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Abstract
Background andObjective: Undiagnosed pleural effusions (UPEs) are a common problem of respiratory medicine, leading to
an increased diagnostic burden globally. However, the most efficient and cost-effective approaches to UPEs remain controversial.
This study aimed to assess the diagnostic value of ultrasound-guided needle biopsy (UGNB) in UPEs.

Methods: We conducted a search of PubMed, Embase, the Cochrane Library and reference lists of retrieved studies with no
publication data limitation. Articles that investigated the diagnostic accuracy of UGNB in UPEs were included. The quality of eligible
studies was assessed using Quality Assessment of Diagnostic Accuracy Studies-2. The diagnostic value of UGNB was evaluated by
calculating the pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds rate, and the area
under the curve for the summary receiver operating characteristic curve using a random effects model.

Results: Seven studies comprising 165 patients with UPEs met the inclusion criteria. UGNB had a pooled sensitivity of 83% (95%
confidence intervals [CI], 75% - 89%), a specificity of 100% (95% CI, 90% - 100%), a positive likelihood ratio of 8.89 (95% CI, 3.29 -
24.02), a negative likelihood ratio of 0.23 (95%CI, 0.16 - 0.33), a diagnostic odds rate of 51.47 (95%CI, 14.70 - 180.16), and an area
under the curve of 0.94. Six pneumothorax cases (3.6%), 5 local wound infections (3.0%), and 1 empyema case (less than 1%) were
observed. There was no significant heterogeneity or publication bias in this study.

Conclusions: Based on current evidence, UGNB is a safe and convenient procedure with a high accuracy for diagnosing UPEs.
However, physicians should still be cautious in interpreting negative UGNB results.

Abbreviations: ANB = Abrams needle biopsy, AUC = the area under the curve, CGNB = CT-guided needle biopsy, CIs =
confidence intervals, CT = computed tomography, DOR = diagnostic odds rate, LAT = local anaesthetic thoracoscopy, NLR =
negative likelihood ratio, PEs = pleural effusions, PLR = positive likelihood ratio, SEN = sensitivity, SPE = specificity, SROC = the
summary receiver operating characteristic, UGNB = ultrasound-guided needle biopsy, UPEs = undiagnosed pleural effusions, US =
ultrasound, VATS = video-assisted thoracoscopic surgery.
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1. Introduction

Pleural effusions (PEs) are a common problem in respiratory
medicine, with more than 50 identified causes.[1] An estimated
1.5 million diagnoses are made annually in the United States
alone.[2] Congestive heart failure, cirrhosis, pneumonia, malig-
nancy, and tuberculosis are some of the representative and
important aetiologies.[3] Clinical evaluation, imaging, thoraco-
centesis and fluid analysis are crucial approaches that explore
the aetiology of PEs.[4] However, despite standard diagnostic
procedures, approximately 20% of PEs remain undiagnosed[5,6]

and histological confirmation is often necessary for undiagnosed
PEs (UPEs).[1] Pleural biopsy can be performed using several
methods including blind-closed needle biopsy, image-guided
needle biopsy, Local Anaesthetic (Medical) Thoracoscopy (LAT)
and Video-Assisted Thoracoscopic surgery (VATs).[7]

The traditional Abrams needle biopsy (ANB) has the benefit of
being a low-cost procedure with ease of accessibility. However,
the diagnostic sensitivity for malignant PEs is lower than
60%.[1,4,8] In addition, complications from this procedure, such
as site pain (up to 15%), pneumothorax (up to 15%) and
vasovagal reaction (about 5%) are common.[1]

In the past few years, image-guided needle biopsy has attracted
increased attention, with recent reports showing that image
guidance could significantly increase the accuracy of closed
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needle biopsy in pleural diseases while reducing the incidence of
complications.[9,10] A prospective study enrolling 100 consecu-
tive patients with undiagnosed pleural exudates reported that
ultrasound-guided needle biopsy (UGNB) achieved high diag-
nostic yield (88%) with less complications (3%) and was
therefore recommended as a first-line investigation in exudative
UPEs.[11]

Ultrasound (US) and computed tomography (CT) have been
the most applied methods for image-guided needle biopsy and
previous studies have indicated that the 2 different procedures
have similar diagnostic yields.[12] However, UGNB offers shorter
procedural times, fewer complications and lower costs, without
the need for ionizing radiation.[13]

Thoracoscopic biopsy is considered the gold standard for
investigating pleural diseases and has a high diagnostic sensitivity
of over 90% and a specificity of 100%.[1,6,14] Despite this, it is
limited by its relatively invasiveness, complexity, long examina-
tion times and high cost.[7,9,15]

UGNB provides a clear and real-time visualization of the
pleural lesions, effusions and needle movement without exposure
to ionizing radiation.[7] Furthermore, it has the advantages of
being tolerable, less invasive, with a good diagnostic yield, short
examination time, good mobility, low cost and it is widely
available in resource-constrained countries. These advantages
provide evidence that UGNB is a potential and convenient
methodology for use in the diagnosis of UPEs.[1,8,16–23]

Several studies have been published on the diagnostic efficacy
of needle biopsy with direct US guidance. However, no studies
have systematically assessed and summarized the current existing
evidence. Therefore, in this study we performed a meta-analysis
aimed at determining the diagnostic value of UGNB in UPEs.

2. Methods

2.1. Search strategy

A systematic literature search of PubMed, Embase and the
Cochrane Library were performed for publications that accessed
the accuracy of UGNB for the diagnosis of UPEs, up to the
January 8, 2020. The search was conducted using the following
keywords and Medical Subject Headings terms: Ultrasonogra-
phy, Ultrasound, Needle Biopsy, and Pleural Effusion. The search
strategies applied for each database are presented in Table 1.
Searches were restricted to publications in English. In order to
expand our search, the reference list of each retrieved article was
also screened for other appropriate studies.
2.2. Inclusion criteria

Studies that investigated the diagnostic accuracy of UGNB in
patients with UPEs were included. The inclusion criteria
comprised prospective or retrospective studies, enrolled patients
with UPEs, biopsy procedures under the guidance of real-time US,
sufficient information provided to construct a 2�2 table, and
articles published in English.

2.3. Exclusion criteria

We excluded the following studies: no relevance to our subject,
case reports, conference abstracts, reviews, letters and animal
experiments, biopsy procedures performed using a “free-hand”
technique without direct US guidance and number of enrolled
patients <10.
2

2.4. Study selection and data extraction

Two reviewers (ZD Lin, DH Wu) independently screened titles
and abstracts to identify potential studies. The full text of eligible
studies was retrieved and disagreements on study selection were
resolved by discussion. We extracted the following information
from the included studies: author’s name, year of publication,
country of origin, method of study, patient characteristics
(number and age), technical device used (needle type and needle
size), complications, and diagnostic performance of UGNB (true
positive, false positive, true negative and false negative). Data
extraction was performed by 2 reviewers (ZD Lin, DH Wu).

2.5. Quality assessment

Two investigators (ZD Lin, DHWu) independently extracted the
data and assessed the quality and risk of bias for each study,
according to the Quality Assessment of Diagnostic Accuracy
Studies 2.[24] Any disagreement among the reviewers was
resolved by consensus.

2.6. Statistical analyses

On the basis of the 2�2 tables, DerSimonian-Laird random
effects models were used to produce summary estimates for
sensitivity (SEN), specificity (SPE), positive likelihood ratio
(PLR), negative likelihood ratio (NLR), and diagnostic odds rate
(DOR).[25] Forest plots were performed for pooled analyses for
SEN, SPE, PLR, NLR, and DORs, including 95% confidence
intervals (CIs). In addition, the summary receiver operating
characteristic (SROC) curve was constructed using the random
effects model. The area under the curve (AUC), including the
standard error, was computed to assess the diagnostic perfor-
mance of US-guided pleural biopsy. A test with a good
discriminating ability will have a value of AUC close to 1.
The CochranQ test and the inconsistency index (I2 index) were

calculated by forest plots to evaluate heterogeneity. A P-value of
less than .1 and an I2 value above 50%were defined as statistically
significant and as showing meaningful heterogeneity. Deek funnel
plot was constructed to assess publication bias and Egger test
wasperformed.All statistical analyseswereperformedusingMeta-
DiSc (version 1.4; RamonCajalHospital) and STATA (version 14;
STATA Corporation, College Station, TX).[26]

3. Results

3.1. Study selection and characteristics

A flow diagram summarizing the literature search process and the
study selection is presented in Figure 1. A total of 1187
potentially relevant studies were identified and screened by title
and abstract, of which 57 full text articles were reviewed. Seven
studies including 165 patients met the inclusion criteria and were
included in the analyses.[16,17,27–31]

Table 2 shows the characteristics of each included study. The
included studies originated in 3 countries: Egypt[27–31] China[16]

and the USA.[17] Of these, 6 studies were prospective[17,27–31] and
1 study was retrospective.[16]

3.2. Quality assessment

Assessments for the risk of bias and applicability concerns are
shown in Figure 2. The results of the quality assessment were
satisfactory, with 2 studies fulfilling all the items. Nevertheless,
2 studies were concluded to have a high risk of bias.



Table 1

Search strategy.

Database Search strategies

PUBMED #1 (Ultrasonography [Mesh]) OR Echography OR (Ultrasound Imaging) OR (Imaging, Ultrasound) OR (Imagings, Ultrasound) OR (Ultrasound Imagings) OR
(Ultrasonic Imaging) OR (Imaging, Ultrasonic) OR (Sonography, Medical) OR (Medical Sonography) OR (Diagnostic Ultrasound) OR (Diagnostic Ultrasounds) OR
(Ultrasound, Diagnostic) OR (Ultrasounds, Diagnostic) OR (Echotomography) OR (Diagnosis, Ultrasonic) OR (Diagnoses, Ultrasonic) OR (Ultrasonic Diagnoses)
OR (Ultrasonic Diagnosis) OR (Echotomography, Computer) OR (Computer Echotomography) OR (Tomography, Ultrasonic) OR (Ultrasonic Tomography) OR
(Ultrasound) OR (Ultrasounds) OR US
#2 (Biopsy, Needle [Mesh]) OR (Needle Biopsies) OR (Needle Biopsy) OR (Aspiration Biopsy) OR (Aspiration Biopsies) OR (Biopsies, Aspiration) OR (Biopsy,
Aspiration) OR (Puncture Biopsy) OR (Biopsies, Puncture) OR (Biopsy, Puncture) OR (Puncture Biopsies)
#3 (Pleural Effusion [Mesh]) OR (Effusion, Pleural) OR (Effusions, Pleural) OR (Pleural Effusions)
#4 (#1 AND #2 AND #3)

EMBASE #1 ‘echography’/exp
#2 ‘ultrasonography’ OR ‘ultrasound imaging’ OR ‘imaging, ultrasound’ OR ‘imagings, ultrasound’ OR ‘ultrasound imagings’ OR ‘ultrasonic imaging’ OR
‘imaging, ultrasonic’ OR ‘sonography, medical’ OR ‘medical sonography’ OR ‘diagnostic ultrasound’ OR ‘diagnostic ultrasounds’ OR ‘ultrasound, diagnostic’
OR ‘ultrasounds, diagnostic’ OR ‘echotomography’ OR ‘diagnosis, ultrasonic’ OR ‘diagnoses, ultrasonic’ OR ‘ultrasonic diagnoses’ OR ‘ultrasonic diagnosis’
OR ‘echotomography, computer’ OR ‘computer echotomography’ OR ‘tomography, ultrasonic’ OR ‘ultrasonic tomography’ OR ‘ultrasound’ OR ‘ultrasounds’
OR ‘us’
#3 (#1 OR #2)
#4 ‘needle biopsy’/exp
#5 ‘biopsy needle’/exp
#6 ‘pleura biopsy’/exp
#7 ‘biopsy, needle’ OR ‘biopsies, needle’ OR ‘needle biopsies’ OR ‘aspiration biopsy’ OR ‘aspiration biopsies’ OR ‘biopsies, aspiration’ OR ‘biopsy,
aspiration’ OR ‘puncture biopsy’ OR ‘biopsies, puncture’ OR ‘biopsy, puncture’ OR ‘puncture biopsies’
#8 (#4 OR #5 OR #6 OR #7)
#9 ‘pleura effusion’/exp
#10 ‘pleural effusion’ OR ‘effusion, pleural’ OR ‘effusions, pleural’ OR ‘pleural effusions’
#11 (#9 OR #10)
#12 (#3 AND #8 AND #11)

COCHRANE #1 Ultrasonography.ME
#2 ‘Computer Echotomography’ OR ‘Echotomography, Computer’ OR ‘Ultrasonic Imaging’ OR ‘Imagings, Ultrasound’ OR ‘Sonography, Medical’ OR
‘Ultrasound Imaging’ OR ‘Medical Sonography’ OR ‘Imaging, Ultrasonic’ OR ‘Ultrasound Imagings’ OR ‘Ultrasound, Diagnostic’ OR ‘Diagnostic Ultrasounds’
OR ‘Imaging, Ultrasound’ OR ‘Ultrasounds, Diagnostic’ OR ‘Echotomograph’ OR ‘Diagnostic Ultrasound’ OR ‘Echography’ OR ‘Diagnoses, Ultrasonic’ OR
‘Ultrasonic Diagnosis’ OR ‘Ultrasonic Diagnoses’ OR ‘Diagnosis, Ultrasonic’ OR ‘Ultrasonic Tomography’ OR ‘Tomography, Ultrasonic’ OR ‘Ultrasound’ OR
‘Ultrasounds’ OR ‘US’
#3 (#1 OR #2)
#4 Biopsy, Needle.ME
#5 ‘Biopsies, Needle’ OR ‘Needle Biopsies’ OR ‘Needle Biopsy’ OR ‘Aspiration Biopsies’ OR ‘Biopsies, Puncture’ OR ‘Puncture Biopsy’ OR ‘Biopsy, Puncture’
OR ‘Puncture Biopsies’ OR ‘Biopsies, Aspiration’ OR ‘Aspiration Biopsy’ OR ‘Biopsy, Aspiration’
#6 (#4 OR #5)
#7 Pleural Effusion.ME
#8 ‘Effusions, Pleural’ OR ‘Effusion, Pleural’ OR ‘Pleural Effusions’
#9 (#7 OR #8)
#10 (#3 AND #6 AND #9)

MeSH = medical subject headings.
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3.3. Pooled analysis

Figures 3–5 shows the forest plots for SEN, SPE, PLR, NLR
and DOR, and Figure 6 shows the SROC curves. The pooled
SEN of US-guided pleural biopsy for the diagnosis of PEs was
83% (95% CI: 75% - 89%; I2=25.2%; Cochran Q statistic=
8.02, P=0.237). Specificities in all studies were 100%,
therefore the pooled specificity was 100% (95% CI: 100% -
100%; I2=0%; Cochran Q statistic=0, P=0). The pooled PLR
was 8.89 (95% CI: 3.29 - 24.02; I2=0%; Cochran Q statistic=
0.77, P= .993) and the NLR was 0.23 (95% CI: 0.16 - 0.33;
I2=0%; Cochran Q statistic=2.86, P= .827). The DOR was
51.47 (95% CI: 14.70 - 180.16; I2=0%; Cochran Q statistic=
1.02, P= .985) and the AUC was 0.94. There were negligible
noted complications, including 6 pneumothorax cases (3.6%),
five local wound infections (3.0%), and 1 empyema case (less
than 1%).
3

3.4. Publication bias

A Deek’s funnel plot is shown in Figure 7 for the assessment of
publication bias. No publication bias was observed either on
visual examination of the funnel plot or after performance of the
Egger test (P= .91).

4. Discussion

Our findings demonstrated that UGNB had a satisfactory pooled
sensitivity of 83% (95% CI, 75% - 89%) and a high pooled
specificity of 100% (95% CI, 90% - 100%) in UPEs. Both PLR
and NLR were used to assess the diagnostic accuracy due to their
easiness of interpretation and their meaningful use in clinical
practice.[32] The observed pooled PLR was 8.89 (95% CI, 3.29 -
24.02) and the NLRwas 0.23 (95%CI, 0.16 - 0.33). A PLR value
of 8.89 signifies that patients with PEs of definite aetiology will
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Figure 1. Flow diagram of the study selection. US=ultrasound.
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have an 8.89-fold higher probability of testing positive in the
UGNB test compared with those with nonspecific pleuritis. In
contrast, an NLR value of 0.23 indicates that despite a negative
UGNB test result, the probability that a patient has PE of definite
Table 2

Characteristics of included studies.

Author
Year Country

Study
Design Needle Type Needle Size

Chang[16] 1991 China Retrospective Tru-Cut Needle 16 Gauge
Muller[17] 1988 America Prospective Cope Needle and

Standard Core
Needle

13 or 16–20
Gauge

Mohamed[27] 2013 Egypt Prospective Cutting Needle 14 or 18
Gauge

Hassanein[28] 2017 Egypt Prospective Abrams Needle NA

Sobhy[29] 2016 Egypt Prospective Tru-Cut Needle 14 Gauge
Ibrahim[30] 2019 Egypt Prospective Cutting Needle NA
Mansour[31] 2018 Egypt Prospective Abrams Needle NA

FN= false negative, FP= false positive, NA=not available, TN= true negative, TP= true positive.

4

aetiology is approximately 23%. Therefore, the pooled PLR was
sufficiently high to present proof for ruling in diagnoses, whereas
the pooled NLR was not sufficiently low to rule out diagnoses,
especially considering the high prevalence of this disease.[33]
Age
Total

Patients TP FP TN FN Complications

55(? - ?) 25 13 0 8 4 0
63 (36–91) 23 10 0 10 3 Pneumothorax (2/23)

58.0 (17.0–83.0) 20 15 0 3 2 Local wound infection (1/20);
Empyema (1/20)

58.0±12.2 15 9 0 6 0 local wound infection (4/10);
Pneumothorax (3/10)

NA 32 21 0 5 6 0
NA 10 8 0 2 0 Pneumothorax (1/10)

57.8±9.84 40 31 0 2 7 NA



Figure 2. Quality assessment of the methodological quality of each individual
study, using the QUADAS-2. QUADAS-2=quality assessment of diagnostic
accuracy studies 2.

Figure 3. Pooled SEN (a) and SPE (b) of UGNB for the diagnosis of UPEs. SEN=s
undiagnosed pleural effusions.

Lin et al. Medicine (2020) 99:27 www.md-journal.com
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Accordingly, physicians should be cautious when interpreting
negative UGNB test results.
DOR is a single indicator of test performance combining the

strengths of sensitivity and specificity. DOR values range from 0
to infinity and a high DOR value demonstrates a superior test’s
discriminatory performance.[34] In the present study, a pooled
DOR of 51.47 (95% CI, 14.70 - 180.16) was observed, which
illustrates that UGNB has a high diagnostic accuracy. A SROC
curve was also generated to summarize the global test efficacy
from the different diagnostic studies and the AUC value assessed
the discriminating capability of the test.[35,36] An AUC value
approaching 1 indicates a test with high discrimination. We
found that the AUC value was 0.94 in our study, showing that
UGNB has a high level of diagnostic performance. The UGNB
procedures were generally well tolerated among the included 165
patients. Six pneumothorax cases (3.6%), 5 local wound
infections (3.0%), and 1 empyema case (less than 1%) were
observed, and there was no mortality, indicating that the
procedure is both safe and feasible.
In recent years, US guidance has been increasingly applied for

pleural biopsy. UGNB is able to ensure that biopsy samples are
obtained from abnormal pleural tissue.[37] US guidance can
ensitivity, SPE=specificity, UGNB=ultrasound-guided needle biopsy, UPEs=

http://www.md-journal.com


Figure 4. Pooled PLR (a) and NLR (b) of UGNB for the diagnosis of UPEs. NLR=negative likelihood ratio, PLR=positive likelihood ratio, UGNB=ultrasound-
guided needle biopsy, UPEs=undiagnosed pleural effusions.

Lin et al. Medicine (2020) 99:27 Medicine
significantly increase the diagnostic accuracy of ANB and
minimize the incidence of complications.[9,10] The present study
provided evidence that UGNB is a better technique to blind-
closed pleural biopsy for the diagnosis of UPEs.[1,10] Although
Figure 5. DOR of UGNB for the diagnosis of UPEs. DOR=diagnostic odds rate, UG

6

ANB has the benefits of low cost and ease of accessibility, the
sensitivity for malignant pleural effusions is less than 60%.[1,4,8]

In a large review including 2893 examinations, the diagnostic
rate of ANB was only 57% for malignant disease.[38] However,
NB=ultrasound-guided needle biopsy, UPEs=undiagnosed pleural effusions.



Figure 6. SROC curve of UGNB for the diagnosis of UPEs. AUC=area under
the curve, SROC=summary receiver operating characteristic, UGNB=
ultrasound-guided needle biopsy, UPEs=undiagnosed pleural effusions.
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ANB had a higher sensitivity, ranging from 80% to 87%, for the
diagnosis of tuberculosis.[39,40] This is because tuberculosis
widely affects the pleura, whereas tumours tend to invade the
pleura close to the midline and diaphragm and that area is
dangerous to access with the Abrams needle.[1] Moreover, there
were complications related to ANB including site pain (up to
15%), pneumothorax (up to 15%) and vasovagal reaction (about
5%). Therefore, ANB was only diagnostically effective in poor
resourced areas with high prevalence of tuberculosis.[1]

In the past decades, image-guided pleural biopsies were usually
performed under US or CT guidance and previous studies have
demonstrated that the 2 different procedures have similar
diagnostic yields.[12] The choice between a CT-guided needle
biopsy (CGNB) or UGNB depends on the operator’s personal
expertise and preference.[41] However, UGNB has several
advantages over CGNB, including real-time visualization, no
exposure to ionizing radiation, good mobility, easy availability
and low cost.[9,41] In a retrospective review of 273 biopsies
sampling a consecutive series of pleural and peripheral lung
Figure 7. Assessment of publication bias using the Deek’s funnel plot.
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lesions, the sample accuracy of UGNBwas comparable to CGNB
(97.1% vs 96.5%, P= .999). Furthermore, UGNB offers a less
mean procedural time (321seconds vs 556seconds, P< .001),
fewer post-procedural pneumothorax complications (5.8% vs
14.7%, P= .025) and lower cost ($125 for both pleural and
peripheral lung lesions vs $185 for pleural lesions and $220 for
peripheral lung lesions) when compared to CGNB.[13]

Thoracoscopy is considered the gold standard for the diagnosis
of UPEs.[1] Both LAT andVATS have a high diagnostic sensitivity
in excess of 90% and a remarkable specificity of 100%,
particularly for the diagnosis of tuberculous pleuritis.[1,6,7] This is
due to fact that thoracoscopic techniques allow for the direct and
clear visualization of pleural lesions and targeted sampling
areas.[7] Furthermore, the most important advantage of thoraco-
scopy over image-guided biopsy is that both diagnostic and
therapeutic procedures can be performed simultaneously,[1,42,43]

and drainage of the effusion may alleviate symptoms for most
patients.[7] Talc poudrage is also commonly used to prevent
further PE recurrence.[44] Although LAT is relatively invasive, it
has a low incidence of complications and mortality.[41] In a
review combining data of 47 studies with 4756 patients who
underwent LAT, major complications were reported to occur in
1.8% of cases, minor complications in 7.8% and mortality in
0.34%.[43] VATS is performed by thoracic surgeons and requires
general anaesthetic, therefore frail patients are not suitable for
this procedure.[1] The incidence of complications was higher in
patients who underwent VATS than LAT, with major compli-
cations having been reported in up to 15% of cases.[45] However,
in a UK centre, major complications were reported in just 1.2%
of cases and minor complications in 15.1% in a more recent
retrospective study.[46] Thoracoscopy is still described as the gold
standard for UPEs, however, in certain contexts, UGNB has clear
advantages over thoracoscopy. While LAT and VATS require
sufficient amount of PE to separate the visceral and parietal
pleura safely, UGNB can be conducted safely in patients with
small amounts or no PEs.[6] For LAT, patients must be able to
tolerate lying flat or on their side during the procedure for at least
30 minutes. Therefore, uncontrollable cough, poor cardiac and
pulmonary functions or other causes may contraindicate the use
of LAT.[7] Compared with LAT, UGNB not only can be operated
in the sitting position, but also take less procedure time.[41] The
equipment for LAT and VATS are not universally applicable due
to high cost, particularly in resource-poor areas. Furthermore,
thoracoscopy requires physicians to have some degree of capacity
and experience to perform the procedure.[10] In contrast, UGNB
can be performed in most medical institutions, as it is a simpler,
more accessible, faster and less expensive procedure.[9]

The present study had some limitations to consider. First, it
may have a publication bias since it selected for articles published
in English only. However, this factor was not significant in our
meta-analysis. Second, the presence of some degree of methodo-
logical weakness in all eligible studies may have led to an
overestimated diagnostic accuracy. Different reference standards
including various clinical follow-up schedules were used in the
included studies and inadequate follow-up may increase the risk
of potential false negative results. Due to the invasiveness nature
of thoracoscopy, it is difficult to allow for all patients to receive
standard tests. Therefore, thoracoscopy was performed only in
those with negative UGNB test results, whereas all positive results
were recognized as a true positive result. More importantly,
7 studies originated from 3 countries and 165 patients were
included in our study and that may have restricted the reliability
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and generalization of the data. However, validated systematic
review methods were used to make our conclusions robust. Last,
the type and size of biopsy needles were not limited in the
inclusion criteria, though no significant heterogeneity existed
among the included studies. This is probably because US
guidance is more important than needle selection.
In summary, this study indicated that UGNB is a safe and

feasible technique for use in the diagnosis of UPEs, though
physicians should still be cautious in interpreting negative UGNB
results. Additionally, it is an easily accessible, less invasive, well-
tolerated, quick, and radiation-free method to obtain pleural
tissue. The diagnosis of UPEs is individualized according to
different factors. The choice among different techniques for
pleural biopsies cannot be based on simple comparisons of
diagnostic accuracy and complications but should take into
account several other factors including the patients’ preference,
the clinical status of the patient, pleural characteristics, amount of
effusion, disease prevalence, regional economy and the level of
expertise of the medical staff.
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