and specificity
(79%) were improved, the diagnostic performance was
still unsatisfactory because 21% of patients would have
undergone unnecessary adrenalectomy based on imaging
results alone. In 2016, the updated clinical practice guide-
lines were published and suggested that the age cut-off
for sparing AVS be 35years.” Regarding patients aged
<35 years, several retrospective studies have evaluated the
diagnostic value of CT. The reported rate of concordance
between CT and AVS ranges from 59% to 90%." **!
Based on these data, it still seems that CT cannot replace
AVS in patients aged <35 years. However, due to the lack
of numbers of false-positives and true-negatives, we did
not perform a pooled analysis. Further studies are needed
to clarify the diagnostic value of CT in patients aged <35
years.

As mentioned above, although adrenal imaging is not
a reliable method to differentiate subtypes of PA, it does
not mean that CT/MRI must be wrong and should not
be used as a basis for clinical management. In centres
without AVS facilities currently, what should a physician
do? In the past few years, there has been rapidly growing
interest in testing the utility of hybrid steroids, such as
18-oxocortisol/18-hydroxycortisol, for PA subtypes and
the results demonstrated that levels of 18-oxocortisol/1
8-hydroxycortisol plus an adenoma on CT/MRI might
be of more assistance in those centres without AVS facili-
ties, especially in Japan and China, given their very high
percentage of KCNJ5 mutations.*™ It is hoped that
perhaps the possibility of multi-steroid fingerprints in
peripheral blood samples that distinguish unilateral from
bilateral PA with a high degree of accuracy can substan-
tially reduce or replace the use of lateralisation by AVS.

Limitations

The present meta-analysis has several limitations. First,
there was great heterogeneity among the included
studies, which might have compromised the credi-
bility. The results of the subgroup analyses and meta-
regression suggested that the screening test for PA, age,
study quality, sample size and other unknown factors may
also contribute to the aforementioned heterogeneity.
However, the results from the subgroup analyses and
sensitivity analysis all confirmed the robustness of our
meta-analysis’s results. Second, a minority of study partic-
ipants underwent cross-sectional imaging with either
CT or MRI, but absolute numbers were not provided
or could not be derived based on the specific imaging
methodology used, which limited our ability to identify
which imaging methodology can provide more accurate
diagnostic performance. In addition, the possibility of
selection bias that is present in all meta-analysis cannot
be overlooked.

CONCLUSION

Based on these analyses, we conclude that CT/MRI has
poor sensitivity (68%) and specificity (57%) in the detec-
tion of unilateral PA when AVS is used as the reference
standard. Even in young patients (<40 years), 21% would
have undergone unnecessary adrenalectomy based on
imaging results alone. Given these findings, we recom-
mend routinely referring all patients for AVS, regardless
of age and imaging results, if the centre has access to
AVS. However, due to moderate to high heterogeneity,
our study should be interpreted with caution, and further
high-quality studies with larger sample sizes are needed.
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