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Abstract

Background: Diagnostic yield (DY) and safety of computed
tomography (CT)- and thoracic ultrasound (TUS)-guided bi-
opsies in the diagnosis of pleural lesions have been investi-
gated in a number of studies, but no synthesis of data from
the literature has ever been performed. Objectives: We
aimed to provide the first systematic review and meta-anal-
ysis on the DY and safety of CT- versus TUS-guided biopsy in
the diagnosis of pleural lesions. Method: We searched MED-
LINE and EMBASE for all studies reporting outcomes of inter-
est published up to April 2018. Two authors reviewed all ti-
tles/abstracts and retrieved selected full text to identify stud-
ies according to predefined selection criteria. Summary
estimates were derived using the random-effects model. Cu-
mulative meta-analysis assessed the influence of increasing
adoption of the procedures over time. Results: Thirty origi-
nal studies were included in the present review; the number
of studies on TUS-guided biopsy was almost three-fold high-

er than those on CT-guided biopsy. The pooled DYs of the 2
procedures were overall excellent and differed <10%, being
84% for TUS-guided biopsy and 93% for CT-guided biopsy.
Safety profiles were reassuring for both the techniques, be-
ing 7 and 3% for CT- and TUS-guided biopsy, respectively. DY
of ultrasound technique significantly improved over time,
while no time effect was observed for CT-guided biopsy.
Conclusions: Data show that CT- and TUS-guided biopsies in
the diagnosis of pleural lesions are both excellent proce-
dures, without meaningful differences in DYs and safety.
Considering that TUS is non-ionizing and easily performed
at the bedside, it should be the preferred approach in pres-

ence of adequate skills. ©2020 5. Karger AG, Basel
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Introduction

Pleural diseases, affecting >300 people per 100,000 each
year, include a wide spectrum of malignant and benign
conditions, with varying prognosis and treatment options
[1, 2]. Although pleural fluid examination and imaging
provide essential information, the final characterization
of disease relies, in most cases, on histologic findings ob-
tained through pleural biopsy. Available options for tissue
sampling are closed needle biopsy (either Abram’s needle
or cutting needle biopsy) with or without image guidance,
and medical thoracoscopy, the latter currently considered
as the gold standard [3]. However, medical thoracoscopy
is not always feasible, and major contraindications in-
clude advanced comorbidities and challenging anatomi-
cal conditions (e.g., heavily loculated pleural fluid and
non-sliding lung on thoracic ultrasound [TUS]) [4-7].

The technique of closed pleural biopsy is long estab-
lished, and in recent years, technological progress has led
to the increasing adoption of different image-guided
techniques. Computed tomography (CT) is the most
common imaging system employed in the radiological
setting, as it provides accurate information about ana-
tomical structures as well as information on needle posi-
tion within the pleural target. However, CT-guided bi-
opsy is not a real-time procedure, does not allow moni-
toring of potential needle displacement during
respiratory activity, and requires expensive and time con-
suming scanning time in the context of already busy ra-
diology departments [1].

The growing and widespread access to TUS in daily
practice over the past decades has transformed the pul-
monologist’s role in pleural disease management. Its cur-
rent use ranges from basic evaluation of pleural/pulmo-
nary features to guidance for advanced interventional
procedures in both the diagnostic and therapeutic fields.
Compared to CT-guided biopsy, TUS-guided sampling
offers the advantage of being non-ionizing, quicker, eas-
ily available at patient’s bedside, and real time, allowing a
direct vision of the needle without the need for breath-
hold manoeuvres [8, 9].

Accuracy and safety of CT- and TUS-guided biopsies in
the diagnostic work-up of pleural lesions have been investi-
gated in a number of studies worldwide, with heterogeneous
results, and limited data are available on a direct comparison
between the 2 techniques [1]. The aims of this study were to
provide the first systematic review and meta-analysis on the
diagnostic yield (DY) and safety of CT- versus TUS-guided
biopsy in the diagnosis of pleural lesions as well as to iden-
tify the main predictors of successful outcomes.
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Methods

A systematic review of the literature was performed according
to guidelines developed by the Meta-analysis Of Observational
Studies in Epidemiology group [8]. We searched MEDLINE and
EMBASE for all original articles on DY and safety of CT-and TUS-
guided biopsy in the diagnostic work-up of pleural lesions pub-
lished up to April 2018, using a combination of free text and
MeSH/Emtree terms related to pleural diseases and bioptic tech-
niques (see online suppl. material; for all online suppl. material, see
www.karger.com/doi/10.1159/000511626). The electronic search
was supplemented by hand searching the bibliography of relevant
articles [10].

The following criteria were used for inclusion:

1. Studies reporting data on DY and/or safety of CT-guided bi-
opsy for diagnosis of pleural lesions, including effusion, mass-
es, nodules, and thickening.

2. Studies reporting data on DY and/or safety of TUS-guided bi-
opsy for diagnosis of pleural lesions, including effusion, mass-
es, nodules, and thickening.

3. Studies reporting data on comparison between DYs and/or
safety of CT- and TUS-guided biopsies.

Exclusion criteria were:

1. Studies reporting data on DY and safety of CT- and TUS-guid-
ed biopsies for the diagnosis of both pleural and peripheral lung
lesions, without providing separate results for pleural and pa-
renchymal abnormalities.

2. Studies reporting data on DY and safety of CT- and TUS-guid-
ed biopsies in <20 patients.

3. Non-English full text.

Study Screening and Ascertainment of Eligibility

Two independent authors (F.M. and D.M.) reviewed all titles/
abstracts and retrieved detailed full text of potentially relevant ar-
ticles. Disagreements were resolved by discussion. When multiple
reports were available on the same cohort of patients, we included
the most recent or informative one.

The 2 reviewers independently retrieved information on
country, study design, number of subjects, study population,
procedural aspects, and main outcomes (DY, sensitivity, speci-
ficity, accuracy, and safety). The measure of interest for DY and
safety analyses was the proportion of events. Adverse events
were further classified into major and minor complications ac-
cording to severity. Major complications (decided pre hoc) in-
cluded procedure-related death, pneumothorax requiring chest
drainage, haemorrhage requiring blood transfusions or emboli-
zation, haemoptysis, bleeding from biopsy site requiring inter-
vention, and haemodynamic shock. Minor complications were
pneumothorax not requiring chest drainage, vasovagal reaction,
wound infection and bleeding from biopsy site not requiring in-
tervention.

Risk of Bias Assessment

We assessed the studies for methodological quality using the
revised Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) tool [9]. This consists of 2 sections aimed to as-
sess risk of bias and applicability concerns using predefined key
domains (patient selection, index test, reference standard, flow
and timing of patients’ selection of the index tests and reference
standard). Patient selection, index test, and reference standard
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Fig. 1. Flow chart of study selection.
are examined concerning risk of bias and applicability con- Results

cerns, while flow and timing of patient selection addresses risk
of bias only. Each domain is rated as “low,” “high,” or “unclear”
for both risk of bias and concerns about applicability. If a study
is judged as “low” on all domains relating to bias or applicabil-
ity, then it receives an overall judgement of “low risk of bias” or
“low concern regarding applicability.” If a study is judged
“high” or “unclear” in 1 or more domains, then it may be judged
“at risk of bias” or as having “concerns regarding applicability”
[11].

In order to obtain pooled estimates, we performed meta-anal-
yses of untransformed proportions using the random-effects
model with the DerSimonian and Laird [12] estimator of the vari-
ance component and generated the corresponding forest plots.
Both the individual study-specific and the pooled 95% confi-
dence interval (CI) were computed through the Clopper-Pearson
“exact” method. Heterogeneity among studies was assessed using
the ¥ test, defining a significant heterogeneity as a p value <0.10,
while inconsistency was quantified using the I? statistic. Cumula-
tive meta-analysis was conducted to assess the influence of in-
creasing adoption of the procedures over time. Further sensitiv-
ity analyses were performed to explore selected, predefined pre-
dictors of successful outcomes as follows: study design
(retrospective/prospective) and underlying disease (malignancy/
tuberculosis). Publication bias risk was evaluated by visual in-
spection of funnel plot and through the Egger’s test for asymme-
try. All analyses have been carried out with the “metafor” package
version 2.0-0.

Image-Guided Pleural Biopsy: A
Systematic Review and Meta-Analysis

Search Results

After removing duplicates between MEDLINE and EM-
BASE, the systematic review identified 1,611 references
(shown in Fig. 1). The initial screening based on title/ab-
stracts led to the exclusion of 1,487 papers, due to non-rele-
vance (i.e., case reports, review articles, and animal studies),
and the remaining 124 articles were retrieved for detailed
full-text evaluation. Thirty original studies were included in
the present review, and the main characteristics are present-
ed in Table 1. Twenty-one studies were focused on DY and/
or safety of TUS-guided biopsy, 6 on outcomes of CT-guid-
ed biopsy, and 3 provided data for both techniques.

Diagnostic Yield

The summary estimate of DY of TUS-guided biopsy is
shown in Figure 2. The overall DY, derived from 24 stud-
ies including 1,887 patients, was 0.84 (95% CI 0.80-0.87),
and a significant heterogeneity among studies was detect-
ed (I> 80%, p < 0.01). The pooled DY of CT-guided bi-
opsy, retrieved from 9 investigations including 396 pa-
tients, was 0.93 (95% CI 0.89-0.96) with a significant het-
erogeneity among studies (I 60%, p < 0.01; shown in
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Table 1. Characteristics of included studies [ 13—42]

Study Country Study Cases,  Study Index Typeof  Technique of Real-time ~ Operator Outcomes of study Notes
design n population test needle biopsy biopsy
Chang et al. [16] Taiwan Retrosp 25 Pe TUS 16 G ns Yes ns Comparison of US-guided
biopsy versus blind
Abrams DY
Hsuetal. [17] Taiwan Prosp 36 Pe, Pm TUS 16,21 G Needle guide Yes ns DY
Heilo et al. [18] Norway Retrosp 70 ns TUS 14,18 G Needle guide, Yes ns DY and safety
free-hand
Diacon et al. [19] South Africa Prosp 39 Pm TUS 14 G Free-hand No Pulmonologist DY, SE, Sp, safety
Koegelenberg et al. [20]  South Africa RCT 89 Pe TUS Abrams, ns No Pulmonologist Comparison of TUS- High suspicion
14G guided Abrams versus TB
Tru-Cut biopsy (DY,
safety)
Lee etal. [21] UK Prosp 30 Pe TUS ns ns Yes Pulmonologist DY, SE, Sp
Kamel and Kaffas [22] Egypt Retrosp 25 Pe TUS 18G Free-hand Yes Pulmonologist DY, SE Malignant PE
Abd El-Zaher et al. [23]  Egypt RCT 50 Pe, Pt TUS Abrams,  Free-hand No Pulmonologist DY, safety High suspicion
14 G B
Botana-Rial et al. [24] Spain Prosp 114 Pe, Pt TUS Abrams  Free-hand No Pulmonologist DY, safety Malignant PE
Mohamed et al. [25] Egypt RCT 20 Pe TUS 14G,18G ns No Pulmonologist Comparison of TUS-
guided biopsy versus
thoracoscopy (DY, SE,
safety)
Agmy et al. [26] Egypt Prosp 96 Pe TUS Abrams  ns ns ns SE Forceps biopsy
Bahr et al. [27] Egypt Retrosp 30 Pe, Pm TUS ns ns Yes Pulmonologist DY, SE, Sp, accuracy,
safety
Botana Rial et al. [28] Spain Retrosp 127 Pe TUS ns ns No Pulmonologist DY
Hallifax et al. [29] UK Retrosp 50 Pe, Pt, Pn, Pm TUS 18 G Free-hand Yes Pulmonologist DY, SE, Sp
Imran et al. [30] Singapore Retrosp 36 ns TUS Abrams  ns Yes Pulmonologist DY All TB pts
Mohamed et al. [31] Egypt RCT 20 Pe TUS Abrams  Free-hand Yes ns SE
Koegelenberg et al. [32]  South Africa Prosp 100 Pe, Pt,Pn,Pm  TUS Abrams,  Free- hand No Pulmonologist DY, safety
14G,22G
Abdella et al. [33] Egypt RCT 20 Pe, Pt,Pn,Pm  TUS 14 G,16 G Needle guide Yes ns Comparison of US-guided

biopsy versus
thoracoscopy (DY, safety)

Sitt et al. [34] Hong Kong Retrosp 111 Pe, Pt, Pm TUS 18G Free-hand Yes Radiologist DY, safety
Wang et al. [35] China Prosp 172 Pe TUS 16 G Free-hand Yes Pulmonologist Dy, SE, Sp, accuracy, safety
Sobhy et al. [36] Egypt Retrosp 32 Pe TUS 14G ns No Pulmonologist Comparison US-guided

biopsy versus
thoracoscopy (DY, SE,
accuracy, safety)

Metintas et al. [37] Turkey Retrosp 30 Pe, Pt,Pn,Pm  CT 8G,11G ns na ns DY, safety

Scott et al. [38] UK Prosp 42 Pt CT 18G ns na Radiologist DY, SE, Sp

Maskell et al. [39] UK RCT 23 Pe, Pt CT 18G Free-hand na Radiologist DY, SE, Sp, safety
Metintas et al. [40] Turkey RCT 48 Pe CT Abrams  Free-hand na Pulmonologist Comparison CT-guided

Abrams biopsy versus
thoracoscopy (SE, safety)

Cao etal. [41] China Retrosp 90 Pe, Pt CT 18G ns na Radiologist DY, SE, Sp, accuracy safety

Lim et al. [42] Korea Retrosp 36 Pn, Pm CT 18 G, Needle guide na ns DY, SE, Sp, accuracy,
20G safety

Metintas et al. [13] Turkey RCT 150 Pe, Pt, Pn TUS,CT 16 G (US) Free-hand Yes* Radiologist Comparison CT-guided
Abrams (both CT and Abrams’ needle versus
(CT) TUS) TUS-guided biopsy (DY,

SE, safety)
Sivakumar et al. [15] UK Retrosp 92 Pe, Pt, Pn, Pm TUS,CT  Abrams ns No* CT: radiologist Comparison TUS-guided
TUS: ns Abrams’ needle versus CT-

guided biopsy (DY, SE, Sp)

Ahmed et al. [14] Egypt RCT 40 Pe TUS,CT 18G ns ns ns DY, safety

CT, computed tomography; DY, diagnostic yield; G, gauge; ns, not specified; na, not applicable; Pe, pleural effusion; Pm, pleural mass; Pn, pleural nodule; Prosp, prospective; Pt, pleural thickening; RCT,
randomized controlled trial; Retrosp, retrospective; SE, sensitivity; Sp, specificity; TUS, thoracic ultrasound. * Data refer to US-biopsy patient.
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Number of

Diagnostic

Study Country Study design patients yield [95% CI]
Chang 1991 Taiwan Retrospective 25 p——— i 0.52 [0.31, 0.72]
Hsu 1997 Taiwan Prospective 36 - 0.89 [0.74, 0.97]
Heilo 1999 Norway Retrospective 70 |—-:—| 0.80 [0.69, 0.89]
Diacon 2004 South Africa Prospective 39 o 0.85[0.69, 0.94]
Koegelenberg 20102 South Africa RCT 89 = 0.79 [0.69, 0.87]
Koegelenberg 2010P South Africa RCT 89 —— 0.63 [0.52, 0.73]
Lee 2011 UK Prospective 30 —— 0.73 [0.54, 0.88]
Kamel 2012 Egypt Retrospective 25 ——i 0.68 [0.46, 0.85]
Abd El-Zaher 20132 Egypt RCT 50 = 0.94 [0.83, 0.99]
Abd El-Zaher 2013b Egypt RCT 50 —e— 0.74 10.60, 0.85]
Botana-Rial 2013 Spain Prospective 114 : Hll 0.96 [0.91, 0.99]
Mohamed 2013 Egypt RCT 20 e 0.90 [0.68, 0.99]
Agmy 2014 Egypt Prospective 96 HH 0.89 [0.80, 0.94]
Bahr 2014 Egypt Retrospective 30 i 0.80 [0.61, 0.92]
Botana-Rial 2014 Spain Retrospective 127 - 0.811[0.73, 0.88]
Hallifax 2014 UK Retrospective 50 ‘—I—i 0.94 [0.83, 0.99]
Imran 2014 Singapore Retrospective 36 i 0.86 [0.71, 0.95]
Mohamed 2014 Egypt RCT 20 e 0.75[0.51,0.91]
Koegelenberg 2015 South Africa Prospective 100 i 0.88 [0.80, 0.94]
Abdella 2016 Egypt RCT 20 —t— 0.85 [0.62, 0.97]
Ahmed 2016 Egypt RCT 20 — 0.80 [0.56, 0.94]
Metintas 2016 Turkey RCT 75 IJI—I—i 0.91 [0.82, 0.96]
Sitt 2016 Hong Kong Retrospective 111 e 0.75 [0.66, 0.83]
Sivakumar 2016 UK Retrospective 63 | 0.97 [0.89, 1.00]
Wang 2016 China Prospective 172 I 0.91 [0.85, 0.95]
Sobhy 2017 Egypt Retrospective 32 et 0.77 [0.55, 0.92]
I

RE Model (Heterogeneity: 12 = 80%, p < 0.01) + 0.84 [0.80, 0.87]

[ I I I : 1
aAbrams arm
bTrue—cut arm 0 025 05 075 1

Diagnostic yield
Fig. 2. DY of TUS-guided pleural biopsy. DY, diagnostic yield; TUS, thoracic ultrasound.
Number of Diagnostic
Study Country Study design patients yield [95% ClI]
Metintas 1995 Turkey Retrospective 30 — 0.83 [0.65, 0.94]
Scott 1995 UK Prospective 42 »—q‘—c 0.93 [0.81, 0.99]
Maskell 2003 UK RCT 23 T 0.911[0.72,0.99]
Metintas 2010 Turkey RCT 62 —e 0.88 [0.75, 0.95]
Cao 2015 China Retrospective 90 '—IJ‘« 0.88 [0.80, 0.94]
Ahmed 2016 Egypt RCT 20 —h 0.85 [0.62, 0.97]
Metintas 2016 Turkey RCT 78 HEll 0.99 [0.93, 1.00]
Sivakumar 2016 UK Retrospective 29 — 0.93 [0.77, 0.99]
Lim 2017 Korea Retrospective 36 »—J—- 0.97 [0.86, 1.00]
[
[

RE Model (Heterogeneity: 12 = 61%, p < 0.01) <+ 0.93 [0.89, 0.96]

{ T T —

0 025 05 075 1

Diagnostic yield

Fig. 3. DY of CT-guided pleural biopsy. DY, diagnostic yield; CT, computed tomography.
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Cumulative number Diagnostic

a Study of patients yield [95% Cl]
T
Chang 1991 25 —a | 0.52 [0.32, 0.72]
+ Hsu 1997 61 —a— 0.71[0.35, 1.08]
+ Heilo 1999 131 —a 0.76 [0.59, 0.92]
+ Diacon 2004 170 — 0.79 [0.67, 0.90]
+ Koegelenberg 20102 259 i 0.79[0.71, 0.88]
+ Koegelenberg 2010b 348 —— 0.76 [0.67, 0.85]
+ Lee 2011 378 - 0.76 [0.68, 0.84]
+ Kamel 2012 403 - 0.75 [0.68, 0.83]
+ Abd El-Zaher 20132 453 e 0.77 [0.69, 0.86]
+ Abd El-Zaher 2013b 503 m 0.77 [0.69, 0.85]
+ Botana-Rial 2013 617 e 0.79 [0.71, 0.87]
+ Mohamed 2013 637 m 0.80 [0.72, 0.87]
+ Agmy 2014 733 - 0.81[0.74, 0.88]
+ Bahr 2014 763 i 0.81[0.75, 0.87]
+ Botana-Rial 2014 890 - 0.81[0.75, 0.87]
+ Hallifax 2014 940 HH 0.82[0.77, 0.87]
+ Imran 2014 976 HH 0.82[0.77, 0.87]
+ Mohamed 2014 996 HEH 0.82 [0.77, 0.87]
+ Koegelenberg 2015 1,096 - 0.83 [0.78, 0.87]
+ Abdella 2016 1,116 - 0.83[0.78, 0.87]
+ Ahmed 2016 1,136 o 0.83[0.78, 0.87]
+ Metintas 2016 1,211 Ll 0.83 [0.79, 0.87]
+ Sitt 2016 1,322 HH 0.83 [0.78, 0.87]
+ Sivakumar 2016 1,385 HH 0.83 [0.79, 0.87]
+ Wang 2016 1,557 HH 0.84 [0.80, 0.88]
+ Sobhy 2017 1,589 - 0.84 [0.80, 0.87]
|
1
a M T T T ] p for trend = 0.02
bﬁ?ﬂi?;r?m 0 025 05 075 1
Diagnostic yield
Cumulative number Diagnostic
b Study of patients yield [95% Cl]
Metintas 1995 30 '—I—%-‘ 0.83 [0.70, 0.97]
+ Scott 1995 72 —l— 0.90 [0.81, 0.98]
+ Maskell 2003 95 = 0.91 [0.85, 0.96]
+ Metintas 2010 157 1 0.90 [0.85, 0.95]
+ Cao 2015 247 m| 0.89 [0.85, 0.93]
+ Ahmed 2016 267 - 0.89 [0.85, 0.93]
+ Metintas 2016 345 '-I:-' 0.91 [0.85, 0.96]
+ Sivakumar 2016 374 - 0.91 [0.86, 0.96]
+ Lim 2017 410 L 3 0.93 [0.89, 0.96]
1

[ I I I
0 025 05 075

Diagnostic yield

p for trend = 0.32

—_

Fig. 4. Cumulative meta-analyses for TUS-

ultrasound; CT, computed tomography.

Fig. 3). The cumulative meta-analyses, shown in Figure 4,
demonstrated a significant increase of DY for TUS-guid-
ed biopsy over the last 3 decades (p = 0.02), while DY of
CT-guided biopsy seemed not to be significantly influ-
enced by time effect (p = 0.32).

82 Respiration 2021;100:77-87
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(a) and CT-guided biopsy (b). DY, diagnostic yield; TUS, thoracic

With reference to sensitivity analyses, the pooled DY by
study design did not substantially differ from the overall
estimate but was higher for prospective studies compared
to retrospective studies for both techniques. Pooled DY’ of
TUS-guided biopsy were 0.85 (CI 95% 0.81-0.90) for pro-
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Diagnostic yield for tuberculous effusion

US-guided - — @
82% [75%-88%]
CT-guided - ——
89% [78%-99%)]
T T T T T T
a 50 60 70 80 90 100%

Diagnostic yield for malignant pleural effusion

US-guided - ——
76% [68%-83%]
CT-guided ——
84% [79%-90%)]
T T T T T T
b 50 60 70 80 90 100%

Fig. 5. DY of TUS- and CT-guided biopsy for (a) tuberculous and (b) malignant effusion. DY, diagnostic yield;
TUS, thoracic ultrasound; CT, computed tomography.

spective studies (n = 14) and 0.81 (CI 95% 0.74-0.88) for
retrospective studies (n = 10). The summary DYs of CT-
guided biopsy were 0.93 (CI 95% 0.87-0.99) for prospec-
tive studies (n = 5) and 0.92 (CI 95% 0.86-0.98) for studies
retrospective (n = 4). For TUS-guided biopsy, subgroup
analyses on DY according to the underlying pathological
condition were provided in 11 studies for tuberculosis and
17 for malignancy. For CT-guided biopsy, these were re-
flected in 3 studies for tuberculosis and 6 for malignancy.
Pooled estimates overall showed a better performance for
both the procedures in patients finally diagnosed with tu-
berculosis (TUS-guided DY 0.82, 95% CI 0.75-0.88; CT-
guided biopsy DY 0.89, 95% CI 0.78-0.99) compared to
those with malignancy (TUS-guided DY 0.76, 95% CI
0.68-0.83; CT-guided biopsy DY 0.84, 95% CI 0.79-0.90).
As graphically displayed in Figure 5, DYs according to dis-
ease did not significantly differ between the 2 techniques,
with overlapping Cls in both subgroup analyses.

Safety/Complications

Data on complications were retrieved from 18 studies
including 1,342 patients for TUS-guided biopsy and in 7
studies including 361 subjects for CT-guided biopsy
(shown in Fig. 6). The overall proportion of adverse
events was 3% (0.03; 95% CI 0.02-0.04) for TUS-guided
biopsy and 7% (0.07; 95% CI 0.03-0.12) for CT-guided
biopsy. Subgroup analyses according to severity showed
an overall probability of developing major complications
of 1% (0.01; 95% CI 0.00-0.01) for TUS-guided biopsy
and 2% (0.02; 95% CI 0.01-0.04) for CT-guided biopsy.

Image-Guided Pleural Biopsy: A
Systematic Review and Meta-Analysis

The proportion of minor complications was 2% (0.02;
95% CI 0.01-0.03) for TUS-guided biopsy and 5% (0.05;
95% ClI, 0.02-0.08) for CT-guided biopsy. No procedure-
related deaths were reported.

Quality Assessment and Publication Bias

The application of QUADAS-2 tool revealed overall
low methodological quality. Online suppl. Figure 1 (on-
line suppl. material) presents the judgements on risk of
bias and concerns about applicability (A) for each do-
main, and the final summarized proportion of studies
deemed as “low” or “high” risk of bias and having “low”
or “high” concerns regard applicability to the review
question (B). Overall, only 1 study was judged at “low risk
of bias” and eleven as having “low concerns about appli-
cability” and none of these met both conditions. The
main reasons for “high risk of bias” judgements were con-
cerns related to patient selection and the lack of a system-
atic reference standard. Some asymmetry in contour-en-
hanced funnel plots was evident for both TUS- and
CT-guided techniques (shown in Online suppl. Fig. 2,
3 - Online suppl. material), as also shown by Egger’s test
results (p < 0.01).

Discussion
Accuracy and safety of CT- and TUS-guided biopsy in

the diagnostic work-up of pleural lesions have been inves-
tigated in a number of studies worldwide, reporting het-
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Fig. 6. Overall proportions of complications for TUS-guided pleural biopsy (a) and CT-guided pleural biopsy
(b). TUS, thoracic ultrasound; CT, computed tomography.

erogeneous and conflicting results. Different factors may
influence procedural outcomes, including underlying pa-
thology, extent of disease, number of samples taken, size
of needle, and operator experience. To date, no synthesis
of studies from the literature has ever been performed and
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predictors of a successful procedure have not been as-
sessed. However, insights on these aspects could be ex-
tremely helpful in daily practice for choosing the tech-
nique with the best risk-benefit profile according to the
specific clinical context.
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This systematic review and meta-analysis provides the
first synthesis of data from the literature on diagnostic
performance and safety profile of TUS- and CT-guided
biopsy in the diagnostic work-up of pleural lesions. We
have also explored the role of potential predictors of pro-
cedural outcomes, including intrinsic, non-modifiable
factors, such as prevalence and type of underlying patho-
logic condition, as well as methodological aspects related
to technical issues in performing procedures.

The pooled DYs of the 2 procedures were overall excel-
lent, being 84% for TUS-guided biopsy and 93% for CT-
guided biopsy. Although relatives CIs did not overlap, a
difference of <10% is perceived as not clinically signifi-
cant, especially balancing a slightly lower diagnostic per-
formance with advantages, such as being non-ionizing,
quicker, and easily available at the bedside.

The summary of data on safety profiles was reassuring
for both the techniques although the probability of devel-
oping complications was slightly, but not significantly,
higher for CT-guided biopsy compared to TUS-guided
biopsy (respectively 7 and 3%).

Results according to potential predictors of successful
outcomes showed that the DY of TUS techniques signifi-
cantly improved over time (p = 0.02), suggesting a role of
increasing operator skills due to the growing adoption of
this technology in pulmonology practice, while no time
effect was observed for CT-guided biopsy (p = 0.32). The
increasing access and clinician confidence in the TUS-
guided approach are also suggested by the higher number
of studies published on diagnostic performance of TUS-
guided biopsy compared to those related to the CT-guid-
ed technique. Indeed, the weight of the literature in terms
of patient numbers is much in favour of TUS-guided bi-
opsy, with the number of studies included in the present
review almost three times higher than those with CT-
guided biopsy and the number of patients approximately
5 times higher.

As expected, sensitivity analyses exploring the role of
underlying pathologic conditions in diagnostic outcomes
showed an overall higher DY in malignancy compared to
tuberculosis for both the techniques. Of note, the differ-
ence in DY between the TUS- and CT-guided approaches
was not statistically significant, as shown by the overlap
of relative CIs, but this may be related to sample size over-
all.

A comparison of risk-benefit profiles of TUS- and
CT-guided procedures was assessed in 3 studies only,
which differed in terms of methodology, sample size, and
findings [13-15]. A significant superiority of the CT-
over the US-guided approach was documented in 1

Image-Guided Pleural Biopsy: A
Systematic Review and Meta-Analysis

study, performed by Metintas et al. [13], while no sub-
stantial difference was reported by Sivakumar et al. [15]
and by Ahmed et al. [14] In the RCT by Metintas et al.
[13] including 150 patients, the sensitivity values of CT-
guided Abrams’ needle biopsy and of TUS-guided cut-
ting needle biopsy were, respectively, 82.4 and 66.7%
(p =0.029) although an adequate sampling was achieved
in more than 90% of cases with both the techniques (re-
spectively, 98.7 and 90.7%; p not significant) [13]. How-
ever, some sources of potential bias should be considered
when interpreting the results. Both procedures were per-
formed by a radiologist, without specifying years of ex-
perience with the 2 techniques, and US biopsies were not
“real time” and different sampling techniques were used
in the 2 arms (Abrams’ needle for CT and “Tru-Cut” nee-
dle for TUS). In the retrospective study by Sivakumar et
al. [15], Abrams’ needle was employed for TUS-guided
biopsy and cutting needle for CT-guided technique and
no significant difference was documented in diagnostic
performance (sensitivity, respectively, 71 and 75%) [15].
However, a potential selection bias due to the retrospec-
tive nature of the study as well as the use of different
needles may have affected the reliability of this study’s
findings. Lastly, in the prospective study by Ahmed et al.
[14], patients were assigned in a randomized fashion to
TUS-guided biopsy (cutting needle), CT-guided biopsy
(cutting needle), or thoracoscopy. The sensitivities were,
respectively, 80, 85, and 92.5% (p 0.45) although the lim-
ited sample size (20 patients in each arm) should be tak-
en into account [14].

Strengths of the current study include a systematic and
extensive search of the available literature, and the large
number of included studies and patients, which lends
precision to the results. The concordance of most results
among studies is reassuring in terms of reliability and va-
lidity of information obtained. However, there are sev-
eral potential limitations. First, there was baseline hetero-
geneity among studies in terms of design, size of sample
and outcome measure assessed (using patient or lesions
as unit of analysis), various cytopathologic criteria for
classification of specimens and different definition of test
performance, as “diagnostic yield,” “accuracy,” or “sensi-
tivity.” Some investigations were not primarily designed
as diagnostic studies but reported experiences from rou-
tine clinical practice. It is likely that the poor method-
ological quality of studies, as reported by QUADAS-2 re-
sults, affects the validity of our findings. With reference
to selection bias, some studies did not state if there was a
consecutive enrolment and some others made inappro-
priate exclusions (i.e., patients with pleural lesions other
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than thickening). Most investigations enrolled patients
with suspected/known selected clinical diagnoses, lead-
ing to an overestimation of sensitivity, since the probabil-
ity to obtain a positive result is closely related to the prev-
alence of the underlying condition. Several confounding
factors could have affected the performance and interpre-
tation of index test as the guided procedures were often
performed within the same study by different operators
with different needle types, sizes, and number of passes.
Another relevant limitation is represented by the poor
and heterogenic application of reference standard test. Fi-
nally, a significant publication bias risk was found for
both the techniques, and thus the pooled DYs may be the
result of an overestimation of real-world outcomes.
Synthesis of data overall shows excellent DYs and reas-
suring safety profiles in the diagnosis of pleural lesions for
both CT-guided biopsy and TUS-guided biopsy, in ab-
sence of meaningful differences between the 2 procedures.
The DY of the ultrasound approach significantly im-
proved over time, and considering that ultrasound offers
the advantages of being non-ionizing and easily performed
by pulmonologists at the bedside or in the endoscopy
room, in the presence of adequate skills and sources, TUS-
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guided biopsy should be the preferred, initial approach.
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