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Advancement in pleura effusion diagnosis: @

a systematic review and meta-analysis
of point-of-care ultrasound versus radiographic
thoracic imaging
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Abstract

Background Pleural effusion is a fluid buildup in the pleural space that mostly result from congestive heart failure,
bacterial pneumonia, malignancy, and pulmonary embolism. The diagnosis of this condition can be challenging as it
presents symptoms that may overlap with other conditions; therefore, imaging diagnostic tools such as chest x-ray/
radiograph (CXR), point-of-care ultrasound (POCUS), and computed tomography (CT) have been employed to make
an accurate diagnosis. Although POCUS has high diagnostic accuracy, it is yet to be considered a first-line diagnos-
tic tool as most physicians use radiography. Therefore, the current meta-analysis was designed to compare POCUS
to chest radiography.

Methods n extended search for studies related to our topic was done on five electronic databases, including Pub-
Med, Medline, Embase, Scopus, and Google Scholar. A quality assessment using the Quality Assessment of Diagnostic
Accuracy Studies tool (QUADAS-2) was performed on all eligible articles obtained from the databases. Moreover,

the diagnostic accuracy of POCUS and CXR was performed using STATA 16 software.

Results Our search yielded 1642 articles, of which only 18 were eligible for inclusion and analysis. The pooled analysis
showed that POCUS had a higher diagnostic accuracy compared to CXR (94.54% (95% Cl 91.74-97.34) vs. 67.68%
(95% (I 58.29-77.08) and 97.88% (95% Cl 95.77-99.99) vs. 85.30% (95% Cl 80.06-90.54) sensitivity and specificity,
respectively). A subgroup analysis based on the position of patients during examinations showed that POCUS carried
out in supine and upright positions had higher specificity than other POCUS positions (99%). In comparison, lateral
decubitus CXR had higher sensitivity (96%) and specificity (99%) than the other CXR positions. Further subgroup
analyses demonstrated that CXR had higher specificity in studies that included more than 100 patients (92.74% (95%
Cl185.41-100). Moreover, CXR tends to have a higher diagnostic accuracy when other CXR positions are used as refer-
ence tests (93.38% (95% Cl 86.30-100) and 98.51% (95% Cl 94.65-100) sensitivity and specificity, respectively).

Conclusion POCUS as an imaging modality has higher diagnostic accuracy than CXR in detecting pleural effusion.

Moreover, the accuracy is still high even when performed by physicians with less POCUS training. Therefore, we sug-
gest it is considered a first-line imaging tool for diagnosing pleural effusion at the patients'bedside.
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Introduction

Pleural effusion is a fluid buildup in the pleural space that
affects approximately 320 persons out of every 100,000 in
developed nations and at least 1.5 million people in the
United States annually [1, 2]. The majority of these cases
are caused by congestive heart failure, bacterial pneu-
monia, malignancy, or pulmonary embolism. Research
suggests that over two-thirds of malignant pleural effu-
sions occur in women, notably those with breast and
gynecologic malignancies [3, 4]. Similarly, pleural effu-
sions caused by systemic lupus erythematosus are more
frequent in women than in males [4]. However, in the
United States alone, pleural effusions resulting from
malignant mesothelioma are more likely to manifest in
males owing to increased occupational asbestos exposure
[4]. Furthermore, pleural effusion mostly occurs in adult
patients. However, it is becoming increasingly prevalent
in children as a result of underlying pneumonia [5]. Pleu-
ral effusion in fetuses has also been documented, and in
certain scenarios, it may be managed before birth [6].

The diagnosis of pleural effusion can be very chal-
lenging as it presents symptoms that may overlap with
conditions such as pneumonia, pulmonary embolism,
acute coronary syndrome, pneumothorax, chromonic
obstructive pulmonary disease, heart failure, and pulmo-
nary edema. Therefore, diagnostic tools are vital as they
aid healthcare professionals make accurate diagnosis.
Various imaging tests, including chest x-ray/radiograph
(CXR), ultrasound, and computerized tomography (CT),
have been adopted in detecting pleural effusion. Tradi-
tionally, CXR was considered a first-line imaging tool for
pleural effusions. However, evidence reveals that upright
CXR may miss a considerable percentage of pleural effu-
sions. Brixey and colleagues found that upright CXR
missed as much as 10% of parapneumonic effusions that
were substantial enough to suggest the need for drain-
age [7]. Moreover, other researchers have reported that
supine anterior—posterior CXR might miss a large num-
ber of pleural effusions compared to chest CT, ultra-
sound, and lateral decubitus radiographs [8—10].

On the other hand, point-of-care ultrasound (POCUS)
has gained popularity in diagnosing pleural effusions
because it aids healthcare professionals to gather and
analyze images at the bedside and make quick deci-
sions. Moreover, data pooled from previous studies have
shown that it has a very high sensitivity and specific-
ity [11]. However, it is yet to be considered a first-line
diagnostic tool for pleural effusion as most physicians

use radiography. Therefore, the current meta-analysis
was designed to compare POCUS to chest radiogra-
phy and make a clear recommendation for healthcare
professionals.

Methods

Protocol and registration

This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guiding
principles and protocol registered on PROSPERO article
(CRD42023420515).

Eligibility criteria

Two independent reviewers derived a set of conditions
to include and exclude articles in the present study. In
case of discrepancies during this process, the review-
ers engaged in constructive debates. The criteria used to
select studies for inclusion were as follows:

1. Randomized trials or observational studies written
and published in English. This criterion assisted us in
evading the literal translation of scientific terminolo-
gies, which would have hampered our scientific goal.

2. Studies that directly compared POCUS to chest x-ray
or individually assessed the role of these imaging
tests in the diagnosis of pleural effusions.

3. Studies reporting at least one of the following out-
comes: sensitivity, specificity, or true positives, true
negatives, false negatives, and false positives.

Conversely, studies were regarded ineligible for inclu-
sion due to the following reasons.

1. Studies that were designed as either systematic
reviews, meta-analyses, abstracts without full arti-
cles, case reports and series, letters to the editor,
guidelines, or recommendations.

2. Studies that evaluated the accuracy of either POCUS
or CXR in diagnosing underlying diseases associated
with pleural effusion or other conditions.

3. Studies that integrated POCUS or CXR with other
diagnostic tools when evaluating pleural effusion.

Literature search
Two reviewers independently explored five electronic
databases (PubMed, Medline, Embase, Scopus, and
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Google Scholar) for papers related to the topic at hand.
To ease the search on these databases, the review-
ers employed the Boolean operators “AND” and “OR”
to integrate keywords and produce well-defined mesh
phrases. These mesh phrases were as follows: (“Point of
care ultrasound” OR “POCUS” OR “bedside ultrasound”
OR “sonography”) AND (“Chest x-rays” OR “Chest Radi-
ography” OR “Radiology”) AND (“pleural effusion” OR
“parapneumonic effusion” OR “effusion” OR “Pleural
free fluid”). The reviewers also screened reference lists of
articles from these databases for additional studies and
excluded all close or exact duplicates and grey literature
to improve the scientific purpose of our study.

Quality appraisal

Our research was structured as a diagnostic review;
therefore, two experienced reviewers were asked to
independently evaluate methodological quality using
the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) tool provided in the Review Manager soft-
ware (RevMan 5.4.1). Using this framework, the review-
ers derived various signaling questions to judge the risk
of bias, applicability, and concerns. Any discrepancies
during this process were resolved by consulting a third
reviewer.

Data extraction

The two reviewers assigned for data extraction indepen-
dently gathered and assembled relevant data in a tabular
manner (Table 1). The data extracted included; Author
ID (surname of the first author and year the study was
published), study design, location of the study (Coun-
try), characteristics of the study population (sample size,
gender distribution, and mean/median age), reference
tests, ultrasound and x-ray machines used, operators,
and main outcomes. The main outcomes were specific-
ity, sensitivity, false negatives, and false positives. In case
of disagreements, the two reviewers resolved their issues
through constructive dialogues or by sorting the opinion
of a third reviewer. Moreover, web-based programs were
used to calculate either sensitivity or specificity in studies
where data were not presented.

Data synthesis

STATA 16 statistical software was used to calculate
the overall diagnostic accuracy of CXR and POCUS
in detecting pleural effusion. To analyze the diagnos-
tic accuracy, the sensitivity and specificity values with
their 95% confidence intervals were pooled using the
Der Simonian-Laird random effect model. Heterogene-
ity was also calculated using the I? statistics, of which
values between 0 and 49%, 50-70%, and 71-100% were
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regarded as low, moderate, and high, respectively.
Moreover, we carried out subgroup analyses based on
the position of the patients during the examinations,
sample size, the country in which the study was carried
out, reference test, POCUS level of training, POCUS
machine, and CXR operator,

Results

Study selection

After applying the mesh terms mentioned earlier on
the electronic databases, 1642 articles were attained.
A duplicate analysis of these articles revealed that
308 were either close or exact duplicates and were
excluded. Titles and abstracts of the remaining arti-
cles were then screened, and 948 articles that did not
meet the screening criteria were excluded. Out of the
386 remaining articles, 301 were not retrieved because
they were either recommendation studies abstract
without full articles, diagnostic algorithm studies, case
reports, or systematic reviews. Finally, we included 18
articles [7—-10, 12—-25] (Table 1) as the other 67 articles
were deemed ineligible due to the following reasons;
16 were published in other languages, 33 evaluated the
accuracy of either POCUS or chest x-rays in the diag-
nosis of underlying diseases associated with the pleural
effusion or other conditions and 18 articles integrated
POCUS or CXR with other diagnostic tools when
evaluating pleural effusion. The full selection criteria is
summarized in PRISMA flow diagram below (Fig. 1).

Quality assessment results

The risk of bias assessment is summarized in Fig. 2
below. The overall assessment using the QUADAS-2
tool has shown that all the studies included in our anal-
ysis have good methodological quality as they satisfied
at least 4 of the 7 assessment criteria. In regard with
patient selection, our evaluation revealed that most of
the studies had an unclear risk bias because they did
not specify the sampling method or used a convenience
sampling. However, one of the studies showed a high
risk of bias because it used a case control study design.
Similarly, one study showed a high risk of bias based on
the index test. This risk of bias was associated with the
fact the radiologist who interpreted the reference test
results (CT scan) also interpreted results of the index
test (CXR); therefore, blinding of this interpreter to the
index results was not possible. Moreover, our assess-
ment revealed that the reference tests of three articles
introduced a high a risk of bias to our analysis. The bias
in these studies was because they used reference tests
that were unlikely to classify pleural effusion correctly.
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Identification of studies via database and registers ]

Records identified from*:

=

.g ScienceDirect (n = 249)
S GoogleScholar (n = 783).
5‘; Pubmed (n = 552)

g Scopus (n = 21)

el Medline (n =37)

.| Records removed before screening:

\4

Records screened,
(n=1334)

Duplicate records removed (n = 308)

Records excluded bases on title

A4

Reports sought for reterival,
(n=386)

Screening

and abstract screening (n = 948)

A

Reports assessed for eligibility,
(n=85)

4 Reports not retrieved, (n = 301)

Studies included in the review,
n=18

Fig. 1 PRISMA flow diagram for study selection

Diagnostic performance of POCUS

12 studies with 653 patients suspected of pleural effusion
used POCUS as the imaging diagnostic tool. Data pooled
from these studies resulted in an overall sensitivity and
specificity of 94.54% (95% CI 91.74-97.34) and 97.88%
(95% CI 95.77-99.99), respectively (Figs. 3, 4). Moreover,
we carried out a subgroup analysis based on the patient’s
position during examinations and found that the test for
subgroup analysis on the sensitivity of POCUS was statis-
tically insignificant (p =0.26), suggesting that the position
of ultrasound examinations did not influence the sensi-
tivity of POCUS. However, the test for subgroup analysis
on the specificity of POCUS was statistically significant
(p<0.001), meaning that position during examinations

\4

Reports excluded, n = 67
Non-English (n = 16)

POCUS or CXR for diagnosis of other
conditions (n = 33).

Integrated POCUS or CXR with other
diagnostic tools (n = 18).

influenced the specificity of POCUS. In these analyses,
the specificity was lowest for POCUS exams in the lateral
decubitus position (70%) and highest for exams in both
supine and upright positions (99%).

Diagnostic performance of CXR

15 studies with 955 patients suspected to have pleural
effusion used CXR as the imaging diagnostic tool. Data
pooled from these studies resulted in 67.68% (95% CI
58.29-77.08) sensitivity and 85.30% (95% CI 80.06—
90.54) specificity in detecting pleural effusion (Figs. 5,
6). Our subgroup analysis also showed that the test for
differences was significant for both CXR sensitivity
(p<0.001) and specificity (p <0.001), meaning that the
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position of examinations highly influenced the diag-
nostic accuracy of CXR. From the analyses, we noted
that CXR carried out in lateral decubitus position had
higher sensitivity and specificity for detecting pleural
effusion than supine and upright CXR.

Subgroup analyses

Further subgroup analyses have shown that the sen-
sitivity of POCUS was higher for procedures carried
out in Africa, Europe, and the United States and lower
for procedures carried out in Asia. However, none
of the other factors, including sample size, machine
type, level of training, and reference test, influenced
the diagnostic accuracy of this imaging modality. On
the other hand, our results have shown that the sam-
ple size and reference test influenced the diagnostic
accuracy of CXR. The pooled data suggest that the
specificity of CXR is higher in studies including 100
patients or more. Additionally, our results suggest that
the diagnostic accuracy becomes higher when CXR
carried out in other positions is used as the reference
test (Table 2).
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Discussion

The current meta-analysis has shown that POCUS has
a higher sensitivity and specificity in the diagnosis of
pleural effusion than CXR (94.54 vs. 67.68% and 97.88
vs. 85.30%, respectively). When the results were limited
to the position of examinations, we noted that the speci-
ficity of POCUS can be improved by carrying out the
procedure in both upright and supine positions. On the
other hand, we noted that CXR performed in the lateral
decubitus position has higher diagnostic accuracy than
when performed in the supine or upright position.

Our findings are consistent with two previous reviews
comparing ultrasonography and CXR in detecting pleu-
ral effusion. Yousefifard and colleagues pooled data from
12 studies and found that ultrasonography was 94% sen-
sitive and 98% specific, while CXR was 51% sensitive and
91% specific in diagnosing pleural effusion [26]. Similarly,
Grimberg et al. [11] found the sensitivity of ultrasound to
be higher than that of CXR in detecting pleural effusion
(93 vs. 24%). However, the specificity of CXR was similar
to that of ultrasound (100 vs. 96%). The variation in this
study can be attributed to the fact the authors included
fewer studies in their analyses. Based on these findings, it
is safe to say that POCUS is a superior diagnostic tool for
detecting pleural effusion than CXR.

Although our findings support the superiority of
POCUS, it is evident that CXR carried out in lateral
decubitus position has a high sensitivity and specificity.
This high diagnostic accuracy can be explained by the
fact that lateral decubitus CXR and chest ultrasound are
considered more efficient diagnostic tools for detecting
small amounts of free pleural fluids [27, 28]. Reports have
also shown lateral decubitus CXR is highly sensitive in
detecting as little as 50 ml of fluid accumulating in the
lungs [29]. Furthermore, the studies used to analyze the
diagnostic accuracy of lateral decubitus CXR employed
other radiographic findings as their reference test, which
affected their results. This is evident from our subgroup
analysis which has shown that reference test has a signifi-
cant impact on the diagnostic accuracy of CXR. Research
has also shown that the false negatives and positives in
CXR are high, meaning that using it as a reference test
is not recommended as some of the diagnoses can be
missed and influence the management of pleural effusion.

Our findings also suggest that pocket-size ultrasound
devices have lower specificity compared to other ultra-
sound devices. Additionally, POCUS carried out on
Asian patients seems to have a lower sensitivity com-
pared to when it is carried out on patients from other
regions. Although there is no definitive reason for these
outcomes, we can attribute them to the different study
population. For example, Graven et al. [13] included car-
diac patients, Danish et al. [23] included patients with
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Fig. 3 Forest plot showing the sensitivity of POCUS in detecting pleural effusion according to the patients’ position during examination

acute lung injury score of>1 and Mumtaz et al. [24]
evaluated road traffic patients. Nevertheless, the sample
sizes of the studies used in these subgroup analyses was
small (<100). Therefore, further investigation is required
to establish the diagnostic accuracy of pocket-size ultra-
sound devices and determine whether the geographic
region of POCUS application might affect its diagnostic
accuracy for pleural effusion diagnosis.

Apart from diagnosing pleural effusion, research has
also shown that ultrasound examinations can identify

the nature of pleural effusion. According to pathogen-
esis, pleural effusions are categorized as either exuda-
tive or transudative. Exudative pleural effusion (EPE)
results from inflammatory processes of the pleura and/
or decreased lymphatic drainage and is mainly caused
by diseases such as pleural tuberculosis and cancer [30,
31], while transudative (TPE) results from the oncotic
and hydrostatic pressure imbalances and is mainly
caused by systematic factors such as congestive heart
failure and cirrhosis. Yang and colleagues investigated
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Fig. 4 Forest plot showing the specificity of POCUS in detecting pleural effusion according to the patients’ position during examination

the role of high-frequency (3.5, 5.0, and 7.5 MHz) real-
time ultrasound in identifying the nature of pleural
effusions in 320 patients and found that all 96 patients
with TPE exhibited anechoic appearance on the ultra-
sound exams [32]. On the other hand, of the 224 EPE
categorized into non-malignant and malignant, 78
were anechoic, 50 were complex non-septate, 76 were
complex septate, and 22 were homogenous. Similarly,
Qureshi et al. [33] evaluated the diagnostic accuracy
of chest ultrasound in identifying malignant diseases

among patients with pleural effusions and noted that it
could distinguish between malignant and benign effu-
sions (79% sensitive and 100% specific). In this study,
malignancy was associated with a mural or visceral
pleura thickness, the presence of visceral pleural nod-
ules, and abnormalities of the diaphragm. It was also
reported that ultrasound was capable of revealing the
existence of liver metastases. Although these findings
show that ultrasound findings can identify EPE and
TPE, further studies are required to investigate whether
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Fig. 5 Forest plot showing the sensitivity of CXR in detecting pleural effusion according to the patients’ position during examination

this differentiation is mainly due to sonographic find-
ings alone or combined with other clinical data.
Additionally, POCUS is essential in assessing the vol-
ume of pleural effusion, which is important in deciding
whether to drain the effusion. Research has revealed
that various ultrasound methods have been proposed
to estimate pleural fluid accumulation. Roch and col-
leagues carried out a study to investigate the accuracy
of lung ultrasound in predicting pleural effusions of
greater than 500 ml in 44 patients on mechanical ven-
tilation [34]. They found a correlation between the
interpleural distance measured by ultrasound at the
base of the lung or fifth rib space and volume drainage.
Additionally, Usta and colleagues measured the maxi-
mum distance between the diaphragm mid-height and
seated visceral pleura (D) and found a strong correlation
between D and the expired volume (V). Therefore, they

derived the equation for estimating the volume of pleu-
ral volume as V (ml)=16*D(mm) [35]. Balik et al. [36]
also found that there was a strong correlation between
pleural volume and the maximum maximal interpleural
distance (Sep); therefore, they proposed that the pleu-
ral volume can be estimated using the following equa-
tion; V(ml)=20*Sep(mm). Despite these proposed
estimations, a reliable estimation is still challenging due
to various reasons. First, Ultrasound findings are usu-
ally affected by the chest cavity size. In taller patients
with large chest cavities, the volume of the fluid is nor-
mally distributed over a larger area compared to those
with smaller chest cavities. Therefore, the amount of
fluid in the pleural cavity can be underestimated or
overestimated. Secondly, the position of patients dur-
ing ultrasound exams can influence the distribution of
pleural fluid and consequently affect the measurement of
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Fig. 6 Forest plot showing the specificity of POCUS in detecting pleural effusion according to the patients’ position during examination

the fluid. Third, very large volumes of pleural fluids can
influence the measurements due to lung collapse, which
causes fluid displacement. Furthermore, visualization of
an entire portion of a very large pleural effusion is impos-
sible. Fourth, the shape of fluid accumulation can be
affected by the existence of pulmonary solidities. Lastly,
research suggests that transverse ultrasound scans tend
to overestimate the volume of pleural fluid; thus, a stern
standardized ultrasound protocol is required to avoid
errors [37].

Unlike CXR, POCUS can also be used to guide the
management of pleural effusion. Research has shown
that ultrasound-guided thoracentesis is considered the
standard care for many patients with pleural effusion in
the United States [38]. Moreover, the British Thoracic

Society has recommended that all thoracentesis be car-
ried out under ultrasound guidance [39]. Similarly,
the American College of Graduate Medical Education
requires that pulmonary and critical care professionals
are proficient in using ultrasound for thoracentesis [40].
These recommendations have risen from the fact that
ultrasound-guided drainage of pleural effusion is increas-
ingly becoming more successful and has low complica-
tion rates. For example, a study evaluating site selection
using physical exams, CXR, and ultrasound showed that
CXR and physical exams resulted in inaccurate site selec-
tion in about 15% of patients, while ultrasound prevented
accidental organ puncture during thoracentesis in 10%
of the cases [41]. Furthermore, it has been reported that
the success rate of thoracentesis improves from 66 to 90%
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Table 2 Subgroup Analyses of POCUS and CXR diagnostic performance in detecting pleural effusion
Covariate No. of studies Sensitivity Significance Specificity Significance
POCUS
Sample size
>100 1 93 (86.75-99.25) 0.64 96 (89.95-100) 0.54
<100 11 94.64 (91.66-97.61) 98.03 (95.76-100)
Country
United States 3 92.20 (84.18-100) 0.02 99.74 (97.68-100) 0.52
Africa 3 97.60 (92.59-100) 98.09 (93.92-100)
Asia 2 87.84 (82.94-92.74) 99.99 (95.86-100)
Europe 5 96.46 (93.02-99.89) 95.86 (90.68-100)
Level of POCUS training
Experienced 10 94.44 (91.20-97.69 0.92 98.25 (96.54-99.97) 0.41
Inexperienced 93.92 (84.54-100) 85.97 (56.64-100)
Reference test
CT scan 94.60 (90.73-98.47) 092 97.82 (95.56-100) 048
Other 94.29 (89.74-98.84) 94.99 (87.45-100)
Machine type
Pocket-size 96.38 (90.60-100) 0.51 86.07 (56.75-100) 042
Other 10 94.12 (90.80-97.45) 98.25 (96.53-99.97)
Chest X-ray
Sample size
>100 3 74.23 (61.22-87.25) 0.37 92.74 (85.41-100) 0.04
<100 12 65.82 (52.91-78.72) 80.98 (72.79-89.16)
Country
United States 3 7040 (60.65-80.14) 0.87 83.04 (73.86-92.22) 0.97
Africa 2 7245 (64.36-80.55) 84.30 (66 98-100)
Asia 2 62.89 (33.65-92.13) 165 00)
Europe 8 66 (47.70-84.30) 8548 (77 59-93.36)
Operator
Radiologist 12 65.73 (52.85-78.61) 034 83.15 (76.33-89.98) 027
Other 3 73.94 (63.26-84.63) 88.93 (81.24-96.62)
Reference test
CT scan 9 63.06 (53.93-72.19) <0.001 87.79 (82.43-93.15) <0.001
CXR 93.38 (86.30-100) 98.51 (94.65-100)
Other 4 65.28 (44.48-86.08) 67.76 (49.58-85.93)

when guided by ultrasound [39]. This ultrasound-guided
thoracentesis is normally performed using two methods:
“site marking” or “direct needle guidance” [42]. In the
“site marking” method, the physicians use ultrasound to
identify the optimal site and mark it on the skin, after
which the thoracentesis is performed without ultrasound.
However, when the position of patients is changed, the
distribution of fluid changes; therefore, puncture should
be performed immediately after site marking. On the
other hand, the direct needle guidance method involves
observing the correct needle position during puncture
in real time and constantly monitoring it. Mayo and
colleagues evaluated the safety of ultrasound-guided

thoracentesis without real-time visualization and found
a very low pneumothorax incidence (1.3%) [43]. Out of
the 3 cases of pneumothorax, one resulted from stopcock
malposition, while the others resulted either from lung
puncture, entrapment, or entrainment of air through the
catheter needle assembly. Based on evidence from this
study, real-time visualization seems irrelevant during
puncture. However, evidence in other studies suggests
ultrasound is carried out before and after puncture to
assess normal gliding of the lung and to rule out pneu-
mothorax [44]. Furthermore, POCUS can be used to ease
and provide safer pleural drainage by guiding the pigtail-
type of drainage [45]. Additionally, ultrasound guidance
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has been found important in managing other conditions.
For instance, our previous meta-analysis reported that
ultrasound-guided regional anesthesia was superior to
parenteral opioids in patients undergoing hip fracture
management [46].

Limitations

The current meta-analysis was also subject to vari-
ous limitations. First, the study only included studies
published in English, meaning that data from studies
published in other languages were excluded from our
analysis, thus limiting our meta-analysis outcome. Sec-
ond, our meta-analyses have shown high heterogeneity
values. However, this heterogeneity was addressed by
carrying out further subgroup analyses, and the fact that
most of the studies were of good methodological quality
meant that the heterogeneity did not influence the find-
ings of our meta-analyses. Thirdly, most of the studies in
this review included small populations (<100), meaning
they had a small sample size bias which may have been
transferred to our analyses. Finally, it is difficult to derive
the incidences of false negatives and positives between
CXR and POCUS from our study because very few stud-
ies reported these values to carry out an analysis. Moreo-
ver, we did not carry out a subgroup analysis based on the
sizes of pleural effusions; therefore, the results presented
in this study are general and not for only small or large
pleural effusions.

Conclusion

In summary, our study has found that POCUS has a
higher diagnostic value in detecting pleural effusion
than CXR. Therefore, considering that POCUS is non-
invasive, quick, and can repeatedly be performed at the
patients’ bedside, we encourage that it is considered the
first-line diagnostic tool for patients presenting signs of
pleural effusion. This recommendation is further rein-
forced by the fact that our results have shown the diag-
nostic accuracy for POCUS is still very high even with
physicians having less training. Moreover, the specificity
of this diagnostic tool can be improved by carrying out
the examinations in both upright and supine positions.

Acknowledgements
Open Access funding provided by the Qatar National Library.

Author contributions

The authors confirm contribution to the paper as follows: study conception

and design: HAZ, BA, EES, AS, ME, NDA, KB, AMA literature search: HAZ, EES;

Data collection: ME, NDA; analysis and interpretation of results: HAZ, BA, EES,
AS, ME, NDA, KB; draft manuscript preparation: HAZ, BA; Supervision: AMA.

Funding
Open Access funding provided by the Qatar National Library.

Availability of data and materials
All data and materials available online or included in the manuscript.

Page 150f 16

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
No conflict of interest by the authors to declare.

Author details

1Departmen‘[ of Emergency Medicine, Hamad Medical Corporation, Doha,
Qatar. 2Department of Cardiology, Al Jufairi Diagnosis and Treatment, MOH,
Doha, Qatar. 3Department of Internal Medicine, Mansoura General Hospital,
Mansoura, Egypt. “Hamad Medical Corporation, Collége of Medicine QU
and Weil Cornell Medical College, Doha, Qatar.

Received: 7 October 2023 Accepted: 20 December 2023
Published online: 23 January 2024

References

1. Sahn SA (2008) The value of pleural fluid analysis. Am J Med Sci 335:7-15.
https://doi.org/10.1097/MAJ.0b013e31815d25e6

2. Sahn SA (2006) Pleural effusions of extravascular origin. Clin Chest Med
27:285-308. https://doi.org/10.1016/j.ccm.2005.12.004

3. Barbetakis N, Vassiliadis M, Kaplanis K, Valeri R, Tsilikas C (2004) Mitox-
antrone pleurodesis to palliate malignant pleural effusion second-
ary to ovarian cancer. BMC Palliat Care 3:4. https://doi.org/10.1186/
1472-684X-3-4

4. Boka K (2022) Pleural Effusion: Background, Anatomy, Etiology. Published
Online First. https://emedicine.medscape.com/article/299959-overview#
a9

5. Beers SL, Abramo TJ (2007) Pleural effusions. Pediatr Emerg Care
23:330-334. https://doi.org/10.1097/01.pec.0000270171.93485.26

6. YinonY, Kelly E, Ryan G (2008) Fetal pleural effusions. Best Pract Res Clin
Obstet Gynaecol 22:77-96. https://doi.org/10.1016/j.bpobgyn.2007.09.
004

7. Brixey AG, Luo'Y, Skouras V, Awdankiewicz A, Light RW (2011) The efficacy
of chest radiographs in detecting parapneumonic effusions. Respirology
16:1000-1004. https://doi.org/10.1111/}.1440-1843.2011.02006.x

8. Ruskin J, Gurney J, Thorsen M, Goodman L (1987) Detection of pleural
effusions on supine chest radiographs. Am J Roentgenol 148:681-683.
https://doi.org/10.2214/ajr.148.4.681

9. Kitazono MT, Lau CT, Parada AN, Renjen P, Miller WT (2010) Differentiation
of pleural effusions from parenchymal opacities: accuracy of bedside
chest radiography. Am J Roentgenol 194:407-412. https://doi.org/10.
2214/AJR.09.2950

10. Emamian SA, Kaasbgl M-A, Olsen JF, Pedersen JF (1997) Accuracy of the
diagnosis of pleural effusion on supine chest X-ray. Eur Radiol 7:57-60.
https://doi.org/10.1007/s003300050109

11. Grimberg A, Shigueoka DC, Atallah AN, Ajzen S, lared W (2010) Diagnostic
accuracy of sonography for pleural effusion: systematic review. Sao Paulo
Med J 128:90-95. https://doi.org/10.1590/51516-31802010000200009

12. Elmahalawy Il, Doha NM, Ebeid OM, Abdel-Hady MA, Saied O (2017) Role
of thoracic ultrasound in diagnosis of pulmonary and pleural diseases in
critically ill patients. Egypt J Chest Dis Tubercul 66:261-266. https://doi.
0rg/10.1016/j.ejcdt.2016.10.005

13. Graven T, Wahba A, Hammer AM et al (2015) Focused ultrasound of the
pleural cavities and the pericardium by nurses after cardiac surgery.
Scand Cardiovasc J 49:56-63. https://doi.org/10.3109/14017431.2015.
1009383

14. Rocco M, Carbone |, Morelli A et al (2008) Diagnostic accuracy of bedside
ultrasonography in the ICU: feasibility of detecting pulmonary effusion
and lung contusion in patients on respiratory support after severe blunt
thoracic trauma. Acta Anaesthesiol Scand 52:776-784. https://doi.org/10.
1111/j.1399-6576.2008.01647 x


https://doi.org/10.1097/MAJ.0b013e31815d25e6
https://doi.org/10.1016/j.ccm.2005.12.004
https://doi.org/10.1186/1472-684X-3-4
https://doi.org/10.1186/1472-684X-3-4
https://emedicine.medscape.com/article/299959-overview#a9
https://emedicine.medscape.com/article/299959-overview#a9
https://doi.org/10.1097/01.pec.0000270171.93485.26
https://doi.org/10.1016/j.bpobgyn.2007.09.004
https://doi.org/10.1016/j.bpobgyn.2007.09.004
https://doi.org/10.1111/j.1440-1843.2011.02006.x
https://doi.org/10.2214/ajr.148.4.681
https://doi.org/10.2214/AJR.09.2950
https://doi.org/10.2214/AJR.09.2950
https://doi.org/10.1007/s003300050109
https://doi.org/10.1590/S1516-31802010000200009
https://doi.org/10.1016/j.ejcdt.2016.10.005
https://doi.org/10.1016/j.ejcdt.2016.10.005
https://doi.org/10.3109/14017431.2015.1009383
https://doi.org/10.3109/14017431.2015.1009383
https://doi.org/10.1111/j.1399-6576.2008.01647.x
https://doi.org/10.1111/j.1399-6576.2008.01647.x

Zaki et al. The Ultrasound Journal (2024) 16:3

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Mohamed EM (2018) In diagnosis of pleural effusion and pneumothorax
in the intensive care unit patients: can chest us replace bedside plain
radiography? Egypt Radiol Nucl Med 49:346-351. https://doi.org/10.
1016/j.ejrnm.2018.02.006

Rozycki GS, Pennington SD, Feliciano DV (2001) Surgeon-performed ultra-
sound in the critical care setting: its use as an extension of the physical
examination to detect pleural effusion. J Trauma 50:636-642. https://doi.
org/10.1097/00005373-200104000-00007

Xirouchaki N, Magkanas E, Vaporidi K et al (2011) Lung ultrasound in criti-
cally ill patients: comparison with bedside chest radiography. Intensive
Care Med 37:1488-1493. https://doi.org/10.1007/500134-011-2317-y
Walsh MH, Zhang KX, Cox EJ et al (2021) Comparing accuracy of

bedside ultrasound examination with physical examination for detec-
tion of pleural effusion. Ultrasound J 13:40. https://doi.org/10.1186/
$13089-021-00241-7

Schleder S, Dornia C, Poschenrieder F et al (2012) Bedside diagnosis of
pleural effusion with a latest generation hand-carried ultrasound device
in intensive care patients. Acta Radiol 53:556-560. https://doi.org/10.
1258/ar.2012.110676

Ahmed AS, Moursy AF, Shoman AHM, Said AM (2022) Diagnostic role of
lung ultrasound for pneumonia and parapneumonic pleural effusion in
Respiratory Intensive Care Unit, Zagazig University Hospitals. Zagazig
Univ Med J. 28:1377-1385. https://doi.org/10.21608/zumj.2022.164100.
2647

Kocijancic I, Vidmar K, Ivanovi-Herceg Z (2003) Chest sonography versus
lateral decubitus radiography in the diagnosis of small pleural effusions. J
Clin Ultrasound 31:69-74. https://doi.org/10.1002/jcu.10141

Moller A (1984) Pleural effusion. Use of the semi-supine position for
radiographic detection. Radiology 150:245-249. https://doi.org/10.1148/
radiology.150.1.6359265

Danish M, Agarwal A, Goyal P et al (2019) Diagnostic performance of
6-point lung ultrasound in ICU patients: a comparison with chest X-ray
and CT thorax. Turk J Anaesthesiol Reanim 47:307-319. https://doi.org/
10.5152/TJAR.2019.73603

Mumtaz U, Zahur Z, Raza MA, Mumtaz M (2017) Ultrasound and supine
chest radiograph in road traffic accident patients: a reliable and conveni-
ent way to diagnose pleural effusion. J Ayub Med Coll Abbottabad
29:587-590

Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier P, Rouby J-J
(2004) Comparative diagnostic performances of auscultation, chest
radiography, and lung ultrasonography in acute respiratory distress
syndrome. Anesthesiology 100:9-15. https://doi.org/10.1097/00000542-
200401000-00006

Yousefifard M, Baikpour M, Ghelichkhani P et al (2016) Screening perfor-
mance characteristic of ultrasonography and radiography in detection of
pleural effusion; a meta-analysis. Emerg 4:1-10

Mathis G (1997) Thoraxsonography-part i: chest wall and pleura. Ultra-
sound Med Biol 23:1131-1139. https://doi.org/10.1016/50301-5629(97)
00112-9

Gryminski J, Krakdwka P, Lypacewicz G (1976) The diagnosis of pleural
effusion by ultrasonic and radiologic techniques. Chest 70:33-37. https://
doi.org/10.1378/chest.70.1.33

Narayanan N (2022) What Is Lateral Decubitus Chest X-Ray?. https://www.
iclinig.com/articles/respiratory-health/lateral-decubitus-chest-x-ray.
Accessed 13 April 2023

Bielsa S, Acosta C, Pardina M, Civit C, Porcel JM (2019) Tuberculous pleural
effusion: clinical characteristics of 320 patients. Arch Bronconeumol
55:17-22. https://doi.org/10.1016/j.arbres.2018.04.014

Ferreiro L, Porcel JM, Bielsa S, Toubes ME, Alvarez-Dobafio JM, Valdés

L (2018) Management of pleural infections. Expert Rev Respir Med
12:521-535. https://doi.org/10.1080/17476348.2018.1475234

Yang PC, Luh KT, Chang DB, Wu HD, Yu CJ, Kuo SH (1992) Value of sonog-
raphy in determining the nature of pleural effusion: analysis of 320 cases.
AJR Am J Roentgenol 159:29-33. https://doi.org/10.2214/ajr.159.1.16097
16

Qureshi NR, Rahman NM, Gleeson FV (2009) Thoracic ultrasound in the
diagnosis of malignant pleural effusion. Thorax 64:139-143. https://doi.
0rg/10.1136/thx.2008.100545

Roch A, Bojan M, Michelet P, Romain F, Bregeon F, Papazian L, Auffray J-P
(2005) Usefulness of ultrasonography in predicting pleural effusions >

Page 16 of 16

500 mL in patients receiving mechanical ventilation. Chest 127:224-232.
https://doi.org/10.1378/chest.127.1.224

35. Usta E, Mustafi M, Ziemer G (2010) Ultrasound estimation of volume of
postoperative pleural effusion in cardiac surgery patients. Interact Cardio-
vasc Thorac Surg 10:204-207. https://doi.org/10.1510/icvts.2009.222273

36. Balik M, Plasil P, Waldauf P, Pazout J, Fric M, Otahal M, Pachl J (2006)
Ultrasound estimation of volume of pleural fluid in mechanically venti-
lated patients. Intensive Care Med 32:318-321. https://doi.org/10.1007/
s00134-005-0024-2

37. Vignon P, Chastagner C, Berkane V et al (2005) Quantitative assessment of
pleural effusion in critically ill patients by means of ultrasonography. Crit
Care Med 33:1757-1763. https://doi.org/10.1097/01.ccm.0000171532.
02639.08

38. Joyner CR, Herman RJ, Reid JM (1967) Reflected ultrasound in the detec-
tion and localization of pleural effusion. JAMA 200:399-402. https://doi.
org/10.1001/jama.1967.03120180087013

39. HavelockT, Teoh R, Laws D, Gleeson F (2010) BTS pleural disease guide-
line group: pleural procedures and thoracic ultrasound: british thoracic
society pleural disease guideline 2010. Thorax 65(Suppl 2):ii61-76. https.//
doi.org/10.1136/thx.2010.137026

40. Soni NJ, Franco R, Velez M, Schnobrich D, Dancel R, Restrepo MI, Mayo PH
(2015) Ultrasound in the diagnosis and management of pleural effusions.
J Hosp Med 10:811-816. https://doi.org/10.1002/jhm.2434

41. Diacon AH, Brutsche MH, Solér M (2003) Accuracy of pleural puncture
sites: a prospective comparison of clinical examination with ultrasound.
Chest 123:436-441. https://doi.org/10.1378/chest.123.2.436

42. Wrightson JM, Fysh E, Maskell NA, Lee YCG (2010) Risk reduction in pleu-
ral procedures: sonography, simulation and supervision. Curr Opin Pulm
Med 16:340-350. https://doi.org/10.1097/MCPOb013e32833a233b

43. Mayo PH, Goltz HR, Tafreshi M, Doelken P (2004) Safety of ultrasound-
guided thoracentesis in patients receiving mechanical ventilation. Chest
125:1059-1062. https://doi.org/10.1378/chest.125.3.1059

44. Francoadud R, Schnobrich D, Mathews BK et al (2019) Recommendations
on the use of ultrasound guidance for central and peripheral vascular
access in adults: a position statement of the society of hospital medicine.
JHosp Med 14:1-22. https://doi.org/10.12788/jhm.3287

45. Vetrugno L, Guadagnin GM, Orso D, Boero E, Bignami E, Bove T (2018)
An easier and safe affair, pleural drainage with ultrasound in critical
patient: a technical note. Crit Ultrasound J 10:18. https://doi.org/10.1186/
513089-018-0098-z

46. Zaki AH, Iftikhar H, Shallik N, EiImoheen A, Bashir K, Shaban E, Azad A
(2022) An integrative comparative study between ultrasound-guided
regional anesthesia versus parenteral opioids alone for analgesia in emer-
gency department patients with hip fractures: a systematic review and
meta-analysis. Heliyon. 8:12413. https://doi.org/10.1016/j.heliyon.2022.
e12413

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/j.ejrnm.2018.02.006
https://doi.org/10.1016/j.ejrnm.2018.02.006
https://doi.org/10.1097/00005373-200104000-00007
https://doi.org/10.1097/00005373-200104000-00007
https://doi.org/10.1007/s00134-011-2317-y
https://doi.org/10.1186/s13089-021-00241-7
https://doi.org/10.1186/s13089-021-00241-7
https://doi.org/10.1258/ar.2012.110676
https://doi.org/10.1258/ar.2012.110676
https://doi.org/10.21608/zumj.2022.164100.2647
https://doi.org/10.21608/zumj.2022.164100.2647
https://doi.org/10.1002/jcu.10141
https://doi.org/10.1148/radiology.150.1.6359265
https://doi.org/10.1148/radiology.150.1.6359265
https://doi.org/10.5152/TJAR.2019.73603
https://doi.org/10.5152/TJAR.2019.73603
https://doi.org/10.1097/00000542-200401000-00006
https://doi.org/10.1097/00000542-200401000-00006
https://doi.org/10.1016/s0301-5629(97)00112-9
https://doi.org/10.1016/s0301-5629(97)00112-9
https://doi.org/10.1378/chest.70.1.33
https://doi.org/10.1378/chest.70.1.33
https://www.icliniq.com/articles/respiratory-health/lateral-decubitus-chest-x-ray
https://www.icliniq.com/articles/respiratory-health/lateral-decubitus-chest-x-ray
https://doi.org/10.1016/j.arbres.2018.04.014
https://doi.org/10.1080/17476348.2018.1475234
https://doi.org/10.2214/ajr.159.1.1609716
https://doi.org/10.2214/ajr.159.1.1609716
https://doi.org/10.1136/thx.2008.100545
https://doi.org/10.1136/thx.2008.100545
https://doi.org/10.1378/chest.127.1.224
https://doi.org/10.1510/icvts.2009.222273
https://doi.org/10.1007/s00134-005-0024-2
https://doi.org/10.1007/s00134-005-0024-2
https://doi.org/10.1097/01.ccm.0000171532.02639.08
https://doi.org/10.1097/01.ccm.0000171532.02639.08
https://doi.org/10.1001/jama.1967.03120180087013
https://doi.org/10.1001/jama.1967.03120180087013
https://doi.org/10.1136/thx.2010.137026
https://doi.org/10.1136/thx.2010.137026
https://doi.org/10.1002/jhm.2434
https://doi.org/10.1378/chest.123.2.436
https://doi.org/10.1097/MCP.0b013e32833a233b
https://doi.org/10.1378/chest.125.3.1059
https://doi.org/10.12788/jhm.3287
https://doi.org/10.1186/s13089-018-0098-z
https://doi.org/10.1186/s13089-018-0098-z
https://doi.org/10.1016/j.heliyon.2022.e12413
https://doi.org/10.1016/j.heliyon.2022.e12413

	Advancement in pleura effusion diagnosis: a systematic review and meta-analysis of point-of-care ultrasound versus radiographic thoracic imaging
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Protocol and registration
	Eligibility criteria
	Literature search
	Quality appraisal
	Data extraction
	Data synthesis

	Results
	Study selection
	Quality assessment results
	Diagnostic performance of POCUS
	Diagnostic performance of CXR
	Subgroup analyses

	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References


