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Abstract. - OBJECTIVE: Many studies sug-
gest that adenosine deaminase is a marker for
tuberculous pericarditis, while controversy ex-
ists as to its diagnostic utility. This study aims
to summarize the overall diagnostic perfor-
mance of adenosine deaminase for tuberculous
pericarditis through a meta-analysis.

MATERIALS AND METHODS: Literatures pub-
lished before May 2015 were searched in
PubMed and EMBASE. The data were retrieved
and the sensitivity, specificity, positive/negative
likelihood ratio (PLR/NLR), diagnostic odds ratio
(DOR) of adenosine deaminase for diagnosing
tuberculous pericarditis were pooled, and the
summary receiver operating characteristic
(SROC) curves were used to examine the overall
performance of adenosine deaminase.

RESULTS: In total, 11 studies with 938 sub-
jects were included in the meta-analysis. The
summary estimates of adenosine deaminase for
diagnosing tuberculous pericarditis were listed
as follows: sensitivity of 0.90 (95% CI: 0.86-0.93),
specificity of 0.86 (95% CIl: 0.83-0.89), PLR of
5.90 (95% CI: 4.46-7.82), NLR of 0.15 (95% CI:
0.09-0.26), and DOR of 42.55 (95% Cl: 21.51-
84.18). The area under the SROC curve was 0.92,
and the Q value was 0.85. No publication bias
was identified.

CONCLUSIONS: Adenosine deaminase is a
valuable marker with both high sensitivity and
specificity in the diagnosis of tuberculous peri-
carditis. Nevertheless, the results of adenosine
deaminase assays should be interpreted in com-
bination with other test results and clinical char-
acteristics of patients.
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Introduction

Tuberculous pericarditis is a form of extra-
pulmonary tuberculosis, and it is associated

with both high morbidity and mortality even if
anti-tuberculosis treatment is administered’.
The incidence of tuberculous pericarditis is in-
creasing because of the human immunodefi-
ciency virus (HIV) epidemic, especially in the
area of sub-Saharan Africa, and such trend is
likely to appear in other parts of the world
where the spread of HIV is leading to a resur-
gence of tuberculosis®>. The mortality of tuber-
culous pericarditis is as high as 26% at 6
months but is even higher as 40% among pa-
tients with the acquired immunodeficiency syn-
drome®. Despite the high burden and mortality
of tuberculous pericarditis, its diagnosis re-
mains a clinical challenge, limited to the diffi-
culty to establish tuberculous pericarditis diag-
nosis using current available clinical, radiologi-
cal, cytological, microbiologic, and even
histopathological examinations*. It is impera-
tive to find a reliable and affordable marker to
facilitate the diagnostic accuracy.

Adenosine deaminase (ADA) is an important
enzyme that catalyzes the deamination of
adenosine and deoxyadenosine into their re-
spective inosine nucleosides, high ADA activi-
ty is indirectly related to the subsets of T cell
lymphocytes which involved in the inflamma-
tory response induced by tuberculosis’. Many
studies®’ have confirmed the diagnostic poten-
tial of ADA for tuberculous serous effusions,
such as pleural effusion, peritoneal effusion.
ADA activity in pericardial fluid also plays a
role in the diagnosis of tuberculous pericarditis,
and many studies have investigated the diag-
nostic performance of ADA for tuberculous
pericarditis, but with inconsistent results®'°. To
make a better conclusion about the diagnostic
performance of ADA, the present meta-analysis
aims to summarize the overall diagnostic accu-
racy of ADA in pericardial effusion for tuber-
culous pericarditis.
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Materials and Methods

Search Strategy

Literature search was performed in PubMed
and EMBASE for original articles regarding the
diagnostic usefulness of ADA for tuberculous
pericarditis until May 2015. The following
search terms were used: “Adenosine deaminase
or ADA” and “Tuberculous pericarditis or Tu-
berculous pericardial effusion” and “Sensitivity
or Specificity or Accuracy”. Articles were also
identified using the related-articles function in
PubMed. References within these articles were
also searched manually to identify potential
studies.

Selection of Publications

We screened the title and abstract of searched
publications. Relevant publications were re-
trieved for further full-text evaluation. Publica-
tions were included in our meta-analysis if they:
(1) used adenosine deaminase in pericardial effu-
sion to diagnose tuberculous pericarditis; (2) re-
ported complete data to calculate true positive
(TP), false positive (FP), false negative (FN), and
true negative (TN) of adenosine deaminase for
diagnosing tuberculous pericarditis, and (3) con-
stituted original research published in English.
Conference abstracts, reviews, editorials, and
case reports were excluded.

Data Extraction and Quality Assessment

Two different reviewers judged the eligibility
of publications and extracted data from included
publications independently. All discrepancies in
the interpretation were resolved by consensus.
The following characteristics were retrieved
from each selected articles: name of first author,
year of publication, country, number of cases and
controls, diagnostic standard, ADA assay
method, cut-off values, TP, FP, FN, TN, and
study design.

Two independent reviewers evaluate the
methodological quality of included articles using
the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS) checklist!!. It is a validated
tool to evaluate the presence of bias in diagnostic
studies. Differences between reviewers were re-
solved by discussion.

Data Analysis

Standard methods recommended for systemat-
ic review and meta-analysis of diagnostic studies
were used for present study'?. We analyzed the
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test accuracy of each study by calculating the
sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), diagnos-
tic odds ratio (DOR), with their corresponding
95% Cls. Summary receiver operating character-
istic (SROC) curves and area under the curve
(AUC) were also calculated.

Heterogeneity among included studies was
evaluated by using the »? test and Fisher’s exact
tests. The pooled sensitivity, specificity and other
related indexes across studies were calculated us-
ing a random-effects model or a fixed-effects
model, respectively, based on whether there was
significant heterogeneity. Meta-regression analy-
sis was performed to identify potential covariates
which may cause the heterogeneity. Publication
bias was tested using Deeks’ funnel plots'®. Two
statistical software programs were used in this
meta-analysis: STATA 12.0 (Stata Corp., Col-
lege Station, TX, USA), and Meta-DiSc 1.4 (XI,
Cochrane Colloquium, Barcelona, Spain). All
statistical tests were two-sided, and p < 0.05 was
considered to be statistically significant.

Results

After independent review, 11 studies with 938
subjects on the use of pericardial ADA for diag-
nosing tuberculous pericarditis were included in
this meta-analysis!*?*. Figure 1 outlines the
process of selecting eligible studies, two studies
were excluded because they contained the same
patients®?.
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Figure 1. Studies selection process for the meta-analysis.
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Quality Reporting of Included Studies
The 11 publications included 403 tuberculous
pericarditis cases and 535 controls, and were
published from 1995 to 2014. The mean included
subjects were 85 (38-212). The major diagnostic
criteria were bacteriology and histopathology,
which were considered as the gold standard for
tuberculous pericarditis diagnosis. Except for
four studies were performed in high tuberculosis
incidence countries (South Africa and
Brazil)!#202224] the other studies were performed
in low incidence areas. For ADA assay method,
most studies used classical Giusti’s method, the
cut-off values ranged from 32.5 U/L to 72 U/L.
Of the 11 included publications, eight had
QUADAS scores 29, suggesting the reliability of
our statistical results. The main clinical sum-
maries of included studies, along with the
QUADAS scores, were outlined in Table 1.

TN QUADAS

FN
0
3
0
0
7
2
0
0
3
3
3

FP
8
4

10
2

12
12
6
7
4
6
4

20
18
24
7
57
10
8

Cut off
value
70 U/L
40 U/L
50 IU/L
72 U/L
35 U/L
40 IU/L
60 IU/L

Diagnostic Accuracy

Heterogeneity examination suggested that the
% values of five diagnostic indexes were listed as
follows: sensitivity, 28.98 (p = 0.0013); speci-
ficity, 14.61 (p = 0.1468); PLR, 15.98 (p =
0.1002); NLR, 23.79 (p = 0.0082); and DOR,
17.13 (p = 0.0714). This suggests substantial het-
erogeneity among the studies. Thus, the random
effects model approach was selected to pool data.

The forests plot of the sensitivity and speci-
ficity for ADA assays in diagnosing tuberculous
pericarditis were shown in Figures 2 and 3. The
pooled sensitivity was 0.90 (95% CI: 0.86-0.93),
specificity was 0.86 (95% CI: 0.83-0.89). The
PLR was 5.90 (95% CI: 4.46-7.82), the NLR was
0.15 (95% CI: 0.09-0.26) and the DOR was
42.55 (95% CI: 21.51-84.18) (Figure 4). The
Figure 5 showed the SROC curve which analyses
of studies reporting different cutoff values of
ADA in tuberculous pericarditis patients. The
AUC was 0.92, suggesting the overall accuracy
of ADA was high. The Q value was 0.85.

s method
s method
ed Karger
s method
s method
s method
s method

PN — BN GNP

Giusti’s method

Giusti
Giusti

ADA assay method
NA

Standard
B+HP+CD
B+HP+CD
B+HP
B+HP
B+HP
B+HP
B+HP
B+HP
B+HP
B+HP
B+HP

Control
88
30
61
34
46
55
6
61
39
31
25

P
20
21
24
7
6
12
18
151
9
7
7

Country
South Africa

Korea
South Africa

Brazil

Iran
South Africa

Turkey
Korea
Turkey
Greece
Spain

Meta-regression and Publication Bias
Significant heterogeneity was identified
among included studies. Thus, a meta-regression
was performed to investigate the potential co-
variates. The following covariates were reported
by most included studies and so were analyzed as
possible sources of heterogeneity: area setting
(high incidence vs. high incidence), blinding (yes
vs. no or not reported), ADA cut-off value (< 40
U/L vs. = 40 U/L), design (prospective vs. retro-
spective), QUADAS score (< 9 vs. = 9), sam-

Year
1995
1997
1999
2000
2002
2002
2006
2006
2007
2013
2014

Author
Emadi Koochak et al

Komsuoglu et al
Pandie et al

Koh et al
Dogan et al
Aggeli et al
Burgess LJ
Lee et al
Cubero et al
Reuter et al
Tuon et al

ADA: Adenosine deaminase; TP: Tuberculous pericarditis; B: Bacteriology; HP: Histopathology; CD: Clinical Diagnosis; NA: Not available; TP, true positive; FP, false positive;

FN, false negative; TN, true negative; QUADAS, quality assessment for studies of diagnostic accuracy.

Table I. Clinical summary of included studies.
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Sensitivity (95% CI)
Komsuoglu et al 1.00 (%83 -1.00)
Koh et al nEa (pE4-097)
Dogan ot al .00 (085 -1.00%
Apoed el al 1.00 (59-1.00)
Burgess LJ 088 (079.0595)
Lee &l al 083 (32 -0.98)
Cubero =t &l .00 (021 - 1.00)
Reuter & al 087 (B0 -0.52)
Tuon &t al 067 (030 -0.93)
Emadi Koochak &t al Q57T (18- 0.50)
Pandia &t al 086 (085 - 0.599)

Pooled Sensitivity = 0.80 (0,66 to 0.63)
Chi-sguare = 28.98, df = 10 (p = 0.0013)

1 nconsstency (Feguare) = 3.2 %

Figure 2. Forest plot of the summary sensitivity of adenosine deaminase for the diagnosis of tuberculous pericarditis. The
sensitivity/specificity of individual study is represented by a circle, through which runs a horizontal line (95% CI). The dia-

mond at the bottom represents the pooled sensitivity from the studies.

pling method (consecutive vs. nonconsecutive/
not reported), and sample size (< 100 subjects vs.
= 100 subjects). In this study, none of the above
covariates were found to be significant sources
of heterogeneity (all p > 0.05). The outcomes of

The publication bias was assessed by Deeks’
funnel plot, the shape of the funnel plot did not
reveal any evidence of obvious asymmetry (Fig-
ure 6). The slope coefficient was associated with
a p value of 0.50, indicating that there was low

the regression are shown in Table II. likelihood of such bias.
Specificity (95% Cl)
Homsuoglu et al 0.51 [(0.83= r55)
_'L. Kah et al 0.87 (0.89- 0.98)
— Dogan et a 0.84 (0.72-0.82)
—— | Aggel et al 0.94 (0.80 - 0.99)
—— Burgess L) 0.74 (0.59.0.35)
— Le= el al 0.78 (0.85- (.35)
+—jil— | Cubern at al 081 (0.81 - 087)
——4— | Reuter ctal 0.83 (0.78- 0.95)
—+—#— | Tuan ztal 050 (0.76-097)
—— Emadi Koochak el al 081 (083-093)
——+— | Pandie etal 0.84 (0.54 - 0.95)

a 2 4 B
Specificity

Booled Spacificity = 0,86 (0,83 o 0.8%)
Chi-sguare = 1461, df = 10 (p= 0.7483)
Inconsistency (Feguare) = 31.8 %

Figure 3. Forest plot of the summary specificity of adenosine deaminase for the diagnosis of tuberculous pericarditis. The
sensitivity/specificity of individual study is represented by a circle, through which runs a horizontal line (95% CI). The dia-

mond at the bottom represents the pooled specificity from the studies.
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Niagnostic Odds Ratio
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Burgess LJ 2307 (B35 -840

Lee =t al 1782 1345 - 53.06]
Cubero &t &l 33868 (1821 -62301.08)
Reuter &t al 5053 (2018 - 126.44)
Tudi &t &l 1750 (3.10 - %3.85)
Emadi Knachak & al 556 (DO7-3T2)
Pande =i al 11725 (2427 - 585.48)
Random Effacts Madel

Pooled Ciagnostic Odds Rabio = 42.55 [29.51 (o B4.18)
Cochran-0=17.13,df = 10(p=0.0714})

0o 1 1000 nconsskency (Fsquare) = 41,6 %
Tau-squaned = 0 4575

Dingnostic OR [95% CI)

Figure 4. Forest plot of the summary diagnostic odds ratio of adenosine deaminase for the diagnosis of tuberculous pericardi-
tis. The sensitivity/specificity of individual study is represented by a circle, through which runs a horizontal line (95% CI). The
diamond at the bottom represents the pooled diagnostic odds ratio from the studies.

Discussion

ADA is an important enzyme required for the
conversion of adenosine to inosine, increased
ADA level in pericardial and other body fluids of
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Figure 5. Summary receiver operating characteristic
(SROC) curve of adenosine deaminase for the diagnosis of
tuberculous pericarditis. AUC = area under the curve.

tuberculosis patients may be the result of T cells
activation in response to the stimulus of my-
cobacterial antigens, thus, providing diagnostic
information for tuberculosis?*?’. In fact, Tuon et
al had conducted a systematic review to analyze
the diagnostic role ADA for tuberculous peri-
carditis®®. According his inclusion criteria, only
five publications were included even with a
study containing only three tuberculous peri-
carditis patients, while very small studies may be
vulnerable to selection bias, and in the past years,
more studies concerning pericardial ADA and tu-
berculous pericarditis were published, so we set
more strict inclusion criterion and conduct this
updated meta-analysis.

The AUC of ADA in the diagnosis of tubercu-
lous pericarditis was 0.92, and a summary esti-
mate of 0.90 for sensitivity and 0.86 for speci-
ficity, suggesting a relatively low rate of missed
diagnosis (10%), and misdiagnosis (14%). The Q
value was the maximum joint sensitivity and
specificity of ADA for tuberculous pericarditis,
and it was 0.85. DOR is a measure of the effec-
tiveness of a diagnostic test, and it is defined as
the ratio of the odds of the test being positive if
the subject has tuberculous pericarditis relative to
the odds of the test being positive if the subject
does not have tuberculous pericarditis. with high-
er values indicating better discriminatory test
performance. In this study, the DOR was 42.55,
indicating that ADA levels measurement should
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Table II. Weighted meta-regression to assess the effects of covariates on diagnostic accuracy of adenosine deaminase.

Covariate Number of studies Coefficient RDOR (925% ClI) p-value
Area setting
High incidence 4 0.887 2.43 (0.03-171.45) 0.4646
Low incidence 7
Blinding
Yes 2 -2.673 0.07 (0.00-41.47) 0.2141
No 9
Cut-off value
>40 U/L 8 2.241 9.41 (0.17-519.38) 0.13841
<40 U/L 3
Design
Prospective 10 1.796 6.03 (0.01-6286.39) 0.3818
Retrospective 1
QUADAS score
=9 8 -0.988 0.37 (0.01-20.09) 0.398
<9 3
Sampling method
Consecutive 6 0.966 2.63 (0.02-344.15) 0.4837
Other 5
Sample size
> 100 subjects 3 -1.332 0.26 (0.01-12.44) 0.2753
< 100 8

RDOR, relative diagnostic odds ratio; QUADAS, quality assessment for studies of diagnostic accuracy.

be helpful in the diagnosis of tuberculous peri-
carditis. PLR/NLR summarizes information
about a diagnostic test by combining sensitivity
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Figure 6. Funnel plots for assessing the risk of publication
bias.
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and specificity, which can be easier to be inter-
preted during clinical practice than SROC and
DOR. The pooled PLR value of 5.90 suggests
that patients with tuberculous pericarditis have
an approximately six-fold higher chance of giv-
ing a positive ADA test result than do patients
without tuberculous pericarditis. While the
pooled NLR was 0.15, indicating that even a
negative ADA test result is 15% likely to be a
false negative, which meant ADA measurement
couldn’t rule out tuberculous pericarditis by the
negative results. The lack of publication bias
demonstrated the reliability of our results.

Current diagnostic tests for tuberculous peri-
carditis are difficult and time-consuming. My-
cobacterial cultures might take a long time and
its sensitivity is not satisfied, in addition, its re-
sult depends on the quality of samples cultured
and methods utilized, and acid-fast stained
smears of pericardial effusion are disappoint-
ingly insensitive*. Although pericardial biopsy
is valuable for rapid diagnosis of tuberculous
pericarditis, such invasive procedures may not
be available in all levels hospitals and may in-
crease mortality. Thus, the importance of ADA
detection is not only provides a high diagnostic
accuracy, but also guides the inclusion of pa-
tients who might benefit from further invasive
examinations.
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As mentioned above, pericardial biopsy is use-
ful in the definite diagnosis of tuberculous peri-
carditis, while such procedure is so invasive, and
co-infection with HIV impacts on the histopatho-
logical features of tuberculous pericarditis, and
leads to a decrease in the sensitivity of pericardial
biopsy?. While pericardial ADA levels were not
affected by HIV infection, suggesting the reliabili-
ty of ADA measurement results®. Additionally,
ADA is a quick and affordable diagnostic marker
for everyone who was suspected tuberculous peri-
carditis. What’s should be pay attention to is that
none of markers including ADA is specific for tu-
berculous pericarditis, the combination of ADA
and other marker may improve the diagnostic ac-
curacy. For example, quantitative PCR (Xpert MT-
BRIF) combined with ADA increased the sensitiv-
ity to 0.984 and specificity to 1. Thus, the results of
ADA assays should be interpreted in parallel with
clinical findings and the results of other tests.

There are several limitations that should be ad-
dressed when interpreting the results of our
mate-analysis. First, we set strict inclusion crite-
ria, exclusion of conference abstracts, reviews,
editorials, case reports may bias our results. Our
omission of unpublished studies, studies pub-
lished in other languages and studies published
in journals indexed other databases also make
contribution to such bias. Second, we identified
significant heterogeneity among the included
studies; although we performed a meta-regres-
sion to determine possible covariates, we did not
find meaningful covariates. Thus, the hetero-
geneity could not be fully explained by meta-re-
gression analysis. Third, we noticed that in three
of our included studies!”?>?3, there contained less
than 10 tuberculous pericarditis patients, which
may exist selection bias to some extent. Further
studies should pay attention to this problem.

Conclusions

Based on the evidence compiled in this meta-
analysis, pericardial ADA measurement is likely
to be a useful diagnostic tool for tuberculous
pericarditis, the results of ADA assays should be
interpreted in parallel with clinical findings of
patients and the results of other tests.
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