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Objective: Thisstudy compares, by meta-analysis, the use of anterior-posterior chest radiography
(CR) with transthoracic ultrasonography for the diagnosis of pneumothorax.

Methods: English-language articles on the performance of CR and ultrasonography in the diag-
nosis of apneumothorax were selected. I n eligible studies, data were recalculated, and the forest
plots and summary receiver operating characteristic (SROC) curves were analyzed.

Results: Pooled sensitivity and specificity were 0.88 and 0.99, respectively, for ultrasonography,
and 0.52 and 1.00, respectively, for CR. For ultrasonography performed by clinicians other than
radiologists, pooled sensitivity and specificity were 0.89 and 0.99, respectively. The sROC areas
under the curve were compared, and no significant differences between ultrasonography and CR
were found. Meta-regression analysis implied that the operator is strongly associated with accu-
racy (relative diagnostic OR, 0.21; 95% CI, 0.05-0.96; P5 .0455).

Conclusions: The meta-analysis indicated that bedside ultrasonography performed by clinicians
had higher sensitivity and similar specificity compared with CR in the diagnosis of pneumothorax,
but the accuracy of ultrasonography in the diagnosis of pneumothorax depended on the skill of
the operators. CHEST 2011; 140(4):859-866

Abbreviations: AUC5 area under curve; CR5 chest radiography; DOR5 diagnostic OR; PNX5 pneumothorax;
QUADASS5 the quality of diagnostic accuracy studies; SROC5 summary receiver operating characteristic

Pneumothorax (PNX) frequently occursin the ED
and | CU, especially in patients with trauma and
those who are ventilated. Tenson PNX is a very seri-
ous condition that can potentidly lead to cardiac arrest
and requires early diagnosis and urgent treatment. A
smal or medium PN X generdly isnot life-threatening,
but delays in diagnosis and treatment may result in
progression of respiratory and circulatory compro-
mise in unstable patients. The diagnosis of PN X gen-
erallv is confirmed bv chest radioaraphv (CR). but

unreliable examination.™ Kirkpatrick and colleagues®
evaluated the use of anterior-posterior supine CR
with CT scanning for the diagnosis of PNX. In their
study of 225 trauma patients, the sensitivity of CR

For editorial comment see page 837

was only 20.9%. CT scanning is considered the gold
standard for detection of PN X. Sometimes. however .



CT scanning. The high doses of radiation in CT scan-
ning also cannot be neglected.

Ultrasonography was first used in the diagnosis of
PNXin humansin 1987.6 In recent years, some char-
acteristic signs have been identified for the diagnosis
of PNX with ultrasonography, such as lung diding,”
comet tail artifacts? the A line signg and lung point.°
Because lung ultrasonography can be performed easily
and quickly at the bedside by intensivists, pneumolo-
gists, and emergency physicians, it can be used in the
diagnosis of PNX in ventilated patients,”® in trauma
patients, 13 and after lung biopsy.#15 The accuracy of
ultrasonography in the detection of PN X varies across
studies and is associated with the operator’s experi-
ence. In the study by Sartori et al,' the sensitivity
and specificity were 100% for transthoracic ultra-
sonography to detect PNX in 285 patients after lung
biopsy. However, in another study, the sensitivity of
ultrasonography was 58.9% and specificity, 99.1%.
Slater and colleagues'” concluded that sometimes
ultrasonography only could exclude but not confi-
dently be used to diagnose PN X without the use of
other imaging modalities.

Static and dynamic ultrasonography features of
PN X have been identified in anumber of studies, but
the contemporary diagnostic performance of ultra-
sonography in the detection of PNX has not been well
characterized. Should we use the thoracic sonographic
examination in addition to the standard focused
abdominal sonography for trauma examination in
the ED, which is designated the extended focused
abdominal sonography for trauma? We undertook a
meta-anaysis of the published literature to compare
the accuracy of ultrasonography and CR in the diag-
nosis of PNX.

Mat erial sand Met hods

Study Design and Data Sources

A literature review and meta-analysis were conducted. Origina
articles published in English up to the end of October 2010 were
searched in Medline, EMBASE, and the Cochrane Library. We
used combinations of the following key words to identify all origi-
nal articles in which ultrasonography, CR, or both were used in
diagnosing PN X: (“ultrasound” or “sonography” or “ultrasonography”
or “radiography” or “chest film” or “chest radiograph”) and

P Y I T Y e T e e T T

standard that included clinica presentation and documentation of
the escape or aspiration of intrapleura air at the time of drainage);
(3) reporting of results in sufficient detail to alow reconstruction of
contingency tablesof the raw data (ie, true-positive, true-negative,
false-positive, and fase-negative results); and (4) having diagnos-
tic criteria for abnormal test results (eg, on ultrasonography, the
disappearance of lung siding; on CR, the appearance of air within
the pleural space). Two of the authors (W. D. and Y. S.) indepen-
dently reviewed the articles and ascertained the criteria for
incluson in the pooled data analysis, with disagreements resolved
by discussion. Articleswith the same authorswere carefully inves-
tigated, and some were excluded to avoid duplicate data analysis.

Quality of Study Reports

The quality of diagnostic accuracy studies (QUAD AS) tool 8
(e-Table 1) was applied in our analysis to assess the quality of
the studies included. The 14-item QUADAS tool assesses study
design-related issues and the validity of the study results. Each
item may be scored “yes’ if reported, “no” if not reported, or “unclear”
if no adequate information is available in the article to make an
accurate judgment. We considered the quality items 1 (about the
spectrum of patients), 4 (about the time period between reference
standard and index test), 12 (whether the same clinical data were
available when test results were interpreted as would be available
when the test isused in practice), and 13 (whether uninterpretable/
intermediate test results were reported) not relevant for our anal-
ysis; thus, only the remaining 10 items were applied.

Data Extraction

In many of the studies included, hemithorax was used as the
study unit for interpretation of the resultsinstead of patient num-
ber. Because the diagnosis of PNX in one lateral hemithorax has
no relationship with the other side, and usually both hemitho-
races must be examined to exclude PN X in one patient, we recon-
structed some results as the number of hemithoraces. If there was
no specific description, we recaculated one patient as two hemitho-
races. For those postbiopsy, one biopsy specimen in one patient
was counted as one hemithorax.

Data Analysis

We analyzed the forest plots and summary receiver operating
characteristic (sROC) curves with freeware Meta-DiSc, version
1.4 software (http://www.hrc.es/investigacion/metadisc_en.htm;
Ramon y Cajal Hospital; Madrid, Spain). The Spearman correla-
tion coefficient between the logit of sensitivity and the logit of
1-specificity was calculated to test the threshold/cutoff effect.
Meta-DiSc dlows usersto test for heterogeneity (other than thresh-
old effect) among various studies by statistical tests, including x2
and Cochran Q. A low P value suggests the presence of heteroge-
neity beyond what would be expected by chance aone. In addi-
tion to these heterogeneity statistics, Meta-DiSc computes the
inconsistency index (12), which has been proposed asameasure to
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2,3,8,and 9. Thesampleof 17 studies(85%) achieved
verification using the standard of diagnosis (item 5).
QUADAS item 6 (patientsreceived the same refer-
ence standard regardless of the index test result)
was reported in 75% of the studies. Item 7 (the refer-
ence standard was independent of the index test)
was achieved in 95% of the studies. Thirteen stud-
ies (65%) reported on blinding in the results of the
reference test (item 10), whereas six (30%) reported
on blinding in the index test reaults (item 11). Of the
nine studies withdrawn from the study, all had an
explanation (item 14).

The pooled sensitivity, specificity, diagnostic OR
(DOR), and curves for detection of PNX with ultra-
sonography and CR are shown in Figures 1 and 2,
respectively. Pooled sensitivity and specificity were
0.88 (0.85-0.91) and 0.99 (0.98-0.99), respectively,
for ultrasonography and 0.52 (0.49-0.55) and 1.00
(1.00-1.00), respectively, for CR. Pooled D OR was
993.05 (333.45-2,957.41), and sSROC area under the
curve (AUC) was 0.9961 (SE, 0.0023) for ultrasonog-
raphy. For CR, the DOR was 304.81 (121.94-761.90),
and sROC AUC, 0.9435 (SE, 0.0531).

The Spearman correlation coefficient between
the log of sensitivity and log of 1-specificity was 0.136
(P5 .629) for ultrasonography and 0.069 (P5 .778)
for CR. The significant x2 P values, shown in the
forest plots for each test, implied that there were
causes of variations other than a cutoff effect. Possi-
ble sources of heterogeneity across the studies were
explored using meta-regression analysis with the fol-
lowing covariates as predictor variables: study design
(prospective vs retrospective), type of patient (eg, criti-
caly ill, trauma), blinded test or not, ultrasonography
diagnostic criteria, and operator. Results suggest that
the operator is strongly associated with accuracy
(relative DOR, 0.21; 95% CI, 0.05-0.96; P5 .0455)
(Table 2). Subgroup analyses based on the ultra-
sonography operator (clinicians other than radiolo-
gists) were performed. In the x2 test, pooled sensitivity
was 79.93 (P5 .0000), and pooled specificity was 26.71
(P5 .0004). The Cochran Q was25.02 (P5 .0008) for
DOR, which implied that heterogeneity resulted
from factorsother than the way a study was designed.
We considered that the differences between the
operators (their skill, experience, knowledge of chest
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Figure 2. Forest sensitivity, specificity, diagnostic OR, and the sROC of chest radiography. See Figure 1 legend for explanation of the

statistics and expansion of abbreviations.

We compared the two sROC curvesby the Z statis-
tic asfollows:

z0O (Equation 1)

JSE(Q]) OSE(Q;Y

where Z was 1.36 (P. .05), which means that there
was no significant difference between the two diag-
nostic methods for detection of PNX.

The accuracy of ultrasonography performed by cli-
nicians other than radiologists in detecting PNX was
analyzed The pooled results are shown in e-Figure 1

The pooled resultsare shown in e-Figure 2. Only two
articles contained extractable data based on the ultra-
sonography diagnostic criterion of the presence of
lung point, which was not enough for ameta-analysis.
Compared with one another and with the sROC of
CR, all the sSROC curves showed no significant differ-
ence according to the Z statistic.

Discussion

The results of the present study demonstrat supe-
rior sensitivity and similar specificity in the use of
ultrasonography compared with CR for the diagnosis



Table 2—Metaregression Analysis for Possible Sources of Heterogeneity

Variance Coeff Standard Error P Value RDOR 95% Cl
I nverse variance weights 1
Cte 7.670 24070 .0129
S 0.322 0.2557 2439 o .
Design 1.091 1.0113 3122 298 0.29-30.66
Patient 21.036 0.9913 .3265 0.35 0.04-3.49
Blind 1.332 1.6944 4546 3.79 0.08-188.46
Diagnostic
Criteria 0.168 0.7500 .8281 1.18 0.21-6.67
Operator 21.568 0.7330 .0648 0.21 0.04-1.13
Inverse variance weights 2
Cte 8.070 1.3366 .0002
S 0.351 0.2276 1578 - -
Design 1.239 0.8480 A779 345 0.51-23.52
Patient 2 1.190 0.8327 1867 0.30 0.05-2.00
Blind 1.429 1.5401 3777 417 0.13-136.03
Operator 21613 0.6446 .0337 0.20 0.05-0.86
Inverse variance weights 3
Cte 8.712 1.1164 .0000
S 0.253 0.1950 .2228 . .
Design 1.549 0.7692 .0718 4.71 0.85-26.11
Patient 20.724 0.6473 .2895 0.48 0.11-2.05
Operator 2 1.836 0.5884 .0109 0.16 0.04-0.59
Inverse variance weights 4
Cte 7.933 0.9033 .0000
S 0.182 0.2023 .3865 . -
Design 1.286 0.8015 1368 3.62 0.62-21.12
Operator 2 1.662 0.6079 .0194 0.19 0.05-0.72
Inverse variance weights 5
Cte 8.705 0.8616 .0000
S 0.187 0.2310 4330 e .
Operator 2 1.550 0.6948 .0455 0.21 0.05-0.96
Inverse variance weights 6
Cte 6.837 1.0165 .0000
S 0.295 0.2559 .2710 - .
Design 0.874 1.0900 4385 240 0.22-25.75

The RDOR (obtained by exponentiating the model coefficients) compared the D OR of studies of agiven test that lacked a particular methodologic
feature with those without the corresponding shortcomingsin design. Coeff 5 coefficient; Cte5 constant term in the equation; FPR5 false-positive

rate; RDORS5 relative diagnostic OR; S5 indicator of threshold (logit TPR1 logit FPR); TPRS5 true-positive rate.

compared with CR and CT scanning.”® The research
of Sistrom and colleagues'® showed that ultrasonog-
raphy was not useful in estimating the volume of a
PN X, but studies by Garofalo et al,?> Soldati et al,'2
and ourselves's found the opposite. Although there
was no statistical significance, from our experience,
we recommend that only if there is an absence of
both the lung sliding sign and the comet tail sign
can a diagnosis of PNX be made. The only part of

be made. The lung point is a specific sign that alows
PNX to be confirmed and the PNX volume to be
determined,® but it israrely found. The use of addi-
tional ultrasonography signs, such as the seashore
sign and power sliding, could improve the accuracy
of the ultrasonography-based diagnosis of PN X, but
there were not enough data for us to analyze these
separately.

Despite its simplicity, security, and portability,



the accuracy of ultrasonography depended on the
skill of the operator, and the diagnostic accuracy might
be lower if ultrasonography was performed by an
inexperienced clinician.

The present analysis has some limitations. We did
not identify unpublished studies, and no attempt was
made to include articles in other languages. From a
traditional viewpoint, because air stops the progres-
sion of the ultrasound beam, it might seem difficult
to detect PNX with ultrasonography. Studies that
concluded poor accuracy of ultrasonography or good
accuracy of CR in the diagnosis of PNX might not
have been published.

From the meta-analysis, the role of bedside ultra-
sonography in detecting PNX is very promising.
It would appear to be an attractive dternative to bed-
side CR, especially in the emergency department,
ICU, and other clinical situations where radiography
is not available, such asin medical air transport and
remote medical facilities. It has the potential to play
amajor role in the diagnosis of acute respiratory fail-
ure, effectively acting as a visual stethoscope.2

Concl usions

Clinician-performed ultrasonography is a reliable
tool in the diagnosis of PNX. It has the advantage of
portability, smplicity, rapidity, and higher sensitivity
and similar specificity compared with CR. Ultrasonog-
raphy provides a useful adjunct for cliniciansin treat-
ing patients with multiple trauma or who are ventilated,
but the accuracy of ultrasonography in the diagnosis
of PNX dependson the skill of the operators.
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