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ABSTRACT

Background Over the last 10 years, research has
highlighted emerging potential risk factors for poor
outcomes following blunt chest wall trauma. The aim
was to update a previous systematic review and meta-
analysis of the risk factors for mortality in blunt chest
wall trauma patients.

Methods A systematic review of English and non-
English articles using MEDLINE, Embase and Cochrane
Library from January 2010 to March 2022 was
completed. Broad search terms and inclusion criteria
were used. All observational studies were included if
they investigated estimates of association between a risk
factor and mortality for blunt chest wall trauma patients.
Where sufficient data were available, ORs with 95%

Cls were calculated using a Mantel-Haenszel method.
Heterogeneity was assessed using the | statistic.
Results 73 studies were identified which were of
variable quality (including 29 from original review).
Identified risk factors for mortality following blunt chest
wall trauma were: age 65 years or more (OR: 2.11;

95% Cl 1.85 to 2.41), three or more rib fractures (OR:
1.96; 95% Cl 1.69 to 2.26) and presence of pre-existing
disease (OR: 2.86; 95% Cl 1.34 t0 6.09). Other new

risk factors identified were: increasing Injury Severity
Score, need for mechanical ventilation, extremes of body
mass index and smoking status. Meta-analysis was not
possible for these variables due to insufficient studies
and high levels of heterogeneity.

Conclusions The results of this updated review suggest
that despite a change in demographics of trauma
patients and subsequent emerging evidence over the last
10 years, the main risk factors for mortality in patients
sustaining blunt chest wall trauma remained largely
unchanged. A number of new risk factors however have
been reported that need consideration when updating
current risk prediction models used in the ED.
PROSPERO registration number CRD42021242063.
Date registered: 29 March 2021. https://www.crd.york.
ac.uk/PROSPERO/#recordDetails.

INTRODUCTION

Although it is now well recognised that patients
with blunt chest wall trauma are at risk of devel-
oping complications, to date no universally accepted
guidelines exist to assist in the recognition of these
high-risk populations.' > Many EDs globally have
adopted clinical protocols that routinely advise
admission to a critical care setting where possible
for elderly patients with increasing numbers of rib
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WHAT IS ALREADY KNOWN ON THIS SUBJECT

= There are numerous reported risk factors for
poor outcomes in blunt chest wall trauma
that clinicians use to aid prognostication
when managing this patient cohort in the ED.
The last 10 years or so have seen a change
in demographics of trauma patients to an
older, more frail population, which has led to
emerging evidence of new potential risk factors
for mortality.

WHAT THIS STUDY ADDS

= This updated systematic review and meta-
analysis provides an overview of the research,
including new emerging evidence from the
last 10 years. We affirm that age over 65
years, three rib fractures and underlying
cardiopulmonary disease increase risk of
mortality and also identify additional risk
factors including Injury Severity Score, need for
mechanical ventilation, extremes of body mass
index and smoking status.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= New risk factors identified in this review should
be considered in the update of current ED risk
prediction tools for management of blunt chest
wall trauma.

fractures.” * Studies have also considered whether
such patients should be considered for imme-
diate transfer to a specialist trauma unit for the
appropriate level of care to be provided.’” In the
patient with the more minor, non-immediately
life-threatening injury, management is often less
protocol-driven, and many different risk stratifica-
tion tools and care pathways exist.' ® As a result,
clinicians still report difficulty in prognostication of
patients with blunt chest wall trauma, presenting to
the ED.

Risk factors for mortality in patients sustaining
blunt chest wall trauma have been previously
investigated and include a patient age of 65 years
or more, three or more rib fractures, pre-existing
conditions and onset of pneumonia.” In the last
decade, there have been numerous further studies
published investigating other potential risk factors
for mortality in this patient cohort, including body
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mass index (BMI),'%'? Injury Severity Score (ISS),> "> '* need for

mechanical ventilation,"”™” smoking history,” '* use of preinjury
anticoagulants,'® location of rib fractures*® and various physio-
logical parameters.'®*! ** This research is of variable quality and
ranges from small, single-centre retrospective studies, to large,
national prospective studies which include data for tens of thou-
sands of patients.

There has also been a change in the demographics of patients
sustaining trauma and subsequently presenting to EDs, to an
older and more frail population.”® ** Additional important risk
factors might be identified and potentially used in the revision of
current risk stratification tools used in the ED to guide patient
management. The aim of this review was to update our previous
2012 systematic review and meta-analysis’ to summarise the risk
factors for mortality in blunt chest wall trauma, accounting for
the change in demographics and new research studies since that
review. For the purpose of this study, we defined blunt chest wall
trauma as blunt chest injury resulting in chest wall contusion or
rib fractures, with or without immediate life-threatening lung
injury.

MATERIALS AND METHODS

Search strategy

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were followed.” A broad search
strategy was employed in order to capture all relevant studies
since the prior review. The search filter was used for MEDLINE
and Embase Databases and the Cochrane Library from January
2010 to March 2021. The previously retrieved studies from our
original review were also included in the current review. The
search term combinations used were Medical Subject Heading
terms, text words and word variants for blunt chest trauma.
These were combined with relevant terms for aetiological
factors. Three search terms (‘wound’, ‘non-penetrating’ and
‘risk’) were deleted from the original review. Search terms and
inclusion and exclusion criteria for study selection can be found
in online supplemental file 1.

The reference lists of all relevant studies were hand-searched
in order to identify studies missed in the electronic search. The
Annals of Emergency Medicine, Emergency Medicine Journal,
Injury and the Journal of Trauma were hand-searched from
January 2010 to March 2021 for relevant studies. All available
Trauma and Emergency Medicine Conference abstracts were
searched, in addition to OpenSIGLE (System for Information on
Grey Literature in Europe) to identify grey literature. Searches
were international and no search limitations were used.

Study selection and data collection

A two-step process was used to reduce potential selection bias.
Two researchers (CB and LN) analysed each title and abstract
independently and then met to discuss any discrepancies. The
full paper of selected studies was analysed by the reviewers.
A data extraction form was used to record information about
study design, population, sample size, risk factors investigated,
primary and secondary outcome measures used and relevant
results. Study authors were contacted for any missing data and
response time set at 6weeks. Included studies were grouped
according to risk factors investigated for the analysis.

Quality assessment

Methodological quality was evaluated using the Newecastle
Ottawa Scale, a risk of bias assessment tool for observational
studies recommended by the Cochrane Collaboration.”® A ‘star

system' was used in which each study was judged on three broad
perspectives: the selection of the study groups (maximum score
of four stars); the comparability of the groups (maximum score
of two stars); and the ascertainment of the outcome of interest
(maximum score of three stars).”® A description of the tool is
outlined in online supplemental file 2. Quality assessment was
undertaken using the same two-step process described for study
selection.

Analysis

Meta-analysis was only completed for the risk factors where
study population, and dependent and independent variables
were comparable.” Forest plots were presented, following
guidance by Schriger et al.”” ORs with 95% Cls were calculated
for the risk factors, using the Mantel-Haenszel method with a
random-effects model for each outcome measure. The I” statistic
was calculated in order to assess heterogeneity and true effect
size. Funnel plots were not produced as a measure of publica-
tion bias, as methodological guidance has suggested that they
are unreliable when the included number of studies is 10 or
less.”® Where meta-analysis was not possible due to lack of suffi-
cient raw data within studies, analysis was completed through
pooling of studies’ data (without weighting of the individual
studies). The Cochrane RevMan V.5.4 software was used for
meta-analysis® and STATA/IC (V.14.0) for additional pooling of
continuous data.

RESULTS

Study selection

The search strategy identified 9960 citations. After screening
titles and abstracts, we identified 199 potentially relevant
studies. Following full-text review, 73 observational studies met
the inclusion criteria, all of which had either prospective or
retrospective study design. No additional citations were identi-
fied through the grey literature search. Two Chinese studies were
included, from which the data in the English language abstract
were extracted. No replies were received from contacted authors
of individual studies (figure 1).

Study characteristics

The study design, study population, total sample size, risk factors
investigated and quality assessment scores of the included studies
are outlined in table 1. Most studies included patients with blunt
trauma and rib fractures. All study designs were observational
cohort studies.

The quality of the included studies in this review was vari-
able. A number of studies failed to clearly define the outcome
mortality, omitting a description of the specific time period of
follow-up over which death was studied. Most included studies
used a retrospective design with data obtained from a hospital or
national trauma database. Nearly all studies failed to report loss
to follow-up or a statement describing the inclusion of patients
with missing data (table 1).

Age

There were 50 studies of varying design and quality which inves-
tigated whether age was a risk factor for mortality in patients
with blunt chest wall trauma (online supplemental file 3, table
1). Of these, 19 studies demonstrated a higher risk of mortality
in patients aged 65 years or more when compared with patients
aged less than 65 years.” 7€ 393 Other studies demonstrated
that increased risk of mortality occurred in patients aged 50
years or more,'” 55 years or more,**** 60 years or more, %70
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[ Previous studies ] [

Identification of new studies via databases and registers

] [ Identification of new studies via other methods J

Identificatip

Studies included in
revious version of
eview: n =29

Records identified from
databases: n = 9952

Records removed before
screening:

Duplicate records removed:
n=7600

Records identified from:

Conference proceedings: n=3
Citation searching: n = 5

_ I

v

Records screened: n = 2352

Records excluded: n = 2161

]

Y

Reports (full text) sought for
retrieval: n = 191

Reports not retrieved: n = 0

Reports sought for retrieval: Reports not retrieved:
n=8 n=0

) I

]

Reports assessed for eligibility:

Reports excluded: n = 149

n=191 No mortality data (n = 108) n=8 No mortality data (n =4)
No blunt chest trauma (n = 15) No blunt chest trauma
Paediatric cohort only (n = 15) (n=1)

No risk factor data (n = 12)

Reports assessed for eligibility: | | Reports excluded: n =5

New studies included in review:
n=44 <

. l

Total studies included in review
n=73

—J

Figure 1  Flow diagram of study selection.

years or more,”! 80 years or more,’* and 90 years or more.*> A
number of studies demonstrated an increasing risk of mortality
per additional year of age’ ***¢ and others with an additional
decade.” "7 In 14 studies age was not found to be a statistically
significant risk factor for increased mortality,’ > °** however
it is worth noting that 4 of these studies used aged 45 years or
more as the cut-off for increased risk.”® © ¢ ¢

Nine studies (n=53612) with comparable data investigating
patient age of 65 years or more as a risk factor for mortality, were
combined for analysis (figure 2). The pooled OR for mortality
was 2.11 (95% CI 1.85 to 2.41) in patients aged 65 years or
more compared with younger individuals. A moderate degree
of heterogeneity between the included studies was reported (I*
statistic: 35%). The result of the test for overall effect (Z=11.06,
p<0.00001) indicated that the odds of mortality were signifi-
cantly greater in patients aged 65 years or more.

Two additional subgroup analyses were completed using
pooled data, one meta-analysis and one using pooled data (as
meta-analysis wasn’t possible due to a lack of reported data in
the studies), investigating a patient age of 80 years or more and
increasing age, (online supplemental file 4, figures 1 and 2).

Number of rib fractures

A total of 29 studies investigated the number of rib fractures as a
risk factor for mortality (online supplemental file 3, table 2). Ten
studies demonstrated a higher risk of mortality in patients with
three or more fractured ribs, when compared with patients with
less than three rib fractures.®” 1333 384045477071 Other studies
reported an increasing risk of mortality with each additional rib
fracture,” >3 %372 four or more rib fractures,’! five or more rib
fractures,?’ ** %% six or more rib fractures,’® eight or more* and
multiple rib fractures (unspecified number).”® Five studies found
no association between number of rib fractures and increased
risk of mortality.*® > 7773

There were five studies (n=160123) included in the meta-
analysis (figure 3). The pooled OR for mortality in patients with
three or more rib fractures compared with patients with fewer
fractures was 1.96 (95% CI 1.69 to 2.26). A moderate degree
of heterogeneity between the included studies was reported (I*
statistic: 45%). The test for overall effect (Z=9.15, p<0.00001)
indicated that the odds of mortality was significantly greater in
patients with three or more rib fractures.

Pre-existing conditions

There were 16 studies investigating pre-existing conditions as
a risk factor for mortality (online supplemental file 3, table
3). There was however substantial heterogeneity across the
studies with the independent variable investigated ranging
from Elixhauser Comorbidity Count, Charlson Comor-
bidity Score, cardiopulmonary disease, cardiac disease and
others. Eight studies investigated the risk factor cardiopul-
monary disease with six reporting it as a significant risk
factor? 32 %% 3¢ 7€ 77 and two reporting no significance.'® 7
Congestive heart failure was a significant risk factor in six
studies.” 73?3372 Pre_existing conditions were also reported
to be a risk factor as measured by the Elixhauser Comorbidity
Count,’ and Charlson Comorbidity Score.'* ”® One study
reported comorbidities as a significant risk factor for death,
but without defining comorbidities.*

Four studies (n=249) were included in the meta-analysis
(figure 4). The pooled OR for mortality was 2.86 (95% CI 1.27
to 6.44) in patients with blunt chest wall trauma with cardio-
pulmonary disease. A low degree of heterogeneity between the
included studies was reported (I* statistic: 0%). The result of
the test for overall effect (Z=2.53, p<0.01) indicated that the
odds of mortality was significantly greater in patients who have
cardiopulmonary disease (CPD).
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Table 1 Baseline characteristics of included studies
Age group  Total Main risk factors Selection
Study Study design Study population (years) sample investigated i Comparability **  Outcome ***
Abdulrahman et al®®  Retrospective Patients with BCT =14 902 Age, RFs o * o
cohort with =3 RFs
Abid et al® Prospective cohort  Patients with BCT  12-45and 70 Age e * o
=65
Albaugh et a”’ Retrospective Patients with BCT ~ >18 58 Age, ISS o * @
cohort and flail chest
Alexander et al® Retrospective Patients with BCT =65 62 PECs o * *
cohort and =2 RFs
Athanassiadi et a/*® Retrospective Patients with BCT =18 150 Age, ISS o * *
cohort and flail chest
Athanassiadi et a/*° Retrospective Patients with BCT =18 250 Age, ISS FE ** *
cohort and flail chest
Bakhos et a/*' Retrospective Patients with BCT =65 38 Vital capacity *x * *
cohort with =1 RF
Bankhead-Kendall Retrospective Patients with BCT =18 1303 Age o ** *
etal’' cohort or RFs, presenting
to ED
Barea-Mendoza et al® Prospective cohort  Patients with =18 3821 Age, ISS, NISS e ** el
severe BCT,
admitted to ICU
Barnea et al” Retrospective Patients with >65 77 RFs, PECs * * **
cohort isolated RFs
Benjamin 2018" Retrospective Patients with BCT =18 8098 Age, mechanical R o *
cohort and flail chest ventilation
Bergeron et al'® Prospective cohort  Patients with blunt  Any age 405 Age, RFs, PECs, ISS ~ **** o **
trauma with RFs
Borman et al*? Retrospective Patients with Any age 262 Age e * **
cohort trauma with flail
chest
Brasel et a*? Retrospective Patients with Any age 17308 Age, RFs, PECs, 1SS~ *** o o
cohort trauma with RFs
Bulger et al** Retrospective Patients with >65 464 Age, RFs o i o
cohort trauma with RFs
aged =65
Byun and Kim®' Retrospective Patients with Any age 418 Age, ISS e o *
cohort multiple RFs
Cannon et a/® Retrospective Patients with Any age 164 Age R o *
cohort trauma with flail
chest
Cinar et af*® Retrospective Patients with =18 683 Age, ISS, lactate rxx ** *
cohort isolated thoracic level, GCS, NISS
trauma
Cone et al'® Retrospective Patients with >20t0<90 28820 BMI i i o
cohort severe isolated BCT
(chest AIS 3-5)
Degirmenci®® Retrospective Patients with Any age 1020 Age, RFs, PECs, i > GGG
cohort trauma with BCT pulmonary
contusions, NISS
Duclos et a/* Retrospective Patients with BCT =18 426 Hyperoxaemia FE ** >
cohort (chest AIS>2/
1SS>15)
Ekpe and Eyo® Retrospective Patients with BCT ~ 7-76 149 Age i * *
cohort
Elkbuli et a/* Retrospective Patients with =3 =18 29785 BMI b o 3
cohort RFs, secondary to
MVC
El-Menyar et a/ * Retrospective Patients with BCT, ~ Any age 1004 Age o o il
cohort secondary to MVC
Elmistekawy and Case series Patients with BCT =60 39 PECs e ** *
Hammad’ and isolated RFs
Emircan et a/*® Retrospective Patients with BCT ~ Any age 37 Age, ISS FEx o *
cohort

Continued
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Table 1 Continued
Age group  Total Main risk factors  Selection
Study Study design Study population (years) sample investigated i Comparability **  Outcome ***
Ferre et af® Prospective cohort ~ Patients with BCT =18 29780 Age, PECs FEx ** *ox
and =1 RF
Flagel et al"® Retrospective Patients with BCT ~ Any age 64750 RFs x *x *
cohort and =1RFs
Grigorian et a/'"® Retrospective Patients with BCT =18 282986 PECs, ISS, smoking  *** ** *
cohort with >1 RFs
Gupta et al*® Prospective cohort  Patients with BCT =12 50 Age, RFs, o * *
pulmonary
contusion
Haines et al* Retrospective Patients with BCT  >18 669 Location of RFs, RFs **** ** *ox
cohort with RFs
Harrington et al'’ Retrospective Patients with BCT =50 1621 Age, PECs, ISS o b 3
cohort with >1 RF
Hoff et a/” Retrospective Patients with 16-49 9% RFs, pulmonary e o o
cohort pulmonary contusion
contusions
Holcomb et al*’ Retrospective Patients with BCT =15 171 Age i > &
cohort with RFs
Inci et al*® Retrospective Patients with chest >60 101 Age o * &
cohort trauma
Jentzsch et al' Retrospective Patients with BCT =18 259 BMI i o 5
cohort and RFs
Jones et af*® Retrospective Patients with >18 67220 Age, RFs i o G
cohort trauma and =1 RFs
Kapicibasi®’ Retrospective Patients with BCT ~ >18 130 Age i o &5
cohort
Khan et al*? Retrospective Patients with >65 266 FVC i o @
cohort trauma and =1 RFs
Kilic et al* Case series Patients with BCT ~ 16-70 23 Age o * *
and flail chest
Kulshrestha et a/*® Retrospective Patients with BCT ~ Any age 1359 Age, RFs e > *
cohort
Lee et al® Retrospective Patients with BCT ~ Any age 3282 RFs e > *
cohort
Lee etal’ Retrospective Patients with BCT ~ Any age 105493 Age e ** *
cohort
Lien et al® Retrospective Patients with RFs =18 18856 Age, RFs i i o
cohort secondary to MVC
Liman et a/"’ Retrospective Patients with BCT ~ Any age 1490 Age, RFs, 1SS e ** *
cohort
Lin et a/™ Retrospective Patients with BCT =18 1621 RFs i b 9
cohort
Liu et a/3* Retrospective Patients with Any age 777 Age nla
cohort severe BCT, and
penetrating
Marini et af*® Retrospective Patients with blunt =16 1188 Age, RFs, ISS, e ** *
cohort trauma with RFs, pulmonary
aged =16 contusion
Mentzer et a/”® Retrospective Patients with BCT >80 26481 PECs EE o o3
cohort
Okonta et a/*® Prospective cohort  Patients with BCT ~ Any age 73 Age, surgical e *x *
with RFs emphysema
Ozdil et al” Retrospective Patients with =16 181 ISS FE ** *
cohort bilateral
pneumothorax
Peek et al* Retrospective Patients with BCT =18 564798 Age, RFs, PECs, ISS,  *** > *
cohort with >1RF or flail smoking, obesity
chest
Penasco et al'® Retrospective Patients with chest =65 269 Base excess e ** **
cohort trauma admitted
inICU
Continued
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Table 1 Continued
Age group  Total Main risk factors  Selection
Study Study design Study population (years) sample investigated i Comparability **  Outcome ***
Penasco et al*' Retrospective Patients with >65 235 Age, mechanical FEx ** *
cohort severe chest ventilation
trauma in ICU
Perna 2010% Prospective cohort  Patients with chest >18 500 Age, RFs, ISS, rxx ** *
trauma mechanical
ventilation
Peterson and Morera® Retrospective Patients with chest Any age 2073 Age e * **
cohort trauma
Sammy et al'* Prospective cohort  Patient with BCT =16 10052 Age, PECs, ISS S & &3
with =1 RFs
Sharma et a/*® Retrospective Patients with BCT ~ Any age 808 Age, RFs e ** *
cohort with >1RFs
Shi et al Retrospective Patients with BCT =65 97 Age e * *
cohort with RFs
Shorr et af"! Retrospective Patients with BCT =65 92 Age i * &
cohort
Shulzhenko et a/*? Retrospective Patients with BCT =65 67659 Age, RFs i > 5
cohort with =1 RFs
Sikander et a/*? Prospective cohort  Patients with BCT =60 80 Age, RFs, PECs o * *
Sirmali et al° Retrospective Patients with chest Any age 1417 Age, RFs e o o
cohort trauma, with >1RF
Stawicki et al*® Retrospective Patients with BCT, =18 27855 Age, RFs, PECs o i o3
cohort with >1RF
Subhani et a/" Cross-sectional Patients with Any age 264 Number of rib e *x *
BCT, <48 hours of fractures
trauma
Svennevig et al’' Retrospective Patients with BCT ~ Any age 262 Age, RFs * * *
cohort
Testerman® Retrospective Patients with BCT ~ Any age 307 Age R o *
cohort with >1RFs
Turcato et al® Retrospective Patients with >75 342 Oral anticoagulants *** > *
cohort >1RFs
Udekwu et af"® Retrospective Patients with =18 383 Anticoagulants and  *** ** *
cohort >3RFs, hospital antiplatelets
LOS >3 days
Van Vledder et al”® Retrospective Patients with >65 884 Age, RFs, PECs rxk *x i
cohort trauma with >1RFs
Vartan et a/”® Retrospective Patients with blunt >18 19638 RFs, smoking o o *
cohort trauma and >1RFs
Warner et a/®? Retrospective Patients with >18 1106 FvC e > *kk
cohort trauma RFs and
FVC of >1
Whitson et al*® Retrospective Patients with blunt  Any age 35468 Age, RFs, PECs, 1SS, *** oG o
cohort trauma and >1 RFs BMI

Scoring system for 'Selection, Comparability and Outcome' explained in Quality Assessment section
AIS, Abbreviated Injury Score; BCT, blunt chest trauma; BMI, body mass index; FVC, forced vital capacity; ICU, intensive care unit; ISS, Injury Severity Score; LOS, length of stay;
MVC, motor vehicle collision; NISS, New Injury Severity Score; PEC, pre-existing conditions; RF, rib fracture.

Injury Severity Scale

A total of 17 studies investigated the severity of injury as a risk
factor for mortality in blunt chest wall trauma, as measured
using the Injury Severity Score (ISS) (online supplemental file
3, table 4). All but one” demonstrated increasing ISS was a
significant risk factor,'? 17 18 33 4547 56 6165 80 15 marients with
flail chest, conflicting results were reported, with a number of
studies reporting ISS as a significant risk factor®’” ®* and others
reporting no significance.*” > A higher New Injury Severity
Score was reported to be a significant risk factor for mortality in
three studies.®® °**° Pooled data (as meta-analysis is not possible)
for increasing ISS and a corresponding forest plot is included in
online supplemental file 4, figure 3.

Mechanical ventilation

Four studies investigated the need for mechanical ventilation
during hospital admission as a risk factor for mortality in patients
with blunt chest wall trauma (online supplemental file 3, table
5) 174581 Three studies demonstrated that mechanical venti-
lation was a significant risk factor for mortality but the studies
included patients with varying severity of injury ranging from
rib fractures'” to severe blunt chest trauma** 8! and flail chest."’

Body mass index
Five studies investigated BMI as a risk factor for mortality.
Three studies found no association between patient weight and
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Figure 2  Forest plot illustrating the odds of mortality with 95% Cls in blunt chest wall trauma patients aged 65 years or more.

mortality in patients with blunt chest wall trauma (online supple-
mental file 3, table 6).12%¢ 32 Peek et al* reported that obesity
was a significant risk factor for mortality; Cone et al found that
in addition to obesity, a BMI<18.5 was also a significant risk
factor.'’

Smoking status

Three studies investigated smoking as a risk factor for mortality
in patients with blunt chest wall trauma (online supplemental
file 3, table 7). Two studies reported that the non-smokers were
at higher risk of mortality.” '® Vartan et al reported that patients
with alcohol use disorder who also smoked, were at higher risk
of mortality.”

Other risk factors

A number of other risk factors were investigated in either one
or two studies and included time after injury,® lateral rib frac-
tures,”” vital capacity*' and predicted forced vital capacity,?* %
pulmonary contusion,*” ”* surgical emphysema,®® early hyperox-
aemia,®® lactate®® and base excess,'®prehospital anticoagulants
or antiplatelets,” ** and alcohol use disorder”® (full results are
reported in online supplemental file 3, table 8).

DISCUSSION

Despite a large number of new studies over the last decade inves-
tigating the risk factors for mortality in patients with blunt chest
wall trauma, this updated review found limited new research
that would potentially change clinical practice. Ten years after
the initial review, our results have re-demonstrated that the
strongest risk factors for mortality in patients with blunt chest
wall trauma continue to be; a patient age of 65 years or more,
three or more rib fractures and pre-existing conditions specif-
ically cardiopulmonary disease. Other new risk factors were

found to be significant in a small number of studies, but results
were conflicting and meta-analysis was not possible due to
heterogeneity.

Heterogeneity between the included studies was a considerable
limitation of this review, which resulted in a number of compar-
isons not being possible. Pooling of data (such as case series with
cohort studies) has limitations and may have impacted the study
findings. Standard definitions for the outcome mortality either
differed or were not described in many of the studies. Defini-
tions used for the various risk factors also differed across the
studies, or how they handled the continuous variables such as
age or number of risk factors. Dichotomisation of variables using
a cut-off value for the point at which increased risk occurred
is not recommended by methodologists, but was a common
analytical technique used across the included studies.*®®” Despite
drawing conclusions regarding cardiopulmonary disease being
a risk factor for mortality, the lack of consensus scale for pre-
existing conditions was a limitation of this review. As a result
of the difficulty in negating the effects of bias and confounding
in observational studies, it is important that the results of each
individual study and this review are interpreted with caution.

An increasing ISS as a risk factor for mortality has been inves-
tigated extensively in trauma research. It would seem reasonable
to assume that higher injury severity would lead to an increased
risk of mortality however, this assumption is simplistic and does
not always assist in the management of the patients who are
less severely injured in the ED. Need for mechanical ventilation
was reported to be a risk factor in a small number of studies,
but needs further investigation, as this could be associated with
onset of pneumonia. The onset of pneumonia as a risk factor
for mortality was included in the original review. This has been
removed from this updated review as our aim is to present risk
factors for potential inclusion in prediction models for use in

=3RFs <3RFs Odds Ratio 0Odds Ratio
Study or Subgroup  Events  Total Bvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lin 2016 49 13 3z a54 8.1% 1.22[077,1.97] -
Sharma 2008 174 1208 94 1075 18.3% 1.76[1.35, 2.29] -
Flagel 2005 2222 19969 1484 25347 441% 20001.87, 214 u
Lee 1990 97 2477 1837 103016  24.2% 224 1.82 2.76] -
Lien 2009 43 3018 15 26491 5.3% 2.581[1.43 4.69] I
Total (95% CI) 27385 132738 100.0% 1.96 [1.69, 2.26] [
Total events 25845 3472
Heterogeneity: Tau®= 0.01; Chi#=7.33, df= 4 (P= 0123 F= 45% 0 102 D=1 1=D 5=D

Test for owerall effect £=9.15 (P = 0.00001})

Riskif<3 RFs Riskif =3 RFs

Figure 3 Forest plot illustrating the odds of mortality with 95% Cls in patients with three or more rib fractures (RFs).
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Figure 4 Forest plot illustrating the odds of mortality with 95% Cls in patients with blunt chest trauma with cardiopulmonary disease (CPD).

the ED. At the time of presentation to the ED, the majority of
patients will not have developed pneumonia and this is therefore
more of an outcome than a risk factor.

Extremes of BMI and smoking status were investigated in a small
number of more recent studies although no definitive conclusions
were possible in this review. Interestingly, the long-standing opinion
of both clinicians and researchers that smokers have worse outcomes
than non-smokers has been recently challenged and in two studies,
the reverse was reported. To date, there is no well-established expla-
nation as to why smokers may be at lower risk of mortality following
blunt chest wall trauma, but it has been suggested that biological and
pathophysiological adaptions that smokers develop may provide a
survival benefit when recovering from rib fractures.” '® It was also
suggested that clinicians are more vigilant with smokers and conse-
quently these patients receive more intensive monitoring or care.”
Further good quality research is needed before clinicians change
their practice.

A 2020 study reported that there is still significant variation in
clinical practice across EDs in how elderly patients with blunt
chest trauma are assessed and investigated.®® A recent survey study
reported that there are over 20 different risk prediction tools and
pathways used in the UK to manage this patient population.! The
results of this review provide knowledge to both researchers and
clinicians as to whether or not these risk prediction tools and path-
ways are still evidence-based or need updating or further validation.

Although this study focused on mortality, it is apparent that
further work is also required into the development of a specific
patient reported outcome measure for patients with blunt chest wall
trauma. This work is currently underway and should also lead to an
improvement in the quality of future research in the field and facili-
tate future meta-analyses.”’

There are several limitations that need acknowledgement. System-
atic reviews of observational studies are not without criticism.
Consideration of potential forms of bias is important in observational
studies, which are sensitive to both publication bias and confounding,.
The search strategy included a number of methods to reduce poten-
tial publication bias but no unpublished studies investigating risk
factors were identified in the search. A number of the included
studies were at risk of confounding as they only reported unadjusted
estimates for the associations between risk factor and mortality. We
were also unsuccessful in our attempt to contact a number of authors
in order to include more data in the meta-analysis.

In summary, the results of this updated review suggest that despite
a change in demographics of trauma patients and new evidence, the
main risk factors for mortality in patients sustaining blunt chest wall
trauma remained largely unchanged since the original review. These
risk factors include; patient age of 65 years or more, three or more rib
fractures, and the presence of pre-existing disease. Included studies
were of variable quality and high levels of heterogeneity precluded
further meta-analysis.
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Supplementary file 1: Search strategy:

All methods used in this review followed CRD guidelines. A broad search strategy was used in order to include all
relevant studies. The search filters used were Medline and Embase Databases and the Cochrane Library from January
2010 until March 2021. The search term combinations were Medical Subject Heading (MeSH) terms, text words and
word variants for chest trauma. These were combined with relevant terms for aetiological factors. The search terms
are illustrated in Table 1.

Keyword combinations used in the literature search.

Chest trauma AND Prognos*
Thora* trauma Predictor
Rib fractures Caus*

Thora* injury Risk factors
Chest injury

The asterisk indicates where the truncated version of the word was used

The references of primary studies and review articles were hand-searched in order to identify studies missed in the
electronic search. In addition, the Annals of Emergency Medicine, Emergency Medicine Journal, Journal of
Emergency Medicine, Injury, BMC Emergency Medicine, Trauma and the Journal of Trauma and Acute Care Surgery
were hand-searched from January 2010 to March 2021 for relevant studies.

The authors of the studies selected for inclusion in this review were contacted if data was required and a deadline
for response was set at three months. All available worldwide Emergency Medicine Conference abstracts were
searched. In addition, OpenGrey (System for Information on Grey Literature in Europe) which include unpublished
papers were searched to identify grey literature.

The searches were international and no search limitations (other than date) were imposed. Table 2 highlights the
inclusion and exclusion criteria used for study selection.

Inclusion and exclusion criteria for study selection

Inclusion Exclusion

Population Studies investigating patients Studies investigating: a) Patients with penetrating
presenting to the ED with blunt trauma only b) Patients with multi-trauma only and no
chest wall trauma (blunt chest injury | reference to chest trauma c) Patients with severe
resulting in chest wall contusion or intrathoracic injuries only (eg. Bronchial, cardiac,
rib fractures, with or without oesophageal, aortic or diaphragmatic rupture) and no
underlying lung injury) chest wall trauma. d) Scoring systems or prognostic

tools

Outcomes Studies investigating mortality in Studies investigating management or treatment
patients with blunt chest wall strategies only
trauma

Comparators Studies allowing estimates of Studies that fail to provide comparative data on risk
association between risk factor and factors and outcome.
outcome for blunt chest wall trauma

Study Design All observational studies, published Descriptive studies with no comparative data such as a
and unpublished narrative review or case studies
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Supplementary file 2: Newcastle Ottawa Scale Quality assessment tool descriptors

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE - COHORT STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome
categories. A maximum of two stars can be given for Comparability

Selection

1) Representativeness of the exposed cohort

a) truly representative of the average blunt chest trauma population ¥
b) somewhat representative of the average blunt chest trauma population 3#
c) selected group of users eg nurses, volunteers

d) no description of the derivation of the cohort

2) Selection of the non exposed cohort

a) drawn from the same community as the exposed cohort ¥
b) drawn from a different source

c) no description of the derivation of the non exposed cohort

3) Ascertainment of exposure

a) secure record (eg surgical records) 3#
b) structured interview ¥
c) written self report

d) no description

4) Demonstration that outcome of interest was not present at start of study

a) yes (statement that pathological or old fractures were excluded) %

b) no

Comparability

1) Comparability of cohorts on the basis of the design or analysis

a) study controls for age, number of rib fractures %

b) study controls for any additional factor 3% (This criteria could be modified to indicate specific control for a
second important factor.)

Outcome

1) Assessment of outcome

a) independent blind assessment #
b) record linkage 3#

c) self report
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d) no description

2) Was follow-up long enough for outcomes to occur

a) yes (clear description of follow-up period, no less than hospital discharge) #

b) no

3) Adequacy of follow up of cohorts

a) complete follow up - all subjects accounted for/ includes statement on missing data handing #

b) subjects lost to follow up unlikely to introduce bias - small number lost - > % (select an
adequate %) follow up, or description provided of those lost) 3#

c) follow up rate < % (select an adequate %) and no description of those lost

d) no statement
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Supplementary file 3: Risk factors results tables

Table 1: Age as a risk factor for mortality following blunt chest wall trauma

Study Population Results

Abdulrahman Patients with BCT with >3 RFs, No difference between patients aged <45 with >3RF (2.3%) and
2013 aged 214 those aged >45 with 2RF (6.1%) (p=0.18)

Abid 2020 Patients with BCT aged between  In hospital mortality significantly higher in patients aged >65

Albaugh 2000

Athanassiadi
2004
Athanassiadi
2010
Bankhead-
Kendall 2019
Barea-
Mendoza
2022
Benjamin
2018
Bergeron
2003
Borman 2006

Brasel 2006
Bulger 2000
Byun 2013
Cannon 2012
Cinar 2021
Degirmenci
2022

Ekpe 2014
El-Menyar
2016
Emircan 2011
Ferre 2021
Gupta 2021
Harrington
2010
Holcomb
2003

Inci 1998
Jones 2011
Kapicibasi
2020

Kilic 2011
Kulshrestha

2004
Lee 1990

12-45 and 265

Patients with BCT and flail chest
aged 218

Patients with BCT and flail chest
aged 218

Patients with BCT and flail chest
aged 218

Patients >18 with BCT or RFs,
presenting to ED

Patients with severe BCT,
admitted to ICU, aged >18 years

Patients with BCT and flail chest
aged 218

Patients with blunt trauma with
RFs, no age restriction

Patients with trauma with flail
chest, no age restriction
Patients with trauma with RFs,
no age restrictions

Patients with trauma with RFs
aged 265

Patients with multiple RFs, no
age restrictions

Patients with trauma with flail
chest, no age restrictions
Patients with isolated thoracic
trauma, aged >18

Patients with trauma with BCT,
no age restrictions

Patients with BCT, no age
restrictions

Patients with BCT, secondary to
MVC, no age restrictions
Patients with BCT, no age
restrictions

Patients with BCT and >1 RFs, no
age restrictions

Patients with BCT, aged 212
years

Patients with BCT with 21 RF,
aged >50

Patients with BCT with RFs,
aged >15

Patients with chest trauma, no
age restrictions

Patients with trauma and >1 RFs,
no age restrictions

Patients with BCT, aged 218

Patients with BCT and flail chest,
no age restrictions

Patients with BCT, no age
restrictions

Patients with BCT, no age

(p=0.002)
Likelihood of death increases by 132% for each decade of life

Age had no effect on mortality in flail chest patients
Age had no effect on mortality in flail chest patients

Age 265 independently associated with mortality directly related
to RFs (OR: 4.1, 95% Cl: 1.3-13.3, P value <.0001)

Adjusted OR of death in patients with increasing age: 1.03 (1.02-
1.04, p<0.001)

Adjusted OR of death in patients aged >65: 6.02 (4.8-7.5, p<0.001)
Adjusted OR of death in patients aged >65: 5.03 (1.8-13.9)

OR of death in patients aged 45-64: 1.7 (0.8-3.7).
OR death in patients aged 265: 2.1 (1.0-4.6)
Adjusted OR of death in patients aged 65-74: 2.7 (1.1-7.1)

Patients aged 265 had higher mortality (p<0.001)
Age had no effect on mortality

OR of late death with increasing age (OR: 1.033, 95%Cl: 0.99-1.07;
p=0.067)

Mean age in non-survivor group was 64 (26-75), compared to 38
(25-53) in the survivor group (p=0.002)

Mortality was higher in the patients aged 265 (p<0.001)

Age >45 had no effect on mortality (p=0.468)

Adjusted OR of death with increasing age: 0.013 (0.997-1.029.
p=0.105)

On multivariate analysis, increasing age was not found to be a
predictor of mortality

Adjusted OR of death with increasing age: 1.03 (1.02-1.03,
p<0.001)

Mean age in non-survivor group was 51.1 (SD: 23.8), compared to
40.5 (SD: 15.9) in the survivor group (p=0.155)

OR death in patients aged >50: 1148.5 (184.9-7132.6)

No differences in mortality in patients aged <45 or 245

Patients aged 260 had higher mortality (p<0.001)

Adjusted OR of death in patients aged 265: 1.47 (1.45-1.48)

No difference in mortality rates between patients aged <65 and
265

Mortality was higher in patients aged 255 than those aged <55
(p<0.05)

OR death with each 1 year increase in age: 1.04 (1.02-1.05)

Patients with >3RF aged 265 had higher mortality than those aged
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Lien 2009
Liman 2003

Liu 2013

Marini 2019
Okonta 2020

Peek 2020

Penasco 2017

Perna 2010

Peterson
1994

Sammy 2017

Sharma 2008
Shi 2017
Shorr 1989

Shulzhenko
2017
Sikander
2020

Sirmali 2003

Stawicki
2004
Svennevig
1986
Testerman
2006

Van Viedder
2019
Whitson
2013

restrictions

Patients with RFs secondary to
MVC, aged 218

Patients with BCT, no age
restrictions

Patients with severe chest
trauma, blunt and penetrating,
no age restrictions

Patients with blunt trauma with
RFs, aged 216

Patients with BCT with RFs, no
age restrictions

Patients with BCT with 21RF or
flail chest, aged 18

Patients with severe chest
trauma admitted to ICU, aged
>65

Patients with chest trauma, no
age restrictions

Patients with chest trauma
(blunt and penetrating), no age
restrictions

Patient with BCT with >1 RFs,
aged 216

Patients with BCT with 21RFs, no
age restrictions

Patients with BCT with RFs, aged
>65

Patients with BCT, aged 265

Patients with BCT with >1 RFs,
aged 265
Patients with BCT, aged =60

Patients with chest trauma, with
>1RF, no age restrictions
Patients with BCT, with >1RF,
aged 218

Patients with BCT, no age
restrictions

Patients with BCT with 21RFs, no
age restrictions

Patients with trauma with >1RFs,
aged 265

Patients with blunt trauma with
>1 RFs, no age restriction

<65 with > 3RF (p<0.001)
Adjusted OR death in patients aged 65-74: 2.21 (1.63-2.99)

Patients aged 260 had higher mortality than those aged <60
(p<0.001)

Adjusted OF for mortality in patients aged <60: 0.96 (p=0.01).
Protective effect if aged <60

Mortality increases at age 65 without a further increase until age
286
No differences in mortality due to increasing age

Adjusted OR 30-39 years: 1.09 (1.03-1.16, p<0.001)

Adjusted OR 40-49 years: 1.35 (1.28-1.43, p<0.001)

Adjusted OR 50-59 years: 1.91 (1.80-2.02, p<0.001)

Adjusted OR 60-69 years: 2.98 (2.81-3.17, p<0.001)

Adjusted OR 70-79 years: 5.58 (5.24-5.94, p<0.001)

Adjusted OR 80-89 years: 10.7 (10.1-11.4, p<0.001)

Adjusted OR for death increases per year from age 65: 1.08 (1.03-
1.14, p=0.005)

Patients aged =55 had higher rate of mortality (p<0.05)

Patients aged > 60 had higher mortality than those aged <60

Adjusted OR 45-54 years: 1.73 (1.20-2.49, p=0.003)
Adjusted OR 55-64 years: 1.92 (1.31-2.82, p=0.001)
Adjusted OR 65-75 years: 4.43 (3.10-6,31, p<0.001)
Adjusted OR >75 years: 18.09 (13.12-24.94, p<0.001)
Patients aged 265 had higher mortality than those aged <65
(p<0.05)

No difference in mortality due to age in patients aged 265

Patients aged 265 had higher mortality than those aged <65
(p<0.001)

Adjusted OR per year increase in age in patients 265: 1.059 (1.054-
1.064)

Mortality higher in patients aged >80 (p=0.001)

Patients aged =60 had higher mortality than those aged <60

Patients aged 265 had higher mortality than those aged <65
(p<0.001)

Patients aged 270 had higher mortality than those aged <70
(p<0.05)

No differences in mortality in patients aged <45 and 245

Adjusted OR for mortality in patients aged 81-90: 1.4 (0.6-3.2,
p=0.44 and patients aged 291: 3.4 (1.5-7.6, p=0.003)

Adjusted OR per year increase in age in patients: 1.03 (1.02-1.03,
p<0.0001)

RF: Rib fracture, BCT: Blunt chest trauma, OR: odds ratio, Cl: confidence interval, MVC: motor vehicle collision

Table 2: Number of rib fractures as a risk factor for mortality following blunt chest wall trauma

Study Population Results

Abdulrahman Patients with BCT with >3 RFs, No difference in mortality according to number of RFs (p=0.21)
2013 aged 214

Barnea 2002 Patients with isolated RFs, Correlation between increasing number of RF and increased

aged 265

mortality (p=0.006)
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Bergeron 2003  Patients with blunt trauma Adjusted OR of death in patients with >3 RFs: 3.13 (1.3-7.6)
with RFs, no age restriction
Brasel 2006 Patients with trauma with RFs,  Adjusted OR of death in patients with >3 RFs: 1.8(1.1-3.0)
no age restrictions
Bulger 2000 Patients with trauma with RFs OR death with each additional RF: 1.19
aged 265
Degirmenci Patients with trauma with BCT,  Mortality was higher in the patients with =5 RFs (p<0.001)
2022 no age restrictions
Flagel 2005 Patients with BCT and 21RFs, Mortality increases with each successive RF (p<0.02)
no age restrictions
Gupta 2021 Patients with BCT, aged 212 Mean number of RFs in non-survivor group was 3 (SD: 1.0),
years compared to 1.1 (SD: 1.1) in the survivor group (p=0.001)
Haines 2018 Patients with BCT with RFs, Mortality higher in patients with =5 RFs (p<0.035)
aged 218
Hoff 1994 Patients with BCT with isolated  No correlation between number of RFs and mortality
pulmonary contusions, aged
16-49
Jones 2011 Patients with trauma and 21 Adjusted OR of death in patients with 25 RFs: 1.05 (1.01-1.08)

Kulshrestha

RFs, no age restrictions
Patients with BCT, no age

OR death for patients with =5 RFs: 2.43 (1.31-4.51)

2004 restrictions

Lee 1989 Patients with BCT, no age Patients with 23RFs had higher mortality than patients with 0-2
restrictions RFs

Lee 1990 Patients with BCT, no age Patients with 23 RFs had higher mortality than patients with 0-2
restrictions RFs (p<0.001)

Lien 2009 Patients with RFs secondary to  Adjusted OR death for patients with > 3 RFs: 2.44 (0.93-6.41)
MVC, aged 218

Liman 2003 Patients with BCT, no age Patients with 23RFs had higher mortality than patients with <3 RFs
restrictions (p<0.001)

Marini 2019 Patients with blunt trauma The median number of RFs in non-survivors was higher than that
with RFs, aged 216 in the survivors (p<0.001)

Lin 2016 Patients with BCT, aged 218 No difference in mortality according to number of RFs (p=0.286)

Peek 2020 Patients with BCT with 21RF or  Adjusted OR of death with increasing number of RFs: 1.05 (1.04-
flail chest, aged 18 1.06, p<0.001)

Perna 2010 Patients with chest trauma, no  Patients with >3 RFs had higher mortality than patients with <3 RFs

Sharma 2008

age restrictions
Patients with BCT with >1RFs,
no age restrictions

(p<0.05)
Patients with >3 RFs had higher mortality than patients with <3 RFs
(p<0.05)

Shulzhenko Patients with BCT with >1 RFs, Adjusted OR for death for patients with >8 RFs: 1.51 (1.35-1.68,
2017 aged 265 p<0.001)
Sirmali 2003 Patients with chest trauma, Patients with 26 RFs had higher mortality than patients with <6 RFs

Stawicki 2004

Subhani 2014

with 21RF, no age restrictions
Patients with BCT, with >1RF,

aged 218

Patients with BCT reporting to
ED within 48 hours of trauma,
no age restrictions

Correlation between increasing number of RF and increased
mortality

Statistically significant direct correlation between mortality and
number of RFs. In >3RFs patients had higher mortality (p<0.001)

Svennevig Patients with BCT, no age Patients with >4 RFs had higher mortality than patients with <4 RFs
1986 restrictions (p<0.05)

Van Vledder Patients with trauma with Adjusted OR for death in patients with multiple (unspecified

2019 >1RFs, aged 265 number) RFs: 2.6 (1.1-6.0, p=0.03)

Vartan 2020 Patients with blunt trauma and  Adjusted OR for death in patients with increasing number of RFs:

Whitson 2013

>1RFs, aged 218
Patients with blunt trauma
with 21 RFs, no age restriction

1.02 (0.97-1.08)
Adjusted OR for death in patients with increasing number of RFs:
0.995 (0.98-1.02, p=0.6417)

RF: Rib fracture, BCT: Blunt chest trauma, OR: odds ratio, Cl: confidence interval, MVC: motor vehicle collision

Table 3: Pre-existing conditions as a risk factor for mortality following blunt chest wall trauma

Study

Population

Results

Alexander 2000

Patients with BCT and >2 RFs

Patients with cardiopulmonary disease had higher mortality than

Battle C, et al. Emerg Med J 2022;0:1-10. doi: 10.1136/emermed-2021-212184



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

placed on this supplemental material which has been supplied by the author(s)

Emerg Med J

Barnea 2002

Bergeron 2003
Brasel 2006
Degirmenci
2022
Elmistekawy
2007

Ferre 2021
Grigorian 2020
Harrington
2010

Mentzer 2017

Peek 2020

Sammy 2017

Sikander 2020
Stawicki 2004
Van Vledder

2019
Whitson 2013

aged 265
Patients with isolated RFs,
aged 265

Patients with blunt trauma

with RFs, no age restriction

Patients with trauma with

RFs, no age restrictions
Patients with trauma with BCT,
no age restrictions

Patients with BCT and isolated

RFs, aged 260

Patients with BCT and >1 RFs,

no age restrictions

Patients with BCT with 21 RFs,

aged 218

Patients with BCT with >1 RF,
aged >50
Patients with BCT, aged >80

Patients with BCT with >1RF
or flail chest, aged 18

Patient with BCT with >1 RFs,
aged 216

Patients with BCT, aged 260

Patients with BCT, with >1RF,
aged 218

Patients with trauma with
>1RFs, aged 265

Patients with blunt trauma
with 21 RFs, no age restriction

those without cardiopulmonary disease (p<0.05)

Patients with congestive heart failure had higher mortality than
those without (p<0.001). No significant difference between
patients with chronic lung disease and those without.

Adjusted OR for mortality in patients with co-morbidity: 2.98 (1.1-
8.3)

Adjusted OR for mortality in patients with congestive heart failure:
2.62 (1.93-3.55)

Mortality was higher in the patients with co-morbidities (p<0.001)

Patients with chronic lung disease had higher mortality (p=0.006)

Adjusted OR for mortality in patients with an increasing Elixhauser
comorbidity count: 1.35 (1.31-1.38, p<0.05)

Adjusted OR for mortality in patients with COPD: 1.14 (0.95-1.37,
p=0.160), with end-stage renal failure: 2.78 (1.84-4.20, p<0.001),
with diabetes: 1.23 (1.07-1.42, p<0.001)

Adjusted OR for mortality in patients with congestive heart failure:
5.7 (1.3-25.0)

Adjusted OR for mortality in patients an increasing Charlson Co-
morbidity Index: 1.37 (1.31-1.43)

Adjusted OR for mortality in patients with congestive heart failure:
1.85 (1.72-1.99,p<0.001), with diabetes: 1.24 (1.18-1.30, p<0.001),
with respiratory disease: 1.35 (1.28-1.43, p<0.001)

Adjusted OR for mortality in patients with a Charlson Score 1-5:
1.81 (1.47-2.22, p<0.001), score 6-10: 2.47 (1.83-3.32, p<0.001),
score >10: 4.51 (3.11-6.54, p<0.001)

Pre-existing cardiopulmonary disease was associated with
mortality (p=0.032)

Effect of pre-existing conditions on patient mortality was inversely
related to number of RF

Adjusted OR for mortality in patients with cardiac disease: 2.6 (1.4-
4.7, p=0.003), COPD GOLD 2 or more: 1.3 (1.4-12.7, p=0.01)
Adjusted OR for mortality in patients with COPD: 1.46 (1.05-2.03,
p=0.024), with a history of cardiac surgery: 1.32 (1.15-1.52,
p<0.0001)

RF: Rib fracture, BCT: Blunt chest trauma, OR: odds ratio, Cl: confidence interval, MVC: motor vehicle collision

Table 4: Injury Severity Score as a risk factor for mortality following blunt chest wall trauma

Study

Population

Results

Albaugh 2000

Athanassiadi 2004

Athanassiadi 2010

Bergeron 2003

Brasel 2006

Byun 2013
Cinar 2021
Emircan 2011

Grigorian 2020

Harrington 2010

Patients with BCT and flail
chest aged 218

Patients with BCT and flail
chest aged 218

Patients with BCT and flail
chest aged 218

Patients with blunt trauma

with RFs, no age restriction

Patients with trauma with
RFs, no age restrictions

Patients with multiple RFs, no

age restrictions

Patients with isolated thoracic

trauma, aged 218
Patients with BCT, no age
restrictions

Patients with BCT with >1 RFs,

aged 218

Patients with BCT with >1 RF,

Adjusted RR for mortality in patients with increasing ISS: 1.3
(1.02-1.64, p=0.021)

ISS was not found to be a predictor of mortality in patients
with flail chest

ISS was the strongest predictor for mortality in patients with
flail chest

Adjusted OR for mortality in patients with an ISS of 16-29:
1.19 (0.4-3.4), with an ISS of >30: 5.48 (1.7-18.1)

Adjusted OR for mortality in patients with an ISS of 9-15: 1.6
(1.0-2.5), with an ISS of 16-25: 2.9 (1.5-5.5), with an ISS of
>25: 18.0 (2.0-162.2)

Adjusted OR for mortality in patients with an increasing ISS:
1.13 (1.07-1.17, p<0.001)

Adjusted OR for mortality in patients with an increasing ISS:
1.05 (1.01-1.08, p=0.016)

Adjusted OR for mortality in patients with an ISS >22:6.27
(2.48-15.88)

Adjusted OR for mortality in patients with an ISS >25: 3.45
(3.07-3.88, p<0.001)

Adjusted OR for mortality in patients with an increasing ISS:
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aged =50 43.9 (4.3-452.8, p<0.001)

Inci 1998 Patients with chest trauma, In patients with an ISS >25, mortality rate was 71.4%
no age restrictions

Liman 2003 Patients with BCT, no age Based on ISS, there was significant difference in mortality
restrictions between the patients with 0 RF, those with 1-2 RFs and those

with >2 RFs (p<0.001)

Marini 2019 Patients with blunt trauma Despite a higher ISS, there was no difference in mortality of
with RFs, aged 216 patients with flail chest, compared to those without (p=0.27)

Ozdil 2018 Patients with BCT with The comparison of ISS and mortality between isolated RFs
bilateral pneumothorax, aged  and multi-trauma patients revealed no difference (p=0.22)
>16

Peek 2020 Patients with BCT with 21RF Adjusted OR for mortality in patients with an increasing ISS:
or flail chest, aged 18 1.07 (1.06-1.07, p<0.001)

Perna 2010 Patients with chest trauma, Mortality between the ISS groups (<25, 225 to <50, 250 to
no age restrictions <70, >70) was statistically significant (p<0.05)

Whitson 2013 Patients with blunt trauma Adjusted OR for mortality in patients with an increasing ISS:

with 21 RFs, no age restriction  1.03 (1.02-1.03, p<0001)
RF: Rib fracture, BCT: Blunt chest trauma, OR: odds ratio, Cl: confidence interval, MVC: motor vehicle collision

Table 5: Need for mechanical ventilation as a risk factor for mortality following blunt chest wall trauma

Study Population Results

Benjamin 2018 Patients with BCT and flail chest  Adjusted OR for mortality in patients requiring mechanical
aged 218 ventilation: 3.75 (2.95-4.76, p<0.001)

Harrington 2010 Patients with BCT with =1 RF, Adjusted OR for mortality in patients requiring mechanical
aged 250 ventilation: 23.3 (11.9-45.2, p<0.001)

Penasco 2016 Patients with severe chest Adjusted OR for mortality in patients requiring mechanical
trauma admitted to ICU, aged ventilation: 5.36 (2.18-13.18, p<0.001)
265

Perna 2010 Patients with chest trauma, no The need for mechanical ventilation was reported a
age restrictions determining factor in increased mortality

RF: Rib fracture, BCT: Blunt chest trauma, OR: odds ratio, Cl: confidence interval, MVC: motor vehicle collision

Table 6: Body mass index as a risk factor for mortality following blunt chest wall trauma

Study Population Results

Cone 2020 Patients with severe isolated Adjusted OR for mortality in patients and BMI <18.5: 1.86
BCT (chest AIS 3-5) (1.12-3.10, p=0.017), BMI of 35.0-39.9: 1.48 (1.02-2.16,

p=0.039), BMI of 240: 1.60 (1.03-2.50, p=0.039)

Elkbuli 2021 Patients with >3 RFs, secondary  No significant difference in in-hospital mortality between all
to MVC, aged 218 BMI groups, regardless of flail chest or ISS (p>0.05)

Jentzsch 2020 Patients with BCT and RFs, aged  Global and local measures of obesity were not associated
>18 with mortality in patients with RFs

Peek 2020 Patients with BCT with >1RF or Adjusted OR for mortality in patients with obesity: 1.17
flail chest, aged 18 (1.09-1.25, p<0.001)

Whitson 2013 Patients with blunt trauma with  Adjusted OR for mortality in patients with obesity: 0.91
>1 RFs, no age restriction (0.53-1.57, p=0.735)

RF: Rib fracture, BCT: Blunt chest trauma, OR: odds ratio, Cl: confidence interval, MVC: motor vehicle collision

Table 7: Smoking status as a risk factor for mortality following blunt chest wall trauma

Study Population Results

Grigorian 2019 Patients with BCT with >1 RFs, Adjusted OR for mortality in patients reported as
aged >18 smokers: 0.64 (0.56-0.73, p<0.001)

Peek 2020 Patients with BCT with 21RF or  Adjusted OR for mortality in patients reported as
flail chest, aged 18 smokers: 0.66 (0.62-0.69, p<0.001)

Vartan 2020 Patients with blunt trauma and  Adjusted OR for mortality in patients with Alcohol use
>1RFs, aged 218 disorder and reported as smokers: 1.42 (1.26-1.69,
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p<0.001)

RF: Rib fracture, BCT: Blunt chest trauma, OR: odds ratio, Cl: confidence interval, MVC: motor vehicle collision

Table 8: Other risk factors for mortality following blunt chest wall trauma

Study Population Results
Bakhos 2006 Patients with BCT with >1 RF There was no significant correlation between vital
and aged 265 capacity and mortality
Khan 2020 Patients with trauma and >1 There was no differences in mortality between 3 groups
RFs of Forced Vital Capacity measures (<1000mL, 1001-
1500mL, >1500mL)
Warner 2018 Patients with trauma RFs and Mortality was higher in patients with FVC <1 during
admission FVC of >1 aged 218 admission (3.2%), compared to patients with FVC >1
during admission (0.2%) (p<0.001)
Duclos 2021 Patients with severe BCT, (chest There was no significant correlation between 24 hour
AIS >2 and an ISS >15) aged 218  hyperoxemia and mortality in severe blunt chest trauma
Gupta 2021 Patients with BCT, aged 212 Mean number of hours from injury to presentation in
years non-survivor group was 14.1 (SD: 17.5), compared to 2.0
(SD: 1.3) in the survivor group (p=0.001)
Haines 2018 Patients with BCT with RFs, For every lateral RF, patients were 1.13 (OR, p<0.001)

Degirmenci 2022

Barea-Mendoza 2022

Cinar 2021

Marini 2019

Hoff 1994

Okanta 2019
Penasco 2017

Turcato 2021

Udekwu 2019

Vartan 2020

aged 218

Patients with trauma with BCT,
no age restrictions

Patients with severe BCT,
admitted to ICU, aged 218 years
Patients with isolated thoracic
trauma, aged 218

Patients with blunt trauma with
RFs, aged 216

Patients with BCT with isolated
pulmonary contusions, aged 16-
49

Patients with BCT with RFs, no
age restrictions

Patients with chest trauma
admitted to ICU, aged 265
Patients with >1RFs, aged
>75years, using oral
anticoagulant therapy

Patients with BCT with >3RFs,
hospital LOS >3 days

Patients with blunt trauma and
>1RFs, aged 218

times more likely to die, controlling for age, gender and
ISS

Mortality was higher in the patients with multi-lobar
pulmonary contusions (p=0.01) and in patients with high
NISS values (p<0.001)

Adjusted OR of death in patients with increasing NISS
value: 1.02 (1.01-1.04, p<0.001)

Adjusted OR of death in patients with decreasing GCS:
0.78 (0.65-0.94, p=0.010). Adjusted OR death in patients
with increasing lactate: 1.19 (1.08-1.31, p<0.001)

No association between pulmonary contusion and
mortality in patients with RFs

Pulmonary contusion was not associated with mortality in
young, healthy patients.

Adjusted OR for mortality in patients with surgical
emphysema: 9.5 (1.05-86.80, p<0.045)

Adjusted OR for mortality in patients with a Base Excess of
<-6mmol/L: 4.93 (1.71-14.16, p=0.002)

No difference in mortality between direct oral
anticoagulants and vitamin K antagonists in patients with
RFs aged >75

Adjusted OR for mortality in patients using pre-injury
anticoagulants / antiplatelets: 4.29 (0.75-24.59, p=0.1021)
Patients with alcohol use disorder had a higher rate of
mortality than those without alcohol use disorder
(p<0.001)

RF: Rib fracture, BCT: Blunt chest trauma, OR: odds ratio, Cl: confidence interval, MVC: motor vehicle collision, NISS: New Injury

Severity Score, LOS: Length of stay, ICU: Intensive Care Unit
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Figure 1: Forest plot illustrating the odds of mortality with 95% confidence intervals in
blunt chest trauma patients aged 80 or more.

Age 80 or more Age <80 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CIl M-H, Random, 95% CI1
Wan Wledder 2019 45 304 43 580 43.1% 217 [1.39, 3.38] —-
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Sikander 2020 3 14 9 BB 22.4% 8.44 [2.37,30.09] I E—
Total (95% CI) 360 1256 100.0% 3.98[1.76, 8.97] e
Total events 64 91
Heterogeneity: Tau?= 0.35; Chi*= G.68, df= 2 (P = 0.04) F= 70% I t t |
Testfor overall effect: Z= 3.33 (F = 0.0008) 0.0 -0'1- N e el i _1.0 100
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Figure 1 demonstrates a combined odds ratio for mortality of 3.98 (Cl 95%: 1.76-8.97) in
patients with blunt chest wall trauma aged 80 or more. A large degree of heterogeneity
between the included studies was reported (I? statistic: 70%). The result of the test for
overall effect (Z=3.33, p=0.0009) indicated that the odds of mortality was significantly greater

in patients with blunt chest wall trauma who are aged 80 or more.

Figure 2: Forest plot illustrating the odds of mortality with 95% confidence intervals in
blunt chest trauma patients with increasing age.

%
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El-Menyar (2016) T—— E 1.01 (1.00, 1.03) 2.35
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Shulzhenko (2016) E - 1.06 (1.05, 1.06) 26.26
Whitson (2013) - i 1.03 (1.02, 1.03) 68.61
Overall, IV (I = 97.6%, p = 0.000) @ 1.04 (1.03, 1.04) 100.00
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Figure 2 demonstrates a combined odds ratio for mortality of 1.035 (Cl 95%: 1.033 to 1.038)
per additional year of age, in patients with blunt chest wall trauma. A large very degree of
heterogeneity between the included studies was reported (I? statistic: 97.6%). The result of
the test for overall effect (Z=28.132, p<0.0001) indicated that the odds of mortality was

significantly greater in patients with increasing age.
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Figure 3: Forest plot illustrating the odds of mortality with 95% confidence intervals in
blunt chest trauma patients with increasing ISS.
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Figure 3 demonstrates a combined odds ratio for mortality of 1.05 (Cl 95%: 1.05 1.06) per
one ISS point, in patients with blunt chest wall trauma. A very high degree of heterogeneity
between the included studies was reported (12 statistic: 97%). The result of the test for
overall effect (Z=29.08, p<0.001) indicated that the odds of mortality was significantly greater
in patients with blunt chest wall trauma who have an increasing ISS.
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