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ABSTRACT

This is a protocol for a Cochrane Review (Diagnostic test accuracy). The objectives are as follows:

To compare the diagnostic accuracy of chest ultrasonography (CUS) by frontline non-radiologist physicians versus supine chest X-ray

(CXR) for diagnosis of pneumothorax in trauma patients in the emergency department.

BACKGROUND

Thoracic trauma can cause significant morbidity and mortality,
directly accounting for 20% to 25% of deaths from trauma (
Rosen 2014). Injury to any of several vital intrathoracic organs can
result in immediate death. Traumatic pneumothorax is a common
complication of thoracic trauma, occurring in 15% to 50% of
patients with significant thoracic trauma (Khandhar 2007).

Target condition being diagnosed

Pneumothorax occurs when air collects between the parietal and
visceral pleurae, causing the lung parenchyma to collapse. Trau-
matic pneumothorax commonly occurs when a fractured rib dam-
ages the pleural lining or lung laceration with resultant air leak-

age (ATLS 2012; Rosen 2014; Sharma 2008). Traumatic pneu-
mothorax without rib fracture occurs when a traumatic force com-
presses the chest in a person with a closed glottis, suddenly in-
creasing intrathoracic pressure and resulting in alveolar rupture
(Rosen 2014). The size of the pneumothorax is quantified based
on the proportion of the pleural cavity that is occupied by air, with
15% or less of the pleural cavity graded as small, 15% to 60%
as moderate, and more than 60% as large (Rosen 2014). Occult
pneumothoraces are those that are not initially detected by chest
X-ray (CXR) but are found on computed tomography (CT).

Pneumothorax results in a ventilation/perfusion mismatch. Pa-
tients typically report dyspnoea and chest pain. Early detection
of pneumothorax is important for determining management and
disposition in trauma patients. Failure to detect and treat pneu-
mothorax could lead to acute complications including hypoxia,
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tension pneumothorax, cardiopulmonary failure, or death. This
is especially important in patients undergoing general anaesthesia
and positive-pressure ventilation, and among those transported by
air at high altitude, as the pneumothorax can quickly progress to a
life-threatening tension pneumothorax (ATLS 2012). Long-term
complications of untreated pneumothorax include the develop-
ment of pneumomediastinum, re-expansion pulmonary oedema,
empyema, or bronchopulmonary fistula (Rosen 2014). Identifica-
tion and management of occult pneumothorax is currently a topic
of discussion in the trauma literature owing to the risk of clini-
cal deterioration in a patient with an unrecognized occult pneu-
mothorax who undergoes positive-pressure ventilation (Mowery
2011). Clinical deterioration occurs as the result of an increase
in the size of the pneumothorax, ultimately producing a tension
pneumothorax, which causes shock by obstructing venous return
to the heart. As such, early detection and decompression of signif-
icant pneumothorax is imperative.

Management of pneumothorax depends on the clinical status of
the patient and the volume of air trapped in the pleural space. If
the pneumothorax is considered clinically significant, treatment
consists of a tube thoracostomy. However, studies have provided
conflicting evidence regarding whether to treat or not treat oc-
cult pneumothorax before the patient undergoes positive-pressure
ventilation (Enderson 1993; Kirkpatrick 2013). Emergency physi-
cians and trauma surgeons perform this procedure at the bedside
by inserting a tube into the pleural space for evacuation of col-
lected air. The tube is typically attached to suction drainage to
maintain a negative pressure within the pleural cavity while facil-
itating lung re-expansion. Tube thoracostomy is associated with a
reported complication rate of 5% to 40%; complications include
haemorrhage, organ injury, and infection (Filosso 2017; Kwaitt
2014). This highlights the clinical importance of a safer, more
rapid, and more accurate method of diagnosing pneumothorax.

Index test(s)

Chest ultrasonography (CUS) may be a safer, more rapid, and
more accurate modality for the diagnosis of pneumothorax in
trauma patients. Studies have shown the high sensitivity and speci-
ficity of CUS in non-trauma settings, such as in the intensive
care unit, or with postprocedure iatrogenic pneumothorax (Chung
2005; Lichtenstein 2005; Shostak 2013). The Advanced Trauma
Life Support (ATLS) protocol currently recommends the use of ul-
trasonography (US) when Focused Assessment With Sonography
for Trauma (FAST) is performed for assessment of intra-abdomi-
nal injuries (ATLS 2012). CUS can be completed in conjunction
with the FAST scan at the bedside, without moving the patient
out of the resuscitation bay, and can be an effective diagnostic tool
for detecting thoracic injuries. Because US utilizes high-frequency
sound waves, the patient encounters no ionizing radiation expo-

sure.

Trauma patients are typically assessed in the supine position. Air
collected in the pneumothorax rises up towards non-dependent
areas within the thoracic cavity. CUS is completed in the longitu-
dinal plane with the indicator pointing cephalad, and the probe is
placed in the third or fourth intercostal space in the midclavicular
line (Chan 2003; Husain 2012; Lichtenstein 2005). Although a
microconvex probe is ideal, other transducers such as the convex
or linear array probe may be used (Volpicelli 2012).

Four sonographic findings are associated with pneumothorax on
CUS: absence of lung sliding; absence of B-lines or comet-tail arte-
fact; presence of lung point; and absence of lung pulse (Volpicelli
2012). Normal lungs are attached to the visceral pleura and slide
along the parietal pleura in a rhythmical pattern with the respi-
ratory cycle. Via M-mode, a visual representation of lung sliding
over time can be generated, known as the “seashore sign” (Alrajhi
2012; Lichtenstein 2005; Husain 2012). In pneumothorax, air
trapped in the pleural space disrupts this rhythmical sliding, and
M-mode would demonstrate the “barcode sign” or “stratosphere
sign” (Husain 2012; Lichtenstein 2005). Comet-tail artefacts, or
B-lines, are bright hyperechoic vertical rays produced by reverber-
ation artefacts (Alrajhi 2012; Husain 2012). These B-lines origi-
nate from the visceral pleura and move synchronously with lung
sliding (Chan 2003; Husain 2012). Absence of B-lines suggests
the presence of a pneumothorax. The lung point is the point at
which the visceral pleura of the lung begins to separate from the
parietal pleura of the chest wall at the margin of a pneumotho-
rax; this is visible on CUS (Lichtenstein 2005). Finally, lung pulse
comprises the subtle rhythmical movements of the pleura due to
cardiac oscillations (Volpicelli 2011; Volpicelli 2012).

ATLS guidelines recommend use of CXR as an adjunct to the pri-
mary survey in the initial traumaassessment (ATLS 2012). This di-
agnostic tool is commonly used to identify many thoracic injuries
such as haemothorax, pneumomediastinum, pulmonary contu-
sion, or rib fracture. However, previous literature has shown that
it is not a sensitive test for detecting pneumothorax (Wilkerson
2010). For many reasons, the trauma patient is usually kept supine
during acute resuscitation until a full assessment to identify injuries
is completed. Performing supine CXR requires time, resources,
and equipment and may further delay the diagnosis and manage-
ment of a pneumothorax. A film cassette or a flat panel detector
must be placed underneath the supine patient, and the X-ray tube
brought in over the top of the patient. Positioning the cassette
or detector may require rolling the patient, risking further injury,
and prolonging resuscitation of the patient. To protect healthcare
providers from radiation exposure, all personnel within the vicin-
ity must wear lead-shielded personal protective gear or must vacate
the area, leaving the patient unattended. CXR exposes the patient
to a small dose of radiation, estimated at 0.1 millisievert (mSv), or
the equivalent of exposure to natural background radiation for 10
days (Chung 2014). The X-ray must be positioned correctly and
must be timed to synchronize with the patient’s inspiration. The
entire process of completing supine CXR therefore can be very
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disruptive and may delay resuscitation of the trauma patient.

Clinical pathway

Trauma patients in the emergency department are initially assessed
clinically for immediate life-threatening conditions. Resuscitative
measures such as administration of intravenous fluids or blood
products, airway intubation, or tube thoracostomy may be re-
quired. Many emergency physicians and trauma surgeons consider
the use of US for FAST scans as standard-of-care, as it can be
used to identify intra-abdominal injuries that may require imme-
diate operative management. Supine CXR is used as an adjunct to
the primary survey to identify intrathoracic injuries but “should
be used judiciously, and should not delay patient resuscitation”
(ATLS 2012).

The secondary survey allows for a more thorough clinical exam-
ination as well as specialized diagnostic tests such as X-rays of
specific areas like the spine or wrist, CT, or angiography. These
specialized diagnostic tests typically require transporting the pa-
tient out of the resuscitation bay and into the diagnostic imag-

ing department, which typically is ill-equipped for resuscitative
interventions. Unfortunately, if no pneumothorax is suspected on
clinical examination or CXR, the clinician may opt to not do a
CT scan of the chest and may miss a clinically significant pneu-
mothorax. CT scans of the cervical spine in trauma patients have
detected occult pneumothoraces that were previously missed on
supine CXR, or when patients did not receive a CT of their chest
(Ball 2012). Depending on the clinical status of the patient, the
extent of injury, and the capability of the hospital, the patient will
be further treated by a trauma surgery service or will be transferred
to a centre with trauma care expertise.

CUS may have a role in the primary survey for rapidly diagnosing
clinically significant traumatic pneumothorax as the source of in-
stability in a critically ill trauma patient. Traumatic pneumothorax
identified with CUS may provide an accurate and rapid diagno-
sis, leading to immediate management with tube thoracostomy
(Figure 1). However, because of potential thoracic injuries other
than pneumothorax that can be revealed by CXR, CXR will con-
tinue to play an important role in the initial diagnostic evaluation
and management of trauma.
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Figure I. Current and proposed clinical pathway - CUS may provide a faster and more accurate diagnosis of
traumatic pneumothorax, leading to immediate tube thoracostomy in an unstable trauma patient. Supine
CXR is a useful diagnostic tool for identification of other traumatic pathologies, such as rib fractures,
mediastinal injuries, etc.
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Once a pneumothorax has been identified, clinicians will deter-
mine whether tube thoracostomy is clinically warranted. Generally
speaking, it is accepted practice that a tube thoracostomy is indi-
cated when a pneumothorax is identified in a hypotensive trauma
patient (ATLS 2012). In our clinical context, producing a true
positive (TP) equates to finding a pneumothorax, which may lead
to a clinically appropriate tube thoracostomy, and a false positive
(FP) suggests that a pneumothorax has been found when there is
none, potentially leading to a clinically unnecessary tube thora-
costomy. A true negative (TN) would successfully rule out a pneu-
mothorax, leading to an appropriate decision to not perform tube
thoracostomy; whereas a false negative (FN) would mean that a
pneumothorax that may have required a clinically necessary tube
thoracostomy might be missed.

Many hospitals and healthcare systems do not have in-hospital
trauma specialists, intensivists, or radiologists to perform CUS or
tube thoracostomy. In most emergency departments, the frontline
physician assessing and treating trauma patients is an emergency
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physician or a trauma surgeon. Hence, these physicians play a
key role in the initial diagnosis and management of traumatic
pneumothorax. Once a patient’s condition has been stabilized, and
the patient has been resuscitated, the frontline physician arranges
for the patient to be transferred to a designated trauma centre for
further assessment and management, if clinically warranted.

Alternative test(s)

Clinical examination for pneumothorax may reveal hyper-reso-
nance on percussion, subcutaneous emphysema on palpation, and
decreased or absent breath sounds on auscultation (Rosen 2014).
These findings are not reliable for a small pneumothorax (Noppen
2008). Unfortunately, the accuracy and utility of these physical
exam manoeuvres are extremely limited in the noisy and chaotic
resuscitation bay.

CT is considered the reference standard for detection of thoracic
injuries including pneumothorax (Alrajhi 2012; Chung 2014;
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Wilkerson 2010). CT technology has drastically improved over
the years, allowing for greater image resolution and improved sen-
sitivity in detecting pathology. CT reveals the diagnosis of pathol-
ogy with the perspective of its relation to the rest of the thorax.
However, CT has limitations. Transporting a potentially unstable
patient away from the resuscitation bay to the diagnostic imag-
ing department has its inherent risks due to lack of equipment,
space, and personnel to help with resuscitation should the patient
decompensate. CT exposes the patient to ionizing radiation es-
timated at 7 mSv or the equivalent of exposure to two years of
natural background radiation (Chung 2014). Allergic reactions to
CT contrast dye present additional risk.

Depending on the patient’s condition, tube thoracostomy may
be performed emergently at any point of trauma resuscitation.
Upon insertion of the chest tube into the pleural space, a rush
of air or bubbling in the chest drain confirms the diagnosis of
pneumothorax. This has been accepted in the trauma literature as
an alternative reference standard (Alrajhi 2012; Wilkerson 2010).

Rationale

US technology has progressively improved over the years and has
become more accessible and portable in the emergency department
(Husain 2012). Image generation has become easier and more reli-
able with new hardware and software. Recognizing the importance
of bedside US, many healthcare systems, hospitals, and specialty
training programmes have incorporated US training for their non-
radiologist physicians. Emergency physicians and trauma surgeons
have already been using bedside US for FAST scans in trauma
patients. Rapid detection of traumatic pneumothorax with CUS
will lead to more efficient management with tube thoracostomy,
reducing the incidence of pneumothorax-related complications,
and thus improving outcomes in trauma patients.

Systematic reviews on the diagnostic accuracy of CUS have been
published, but these reviews have significant heterogeneity for
patient population, etiology of pneumothorax, operator medical
background (radiologists, intensivists, respirologists, etc), method-
ological quality of included studies, and poor data analysis meth-
ods (Alrajhi 2012; Alrajab 2013; Ding 2011; Ebrahimi 2014).
The etiology of pneumothorax is important to consider, as trauma
patients lie supine for the CUS and CXR, whereas if the cause of
pneumothorax was spontaneous or iatrogenic from a biopsy, from
a central line insertion, or post surgery, the patient may not have
been lying supine, significantly altering the test characteristics of
both CUS and CXR.

Therefore, we aim to assess the diagnostic accuracy of CUS com-
pared with supine CXR in the detection of pneumothorax in emer-
gency department trauma patients. The findings of this review
may provide evidence for the incorporation of CUS into trauma
(e.g. ATLS) protocols and algorithms in future medical training
programs, and may potentially change routine management of

OBJECTIVES

To compare the diagnostic accuracy of chest ultrasonography
(CUS) by frontline non-radiologist physicians versus supine chest
X-ray (CXR) for diagnosis of pneumothorax in trauma patients in
the emergency department.

Secondary objectives

To determine the diagnostic accuracy of individual CUS findings
such as absence of lung sliding, absence of B-lines or comet-tail
artefact, presence of lung point, and absence of lung pulse.

To investigate the effects of potential sources of heterogeneity such
as type of CUS operator (frontline non-radiologist physicians),
type of trauma (blunt vs penetrating), and type of US probe on
test accuracy.

METHODS

Criteria for considering studies for this review

Types of studies

We will include prospective, paired comparative accuracy studies.
In paired comparative studies, patients suspected of having pneu-
mothorax undergo both CUS by frontline non-radiologist physi-
cians and CXR as index tests, as well as CT of the chest or tube
thoracostomy as the reference standard. We will exclude studies
involving participants with already diagnosed pneumothorax (i.e.
case control studies) and participants with non-traumatic pneu-
mothorax; studies involving participants who have already been
treated with tube thoracostomy; and studies in which a frontline
non-radiologist physician did not perform CUS.

Participants

We will include trauma patients in the emergency department
setting, irrespective of age and gender.

Index tests

The two main index tests are CUS completed by a frontline non-
radiologist physician and CXR done in the supine position. If
studies report data on specific CUS findings (such as absence of
lung sliding, absence of B-lines or comet-tail artefact, presence of
lung point, and absence of lung pulse), we will also estimate the

trauma. diagnostic accuracy of these individual CUS findings.
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Target conditions

The target condition is traumatic pneumothorax of any severity.

Reference standards

We define a pneumothorax identified on CT scan of the chest or
via clinical findings of a rush of air or bubbling in chest drain after
tube thoracostomy as the reference standard.

Search methods for identification of studies

Electronic searches

We will search PROSPERO and the Cochrane Library for related
reviews. We will develop and carry out systematic searches in the
following electronic databases: MEDLINE (1946 to present), Em-
base (1974 to present), Cumulative Index to Nursing and Allied
Health Literature (CINAHL) Plus (1937 to present), Database of
Abstracts of Reviews of Effects (1991 to 2015), Web of Science
(1900 to present), Clinicaltrials.gov, and the Cochrane Library.
We will use sensitive search strategies as recommended in Chap-
ter 7 of theCochrane Handbook for Systematic Reviews of Diagnos-
tic Test Accuracy (De Vet 2013). Our search strategy will include
subject headings and free text terms. We will apply no language
restrictions or additional filters in the searches. We will translate
the MEDLINE search strategy (Appendix 1) for use in the other
electronic databases.

Searching other resources

We will handsearch reference lists of relevant articles and reviews,
retrieved via electronic searching, for eligible studies missed in
the electronic database searches. We will also carry out forward
citation searching of relevant articles in Google Scholar and will
look at the “Related articles” on PubMed. We will carry out a
search on Google to identify any unpublished studies or relevant
grey literature.

Data collection and analysis

Selection of studies

Two review authors (KC and DJ) will screen titles and abstracts
and will exclude irrelevant citations. We will obtain the full text of
articles that potentially meet the inclusion criteria based on initial
screening. Two review authors (KC and DJ) will independently
screen these articles for inclusion. We (KC and DJ) will resolve any
discrepancies through discussion; if disagreements arise, a third
review author (AM) will arbitrate.

Data extraction and management

Two review authors (KC and DJ) will independently extract data
using a standardized data collection form (Appendix 2). A third re-
view author (AM) will evaluate any discrepant judgements. When
necessary, we will contact study authors for clarification or addi-
tional data.

We will collect the following information.

e General characteristics: title, journal, year, institution,
country where the study was performed, study period, study
design, sample size, units of analysis (per patient or per lung
field), type of CUS operator (frontline non-radiologist
physicians).

e Population characteristics: age, gender, type of trauma,
inclusion/exclusion criteria used in study, sampling used in study.
e Accuracy data for CUS, CXR, and individual US findings
(absence of lung sliding, absence of B-lines or comet-tail artefact,
presence of lung point, and absence of lung pulse): two-by-two

tables of the numbers of true positives, false positives, false
negatives, and true negatives, or summary statistics that will
enable derivation of the tables.

e Time to CUS, CXR, and CT.

e Type of US probe (curvilinear, high-frequency linear, etc)
and transducer.

e Definitions of test positivity for each index test and
reference standard (CT).

e Reference standard: characteristics of CT or tube
thoracostomy.

Assessment of methodological quality

We will use the QUADAS-2 tool to assess risk of bias and the
applicability of each included study. This tool assesses risk of bias
in four domains: patient selection; index tests; reference standard;
and flow and timing. In addition, we will examine concerns about
applicability in the first three domains (Whiting 2011). We have
tailored the tool to our review question, as shown in Appendix 3.
One of the signalling questions in the patient selection domain is
not applicable because we will exclude case control studies. There-
fore, we deleted this question from the tool. Two review authors
(KC and DJ) will perform the assessments independently. They
will discuss discrepancies and will resolve disagreements that re-
main through consultation with a third review author (AM).

Statistical analysis and data synthesis

The unit of analysis (per patient or per lung field) may differ be-
tween studies. Our primary analyses will be per patient. Data per-
mitting, we will also consider lung fields in secondary analyses.
For preliminary analyses of CUS, CXR, and each of the four US
findings, we will use Review Manager (RevMan 2014) to plot es-
timates of sensitivity and specificity from studies in receiver oper-
ating characteristics (ROC) space and on forest plots.
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Since the results of CXR and CUS are binary (i.e. pneumotho-
rax present or absent), we will perform meta-analysis by using a
bivariate model to estimate summary sensitivities and specificities
(Chu 2006; Reitsma 2005). For the comparative meta-analysis of
CUS and CXR, we will add test type as a covariate to a bivari-
ate model (Macaskill 2013; Takwoingi 2015a). This comparative
meta-analysis is a direct comparison of the accuracy of the two
tests because we plan to include only comparative studies of CUS
and CXR in the review. Comparative studies are generally scarce
(Takwoingi 2013); if a meta-analysis includes few studies, we will
simplify the bivariate model to univariate random-effects logistic
regression models for sensitivity and specificity. If a random-effects
meta-analysis of sensitivity (or specificity) failed to converge, and
if we observed minimal or no variability in sensitivity (or speci-
ficity) between studies on a summary receiver operating charac-
teristic (SROC) plot, and on a forest plot, we will use fixed-effect
logistic regression models (Takwoingi 2015b). We will use likeli-
hood ratio tests to assess the statistical significance of differences
in sensitivity, and specificity. We will fit bivariate and univariate
logistic regression models using the meqrlogit command in Stata
version 15 (Stata 2017).

Investigations of heterogeneity

We will graphically explore heterogeneity by using forest plots
and SROC plots. Data permitting, we will use meta-regression to
formally investigate the effect of each potential source of hetero-
geneity on sensitivity and specificity of CUS and CXR by adding
covariate terms for type of trauma (blunt vs penetrating) to a bi-
variate model. For CUS, we will also investigate the effect of type
of CUS operator (frontline non-radiologist physicians) and the

type of US probe (curvilinear, high-frequency linear, or phased
array probes). We will investigate only one covariate at a time in
the model for each test. If possible, we will investigate the effect
of type of trauma on the relative accuracy of CUS and CXR. If
data permit, we will examine the effects of different combinations
of CUS findings (absence of lung sliding, absence of B-lines or
comet-tail artefact, presence of lung point, and absence of lung
pulse) used to define a positive CUS test for pneumothorax.

Sensitivity analyses

We will perform a sensitivity analysis to examine the impact of
blinding by excluding studies in which the same frontline non-ra-

diologist physician who performed the CUS interpreted the CXR.

Assessment of reporting bias

We do not plan to assess reporting bias, as methods are not well

developed.
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APPENDICES

Appendix |. MEDLINE search strategy

Database: Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily, and
Ovid MEDLINE(R) <1946 to Present>
Search strategy:

. Pneumothorax/

. pneumothora*.tw,kf.

. PTX.twkf.

.lor2or3

. Radiography/

. Radiography, Thoracic/
. radiograph*.tw,kf.

. roentgen®. ew, kf.

. radiogram™.tw,kf.

. radiology.tw.kf.

. chest film*.tw, kf.

12. CXR.tw,kf.

13. x-ray*.tw,kf.

14. x ray*.twkf.

15. xray.tw,kf.
16.50r60r70r80r9or10or11orl12or13or14orl15

O 00 N O\ N W N =

—_
== O
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17. Ultrasonography/

18. ultrasound*.tw,kf.

19. sonogra*.twkf.

20. ultrasonogra*.ew,kf.

21. CUS.tw,kf.

22. ultrasonic.tw,kf.

23. echotomograph*.cw,kf.

24. echograph*.cw,kf.

25.17 or 18 or 19 or 20 or 21 or 22 or 23 or 24
26. 4 and 16 and 25

27. 26 not (Animals/ not (Animals/ and Humans/))

Appendix 2. Data extraction form

General characteristics

Title:

Authors:

Journal:

Institution/Country where study was performed:

Study period:

Study design:

Sample size:

Sampling used:

Units of analysis (per patient or per lung field):

Type of US probe (curvilinear, high frequency linear, etc.):

Specialty of CUS operator:

Definition of test positivity by CUS:

Definition of test positivity by CXR:

Definition of test positivity by CT or tube thoracostomy:

Chest ultrasonography versus supine chest radiography for diagnosis of pneumothorax in trauma patients in the emergency department
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Population characteristics

Age (years):

Male gender (%):

Blunt trauma (%):

Inclusion criteria:

Exclusion criteria:

Diagnostic accuracy data for CUS

CT/Thoracostomy positive

CT/Thoracostomy negative

Total

CUS positive

CUS negative

Total

Sensitivity (%):

Specificity (%):

Absence of lung sliding

Sensitivity (%):

Specificity (%):

Absence of B-lines or comet-tail artefact

Sensitivity (%):

Specificity (%):

Presence of lung point

Sensitivity (%):

Specificity (%):

Absence of lung pulse
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(Continued)

Sensitivity (%):

Specificity (%):

Diagnostic accuracy data for CXR

CT/Thoracostomy positive ~ CT/Thoracostomy negative  Total

CXR positive

CXR negative

Total

Sensitivity (%):

Specificity (%):

Time to diagnostic imaging

Time to CUS (min)

Time to CXR (min)

Time to CT/Thoracostomy (min)

Notes:

CUS = Chest ultrasonography
CXR = Chest X-ray

CT = Computed tomography

Appendix 3. QUADAS-2 tool for assessing methodological quality of included studies

Domain Signaling question Signaling question Risk of bias Concerns about appli-
cability

Domain 1: Patient selection

Chest ultrasonography versus supine chest radiography for diagnosis of pneumothorax in trauma patients in the emergency department 12
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(Continued)

Patient selection

‘Was a consecutive or ran-
dom sample of patients

Did the study avoid in-
appropriate exclusions?

Could the selection of
patients have introduced

Is there concern that the
included patients do not

enrolled? bias? match the review ques-
tion?
Yes: if all consecutive Yes: if the study avoided Low: if “Yes” for all sig- Low: if the included

or random samples of
trauma patients were en-
rolled

No: if convenience or se-
lected samples of trauma
patients were enrolled
Unclear: if this was not
clear from the report

inappropriate exclusions
No:

if patients were excluded
inappropriately (e.g. age,
gender, ethnicity)
Unclear: if this was not
clear from the report

nalling questions
High: if “No” was re-
ported for at least 1 sig-
nalling question
Unclear: if “Unclear” was
reported for at least 1 sig-
nalling question

population consists of
trauma patients in the
emergency department
setting, irrespective of
age and gender, and if
inappropriate exclusions
were avoided

High: if study authors
used inappropriate ex-
clusions
Unclear: if insufficient
information was avail-
able to make a judge-

ment

Domain 2: Index tests

Index test - CUS

Were CUS results inter-
preted without knowl-
edge of the results of CT

or tube thoracostomy?

Did the authors prespec-
ify the criteria for a posi-

tive CUS finding?

Could the conduct or in-
terpretation of the in-
dex test have introduced
bias?

Is there concern that the
index test, its conduct,
or interpretation differ
from the review ques-
tion?

Yes: if CUS results were
interpreted without
knowledge of the results
of CT

No: if CUS results were
interpreted with knowl-
edge of the results of CT

Unclear: if this was not
clear from the report

Yes: if criteria for positive
CUS findings were pre-
specified

No: if the criteria for pos-
itive CUS findings were
not prespecified
Unclear: if this was not
clear from the report

Low: if “Yes” for all sig-
nalling questions

High: if “No” was re-
ported for at least 1 sig-
nalling question
Unclear: if “Unclear” was
reported for at least 1 sig-
nalling question

Low: if CUS was per-
formed by frontline
physicians  (emergency
physicians or trauma sur-
geons) in the emergency
department

High: if CUS was per-
formed

by someone other than
emergency physicians or
trauma surgeons outside
of the emergency depart-
ment setting

Unclear: if insufficient
information was avail-
able to make a judge-

ment

Index test - CXR

Were CXR results inter-
preted without knowl-

Could the conduct or in-
terpretation of the in-

Is there concern that the
index test, its conduct,
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(Continued)

edge of the results of CT

or tube thoracostomy?

dex test have introduced
bias?

or its interpretation dif-
fer from the review ques-
tion?

Yes: if CXR results were
interpreted without
knowledge of the results
of CT

No: if CXR results were
interpreted with knowl-
edge of the results of CT

Unclear: if this was not
clear from the report

Low: if “Yes” for all sig-
nalling questions

High: if “No” was re-
ported for at least 1 sig-
nalling question
Unclear: if “Unclear” was
reported for at least 1 sig-
nalling question

Low: if CXR was per-
formed in the supine
fashion in the emergency
department

High: if CXR was not
performed in the supine
fashion or outside of
the emergency depart-
ment setting

Unclear: if insufficient
information was avail-
able to make a judge-
ment

Domain 3: Reference standard

Reference standard - CT I the reference standard

or tube thoracostomy

likely to correctly classify
the target condition?

Were the reference stan-
dard results interpreted
without knowledge of
the results of the index
tests?

Could the reference stan-
dard, its conduct, or its
interpretation have in-
troduced bias?

Is there concern that the
target condition as de-
fined by the reference
standard does not match
the review question?

Yes: if an acceptable ref-
erence standard, such as
CT or tube thoracos-
tomy findings, was used
No: if trauma patients
did not undergo an ac-
ceptable reference stan-
dard

Unclear: if this was not
clear from the report

Yes: if CT results were in-
terpreted
out knowledge of results
of the index tests (Note:
Tube thoracostomy after
CUS and CXR but be-
fore CT suggests clinical

with-

deterioration and was re-
quired for patient safety)
No: if CT or tube tho-
racostomy results were
interpreted with knowl-
edge of results of the in-
dex tests

Unclear: if this was not
clear from the report

Low: if “Yes” for all sig-
nalling questions

High: if “No” was re-
ported for at least 1 sig-
nalling question
Unclear: if “Unclear” was
reported for at least 1 sig-
nalling question

Low: if an acceptable
reference standard, such
as CT or tube thora-
costomy findings, was
used, and if CT results
were interpreted without
knowledge of the index
tests

High: if an acceptable
reference standard was
not used or if CT or
tube thoracostomy re-
sults were interpreted
with knowledge of re-
sults of the index tests
Unclear: if insufficient
information was avail-
able to make a judge-
ment

Domain 4: Flow and timing
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(Continued)

Flow and timing

‘Was there an appropriate
interval between CUS,
CXR, and CT/tube tho-

racostomy?

Did all patients receive a
reference standard?

Were all patients in-
cluded in the analysis?

Could patient flow have
introduced bias?

Yes: if CUs,
CXR, and CT/tube tho-
racostomy was sequen-
tially performed within 2
hours

No: if CUS, CXR, and
CT/tube thoracostomy
was not sequentially per-
formed within 2 hours
Unclear: if this was not
clear from the report

Yes: if all patients re-
ceived a CT scan or tube
thoracostomy

No: if some patients did
not receive a CT scan or
tube thoracostomy
Unclear: if this was not
clear from the report

Yes: if all patients were
included final
analysis

in the

No: if all patients were
not included in the final
analysis

Unclear: if this was not
clear from the report

Low: if “Yes” for all sig-
nalling questions

High: if “No” was re-
ported for at least 1 sig-
nalling question
Unclear: if “Unclear” was
reported for atleast 1 sig-
nalling question

Notes:

CT = Computed tomography.

CUS = Chest ultrasonography.

CXR = Chest X-ray.
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