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Abstract
Objectives To perform a systematic review and meta-analysis of published data to evaluate the utility of chemical shift imaging
(CSI) for differentiating between adrenal adenomas and non-adenomas.
Methods A systematic search of the MEDLINE, Web of Science Core Collection, EMBASE and Cochrane Central Register of
Controlled Trials electronic databases was performed. The methodological quality of the included studies was assessed by using
the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies) tool. A bivariate random effect model was used to
determine summary and subgroup sensitivity and specificity and calculate summary receiver operating characteristic curves
(SROC).
Results Eighteen studies with 1138 patients and 1280 lesions (859 adenomas, 421 non-adenomas) in total were included. In
addition to summary analysis, quantitative analyses of the adrenal signal intensity index (SII, 978 lesions, 14 studies), adrenal-to-
spleen ratio (ASR; 394 lesions, 7 studies) and visual analysis (560 lesions, 5 studies) were performed. The resultant data showed
considerable heterogeneity (inconsistency index I2 of 94%, based on the diagnostic odds ratio, DOR). The pooled sensitivity of
CSI for adenoma was 0.94 [95% confidence interval (CI) 0.88–0.97] and pooled specificity was 0.95 (95% CI 0.89–0.97). The
area (AUC) under the SROC curve was 0.98 (95% CI 0.96–0.99). The corresponding AUCs were 0.98, 0.99 and 0.95 for SII,
ASR and visual evaluation, respectively.
Conclusion CSI has high sensitivity, specificity and accuracy for adrenal adenoma. Diagnostic performance does not improve
when quantitative indices are used.
Key Points
• Inclusion of CSI in abdominal MRI protocols provides an effective solution for classifying adrenal masses discovered on MR
exams

• Visual evaluation of adrenal CSI is sufficient; use of quantitative indices does not improve diagnostic accuracy
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SII Signal intensity index
SROC Summary receiver operating characteristic

Introduction

Adrenal masses are a common incidental imaging finding [1,
2]. The most common adrenal lesions are adenomas [3, 4],
benign tumors, which in most cases do not produce hormones
and remain asymptomatic. The adrenal glands are also a fre-
quent location of metastases [5]. Even in patients with malig-
nant disease, a large proportion of adrenal masses are adeno-
mas [6, 7]. As non-functioning (endocrine-inactive) adrenal
adenomas do usually not require therapy, it is very important
to differentiate between adenomas and non-adenomas.

Chemical shift imaging (CSI) is the preferredMR sequence
for evaluation of adrenal masses. CSI results in two sets of
images, called in-phase and opposed-phase images. On
opposed-phase images the signal of fat protons partially can-
cels the signal of water protons [8]. As a result of their high
intracellular fat content [9], most adenomas show a pro-
nounced signal loss on opposed-phase images, when com-
pared to in-phase images.

A number of studies have reported a high sensitivity and
specificity of CSI in diagnosing adrenal adenomas.

The aim of this study was to perform a systematic review
and meta-analysis of published data to evaluate the utility of
CSI to differentiate between adrenal adenomas (lipid-rich
adenomas) and non-adenomas.

Materials and methods

Search methods and study selection

The MEDLINE, Web of Science Core Collection, EMBASE
and Cochrane controlled trials register electronic databases
were searched (from inception through February 2017) using
database-specific Boolean search strategies and the terms
Badrenal glands^, Badrenal adenoma^, Bchemical shift
imaging^ and Bmagnetic resonance imaging^. The database-
specific search strategies are described in Appendix E1. The
final search was performed on 10 September 2017.

The inclusion criteria were as follows: the study used CSI
for adrenal imaging, at least 10 lesions were included, the
studied condition was having or not having an adrenal adeno-
ma, there was no preselection based on imaging findings,
information on the reference standard was provided, articles
were in English or German, results were presented in a 2 × 2
contingency table or such a table could be extracted from the
article. Exclusion criteria were studies with less than 10 le-
sions, studies based on non-original data, and the impossibil-
ity to retrieve data suitable for meta-analysis.

Retrieved titles and abstracts were independently reviewed
for relevance by two investigators (I.P. and D.S., board-
certified radiologists with 13 and 10 years of experience in
abdominal MRI, respectively). Consequently, the full text of
selected articles was independently reviewed by the same two
investigators for relevance. Discrepancies between the two
investigators were discussed and resolved in consensus.

Data extraction

Two investigators (I.P., D.S) independently extracted data
from the previously selected articles. Extracted data included
first author, journal, year of publication, study design, field
strength of the MRI system(s) used in the study, scanner man-
ufacturer, study population, method(s) of image evaluation,
reference standard and lesion size.

The total number of adenomas and non-adenomas and the
complete 2 × 2 tables were extracted or calculated from each
article and tabulated.

Data synthesis and statistical analysis

Data analysis was performed using the Stata Statistical
Software, Release 15 (StataCorp LLC, College Station, TX,
USA) and the MIDAS [10] command. MIDAS implements a
bivariate approach for meta-analysis of diagnostic studies in-
troduced by Reitsma et al [11].

The sensitivities, specificities, diagnostic odds ratios
(DOR) and 95% confidence intervals (CIs) for each study
were calculated on the basis of the consistency table. In case
of studies which utilized several methods of CSI evaluation,
data based on the adrenal signal intensity index (SII, also
called ASII) were used for the overall analysis. Summary
sensitivity and specificity were calculated for all studies in-
cluded in the meta-analysis and also for three subgroups de-
fined below (SII, ASR and visual evaluation).

Forest plots [12] were generated to visualize the estimated
sensitivities and specificities of the studies included in the
meta-analysis and the estimated summary sensitivity and
specificity. Summary receiver operating characteristic curves
(SROC) [13–15] were generated on the basis of the estimated
sensitivities and specificities. The area under the curve (AUC)
of SROC curves was also calculated. For interpretation of
AUC values we used the thresholds proposed by Jones et al
[16]: AUC > 0.97, excellent accuracy; AUC 0.93–0.96, very
good accuracy; 0.75–0.92, good accuracy and AUC 0.5–0.75,
reasonable accuracy.

The inconsistency index (I2) [17] was used to evaluate
heterogeneity. I2 is calculated on the basis of the diagnostic
odds ratio (DOR) which can be used as a summary measure of
test performance [18].

Publication bias [19] was assessed with a regression test on
the DOR [20]. A funnel plot [21] was generated as a graphical
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presentation for publication bias. On the basis on the recom-
mendations of Deeks et al [20], the funnel plot was generated
by plotting the square root of the inverse of the effective sam-
ple size (ESS) against the DOR.

A p value less than 0.05 was considered statistically
significant.

The QUADAS-2 [22] (Quality Assessment of Diagnostic
Accuracy Studies) tool was used to evaluate the risk of bias
and concerns about applicability for each study.

Results

Search results

The initial search revealed 1263 articles fromMEDLINE, 849
articles from Web of Science Core Collection, 963 articles
from EMBASE and 25 articles from the Cochrane Central
Register of Controlled Trials. After duplicates were discarded,
2272 articles remained and the study titles were reviewed for
eligibility in this meta-analysis. On the basis of the study title,
1938/2272 studies were excluded (Fig. 1). Subsequently, on
the basis of review of the study abstracts, 275/334 studies
were excluded. After full text review of the remaining 59
studies, 41 studies were excluded. Thus 18 studies were in-
cluded in our meta-analysis [23–42].

Included studies

Eight out of 18 included studies were prospective and 9/18
studies were retrospective (Table 1). One study [27] included
both a retrospective and prospective component. We only in-
cluded the prospective cohort (24 patients, 24 lesions) from
this study in our meta-analysis, as CSI was only consistently
performed in this cohort.

From the 18 studies included in our meta-analysis, data for
1138 (654 female, 484 male) patients with 1280 lesions were
available. Average patient age was available for 17/18 studies
and varied between 44.8 and 67.5 years. Demographic data of
the patients from the studies included in the meta-analysis are
summarized in Table 1.

On the basis of the standard of reference used in the respec-
tive study, the 1280 lesions included 859 adenomas and 421
non-adenomas. Information about lesion size was available
from all studies (Table 2). The mean maximum diameter var-
ied between 1.6 and 2.7 cm for adenomas and between 2.8 and
7.3 cm for non-adenomas.

The standard of reference was combined (imaging
follow-up, histopathology or another imaging modality)
in 16/18 studies or based only on histopathology in 2/18
studies [23, 41].

Histopathological or cytological correlation was available
for 473/1280 lesions (histopathology for 417/1280 lesions and

cytology for 56/1280 lesions). The reference standard used in
each study is described in Table 3.

Information about known malignant disease in the exam-
ined patients was only provided in 4/18 studies [25, 26, 30,
36]. In these four studies (274 patients in total), 121/274 pa-
tients had known malignancy and 153/274 patients had no
known malignancy. The primary tumor type was only speci-
fied in 73/274 patients with known malignancy [25, 26].

In 15/18 studies one or more quantitative indices were used
for evaluation of CSI images, while 3/18 studies used qualita-
tive visual evaluation alone and 2/18 studies used both qual-
itative and visual evaluation. The quantitative indices included
the adrenal signal intensity index (SII), adrenal-to-spleen ratio
(ASR), adrenal-to-liver ratio (ALR) and adrenal-to-muscle ra-
tio (AMR) [43].

Seven out of 18 studies used SII alone, 5/18 studies used
both SII and ASR, 1/18 studies used SII, ASR and ALR, 1/18
studies used SII, ASR, ALR and AMR, 1/18 studies used SII,
ASR and visual evaluation, 1/18 studies used ASR, ALR and
AMR and 3/18 studies used visual evaluation only.

As a result of the small number of studies which evaluated
ALR and AMR, these quantitative indices were not included
in the analysis. The meta-analysis includes subgroup analysis
for the SII (15/18 studies), ASR (7/18 studies) and visual
evaluation methods (5/18 studies).

SII was defined in all studies as follows:

SII ¼ ðsignal intensity on in−phase imaging–signal intensity

on opposed−phase imagingÞ=ðsignal intensity on

in−phase imagingÞ

SII cut-off values used in each study are summarized in
Table E2.

The definition of ASR varied between the included studies.
Afifi et al [23], Marin et al [32], Ramalho et al [35] and
Ream et al [36] used the following definition:

ASR ¼ f½ðadrenal signal intensity on opposed−phase imaging

=spleen signal intensity on opposed−phase imagingÞ
=ðadrenal signal intensity on in−phase imaging

=spleen signal intensity on in−phase imagingÞ�–1g

Bilbey et al [24], Halefoglu et al [26] and Wu and Tan [40]
used a different formula to calculate ASR:

ASR ¼ ½ðadrenal signal intensity on opposed−phase imaging

=spleen signal intensity on opposed−phase imagingÞ
=ðadrenal signal intensity on in−phase imaging

=spleen signal intensity on in−phase imagingÞ�

The thresholds used by the respective authors to differen-
tiate between adenoma and non-adenoma on the basis of ASR
are summarized in Table E3.
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Nine out of 18 studies also evaluated adrenal imaging
methods other than CSI, including dynamic contrast-
enhanced MRI (DCE) [28, 31, 33, 37, 38], CT histogram
analysis [25, 30], delayed contrast-enhanced CT[27] and
diffusion-weighted MRI (DWI) [26].

Only 2/18 studies (Sasai et al [38] and Rodacki et al [37])
performed a combined evaluation of CSI and an additional
method (CSI and DCE in this case). Sasai et al and Rodacki
et al did not compare the accuracy of CSI and CSI + DCE for
statistical significance.

Methodologic quality assessment

The question items of the QUADAS-2 tool and the respective
results are shown in Appendix E2. No study fulfilled all meth-
odological criteria. The domains index test, reference stan-
dard, and flow and timing were most affected by risk of bias,
with 9/18, 15/18 and 16/18 studies with high risk of bias in the

respective domain. In regard to patient selection, 6/18 studies
were rated to have unclear risk and 5/18 studies to have high
risk of bias, mainly due to inappropriate exclusions.

In contrast, there were no concerns in regard to the appli-
cability for the majority of studies included in this analysis.

Heterogeneity

The diagnostic odds ratio (DOR) for the pooled data was 250
(95% CI 96–652). Cochran’s Q for the DOR was 27.95 and I2

was 93 (95%CI 86–99). According to the criteria proposed by
Higgins et al [17] the I2 value is consistent with very high
heterogeneity.

Publication bias

A funnel plot of the square root of the inverse of the effective
sample size (ESS) against the DOR is shown in Fig. 2. The

Fig. 1 PRISMA (Preferred
Reporting Items for Systematic
Reviews) flow diagram of search
results and review results
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funnel plot shows a deviation of the distribution of the dots
from the Bideal^ funnel shape, implying the presence of pub-
lication bias. However, the results of the Deeks’ test were not
statistically significant (p = 0.07).

Diagnostic performance

The sensitivity and specificity of CSI for the detection of
adrenal adenoma ranged from 0.57 to 1.0 and from 0.75 to
1.0, respectively (Table 4 and Fig. 3). The pooled sensitivity
and specificity of CSI were 0.94 [95%CI 0.88–0.97] and 0.95
(95% CI 0.89–0.97]. The AUC of the SROC curve for the
pooled data was 0.98 (Fig. 4).

The pooled sensitivity and specificity of SII for adrenal
adenoma were 0.94 [95% CI 0.90–0.97] and 0.93 [95% CI
0.87–0.97], respectively (Fig. E3). The AUC of the SROC
curve for the pooled SII data was 0.98.

The pooled sensitivity and specificity of ASR for adrenal
adenoma were 0.93 [95% CI 0.83–0.97] and 0.98 [95% CI

0.87–1.0] (Fig. E4). The AUC of the SROC curve for the
pooled ASR data was 0.99.

The pooled sensitivity and specificity of visual CSI evalu-
ation for adrenal adenoma were 0.83 [95% CI 0.66–0.93] and
0.93 [95% CI 0.87–0.96], respectively (Fig. E5). The AUC of
the SROC curve for the pooled visual evaluation data was
0.95.

Combined adrenal CSI and DCE

As mentioned above, only two studies performed a combined
evaluation of adrenal CSI and DCE. Rodacki et al [37] found
that the combination of CSI and DCE has higher sensitivity
(94%) and specificity (98%) than standalone CSI (87% and
95%, respectively).

Sasai et al [38] found the positive and negative predictive
values of CSI + DCE ( 0.95 and 0.96) to be higher than those
of standalone CSI (0.9 and 0.94).

Table 2 Number of adenomas and non-adenomas (based on the respective reference standard) and lesion size in each study included in the meta-
analysis

Author, year No. of
lesions

Adenomas Non-adenomas Mean maximum
diameter (cm)

Maximum diameter
range (cm)

Afifi 2017 58 24 34 Adenoma: 2.4 ± 0.8
Non-adenoma: 7.3 ± 3.5

Adenoma: 1.4–4.3,
Non-adenoma: 2.8–14.5

Bilbey 1995 41 17 24 Adenoma: 2.7
Non-adenoma: 5.7

1.3–12.5

Halefoglu 2009 126 96 30 Adenoma: 2.4 ± 1.3
Non-adenoma: 4.3 ± 1.8

Not available

Halefoglu 2012 109 67 42 3.0 ± 1.8 1.5–13.2

Hennings 2009 24 20 4 3.3 1.0–10

Inan 2008 64 48 16 Adenoma: 2.1 ± 0.8
Non-adenoma: 4.7 ± 2.9

Adenoma: 1.0–5.5
Non-adenoma: 1.4–12.0

Jhaveri 2006 39 28 11 Adenoma: 2.2
Non-adenoma: 2.6

Adenoma: 1.0–5.2
Non-adenoma: 1.4–5.2

Korobkin 1995 51 35 16 Adenoma: 2.7
Non-adenoma: 5.1

Adenoma: 1.0–8.6
Non-adenoma: 1.3–12.3

Marin 2010 37 Adenoma: 2.1
Non-adenoma: 4.1

Adenoma: 1.5–4.5
Non-adenoma: 1.3–7.0

Maurea 2006 41 29 12 Adenoma: 2.0 ± 0.9
Non-adenoma: 5.3 ± 2.9

Adenoma: 0.5–3.5
Non-adenoma: 1–11

Namimoto 2001 28 16 12 3.2 1.0–8.3

Ramalho 2011 50 38 12 1.9 ± 0.8 1.1–3.2

Ream 2014 37 27 10 Adenoma: 1.6 ± 0.6
Non-adenoma: 2.8 ± 2.2

Not available

Rodacki 2014 239 177 62 1.8 0.7–18.0

Sasai 2003 57 38 19 Not available Adenoma: 0.6–11.0
Non-adenoma: 2.0–7.8

Schindera 2008 23 16 7 Adenoma: 2.5
Non-adenoma: 4.5

Adenoma: 1.1–4.1
Non-adenoma: 1.9–7.5

Wu 2016 60 48 12 Adenoma 1.7
Non-adenoma 4.4

Not available

Yip 2010 196 107 89 4 0.3–15.0
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Discussion

With contemporary MR scanners, CSI of the upper abdomen
is feasible in a single breath-hold and has become a standard
component of abdominal MRI. The current meta-analysis
shows that CSI has a very high sensitivity and specificity for
adrenal adenoma. It demonstrates that the inclusion of CSI in
abdominal MRI protocols provides an effective solution for
classifying adrenal masses discovered on MR exams.

To our knowledge, this is the first meta-analysis on CSI in
adrenal masses. It largely confirms the results of the majority
of published studies on this subject, all monocentric.

Our subgroup analysis demonstrates a consistently high sen-
sitivity and specificity of CSI, regardless if quantitative indices
like SII and ASR or visual evaluation is used. The 95% confi-
dence regions of the SROC curves in Fig. 4 demonstrate a very
substantial overlap, which implies that there is no significant
difference in regard to accuracy between the aforementioned
CSI evaluation methods. Our results provide an argument for
the use of visual evaluation, as there is no evidence that the
diagnostic performance of CSI can be improved by using quan-
titative indices.

Despite the overall excellent accuracy of CSI, lipid-poor
adenomas, which cannot be reliably identified with CSI, are
still a problem. A possible solution is the use of additionalMR
sequences or other imaging methods.

The current analysis focused on CSI and provides limited
information on the usefulness of additional imaging. Only two
studies evaluated the combined accuracy of CSI and an addi-
tional imaging method (DCE). Thus we were not able to ex-
tract data for a Bcombined^ subgroup (CSI + additional imag-
ing study) and have to rely on the findings of the individual
studies.

The most promising additional imaging method evaluated
by some studies in our meta-analysis is DCE. The results of
Rodacki et al [37] and Sasai et al [38] suggest that the accu-
racy of CSI combined with DCE in regard to adrenal adenoma
is higher in comparison to standalone CSI.

DWI is not expected to be a useful addition to adrenal CSI at
all, as there is a large overlap between the apparent diffusion
coefficient (ADC) values of adenomas and non-adenomas [26].

In view of the available data, we would not recommend
additional imaging in cases when a lesion has been classified
as adenoma on the basis of CSI. This is consistent with the

Table 3 Reference standard for each study included in the meta-analysis

Author, year No. of lesions Reference standard

Histopathology Fine needle biopsy Follow-up Other Minimum
follow-up (months)

Afifi 2017 58 52 6 0 0 Not applicable

Bilbey 1995 41 17 11 13 0 12

Halefoglu 2009 109 0 6 76 27a 6

Halefoglu 2012 126 2 2 116 2a 6

Hennings 2009 24 7 1 16 0 12

Inan 2008 64 6 1 57 0 3*

Jhaveri 2006 39 4 0 34 1 6

Korobkin 1995 51 11 9 12 19b 6

Marin 2010 34 6 8 17 6c 6

Maurea 2006 41 19 3 19 0 Not specified

Namimoto 2001 28 6 4 18 0 12

Ramalho 2011 50 1 0 49 0 12

Ream 2014 37 7 0 28 2c 12

Rodacki 2014 239 59 3 177 0 12

Sasai 2003 57 15 0 42 0 12

Schindera 2008 23 4 2 12 5c 6

Wu 2016 60 5 0 20 35c 6

Yip 2010 196 196 0 0 0 Not applicable

* at least 3 months follow-up for malignant lesions, at least 6 months for benign lesions
a washout CT
b scintigraphy with Iodine-131 labeled NP 59 (6-beta-iodomethyl-19-norcholesterol)
c unenhanced CT
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current guidelines of both the European Society of
Endocrinology (ESE) [44] and the American College of

Radiology (ACR) [45], which do not recommend additional
imaging if CSI (or CT) findings are unequivocal.

Fig. 2 Funnel plot as a graphical
presentation for publication bias.
The square root of the inverse of
the effective sample size (ESS) is
plotted against the diagnostic
odds ratio (DOR). The
distribution of the dots
(representing the included
studies) deviates from a funnel
shape, which is suggestive of
publication bias. However, the
result of the corresponding
Deeks’ test is not statistically
significant (p = 0.07)
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Table 4 Estimated sensitivities and specificities of the studies included in the meta-analysis, with 95% confidence intervals (CI) in square brackets

Author, year TP TN FP FN Estimated sensitivity [95% CI] Estimated specificity [95% CI]

Afifi 2017 24 34 0 0 1.00 [0.86–1.00] 1.00 [0.90–1.00]

Bilbey 1995 17 24 0 0 1.00 [0.80–1.00] 1.00 [0.86–1.00]

Halefoglu 2009 65 39 3 2 0.97 [0.90–1.00] 0.93 [0.81–0.99]

Halefoglu 2012 91 28 2 5 0.95 [0.88–0.98] 0.93 [0.78–0.99]

Hennings 2009 18 3 0 3 0.86 [0.64–0.97] 1.00 [0.29–1.00]

Inan 2008 45 16 0 3 0.94 [0.83–0.99] 1.00 [0.79–1.00]

Jhaveri 2006 20 11 0 8 0.71 [0.51–0.87] 1.00 [0.72–1.00]

Korobkin 1995 35 12 4 0 1.00 [0.90–1.00] 0.75 [0.48–0.93]

Marin 2010 25 9 1 3 0.89 [0.72–0.98] 0.90 [0.55–1.00]

Maurea 2006 26 12 0 3 0.90 [0.73–0.98] 1.00 [0.74–1.00]

Namimoto 2001 16 12 0 0 1.00 [0.79–1.00] 1.00 [0.74–1.00]

Ramalho 2011 36 12 0 2 0.95 [0.82–0.99] 1.00 [0.74–1.00]

Ream 2014 25 9 1 2 0.93 [0.76–0.99] 0.90 [0.55–1.00]

Rodacki 2014 157 54 8 20 0.89 [0.83–0.93] 0.87 [0.76–0.94]

Sasai 2003 37 15 4 1 0.97 [0.86–1.00] 0.79 [0.54–0.94]

Schindera 2008 16 7 0 0 1.00 [0.79–1.00] 1.00 [0.59–1.00]

Wu 2016 41 11 1 7 0.85 [0.72–0.94] 0.92 [0.62–1.00]

Yip 2010 61 84 5 46 0.57 [0.47–0.67] 0.94 [0.87–0.98]

Combined 0.94[0.88–0.97] 0.95[0.89–0.97]

TP true positive, TN true negative, FP false positive, FN false negative



In lesions classified as non-adenoma, we would currently
recommend additional DCE, which can help detect lipid-poor
adenoma. However, data on adrenal DCE are still scarce and
further evaluation of the combined accuracy of CSI and DCE
is necessary.

CT histogram analysis and delayed enhanced CT are not
expected to be a useful addition to CSI, as both methods had
lower sensitivity than CSI [25, 27, 30].

On the other hand, CSI can be used as additional imaging
for adrenal masses incidentally detected on CT. As mentioned
above, data from studies included in our meta-analysis show
that CSI has lower sensitivity than advanced CT-based
methods as CT histogram analysis and delayed enhanced CT
[25, 27, 30]. Besides that, the sensitivity and specificity of CSI
shown in our analysis compare favorably with most available
data on non-enhanced CT, the most widely used CT-based
method for assessing adrenal masses [46].

The current meta-analysis has several limitations. A very
important limitation is the high degree of heterogeneity of the
included studies, reflected by the inconsistency index I2. The

heterogeneity is not unexpected, as the included studies im-
plemented a number of differing methods of CSI evaluation,
different magnetic field strengths and the images were
interpreted by reviewers with different amounts of experience.
The subgroup analysis addresses the issue of varying evalua-
tion methods.

In addition, the QUADAS-2 evaluation revealed that a
high percentage of the included studies have a high risk of
bias, which means that the design and/or the execution of
the respective study is a possible source of systematic
error, which in turn will influence the results of the me-
ta-analysis. The QUADAS-2 domains reference standard,
patient selection, and flow and timing were most affected
by a high risk of bias. The non-uniform reference standard
(imaging follow-up in some cases vs. histopathology in
other patients) presented a widespread source of possible
bias. The inconsistency of the thresholds used to differen-
tiate between adenoma and non-adenoma on the basis of
quantitative indices (ASII and ASR) is a further limitation
and a possible source of bias. In some cases these

Fig. 3 Forests plots showing individual estimated sensitivities and
specificities of studies included in the meta-analysis as well as the esti-
mated pooled sensitivity and specificity, with 95% confidence intervals

(95% CIs). The inconsistency index (I2) and Cochran’sQ are provided as
measures of heterogeneity
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thresholds were predefined on the basis of the results of
earlier studies, while other authors determined the optimal
thresholds on the basis of their own findings, e.g. using
ROC curves.

The inclusion criteria for the meta-analysis constitute a fur-
ther limitation. We included studies in which the studied con-
dition was having or not having an adrenal adenoma. In con-
trast, a number of studies have evaluated the ability of MRI to
differentiate between benign and malignant adrenal lesions.

As adenomas are the most common benign lesions, we can
assume that there are a lot of similarities between the results of
such studies and the results of our meta-analysis. However,
we chose to keep the inclusion criteria relatively stringent
in order to avoid too much heterogeneity in regard to
patient selection.

The majority of included studies do not provide infor-
mation about possible malignant disease in the included
patients, which constitutes a further limitation.

Fig. 4 Summary receiver operating characteristic (SROC) curves for summary analysis, adrenal signal intensity index (SII), adrenal-to-spleen ratio
(ASR) and visual analyses, with estimated combined sensitivity and specificity values. AUC area under the ROC curve
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In addition, publication bias, which can influence the re-
sults of the meta-analysis, cannot be ruled out entirely. While
the results of the Deeks’ funnel plot asymmetry test did not
show significant evidence of publication bias, the correspond-
ing p value (p = 0.07) is not far above the significance
threshold.

In conclusion, CSI allows for identifying adrenal adenoma
with a very high sensitivity and specificity. Visual evaluation
of adrenal CSI should be preferred, as the use of quantitative
indices does not improve diagnostic accuracy.
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