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ABSTRACT

The scientific background in expert-opinion papers for recommending Computed Tomography (CT)
in unilateral pleural exudates is based on studies including patients with other findings than unilateral
pleural effusions or selected patients undergoing thoracoscopy. Therefore, we performed a systematic
review investigating the sensitivity of CT for predicting malignancy in patients with unilateral, non-
transudative, pleural effusions. A search strategy was developed with the assistance of a medical
information specialist at our university library. We searched PubMed/MEDLINE, EMBASE and Cochrane
Library, ClinicalTrials.gov and articles citing the included studies. No date restrictions were applied
(the first included paper was published in 2001 (1)), and only literature in English was included. We
used the Quality Assessment of Diagnostic Accuracy Studies 2 for bias assessment. We registered the
protocol at PROSPERO (CRD42018094830). Five studies were included, two prospective and three
retrospective, all performed in Western Europe. No study reported diagnostic values for patients with
unilateral, non-transudative pleural effusions only; one study did for unilateral pleural effusions. In the
remaining studies, most patients had unilateral effusions and non-transudative effusions. Patients
were primarily males and >70 years. All but one study found a high incidence of malignancy,
dominated by malignant pleural mesothelioma. All studies were limited by risk of bias and applic-
ability, predominantly regarding study population, pretests and index test. The current evidence
supporting the sensitivity of CT for predicting malignancy in unilateral pleural effusions (both non-
transudative and all types of effusion) is very low and did not allow meta-analysis. Standardization of
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patient population and CT protocol may facilitate conclusions of futures studies.

Introduction

With more than 50 causes, and a cancer incidence of
20-70% (depending on the study population), the
investigation of a unilateral pleural effusion is a clinical
challenge [1-5].

The British Thoracic Society (BTS) published in 2010
an internationally acknowledged guideline describing a
systematic and stepwise approach to diagnosing unilateral
pleural effusions [5]. This guideline recommends contrast-
enhanced computed tomography (CT) of the chest in
exudative effusions of unknown origin after initial work-
up (medical history, physical examination, chest X-ray,
and thoracentesis including pleural fluid cytology, culture
and biochemical characterization as transudative or exu-
dative effusions according to Lights criteria) [5,6].

However, the recommendation of CT [5] is based on
five heterogeneous studies [7-11], of which only one

investigated the value of CT in patients with pleural
effusions [7]. A later expert review (2015) on the
workup of pleural effusions [12] supported BTS’ guide-
lines recommendation of CT in case of inconclusive
initial workup, referring to two additional studies,
which both included patients with bilateral effusions
and transudates, without reporting of data concerning
patients with unilateral, exudative effusion [13,14].

Consequently, three studies have investigated the
value of CT in discriminating non-malignant effusion
from malignant pleural effusions (MPE) [7,13,14]. Two
studies were retrospective and included 40 resp. 70
patients [7,13]; the incidence of MPE was 80% and
57%, respectively, dominated by malignant pleural
mesotheliomas (56% resp. 52%) [7,13]. The latter
study found an MPE incidence of 34%, and 5% was
found to have malignant pleural mesothelioma.

CONTACT Simon Reuter @ simonreuter@dadinet.dk @ Department of Respiratory Medicine, Naestved Hospital, 61, Ringstedgade, NaestvedDK-4700,

Denmark
@ Supplemental data can be accessed here.

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0002-2256-2034
http://orcid.org/0000-0002-7197-297X
http://orcid.org/0000-0002-1231-9209
https://doi.org/10.1080/20018525.2019.1565803
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/20018525.2019.1565803&domain=pdf

2 (&) S.REUTERETAL.

In summary, the current recommendations for CT
in the workup of unilateral exudative effusions unre-
solved after initial workup are based on few and het-
erogeneous studies with - at best - sparse data on
representative patients.

For these reasons, we performed a systematic review
investigating the sensitivity of CT for predicting malig-
nancy in patients presenting with a pleural effusion of
unknown cause.

Materials and methods

The protocol of this systematic review was registered at
PROSPERO under the registration no. CRD42018094830.

Outcomes

Primary: sensitivity of CT for predicting a malignant
cause of unilateral, non-transudative pleural effusion of
unknown etiology.

Secondary: sensitivity of CT for predicting a malig-
nant cause of unilateral pleural effusions of unknown
etiology.

Eligibility criteria

Studies were included if they investigated yield and/or
sensitivity of CT for predicting a malignant cause in
patients with unilateral pleural effusions of unknown
etiology.

Inclusion criteria were: diagnostic study design (retro-
or prospective), CT (conventional/spiral) as index test,
pleural cytology or other pathoanatomic verification as
reference standard for malignancy, and reporting either
sensitivity and specificity or sufficient data to create a
2 x 2 contingency table. We excluded abstracts presented
at congresses, editorials, letters, and comments.

Search and selection

The literature searches on PubMed/MEDLINE,
EMBASE and Cochrane Library were developed with
assistance of a medical information specialist at the
library of the University of Southern Denmark. The
complete search strategy is provided in online supple-
mentary material A. No date restrictions were applied
(the first included paper was published in 2001 [7]),
and we only included literature published in English.
The final searches were performed on 1 May 2018.
Titles and abstracts of the search results were exam-
ined by two independent investigators (S.R and T.N).
If an article was considered eligible, both investigators
independently assessed the corresponding full text

article for inclusion with disagreements being solved
by discussion. If necessary, a third investigator (P.F.C)
made the final decision.

To identify additional relevant publications, one
investigator (S.R) screened the reference lists of the
included articles and all articles citing them (through
Google Scholar). To identify unpublished studies, S.R
also searched ClinicalTrials.gov without time limits.
These additional searches were performed on 6 July
2018.

Data extraction

One investigator (S.R) extracted data from all studies
included, and data were subsequently verified by a second
investigator (T.N). We extracted authors, year of publica-
tion, journal, study design, country, recruitment strategy,
sample size, patient demographics (age, sex), prevalence of
malignant pleural mesothelioma, prevalence of other
malignancies, prevalence of non-MPE, reference standard,
type of CT (e.g. dose and use of contrast), methods of CT
image analysis, Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2), diagnostic values and
data for construction of a 2 x 2 table.

Quality assessment/assessment of risk of bias

Two reviewers (S.R and T.N) independently assessed the
risk of bias in each study included, using the QUADAS 2
tool [15]. Disagreements were resolved by discussions and,
if necessary, a third investigator (P.F.C) made the final
decision.

Data analysis

Continuous variables were expressed as means or
medians and categorical variables as frequencies or
percentages. The following diagnostic values were
registered: sensitivity, specificity, positive predictive
value, negative predictive value, likelihood ratios
(LRs), diagnostic accuracy and area under receiver
operating characterization curve. If possible, 2 x 2
contingency tables were constructed.

We did not investigate for publication bias, as
Funnel plots and other tests have proven to be mis-
leading in diagnostic accuracy studies [16].

Results
Literature search and study selection

Figure 1 depicts the search process and that 23,980
screened studies resulted in five included studies



[7,13,14,17,18]. Two investigators (S.R and T.N) inde-
pendently screened the 23,980 articles and excluded
23,954 based on the title or abstract in accordance
with the exclusion criteria.

Screening of reference lists and papers citing the
included studies, resulted in full-text review of one addi-
tional study, which was excluded due to the type of CT
(dual-energy spectral CT) [19]. Screening clinical trial
registries identified two studies, both originating from
our research group; one is currently including patients,
and the other is completed (manuscript submitted).

Study characteristics

No study reported data on unilateral non-transudative
effusions, one study reported data on unilateral pleural
effusions [18] and four studies reported data on uni-
and bilateral effusions [7,13,14,17].

All studies were performed in either Spain or
England between 2000 and 2016. Two studies were
prospective [17,18], one paper did not state study
design [14] and two were retrospective [7,13]; see
Table 1.
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In general, included patients were males and
>70 years. The prevalence of malignancy and the pre-
valence of malignant pleural mesothelioma were high-
est in the earliest studies and in studies from England
[7,13,17,18]; see Table 1. In three studies, the reference
standard was tissue biopsies [13,17,18]; the latter two
studies additionally used pleural fluid cytology in a few
patients [7,14]. Inter-study follow-up duration of
patients not diagnosed with a malignant cause of the
pleural effusion was heterogeneous: until effusion
resolved [14], 1 year [18], 1 year or until death [7],
2 years [13], or 3 years from index investigation [17].

Primary and secondary outcome (strict criteria)

No study provided sensitivity of CT for predicting a
malignant cause of unilateral, non-transudative pleural
effusions of unknown etiology.

Adhering strictly to the research question, only the
study by Bintcliffe et al. [18] addressed the secondary
outcome: Table 2 (first row) depicts a sensitivity of CT
of 65% for predicting a malignant cause of unilateral
effusion [18].

Figure 1. PRISMA flow chart.

)\
c
;9_. Records identified through Additional records identified
.g database searching through other sources
:;-z (n =34893) (n=1)
]
=
L
P Records after duplicates removed
(n=23981)
")
£
c
o Y
5
Co Records screened N Records excluded
(n=23981) s (n =23954)
N—
A
Full-text articles assessed Full text articles excluded
Z for eligibility > (n=22)
E (n=27) Wrong study design, n=16
) Wrong outcome, n=4
u Wrong patient population,
A =
n=1
L Studies included in Wrong index test, n=1
qualitative synthesis
(n=5)
b
]
-]
]
]
£
"



L.
© S.REUTERETA
4

iteria)
e (broader criter
outcom sions,
econdary ilateral effu ]
. and s i- and bi dy [14
p”ma"y dies with uni- d in one stu alig’
o ding the stu as addresse dicting a m
5 Inclu ome was acd for pre I to the
tc
s imary ou T of 74% ions, equa
2 the prim itivity of C ive effusions,
£ S . sensiti nsudati 2). S
= =] Wlth a f non-tra (Table t difference
i = F ‘4_? ant cause o he tOtal group. Oduces vas Cy) see
glgss s T hant ivity for t tudies introdu (75-100%);
slTScSI o 2 sensitivity he four s ecificity
SRR b a ding t nd sp
NN 2 clu %) a ed
S| S S -g 'g In . lty (64_92 be construct
e 2 < in sensitiv: only ed
E o § n ble 2. . ney table cOllldAH studies I'CPOII)’;)V
S g x g TaA 2% 2 Contlnge apers [7’13] dies reportec} hood
gl & e in two p . ree stu Likeliho
< “l s 223 from data in d specificity, thstudY reported tive (LR-)
© S 299 . ltY an d one tlo nega d
S %338 sensitiv 3,18], an ikelihood Ra ural flui
£ 283 55 d NPV [7,1 +) and Likeli results: ple ble 2.
S c£822 an itive (LR ubgroup J; see Ta
Slzozas 2OFF Ratio posi dies reported sub criteria [14];
i|cocBe 4]. Two stu ] and Light's
Eo\°§§§3 1 logy result [13
EEa cytolo
g -
3 4 col . rk
e 2 CT proto f initial wo
S " 2 .. orkup and il the extent o ion about
5 % S Initial w ibed in detai d information latter
5 ] o dy descr ] rovide ly the la
= § g § g Only one Studytwo Studleslz] However, Ofll1 }i’d cytology
2 E3 55 , an 13,14]. al flu
= E = A up [18]ﬂui d cytology [ owledged pleurCT' see Table 1.
£ 238383 pleural dies [13,14] ackn ostic value of hndings such
o) 1 iaon -ray
c —~— two stu . the dlag est X-1
EEEEE g e g oo rotoco
Elesczs c No studies acc or mass detailed CT p ers
GIIIRE S 5 £ leural thlckenmg] rovided a [7], two observ.
S) r -
£ o S pleu . [7,14 P tudy > Calcu
3 5 o a dies one s bserver
c S e} Two stu ion. In an o re-
% -(.E g_ d CT interpretatd in anOther [14]11 nancy from p
& g g an Il images, an predict malig
Sl 2 3 read a overall score to
Slzge g 12| ¢ : lated an findings.
8 95&:’5 g gl g £ defined CT
RS N ~ e S o
= 3 N . ] £ are
2 g 5 S ity assessment ity assessment )
o E 5 3 uality uality st (CT
o ol — 9] tudy q t the q index te
25, ® 3 ] L s : abou d to in iled
RE%H &3 4w . ation ias relate . t detai
S22l 2822 iled informatior f bias related ithou
2153 -8 a 1 .
8 BBY 3 5 Detailec Table 2. Risk o three stud eS‘f"n [13,17,18]
g © 5 shown in ible to assess in finterpretatl.o. in all stu-
£ was impossi description o d applicability known if
g el T protocol or ion hampere ies, it was un ions
@ IRRLS = CTp . selection studies, ral effus
2 § S § B Patient 2). In four bilateral pleu ho under-
£ L § &= i (Table : ilateral or tients who her
3 2| %ls85ss dies ( ts had uni ies, only pa and anot
BiHE particlpanﬂ In two studies, only L17), and anc (7.
.zw:% Ho\°o\°°\NN 14,17]. re inc icion o .
v g28¢8 slEgad [7,13,14, were 1n spicio n two
Z 9 S 3 sl e > 0Scopy th su P unt i
(| S| E 2232 215 t thorac tients wi into acco
a3z s g ZE5 s wen lely pa taken i
S| 8|2 F ] c IE . ded so artlY
o ni
. . 14].
¥, s £ & studies [13,
EIES Ass b
c| 3 SDwn D © . . f und y
=18 = 5 lication iﬁClty ° 00
S =l |58 inical app ivity and spec rt of 10
- ® = 5 o= L= N Clin itivity ical coho ients
= 5 < ns a nt
HE R e IRE 258g ly the se hypothetic 220 patie
Bl |gizans <RE5E boree oo 14} o s el efusions,
s O'—ooo'd _'_.'r_t;_':‘ al. eur
) |s23REy| 5303 ettt with unilsteal
3 l’a‘f«—vwé: NEZs0s atients wi
uswuwﬁ‘ajo >1%8"=:ETT: p
: ga“é“‘f’éL_Z Z|ESFEE
- >:€Td"—:§:’7-u” HEEE:
a|5|EEE LrEyg
SE|ESE
©| A
-




Table 2. Diagnostic values of CT in pleural effusions.

Diagnostic accuracy AUC

LR+ LR-

NPV
68%

PPV
92%

Specificity

Sensitivity

FP FN ™
NS

NS

™

NS
0.919
[0.849-0.990]

NS

NS

NS
9.4
[5.9-14.8]

93%

65%

74%
[65-81%]

NS
NS

NS

Bintcliffe et al. [2016, 18]

NS

0.28
[0.21-0.39]

NS NS

92%
[88-95]

NS NS

NS

Porcel et al. [2015, 14] All patients

NS

NS

0.28
[0.15-0.54]

8.44
[4.5-16]

NS NS

91%
[85-95%]

NS NS NS 74%
[55-87%]

NS

Exudates and no malignant cells at cytologic examination

NS

72%
[68-77]

0.41
[0.33-0.50]

3.10
[2.28-4.21]

65%
[58-72%]

80%
[75-86%]

78%
[72-84%]

68%
[62-75%]

67 124

35

Hallifax et al. [2014, 13]

NS NS

NS NS

66%
[59-74%]

80%
[74-87%]

78%
[72-85%]

NS NS NS 69%
[62-76%]

NS

No malignant cells at cytologic examination

NS NS

NS NS

55%
[34-75%]

82%
[66-98%]

75%
[54-96%]

NS NS NS 64%
[47-82%]

NS

Malignant cells detected at cytological examination

0.87
[0.79-0.95]

NS

NS NS 92% 81% NS NS NS NS

NS

NS

Ferrer et al. [2005, 17]

NS

89%
[74-97%]

100% 100% 67% NA 0.14
[45-83%] [0.06-0-35]

[63-100%]

86%
[67-96%]

8

28

Trail et al. [2000, 7]
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would be suspected of malignancy of whom 72 would
have a non-malignant cause. The CT would not be
suspicious for malignancy in 780 patients including
52 missed cases of malignancy; see Figure 2(a).

Using the diagnostic values found by Hallifax et al.
[13] on the same hypothetical cohort as above would
result in 328 patients being suspected of malignancy of
whom 200 having a non-malignant cause. The CT would
not be suspicious for malignancy in 672 patients includ-
ing 72 missed cases of malignancy; see Figure 2(b).

Discussion

We identified five studies evaluating the sensitivity of
CT for predicting malignancy in pleural effusions
[7,13,14,17,18], yet none reported data on unilateral,
exudative effusions. One study reported data on uni-
lateral effusions [18], and another on exudative effu-
sions [14].

We included all five studies to provide a complete
overview of the present evidence regarding CT in the
work up of pleural effusions. Furthermore, because 30%
of the patients with a unilateral pleural effusion have
more than one cause (e.g. both heart failure and malig-
nancy) and because the difference in cancer incidence
between transudates and exudates is modest, the classi-
fication according to Light’s criteria might not assist the
clinician in the decision of performing CT [18,20-22].

Almost all studies had risks of bias due to multiple
factors. First, the majority of studies were retrospective,
which leads to a highly selected sample of patients; this
produces estimates of diagnostic values that are diffi-
cult to reproduce.

The relatively high prevalence of malignancy and
malignant pleural mesothelioma suggest selection
bias. Two European studies investigating more than
3000 patients with pleural effusions found a prevalence
of malignancy around 25% and malignant pleural
mesothelioma 3% [1,2].

Lastly, it was not possible to evaluate biases related
to CT, because protocol and/or interpretation was not
described in the majority of studies [13,17,18].

There are several concerns regarding applicability of the
included studies. First, only one study was performed in
patients with unilateral effusions [18] and none with uni-
lateral, non-transudative effusions. Second, all studies were
performed at tertiary centers in two Western European
countries. Third, three studies included highly selected
patients undergoing thoracoscopy or with other suspicion
of MPE [7,13,17]. Finally, no study evaluated the outcome
of pretests i.e. pleural fluid cytology and chest x-ray.

Two studies stratified for pleural fluid cytology
when calculating the value of CT [13,14], and
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Figure 2 depicts the clinical application of CT in a
hypothetical cohort.

Chest x-ray, compared to low-dose CT, was found
to have half the diagnostic yield of predicting malig-
nancy in patients who were screened for lung cancer
[23]. Inclusion of patients with a chest x-ray highly
suggestive of intrathoracic malignancy would affect
the diagnostic value of CT in the workup of unilateral
pleural effusions. To our knowledge, no study incor-
porating chest x-ray being suggestive of malignancy or
not has been published.

A strength of this review was the thorough search
strategy (see online supplementary material A) devel-
oped in collaboration with a medical information
specialist at our University library. The heterogeneity
in patient population, study design, pretests (chest x-
ray and pleural fluid cytology), choice of and inter-
pretation of the index test (CT) and the low number
of relevant paper hindered the performance of meta-
analyses.

Because of costs, invasiveness and availability of thor-
acoscopy [5], a better performance of CT in ruling out
malignancy is desirable. A meta-analysis of positron
emission tomography (PET)/CT for differentiating
benign from MPE found a higher negative than positive
likelihood ratio [24]. Thus, PET/CT might reduce the
number of futile invasive procedures in patients with
non-MPE but that remains to be investigated in prospec-
tive trials. However, since current evidence does not
support the superiority of PET-CT, chest x-ray or thor-
acic ultrasound, the guidelines recommendations of CT
are still valid in clinical setting.

Consequently, larger and prospective studies are
needed focusing on everyday clinical life patients
with unilateral pleural effusions, well-defined CT
protocol, systematic pleural fluid analysis, and biop-
tic techniques as reference standard, e.g. similar to
the pragmatic design used in the TARGET trial [25].

Index test Reference standard

Applicability concerns

Patient selection

Flow and timing

Reference standard

Risk of bias

Index test

Conclusion

The use of CT in the workup of unilateral, non-transuda-
tive pleural effusions is firmly established [5,12], but this
review shows that the evidence for CT is sparse, and that
the most relevant studies are hetereogeneous in design,
data reporting and patient populations. Improving the
evidence of rational use of imaging techniques in unilateral
pleural effusions of unknown cause needs investigation in
prospective studies with well-defined criteria for baseline
work-up, patient population and CT protocol.

Patient selection

Table 3. Risk of bias and applicability judgments in QUADAS-2.

Bintcliffe et al. [2016, 18]
Porcel et al. [2015, 14]
Hallifax et al. [2014, 13]
Ferrer et al. [2005, 17]
Trail et al. [2000, 7]




2a)

Pleural effusion, n=1000
Prevalencemaiignancy = 20%

200 patients 800 patients
with malignancy without malignancy
cT

Sensitivity = 74%
Specificity = 91%

Positive /\ Negativ

0.74 x 200 = 148 true-positive 0.26 x 200 = 52 false-negative
0.09 x 800 = 72 false-positive 0.91 x 800 = 728 true-negative
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2b)

Pleural effusion, n=1000
Prevalencemalignancy = 20%

200 patients 800 patients
with malignancy without malignancy

cT
Sensitivity = 64%
Specificity = 75%
Negativ

pmV\

0.64 x 200 = 128 true-positive 0.36 x 200 = 72 false-negative
0.25 x 800 = 200 false-positive 0.75 x 800 = 600 true-negative

Figure 2. Consequence of CT in a hypothetical cohort of 1000 patients with a unilateral pleural effusion. (a) Dianostic values from
Porcel et al. (14); (b) diagnostic values from Hallifax et al. (13). We choose a prevalence of malignancy of 25% which equals findings

in Europe (1,2).
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