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ABSTRACT

Background

Thoracic trauma (TT) is common among people with multiple traumatic injuries. One of the injuries caused by TT is the loss of thoracic
stability resulting from multiple fractures of the rib cage, otherwise known as flail chest (FC). A person with FC can be treated conservatively
with orotracheal intubation and mechanical ventilation (internal pneumatic stabilization) but may also undergo surgery to fix the costal
fractures.

Objectives

To evaluate the effectiveness and safety of surgical stabilization compared with clinical management for people with FC.

Search methods

We ran the search on the 12 May 2014. We searched the Cochrane Injuries Group's Specialised Register, the Cochrane Central Register of
Controlled Trials (CENTRAL, The Cochrane Library), MEDLINE (OvidSP), EMBASE Classic and EMBASE (OvidSP), CINAHL Plus (EBSCO), ISI
WOS (SCI-EXPANDED, SSCI, CPCI-S, and CPSI-SSH), and clinical trials registers. We also screened reference lists and contacted experts.

Selection criteria

Randomized controlled trials of surgical versus nonsurgical treatment for people diagnosed with FC.

Data collection and analysis

Two review authors selected relevant trials, assessed their risk of bias, and extracted data.

Main results

Weincluded three studies that involved 123 people. The methods used for blinding the participants and researchers to the treatment group
were not reported, but as the comparison is surgical treatment with medical treatment this bias is hard to avoid. There was no description
of concealment of the randomization sequence in two studies.

All three studies reported on mortality, and deaths occurred in two studies. There was no clear evidence of a difference in mortality
between treatment groups (risk ratio (RR) 0.56, 95% confidence interval (CI) 0.13 to 2.42); however, the analysis was underpowered to
detect a difference between groups. Out of the 123 people randomized and treated, six people died; the causes of death were pneumonia,
pulmonary embolism, mediastinitis, and septic shock.
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Among people randomized to surgery, there were reductions in pneumonia (RR 0.36, 95% 0.15 to 0.85; three studies, 123 participants),
chest deformity (RR 0.13, 95% CI 0.03 to 0.67; two studies, 86 participants), and tracheostomy (RR 0.38, 95% CI 0.14 to 1.02; two studies,
83 participants). Duration of mechanical ventilation, length of intensive care unit stay (ICU), and length of hospital stay were measured
in the three studies. Due to differences in reporting, we could not combine the results and have listed them separately. Chest pain, chest
tightness, bodily pain, and adverse effects were each measured in one study.

Authors' conclusions

There was some evidence from three small studies that showed surgical treatment was preferable to nonsurgical managementin reducing
pneumonia, chest deformity, tracheostomy, duration of mechanical ventilation, and length of ICU stay. Further well-designed studies with
a sufficient sample size are required to confirm these results and to detect possible surgical effects on mortality.

PLAIN LANGUAGE SUMMARY

Surgical versus nonsurgical interventions for flail chest (ribs with more than one fracture)
Background

Flail chest is a medical term describing multiple rib fractures, when ribs are broken or dislocated in more than one place and are no longer
completely connected to the other rib bones. When a person injured in this way breathes, the broken segment may move in a different
way compared to the rest of the chest wall. Flail chest can cause a person to have difficulty breathing, in which case they may be given
mechanical ventilation (machine-assisted breathing). Surgery is sometimes performed in order to reconnect the broken ribs.

The authors of this review aimed to evaluate the effects and safety of surgery compared with no surgery for people with flail chest.
Study characteristics

We searched scientific databases for studies comparing surgical treatment with nonsurgical treatment in adults or children with flail chest.
Key results

We included three studies in this review, which involved 123 people. In these studies, people with flail chest were randomly allocated into
the surgery or no surgery study groups.

The results show that surgery to repair the broken ribs reduces pneumonia, chest deformity, tracheostomy, duration of mechanical
ventilation and length of ICU stay. There was no difference in deaths between people treated with surgery or no surgery. Since only six
people died across the three studies, due to a variety of causes, more research is needed in order to know for certain which treatment is
better for reducing deaths.

These three small studies have shown that surgical treatment is preferable to nonsurgical treatment in reducing pneumonia, chest
deformity, tracheostomy, mechanical ventilation and length of stay in the ICU. More research is needed in order to know which treatment
is better for reducing deaths. Three more studies are being undertaken by researchers in the USA and Canada at the moment, and the
results will be incorporated into the review in the future.
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BACKGROUND

Description of the condition

Flail chest (FC) is defined as a segment of chest wall that moves
paradoxically with respiration relative to the rest of the chest wall.
Itis usually caused by comminuted costal fractures or dislocations
leading to loss of bone continuity of this segment from the rest
of the rigid thoracic wall (Jones 1980). FC can affect any face of
the thoracic wall but is more frequent in the anterior and lateral
faces as a result of direct impact or compression on these regions.
Besides rib fractures, FC can be associated with fractures of the
costal cartilages and sternum and eventually compromise both
sides of the thorax. Usually FC is associated with other intra- and
extrathoracic injuries (Besson 1982); 40% to 60% of people with FC
have pulmonary contusion and about 70% have pneumothorax or
hemothorax, or both (Besson 1982; Freedland 1990; Ciraulo 1994).
Mediastinal injuries and diaphragmatic injuries can also be present
(Wilson 1977). Extrathoracic injuries affect around 90% of people
with FC, the most frequent being brain injury in 66%, skeletal
fractures in 64%, and abdominal injuries in 34% of people (Besson
1982).

FC is present in 10% to 20% of people admitted to trauma centers,
with traffic crashes being the main cause (Besson 1982; LoCicero
1989; Perna 2010), followed by domestic falls and occupational
injuries (Galan 1992). The clinical presentation and prognosis
of people with FC depends on the extent of the thoracic wall
injury and the presence of other associated intra- or extrathoracic
injuries, mainly pulmonary contusion and brain injury (Trinkle
1975; Shackford 1976; Shackford 1981; Besson 1982; Richardson
1982; Perna 2010). Diagnosis of FC is by physical exam, observation,
and palpation of paradoxical movement of the affected thoracic
wall (Pate 1989; Fullerton 1995). In some people, chest wall edema,
hematomas or subcutaneous emphysema can delay diagnosis
(Ebert 1967). In one retrospective study, Clark 1988 found an overall
mortality of 25% for FC and 16% for isolated pulmonary contusion,
the association of both increasing mortality to 42%. Perna 2010, in
a prospective study on thoracic trauma (TT), found an incidence of
17%, and mortality of 13%, for people with FC.

Description of the intervention

The treatment of FC is directed toward the maintenance of good
ventilation through minimization of progressive pulmonary injury
and the prevention of complications (Pate 1989). As FC is always
associated with other intra- and extrathoracic injuries, such as
pulmonary contusion and brain injury, there is a debate about the
role of FC in pulmonary and cardiac functions and its contribution
to the clinical picture and a person's prognosis (Maloney 1961).
This debate has promoted different strategies for the treatment
of FC. Avery 1956 proposed pneumatic internal stabilization (PIS),
tracheal intubation, and controlled ventilation. This treatment
became very popular and was given to all people with FC (Wilson
1977), leading to a situation of over-treatment (Fullerton 1995). The
combination of FC, pulmonary contusion, prolonged intubation,
and mechanical ventilation is a risk factor for adult respiratory
distress syndrome and sepsis leading to a mortality rate near to
50% (Pepe 1984; Montgomery 1985). To decrease the high rate of
morbidity and mortality some authors proposed the use of PISin a
more selective way (Trinkle 1975; Ginsberg 1977). Today fewer than
one-half of people with FC require PIS (Richardson 1982; Fullerton
1995). Some studies have argued that surgical stabilization of FC

improves the overall results of the treatment of this condition
(reduced mortality, morbidity, length of ventilatory assistance, and
hospital stay) (Adkins 1968; Moore 1975; Paris 1975; Thomas 1978;
Kim 1981; Schmit-Neuerburg 1982).

How the intervention might work

The objective of surgical stabilization is to recover thoracic wall
rigidity and restore normal ventilation (Adkins 1968; Moore 1975;
Paris 1975; Thomas 1978; Kim 1981; Schmit-Neuerburg 1982),
thus decreasing mortality and morbidity due to causes such
as pneumonia, adult respiratory distress syndrome and sepsis,
length of mechanical ventilatory support, and length of stay in
the intensive care unit (ICU). The surgical stabilization consists of
immobilization of the fractured structures (ribs, costal cartilages,
and sternum). Different structures of metal such as wires, bars,
and plaques are used to accomplish the stabilization (Judet 1973;
Paris 1975; Ginsberg 1977; Di Fabio 1995; Lardinois 2001). The
procedure is performed by a thoracotomy and the structure is
placed intramedullary or external to the rib.

Why it is important to do this review

FC may require a long stay in the ICU and ventilatory support,
and may result in high morbidity and mortality. Some authors
argue that surgical stabilization of all fractured ribs can improve the
overall results of the treatment of this condition (reduce mortality,
morbidity, the length of ventilatory assistance, and hospital stay)
(Adkins 1968; Moore 1975; Paris 1975; Thomas 1978; Kim 1981;
Schmit-Neuerburg 1982). Others argue that clinical management
alone is safer and more effective and if necessary a pneumatic
stabilization should be performed (Todd 1989).

OBJECTIVES

To evaluate the effectiveness and safety of surgical stabilization
compared with clinical management for people with FC.

METHODS

Criteria for considering studies for this review
Types of studies

Randomized controlled trials (RCTs), using a parallel design,
comparing surgical stabilization (any type) with clinical
management.

Types of participants
Adults or children with FC.

Types of interventions

Any type of surgical intervention to stabilize FC compared with
clinical management. Clinical management included any type of
chest wall stabilization without surgical intervention such as straps
or bags and any type of ventilatory assistance.

Surgical versus nonsurgical interventions for flail chest (Review)
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Types of outcome measures
Primary outcomes

« Mortality:
o early mortality (death from any cause within the 30 days
following trauma);

o late mortality (death from any cause more than 30 days after
trauma).

Secondary outcomes

« Long-term sequelae (chronic chest wall pain or deformity).

« Adverse effects related to the interventions (wounds infection,
bone infection, pain).

« Adverse pulmonary evolution (pneumonia, adult respiratory
distress syndrome, and sepsis).

o Tracheostomy.

« Duration of mechanical ventilation.
« Length of ICU stay.

« Length of hospital stay.

We analyzed pain severity in the early period (until 30 days
after trauma), intermediate period (from 31 to 90 days after
trauma), and late period (more than 90 days after trauma). We
accepted any validated instrument assessing pain severity (scales,
questionnaires, tests, or other method) if presented in the studies.
By definition, thoracic deformity is considered to be any change of
form or chest modification.

Information size for the primary outcome

The mortality attributed to FC is similar around the world and has
not changed over time. In 2014, in one retrospective analysis of
3467 people with FC found the mortality rate was 16% (Dehghan
2014). The mortality rate among people with FC who were given
mechanical ventilation was 21% in one study performed in 1975
(Trinkle 1975),and 25% in one study performed in 1988 (Clark 1988).

Considering an approximate mortality rate of 20% for people with
FC and considering that the intervention (surgical stabilization) will
reduce the mortality rate by 10%, a study designed as two-sided,
with a 5% significance level (a = 0.05) and 90% power (3 = 0.1),
263 participants must be randomized to each intervention group
(Pocock 1983).

Search methods for identification of studies

In order to reduce publication and retrieval bias, we did not restrict
our search by language, date, or publication status.

Electronic searches

The Cochrane Injuries Group's Trials Search Co-ordinator searched
the following:

« Cochrane Injuries Group Specialised Register (2 May 2014);

« Cochrane Central Register of Controlled Trials (CENTRAL, The
Cochrane Library) (Issue 4 of 12, 2014);

o Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process and Other
Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
OLDMEDLINE(R) (1946 to 2 May 2014);

« EMBASE Classic + EMBASE (OvidSP) (1947 to 2 May 2014);
« CINAHL Plus (EBSCO) (1937 to 2 May 2014);

+ ISI Web of Science: Science Citation Index Expanded (SCI-
EXPANDED) (1970 to May 2014);

« ISI Web of Science: Conference Proceedings Citation Index-
Science (CPCI-S) (1990 to May 2014);

« Clinicaltrials.gov (www.clinicaltrials.gov) (accessed 12 May
2014);

« International Clinical Trials Registry Platform (apps.who.int/
trialsearch/) (accessed 12 May 2014).

Appendix 1 reports the search strategies.

Searching other resources

We screened the bibliographies of relevant publications found by
the search for further studies and contacted experts in the field.

Data collection and analysis

The Cochrane Injuries Group's Trials Search Coordinator ran
the searches and collated the search results, using reference
management software, before passing them on to the review
authors.

Selection of studies

Two review authors (OFHS and CDC) independently:

« examined titles and abstracts to remove irrelevant reports;

« retrieved full-text copies of the potentially relevant reports;

« identified multiple reports from the same study by checking
authors' names, location, and setting; details of the
intervention; date and duration of the study;

« examined full-text reports for compliance with eligibility criteria;

« if necessary corresponded with authors to clarify any questions
relating to the study;

« made a final decision on study inclusion.

We resolved disagreements by consensus with participation of all
review authors.

Data extraction and management

Two review authors (OFHS and CAJM) independently extracted
data from eligible studies and summarized them using a data
extraction form (Appendix 2). This summary contained the baseline
characteristics of the study and control group participants and
included their number, age, gender, interventions, and main
outcome measures. In addition, we extracted duration of follow-
up and numbers lost to follow-up. Where more than one
publication has arisen from a study, we extracted data from all
relevant publications but removed any duplications. We resolved
disagreements by discussion. If this did not result in consensus, the
third review author's opinion (OCPE) was decisive (Higgins 2011).

Assessment of risk of bias in included studies

Two review authors (CDC and OFHS) assessed each trial
independently. We resolved possible disagreements by consensus,
or with consultation of a third party (OCPE). We calculated
inter-rater agreement for key bias indicators (e.g. allocation
concealment, incomplete outcome data) using the kappa statistic
(Higgins 2011). In cases of disagreement, the rest of the group was
consulted and a judgment was made based on consensus.

Surgical versus nonsurgical interventions for flail chest (Review)
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We assessed the risk of bias using The Cochrane Collaboration's
'Risk of bias' tool (Higgins 2011). We used the following criteria.

« Was the allocation sequence adequately generated?
« Was the allocation adequately concealed?

« Was knowledge of the allocated intervention adequately
prevented during the study?

« Were incomplete outcome data adequately addressed?

« Werereports of the study free of suggestion of selective outcome
reporting?

« Was the study apparently free of other problems that could put
it at a high risk of bias?

We made a judgment of 'low risk of bias', 'high risk of bias', or
'unclear risk of bias' for each of the criteria, according to the
guidance in Chapter 8 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). We produced a 'Risk of bias'
graph and 'Risk of bias' summary table.

Measures of treatment effect

We presented binary outcomes as risk ratios (RR) with
corresponding 95% confidence intervals (Cl). We analyzed
continuous outcomes as mean differences (MD) with corresponding
95% Cls.

Unit of analysis issues

Given the surgical nature of the interventions, we did not consider
cross-over trials to be a suitable study design. Similarly, we did not
consider cluster randomized trials to be appropriate as there could
be other factors at a particular trial site (e.g. the skill of the surgeon,
resources of the ICU), which could affect outcomes. These two study
designs were not eligible for inclusion in the review. We considered
RCTs using a simple parallel group design where the unit of analysis
was the participant.

Dealing with missing data

We sought to obtain relevant missing data from authors, and
carefully perform the evaluation of important numerical data
such as screened, randomized participants as well as intention-
to-treat (ITT), as-treated, and per-protocol (PP) populations. We
investigated attrition rates, for example drop-outs, losses to follow-
up, and withdrawals, and critically appraised issues of missing data
and imputation methods (e.g. last-observation-carried-forward)
(Higgins 2011).

Assessment of heterogeneity

We first assessed statistical heterogeneity using the 12 statistic,
which examines the percentage of total variation across studies due
to heterogeneity rather than chance (Higgins 2011). Values of 12

under 40% indicate a low level of heterogeneity and justify use of a
fixed-effect model for meta-analysis. Values of 12 between 40% and
under 75% are considered moderate and a random-effects model
can be used. Values of 12 higher than 75% indicate a high level
of heterogeneity and so it is inappropriate to combine the results
(Higgins 2011).

Assessment of reporting biases

We planned to create funnel plots if we included 10 or more
studies in the review, in order to assess the potential existence
of small-study bias. However, as this review included only three
RCTs, we were unable to perform this analysis. There are a number
of explanations for the asymmetry of a funnel plot (Sterne 2002),
therefore, we would have carefully interpreted the results (Lau
2006).

Data synthesis

Where the data available were sufficiently similar, we summarized
them statistically using Review Manager 5 (RevMan 2011). In the
event of low heterogeneity, we planned to use a fixed-effect model
for meta-analysis (Higgins 2011).

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses, but due to lack of
data none were performed. In the future, when more studies are
included in the review, these subgroup analyses may be performed.

« Age.

« Isolated FC.

« FC associated with other pleural, mediastinal, or pulmonary
lesions.

« Injury severity score (less than, equal to, or greater than 15)
(Baker 1974).

Sensitivity analysis

We planned to perform sensitivity analyses in order to explore the
influence of allocation concealment on effect size. However, as
this review included only three RCTs we were unable to perform
this analysis. In the future, when more studies are included in the
review, we may perform sensitivity analyses.

RESULTS

Description of studies
Results of the search

The electronic database search retrieved 1798 references (Figure 1).
We selected 20 articles to review in full-text. Three studies met the
inclusion criteria (Tanaka 2002; Granetzny 2005; Marasco 2013).

Surgical versus nonsurgical interventions for flail chest (Review)
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Figure 1. (Continued)
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Included studies

The three studies involved 123 participants and were described
as RCTs (Tanaka 2002; Granetzny 2005; Marasco 2013). Granetzny
2005 reported a follow-up of two months, Marasco 2013 followed
participants for six months, and Tanaka 2002 followed participants
for 12 months. See Characteristics of included studies and
Characteristics of excluded studies.

Tanaka 2002 was performed at Kyorin University Hospital in Tokyo,
Japan; Granetzny 2005 was conducted in Cairo, Egypt; and Marasco
2013 was performed in Melbourne, Australia.

Types of interventions

Tanaka 2002 randomized 37 people to surgical or nonsurgical
management groups. The participants were recruited from
emergency room admissions for chest trauma and FC with the
need for mechanical ventilation. The surgical group consisted of
18 people who underwent the surgical fixation of fractured ribs
and 19 people were treated conservatively. For the fixation of
fractured ribs, surgeons used metal plates (Judet struts). People
in the control group were treated per the standard of care, that
is, with orotracheal intubation and intermittent positive pressure
ventilation.

Granetzny 2005 randomized 40 people with thoracic injuries that
were associated with three or more rib fractures accompanied by
FC. After 24 to 36 hoursin the ICU, people were randomized into two
groups: conservative or surgical treatments. Twenty participants
were allocated to each group. For the participants allocated to the
nonsurgical management group, straps and plastic packaging with
an adhesive segment were fixed 5 cm anteriorly and posteriorly
and one rib above and one below the unstable chest segment. This
adhesive was held in place for at least seven to 10 days. Participants
in the surgical group were treated for the fixation of fractured ribs
with either stainless steel wire or Kirschner wire, or both.

Marasco 2013 randomized 46 people with FC that required invasive
mechanical ventilation. Twenty-three people were randomized
to surgical rib fixation and the remaining 23 to nonsurgical
management. Rib fractures between levels three and 10 were

fixed for the people assigned to surgical management. Ribs
fractured more than once were addressed by fixing one fracture
per rib and converting a flail segment into simple fractured ribs.
People assigned to nonsurgical management were treated with the
standard of care, that is, mechanical ventilator management.

Types of outcomes measured

Tanaka 2002 evaluated pneumonia, tracheotomy, length of
mechanical ventilation, ICU stay, long-term respiratory function,
dyspnea, costs, return to employment, lung contusion, and a
questionnaire including a variety of outcomes given at six and 12
months following injury.

Granetzny 2005 measured pulmonary status, mechanical
ventilation time, ICU stay, hospital stay, chest deformity, chest
infections, and mortality.

The outcomes of interest in Marasco 2013 were the duration of
mechanical ventilation, ICU stay, pneumonia, pneumothorax, chest
deformity, failed extubation, tracheostomy, readmission to the ICU,
duration of hospital stay, costs, return to employment, and a QoL
questionnaire (36-item Short Form (SF-36)) given at six months
following injury.

Excluded studies

We excluded 10 studies because they were retrospective studies
(Ohresser 1972; Kim 1981; Borrelly 1985; Ahmed 1995; Karev 1997;
Voggenreiter 1998; Balci 2005; Nirula 2006; Teng 2009; Althausen
2011), and one study because it evaluated a surgical intervention
only (Lardinois 2001).

Ongoing studies

We identified three ongoing studies, which we will include in
updates of this review if they meet eligibility criteria (NCT01147471,;
NCT01308697; NCT01367951).

Risk of bias in included studies

See Figure 2; Figure 3.
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies. Three studies are included in this review.

Fandom sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (pedormance bias)

Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other hias

0% 25% 50% 75%  100%

B Hioh risk of bias

.Ll:uw risk of hias DUncIearrisk of bias

Surgical versus nonsurgical interventions for flail chest (Review) 8
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Figure 3. Risk of bias summary: review authors' judgments about each risk of bias item for each included study.
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Generation of the randomization sequence (selection bias)

Tanaka 2002 did not report on the generation of the randomization
sequence, thus we classified this study as having an unclear risk of
bias. Granetzny 2005 used a table of random numbers in blocks of
10 participants, and Marasco 2013 used a computer-generated code
using block randomization with a block size of four. Therefore, we
classified both studies as having low risks of bias.

Allocation

The Granetzny 2005 and Tanaka 2002 studies did not describe
allocation concealment; thus, we judged this as unclear risk of
bias. The Marasco 2013 study used opaque envelopes to conceal
allocation. We considered this to be adequate, and assigned low
risk of bias to this domain.

Granetzny 2005 ?

Marasco 2013 ®| 2|2

Tanaka 2002 ? ? ?
Blinding

None of the three studies included descriptions of blinding; thus,
we judged this as unclear risk of bias (Tanaka 2002; Granetzny 2005;
Marasco 2013).

Incomplete outcome data

Two studies did not mention participant withdrawals (Tanaka
2002; Granetzny 2005). In Marasco 2013, one participant who was
assigned to the nonsurgical group died prior to hospital discharge.
Another participant assigned to the surgical group did not have
surgery due to the development of sepsis, but was later analyzed
in the surgical group on an ITT basis. Therefore, we classified this
domain as low risk of bias in all included studies (Tanaka 2002;
Granetzny 2005; Marasco 2013).
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Selective reporting

We judged all included studies to be free of selective reporting;
therefore, we classified this item as low risk of bias (Tanaka 2002;
Granetzny 2005; Marasco 2013).

Other potential sources of bias

We identified no other potential sources of bias (Tanaka 2002;
Granetzny 2005; Marasco 2013).

Effects of interventions

We wrote to the authors of all included studies to clarify
methodological issues and to request complete data for the
analyses (Tanaka 2002; Granetzny 2005; Marasco 2013).

Primary outcome
Mortality

Three studies involving 123 people reported deaths. There was no
statistically significant difference in deaths between the treatment
groups (RR0.56,95% C10.13t0 2.42,12=0%, P value =0.70) (Analysis
1.1).

Among the six people who died, the causes of death were
pneumonia, pulmonary embolism, mediastinitis, and septic shock.
There were no deaths in the Tanaka 2002 study. The time of the
five deaths that occurred during the Granetzny 2005 study was not
given. The one death in the Marasco 2013 study was due to sepsis
and occurred at day 92 postinjury. As there is only information
about one late death, and there was no information about the time
of the other five deaths, it was not possible to separate early and
late mortality.

Secondary outcomes
Long-term sequelae (deformity, chronic chest wall pain)
Deformity

Two studies involving 86 participants reported chest wall deformity
(Granetzny 2005; Marasco 2013). Neither study reported how
deformity was measured. There was a statistically significant
difference favoring the surgical group (RR 0.13, 95% CI 0.03 to 0.67,
12 = 0%, P value = 0.75, number needed to treat for an additional
beneficial outcome (NNTB) = 4) (Analysis 1.2).

Chronic chest wall pain

As the studies used different questionnaires, the results could not
be combined. It was only possible to analyze chronic pain, because
the three studies did not report on pain in the early or intermediate
period.

The Marasco 2013 study measured bodily pain according to the
SF-36 Quality of Life Questionnaire at six months following injury.
Answers to the questionnaire were converted to a score with a
range from 0 to 100. A score of 0 represents the worst quality of
life, and a score of 100 the best quality of life. Thirty-seven of the
46 participants (80%) completed the questionnaire. There was no
difference between treatment groups in pain score ((mean group
score + standard deviation) surgical group: 42.2 + 9.4, nonsurgical
group: 37.9+11.0, P value = 0.22).

All 37 participants in the Tanaka 2002 study completed a
questionnaire 12 months following injury, which included a

question about pain and feeling tightness in the chest. The internal
pneumatic stabilization group continued to experience thoracic
cage pain and chest tightness more frequently than those in the
surgical stabilization group (persistent pain: 89% with no surgery
versus 39% with surgery, P value < 0.05; persistent chest tightness:
84% with no surgery versus 33% with surgery, P value <0.05).

Adverse effects related to the interventions (wound infection,
bone infection, pain)

Wound infection

In the Granetzny 2005 study, 2/20 people in the surgical group had
awound infection compared with 0/20 in the nonsurgical group (RR
5.00, 95% Cl 0.26 to 98.00, P value = 0.29) (Analysis 1.3).

Bone infection

None of the studies reported on bone infection.

Pain

None of the studies reported intervention-related pain.

Adverse pulmonary evolution (pneumonia, adult respiratory
distress syndrome, sepsis)

Pneumonia

All three included studies reported pneumonia but none of
the studies provided a definition for pneumonia (Tanaka 2002;
Granetzny 2005; Marasco 2013). There was a statistically significant
difference favoring the surgical group (RR 0.36, 95% CI 0.15 to 0.85,
12 =66%, P value = 0.05, NNTB 2) (Analysis 1.4).

Adult respiratory distress syndrome

None of the studies reported on adult respiratory distress
syndrome.

Sepsis

None of the studies describe any participants as having survived
sepsis. One participantin the Marasco 2013 study died from sepsis.
There was insufficient information given in the study report to
enable an analysis of this outcome.

Tracheostomy

Two studies involving 83 participants reported using a
tracheostomy (Tanaka 2002; Marasco 2013). They reported 43
events, and the RR was sensitive to the analysis model used (12 =
66%). There was a difference favoring the surgical group (RR 0.38,
95% C1 0.14 to 1.02, 12 = 64%, P value = 0.05, NNTB 2) (Analysis 1.5).

Duration of mechanical ventilation

All three studies reported on the duration of mechanical
ventilation. There was wide variation in the duration of mechanical
ventilation between studies, and so it was inappropriate to
combine the results (12 =95%).

In the Tanaka 2002 study, participants receiving surgery required
less mechanical ventilation (MD 7.50 fewer days, 95% Cl -11.18 to
-3.82).

Inthe Granetzny 2005 study, participants receiving surgery required
less mechanical ventilation (MD 10.00 fewer days, 95% CI -10.37 to
-9.63).
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In the Marasco 2013 study, there was no difference in the duration of
mechanical ventilation between treatment groups (MD 1.21 fewer
days, 95% Cl -3.84 to 1.42).

Length of intensive care unit stay

All three studies reported on the length of ICU stay, but we could
not combine the results.

The Marasco 2013 study reported length of ICU stay in different
ways, but none of the data could be combined with other study data
for meta-analysis due to the way it was reported.

Outcomes Surgical group (n= Nonsurgical group P value
23) (n=23)

Duration of ICU stay prerandomization (h, mean + SD) 61.6+36.1 81.3+84.2 0.31

Duration of ICU stay between randomization and surgery (h, 49.4+359 N/A N/A

mean + SD)

Duration of ICU stay postrandomization (h, median (IQR)) 285(191-319) 359 (270-581) 0.03

Total ICU stay (h, median (IQR)) 324 (238-380) 448 (323-647) 0.03

h: hours; ICU: intensive care unit; IQR: interquartile range; n: number; SD: standard deviation.

There was wide variation in the length of stay between the
Granetzny 2005 and Tanaka 2002 studies, and so it was
inappropriate to combine the results (12 = 96%) (Analysis 1.7).

Inthe Tanaka 2002 study, participants receiving surgery spent fewer
days in the ICU (MD 20.30 fewer days, 95% CI -24.01 to -16.59).

In the Granetzny 2005 study, participants receiving surgery spent
fewer days in the ICU (MD 5.00 fewer days, 95% Cl -6.22 to -3.78).

Length of hospital stay

Two of the three studies reported on the length of hospital stay, but
we could not combine the data due to incomplete reporting.

Tanaka 2002 did not report length of hospital stay.

The Marasco 2013 study reported the median number of days
participants spent in the hospital.

Outcome

Surgical group (n =23)

Nonsurgical group (n =23) P value

Duration of hospital stay (days, median (IQR)) 20 (18-28)

25 (18-38) 0.24

IQR: interquartile range; n: number.

The authors pointed out that the five-day reduction in hospital stay
reflected the five-day reduction in total ICU stay (given above in
hours).

In the Granetzny 2005 study, participants receiving surgery spent
fewer days in the hospital. We could not include the data in a forest
plot as no standard deviation values were reported.

Outcome Surgical group (n =20)

Nonsurgical group (n =20) Pvalue

Mean hospital stay, days 11.7

231 <0.001

n: number.
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DISCUSSION

Summary of main results

There was no evidence that surgical intervention reduced mortality
in people with FC compared with nonsurgical management. There
was some evidence that surgical intervention could reduce the
risk of developing pneumonia and thoracic deformity; need for
tracheostomy; duration of mechanical ventilation, length of ICU
stay, and hospital stay; and chronic pain, but the trials to date have
been small.

Overall completeness and applicability of evidence

This review included three small studies, undertaken in Egypt,
Australia, and Japan, involving people with FC. The review did not
provide an answer as to whether surgery or no surgery is better
in preventing death. This is because there were too few people
included in the studies to be able to detect a difference in the effects
of the treatment. There needed to be at least 550 people included
in the analysis before we could have reliable information about the
benefits of one treatment or the other. At the moment, only 123
people have been included in RCTs of surgery for FC.

Although the number of people included in the analyses
for the secondary outcomes (i.e. pneumonia, chest deformity,
tracheostomy, duration of mechanical ventilation, and length of
ICU and hospital stay) was small, surgery appeared to be beneficial.
This may due to a large benefit between the two groups for those
outcomes, or it could be chance findings. The uncertainty in the
true benefit of surgery for FC will be partly resolved when the
results of the three ongoing studies are included in the review in
the future (NCT01147471; NCT01308697; NCT01367951). However,
even the ongoing studies are small and so larger multicenter RCTs
are needed.

Quality of the evidence

The quality of the included trials was generally poor with only
one of the included studies having good allocation concealment.
Therewas no blinding of outcome assessmentin theincluded trials.
However, as the comparison was surgical treatment versus medical
treatment, this bias is difficult to avoid. One further limitation that
decreases the quality of evidence was the lack of definitions for
outcomes such as pneumonia, which was defined only in one study
(Tanaka 2002).

Potential biases in the review process

Although we conducted a comprehensive search, we cannot be
sure that we have included all relevant trials, as some trials may
have never been published. The possibility that the trials we have
identified are those that show stronger treatment effects is also a
potential threat to validity.

Agreements and disagreements with other studies or
reviews

Retrospective studies have shown lower mortality (Karev 1997),
lower risk of developing pneumonia (Kim 1981; Borrelly 1985;

Ahmed 1995; Balci 2005; Teng 2009), lower chest deformity rates
(Teng 2009), lower need for tracheostomy, and lower duration of
mechanical ventilation and length of ICU stay (Ahmed 1995; Teng
2009) with surgical fixation of rib fractures. Two meta-analyses,
one including 11 studies (Slobogean 2013) and another including
nine studies (Leinicke 2013) also found reductions in ICU stay,
duration of mechanical ventilation, mortality, pneumonia, thoracic
deformity, and need for tracheostomy in people who were treated
surgically, but these reviews included only two RCTs, combined
with the retrospective studies.

The results of this systematic review of RCTs are consistent with
what retrospective studies have already shown. Further RCTs are
required to confirm the results of this review.

AUTHORS' CONCLUSIONS

Implications for practice

There is some evidence from three small studies that surgical
intervention is superior to nonsurgical intervention in the
treatment of flail chest in reducing pneumonia, chest deformity,
tracheostomy, duration of mechanical ventilation, and length of
intensive care unit stay.

Implications for research

There is an urgent need for larger high-quality randomized
controlled trials.

We identified three ongoing studies:

In one US study, the primary outcome is mortality and the target
sample size is 100 participants (NCT01147471).

In one Canadian study, the primary outcome is ventilator-free days
and the target sample size is 206 participants (NCT01367951).

One pilot study conducted in Canada enrolled 14 participants, and
did not specify a primary outcome (NCT01308697).

Because of the small sample sizes, it is unlikely that these studies
will resolve this research question. Larger multicenter randomized
controlled trials are needed.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Granetzny 2005

Methods Study design: RCT
Multicenter

Setting: Cairo University and Zagazig Clinics, Cairo, Egypt
Study period: not reported
Sample size: not reported

Follow-up: 2 months

Participants 40 participants
Sex: 31 males
Age (mean + SD): surgical group: 40.5 + 8.2 years, clinical group: 36 + 14.9 years
Inclusion criteria: all participants with flail chest with = 3 fractures of ribs and paradoxical breathing

Exclusion criteria: head trauma with disturbed conscious level; associated injuries such as myocardial
contusion that might be adversely affected by general anesthesia; severe associated trauma to other
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Granetzny 2005 (Continued)

systems; fractures of the upper 3 ribs only, as immobilizing bandages are inefficient in fractures of the
upper ribs for anatomic reasons

Interventions

Group I: conservative treatment using strapping and packing in the form of dressing and fixing with an
adhesive bandage, which was put adhesively to the flail segment within 5 cm anterior and posterior to
the flail segment and 1 rib above and below it. This adhesive plaster was put in place for at least 7-10
days, during this period of follow-up ABGs and chest X-rays were obtained.

Group lI: surgical fixation of fractured ribs with stainless steel wire or Kirschner wires, or both after
24-36 hours of ICU admission. Until the participants were operated upon, they were treated conserva-
tively as if they were in Group |

Outcomes Thoracic deformity, lung function, mortality, incidence of pneumonia, duration of mechanical ventila-
tion, length of hospital stay, length of ICU stay, pleural empyema, pulmonary embolism, mediastinitis,
scoliosis, and wound infection

Notes We contacted the main author to request additional information on methodological aspects of the trial
and further statistical data. The author of the study replied providing us only with the statistical data

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "random numbers balanced in blocks of 10"

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Unclear risk Not reported

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk There were no withdrawals

(attrition bias)

All outcomes

Selective reporting (re- Low risk No evidence

porting bias)

Other bias Low risk No evidence

Marasco 2013

Methods Study design: RCT
Single-center
Setting: Monash University and The Alfred Hospital, Melbourne, Australia
Study period: January 2007 - December 2011
Sample size: 23 participants per group
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Marasco 2013 (Continued)

Follow-up: 6 months

Participants

46 participants
Sex: 40 males
Age (mean £ SD): surgical group: 57.8 + 17.1 years, nonsurgical group: 59.3 + 10.4 years

Inclusion criteria: presence of a flail segment defined as = 3 consecutive ribs fractured in more than 1
place, producing a free-floating segment of chest wall, diagnosis was made clinically with confirmation
on 3-dimensional computed tomography imaging, ventilator dependent with no prospect of successful
weaning within the next 48 hours

Exclusion criteria: aged > 80 years, spinal injuries, open rib fractures with soiling or infection, sepsis, se-
vere traumatic brain injury (Glasgow Coma Scale < 10 at the scene of accident or at presentation to the
hospital, as its management may have received priority over the study protocol), and uncorrected co-
agulopathy

Interventions

Surgery: only rib fractures between the levels of ribs 3 and 10 were fixed. Ribs fractured more than once
were usually addressed by fixing 1 fracture per rib, converting a flail segment to simple fractured ribs.
Ribs with a single fracture were not fixed unless there was gross deformity mandating intervention. An-
terior and lateral rib fractures were preferentially fixed over posterior rib fractures

Nonsurgical management: mechanical ventilation

Outcomes Primary: duration of mechanical ventilation and ICU stay
Secondary: number of respiratory complications (pneumonia, pneumothorax, intercostal catheter us-
age), rate of failed extubation, rate of tracheostomy, readmission to ICU, duration of hospital stay, and
cost assessment of the operation. Pneumonia was defined as a new infiltrate on chest X-ray, with posi-
tive sputum culture. ICU discharge time was recorded as the time the participant was deemed ready for
discharge so that ward bed access did not affect the results. A 36-item Short Form Health Status Ques-
tionnaire was sent to all participants at 6 months, to assess physical functioning

Notes We contacted the main author to request additional information on methodological aspects of the trial
and further statistical data. The author has not yet been in contact with us

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "Randomisation was via a computer generated code using block ran-

tion (selection bias) domization with block size of 4"

Allocation concealment Low risk Quote: "After consent and enrolment, an opaque envelope with the treatment

(selection bias) assignment was opened and the time of enrolment documented"

Blinding of participants Unclear risk Not reported

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk 1 person assigned to the nonsurgical group died before hospital discharge. 1

(attrition bias) person assigned to the surgical group did not have surgery due to the develop-

All outcomes ment of sepsis, but was analyzed in the surgical group on an intention-to-treat

basis
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Selective reporting (re- Low risk No evidence
porting bias)
Other bias Low risk No evidence

Tanaka 2002

Methods

Study design: Quote: "randomized controlled study"
Single-center

Setting: Kyorin University Hospital, Tokyo, Japan
Study period: April 1992 to March 1998
Sample size: 37 participants

Follow-up: 12 months

Participants

37 participants (surgical group: 18, nonsurgical group: 19)

Sex: 26 males

Age (mean = SD): surgical group: 43 + 12 years, clinical group: 46 + 9 years
Inclusion criteria: chest trauma and flail chest

Exclusion criteria: not requiring mechanical ventilation; fractures of < 6 ribs; people who did not devel-
op acute respiratory failure; severe closed head injury (head Abbreviated Injury Scale score > 3 with un-
consciousness) or spinal injury, or both; age < 14 years; consent not given; chronic preexisting heart,
pulmonary, hepatic, renal disease, or a combination; and questionnaire not completed

Interventions

Group S: surgical stabilization

Group I: internal pneumatic stabilization

Outcomes Incidence of pneumonia, incidence of tracheotomy, length of mechanical ventilation, length of ICU
stay, total medical expense, long-term respiratory function by spirometry, subjective dyspnea, and
questionnaire

Notes We contacted the main author to request additional information on methodological aspects of the trial
and further statistical data. The author has not yet responded to us

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "each patient was randomly assigned to either the surgical stabilization

tion (selection bias) group or an internal pneumatic stabilization group according to a randomiza-

tion chart"

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Unclear risk Not reported

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)
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Tanaka 2002 (continued)
All outcomes

Incomplete outcome data  Low risk There were no withdrawals
(attrition bias)
All outcomes

Selective reporting (re- Low risk No evidence
porting bias)

Other bias Unclear risk No evidence

ABG: arterial blood gas; ICU: intensive care unit; RCT: randomized controlled study; SD: standard deviation.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Ahmed 1995 Retrospective study
Althausen 2011 Retrospective study
Balci 2005 Retrospective study
Borrelly 1985 Retrospective study
Karev 1997 Retrospective study
Kim 1981 Retrospective study
Lardinois 2001 Only surgical intervention
Nirula 2006 Case-control study
Ohresser 1972 Retrospective study
Teng 2009 Retrospective study
Voggenreiter 1998 Retrospective study

Characteristics of ongoing studies [ordered by study ID]

NCT01147471
Trial name or title Flail Chest: Early Operative Fixation Versus Non-operative Management - a Prospective Random-
ized Study
Methods Study design: RCT
Multicenter
Setting: Virginia Commonwealth University, Virginia, US
Period: ongoing, but not recruiting participants
Sample size: 100 participants
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Follow-up: 6 months

Participants

Inclusion criteria:

o adults aged > 21 years and < 75 years

« "Stove-in chest" to encompass both unilateral flail chest (> 3 ribs fractures at 2 places) or contigu-
ous rib fractures with at least 2 ribs pushed in more than the rib diameter of the pushed in rib

« mechanically ventilated
Exclusion criteria:

« people unlikely to survive due to the trauma or age or multiple comorbidities

« people with stove-in chest that do not require early (< 48 hours of injury) ventilatory support

« bilateral flail chest

« sternalflail

o P/Fratio<200:1 over a period = 6 hours while on the ventilator

« otherinjuries that will likely prolong tracheal intubation and mechanical ventilation, e.g. signifi-
cant head injury resulting in low Glasgow Coma Score (a scale used to assess the central nervous
system in people who have undergone trauma), spinal cord injury resulting in paralysis of some
or all of the respiratory muscles etc. (these are merely examples. It is in the opinion of the inves-
tigator/surgeon what injuries would prolong tracheal intubation)

« any contraindication to surgery including severe immunosuppression or severe chronic disease
making elective surgery dangerous in the opinion of the surgeon

« inability to proceed with any aspect of critical care due to personal beliefs, e.g. living will, nonac-
ceptance of blood products

« inability to obtain informed consent

« person's refusal for follow-up; pregnant women

e prisoners

« any other reason for which the potential participant is not a good candidate, in the opinion of the
investigator

Interventions

Surgical rib fixation: randomized participants will be operated upon within 72 hours of ventila-
tion (early fixation) to stabilize the stove-in segment. Where all fractured ribs are accessible and the
number of fractured ribs is few, stabilization of all fractured ribs would be the goal. However, where
fractured ribs are in areas difficult to access, enough ribs, based on surgeon judgment, would be
fixed to stabilize the stove-in segment. Postoperatively, the participants will receive the standard
of care, similar to what is outlined for the nonoperative arm.

Operative fixation will be accomplished utilizing the MatrixRIB Fixation System (Synthes CMF, West
Chester, PA, US) according to the device's instructions for use. Sites will obtain the product based
on their medical center's normal purchasing practices

Nonsurgical management: randomized participants will receive standard of care therapy for
blunt thoracic trauma (as per each participating institution's own protocols): ventilatory support;
timing of extubation (removal from ventilator); analgesia: institution should provide adequate
analgesia utilizing available resources including oral, parenteral, epidural, local nerve blocks, etc.;
chest physical therapy; postural drainage; incentive spirometry - after extubation

Outcomes

Primary outcomes
« Morbidity (measured daily during hospitalization and at 3 and 6 months postdischarge)

Pain as measured on analog pain scale, infections, days on ventilator, days in ICU, days in hospital,
and surgical complications during hospital stay.

At 3 and 6 months postdischarge analog pain measurement, infections and surgical complications
« Mortality (measured any time during hospital stay)

Secondary outcomes
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« Quality of life (measured at 3 and 6 months postdischarge)
SF-36 Health Survey
« Pulmonary function (measured at 3 and 6 months postdischarge)

Pulmonary function tests to measure forced vital capacity and forced expiratory volume in 1 sec-

ond
Starting date September 2010
Contact information Trauma Research & Education Foundation of Fresno, Fresno, CA, US

Carolinas Medical Center, Charlotte, NC, US

Wake Forest University Health Sciences, Winston-Salem, NC, US

The Board of Regents of the University of Oklahoma, Oklahoma City, OK, US
The University of Tennessee, Knoxville, TN, US

Eastern Virginia Medical School, Norfolk, VA, US

Virginia Commonwealth University, Richmond, VA, US

Notes This study is ongoing, but not recruiting participants
NCT01308697
Trial name or title Operative Versus Non Operative Management of Flail Chest: A Randomized Controlled Feasibility
Study
Methods Study design: RCT

Single-center

Setting: University of British Columbia
Period: not reported

Sample size: not reported

Follow-up: not reported

Participants Inclusion criteria:

» ages=18years
« =4 adjacentrib fractures, with > 1 fracture per rib
« provide informed consent

Exclusion criteria:

« does not meetinclusion criteria
« attending physician does not believe the participant will survive their injuries

Interventions Procedure: surgical fixation of flail chest
Other: nonsurgical management
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Outcomes Pilot study intends to review numerous clinical outcomes or variables of interest to assist in select-
ing a primary outcome and sample size for the future definitive trial. Currently length of stay in a
high acuity unit is the planned primary outcome measure for the definitive trial

Starting date Not reported

Contact information Royal Columbian Hospital, New Westminster, BC, Canada

Vancouver General Hospital, Vancouver, BC, Canada

Notes Pilot study: study start April 2011, study completion August 2013 (final data collection date for pri-
mary outcome measure). Enrollment: 14. According to clinicaltrials.gov and PubMed on 8 July
2015, this study has completed recruitment but the results have not yet been published

NCT01367951

Trial name or title A Multi Centre Randomized Controlled Trial of Operative Versus Non-operative Treatment of Acute,
Unstable Chest Wall Injuries

Methods Study design: RCT
Multicenter
Setting: St. Michael's Hospital, Toronto, ON, Canada
Period: 2011-2015
Sample size: 206 participants

Follow-up: 12 months

Participants Inclusion criteria:

« Aged >16 years or skeletal maturity

« Meeting 1 of the 2 indications for surgical fixation of chest wall injury:
o Flail chest, defined as follows:
m 3 unilateral segmental rib fractures; OR

m 3 bilateral rib fractures; OR
m 3 unilateral fractures combined with sternum fracture/dissociation

o Severe deformity of the chest wall (diagnosed by computed tomography scan), defined as fol-
lows:
m severe displacement of = 3 ribs (by minimum 15 mm each); OR

m  marked loss thoracic volume/caved in chest (> 25% volume loss in involved lobe(s)); OR
m overriding of = 3 rib fractures (by minimum 15 mm each); OR
n

> 2 rib fractures associated with intraparenchymal injury - i.e. ribs in the lung, in the
parenchyma

Exclusion criteria:

« anatomic location of rib fractures not amenable to surgical fixation (e.g. fractures directly adja-
cent to spinal column)

« rib fractures primarily involving floating ribs (ribs 10-12)

« home oxygen requirement

« othersignificant injuries that may require long-term intubation

« severe pulmonary contusion (defined as PaO,/FIO, ratio < 200 with radiologic evidence of pul-
monary infiltrates within 24 hours of thoracic trauma)
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« severe head injury/traumatic brain injury (GCS < 8 at 48 hours postinjury. If unable to assess full
GCS due to intubation or other causes, GCS motor < 4 at 48 hours postinjury)

o upper airway injury requiring long-term intubation and mechanical ventilation (e.g. tracheal dis-
ruption)

« acute quadriplegia/quadraparesis

« head and neck burn injuries, or inhalation burn injuries

« dementia or other inability to complete follow-up questionnaires

« medically unstable for OR (e.g. hemodynamic instability, acidosis, coagulopathy, etc.) or unlikely
to survive 1-year follow-up, in the opinion of the attending physician

« lack of informed consent from person or substitute decision maker
« randomization > 72 hours from injury
« ORIF>96 hours from injury (if randomized to surgical fixation group)

Interventions

Surgical fixation

« The fractures will be reduced and stabilized by use of plates and screws

o Attempt will be made to stabilize ribs 3-7, as these are surgically accessible and most important
in maintaining integrity of the chest cavity

« Goal is not to fix all the fractures, but to fix sufficient fractures to create an internal splint and
allow chest wall motion to occur as a unit. In case of ribs fractured at numerous locations, as many
fragments will be reduced and stabilized as necessary to ensure movement as a unit

« Chest tube(s) will be placed at the discretion of the treating surgeon in people with preoperative
orintraoperative violation of the pleural cavity (i.e. preoperative pneumothorax/hemothorax, ia-
trogenic pleural injury). No postoperative drains will be inserted

Nonsurgical

« Mechanical ventilation: people in respiratory distress will receive endotracheal intubation, and
placed on mechanical ventilation. PEEP will be utilized as needed, at the discretion of the ICU and
respiratory therapy team

« Otherconservative means/pulmonary toilet: participants will receive aggressive pulmonary toilet
(suctioning of endotracheal tube as needed), chest physical therapy (as per standard local pro-
tocol), and will have the head of the bed elevated to 30° unless contraindicated (i.e. unstable C-
spine injury)

« Pain control: epidural catheters, intercostal nerve block, participant-controlled analgesia, intra-
venous/oral pain medication

Outcomes Primary outcome:
« Ventilator-free days (28 days)
To compare early surgical fixation vs. conventional, nonsurgical treatment of unstable chest in-
juries on the basis of our primary outcome measure of days spent free from a mechanical ventilator
in the first 28 days following injury
Secondary outcomes:
o Number of days in ICU (12 months)
The total number of days in ICU will be calculated over the 12-month period postinjury. If no ICU
stay is needed the total days in ICU will be 0
« Amount of pain medication administration, converted to oral morphine equivalence (4 weeks)
The total daily pain medication administration will be calculated, and converted to daily oral mor-
phine equivalence
« Rate of pneumonia (12 months)
The number of times participant is diagnosed with pneumonia over 12 months postinjury
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o Pulmonary function assessment (12 months)

Spirometry measurement of total lung capacity, forced vital capacity, and forced expiratory vol-
ume in 1 second measured at 3 and 12 months postinjury

« Rate of return to work (12 months)
To assess if participant has returned to work at 12 months, and at what capacity
« Assessment of functional health and wellbeing (12 months)

Using 36-item Short Form questionnaire to assess the participant's wellbeing and functional health

Starting date July 2011

Contact information Michael McKee, MD, FRCS(C), 416-864-5880, mckeem@smbh.ca

Emil Schemitsch, MD, FRCS(C), 416-864-6003, schemitsche@smh.ca

Notes

GCS: Glasgow Coma Score; ICU: intensive care unit; ORIF: open reduction and internal fixation; PaO,/FIO; ratio: arterial oxygen partial
pressure to fractional inspired oxygen ratio; PEEP: positive end-expiratory pressure; RCT: randomized controlled trial.

DATA AND ANALYSES

Comparison 1. Surgical versus nonsurgical management

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 Mortality 3 123 Risk Ratio (M-H, Fixed, 95% Cl) 0.56 [0.13, 2.42]

2 Chest deformity 2 86 Risk Ratio (M-H, Fixed, 95% Cl) 0.13[0.03,0.67]

3 Wound infection 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

4 Pneumonia 3 123 Risk Ratio (M-H, Random, 95% ClI) 0.36[0.15, 0.85]

5 Tracheostomy 2 83 Risk Ratio (M-H, Random, 95% Cl) 0.38[0.14,1.02]

6 Duration of mechanical 3 Mean Difference (1V, Fixed, 95% Cl) Totals not selected
ventilation

7 Length of intensive care 2 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
unit stay

Analysis 1.1. Comparison 1 Surgical versus nonsurgical management, Outcome 1 Mortality.

Study or subgroup Surgery Nonsurgical Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Tanaka 2002 0/18 0/19 Not estimable
Favors surgery 0.005 0.1 1 10 200 Favors nonsurgical
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Study or subgroup Surgery Nonsurgical Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Granetzny 2005 2/20 3/20 66.67% 0.67[0.12,3.57]
Marasco 2013 0/23 1/23 — 33.33% 0.33[0.01,7.78]
Total (95% Cl) 61 62 e 100% 0.56[0.13,2.42]
Total events: 2 (Surgery), 4 (Nonsurgical)
Heterogeneity: Tau?=0; Chi*=0.15, df=1(P=0.7); I>=0%
Test for overall effect: Z=0.78(P=0.43)
Favors surgery 0.005 0.1 1 10 200 Favors nonsurgical

Analysis 1.2. Comparison 1 Surgical versus nonsurgical management, Outcome 2 Chest deformity.

Study or subgroup Surgery Nonsurgical Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Granetzny 2005 1/20 9/20 —B— 78.26% 0.11[0.02,0.8]
Marasco 2013 0/23 2/23 * 21.74% 0.2[0.01,3.95]
Total (95% CI) 43 43 —~al— 100% 0.13[0.03,0.67]
Total events: 1 (Surgery), 11 (Nonsurgical)
Heterogeneity: Tau?=0; Chi?=0.1, df=1(P=0.75); 1>=0%
Test for overall effect: Z=2.44(P=0.01)

Favors surgery 001 01 1 10 100 Favors nonsurgical

Analysis 1.3. Comparison 1 Surgical versus nonsurgical management, Outcome 3 Wound infection.

Study or subgroup Surgery Nonsurgical Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Granetzny 2005 2/20 0/20 } 0% 5[0.26,98]
Favors surgery 0.01 0.1 1 10 100 Favors nonsurgical

Analysis 1.4. Comparison 1 Surgical versus nonsurgical management, Outcome 4 Pneumonia.

Study or subgroup Surgery Nonsurgical Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Granetzny 2005 2/20 10/20 — - 22.07% 0.2[0.05,0.8]
Marasco 2013 11/23 17/23 —— 44.31% 0.65[0.4,1.06]
Tanaka 2002 4/18 17/19 —— 33.62% 0.25[0.1,0.6]
Total (95% Cl) 61 62 - 100% 0.36[0.15,0.85]
Total events: 17 (Surgery), 44 (Nonsurgical)
Heterogeneity: Tau?=0.37; Chi*=5.92, df=2(P=0.05); 1>=66.24%
Test for overall effect: Z=2.32(P=0.02)

Favors surgery 005 02 1 5 20 Favors nonsurgical

Surgical versus nonsurgical interventions for flail chest (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

25



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Analysis 1.5. Comparison 1 Surgical versus nonsurgical management, Outcome 5 Tracheostomy.

Study or subgroup Surgery Nonsurgical Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Marasco 2013 9/23 16/23 — 59.72% 0.56[0.32,1]
Tanaka 2002 3/18 15/19 —— 40.28% 0.21[0.07,0.61]
Total (95% CI) 41 42 i 100% 0.38[0.14,1.02]
Total events: 12 (Surgery), 31 (Nonsurgical)
Heterogeneity: Tau?=0.34; Chi*=2.79, df=1(P=0.09); 1>=64.14%
Test for overall effect: Z=1.93(P=0.05)

Favors surgery 0.05 02 1 5 20 Favors nonsurgical

Analysis 1.6. Comparison 1 Surgical versus nonsurgical
management, Outcome 6 Duration of mechanical ventilation.

Study or subgroup Surgery Nonsurgical Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Granetzny 2005 20 2(0.7) 20 12 (0.5) + -10[-10.37,-9.63]
Marasco 2013 23 6.3(3.5) 23 7.5(5.4) — -1.21[-3.84,1.42]
Tanaka 2002 18 10.8 (3.4) 19 18.3 (7.4) — -7.5[-11.18,-3.82]
Favorssurgery 20 10 0 10 20 Favors nonsurgical

Analysis 1.7. Comparison 1 Surgical versus nonsurgical management, Outcome 7 Length of intensive care unit stay.

Study or subgroup Surgery Nonsurgical Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Granetzny 2005 20 9.6 (0.7) 20 14.6 (2.7) + -5[-6.22,-3.78]
Tanaka 2002 18 6.5 (7.4) 19 26.8(3.2) —— -20.3[-24.01,-16.59]
Favors surgery 20 -10 0 10 20 Favors nonsurgical

APPENDICES

Appendix 1. Search strategies

Cochrane Injuries Group Specialised Register

("flail chest" or "rib fractures" or "thoracic injuries" or "stove-in chest") and ((thoracic and surg®) or (rib and fracture* and surg*) or

(pneumatic* and internal* and stabili*) or (tracheal and intub*) or (surg* and stabil* ) or (control* and ventillat*))
Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library)

#1MeSH descriptor: [Flail Chest] explode all trees

#2MeSH descriptor: [Rib Fractures] this term only

#3MeSH descriptor: [Thoracic Injuries] explode all trees

#4((flail or stove?in) near/3 chest):ti,ab,kw

#5((intra* or extra) near/3 thora*):ti,ab,kw

#6"costal fracture* ":ti,ab,kw (Word variations have been searched)

#7((mediastinal or diaphragmatic) near/3 injuries):ti,ab,kw (Word variations have been searched)
#8#1 or #2 or #3 or #4 or #5 or #6 or #7
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#9MeSH descriptor: [Thoracic Surgical Procedures] this term only
#10(tracheal near/5 intub*):ti,ab,kw (Word variations have been searched)
#11"fracture fixation":ti,ab,kw (Word variations have been searched)
#12(intubation or ventilation):ti,ab,kw (Word variations have been searched)

#13#9 or #10 or #11 or #12
#1448 and #13

Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process and Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid OLDMEDLINE(R)

1. Flail Chest/

2. exp Thoracic Injuries/

3. Rib Fractures/

4. ((intra* or extra) adj3 thora* adj3 injur*).ab;ti.
5. ((flail or stove?in) adj3 chest).abti.

6. "rib fracture* ".abti.

7. "costal fracture* ".abti.

8. ((mediastinal or diaphragmatic) adj3 injuries).ab;ti.
9.1or2or3or4or50r6o0r7or8

10. Thoracic Surgical Procedures/

11. (tracheal adj5 intub*).abti.

12. "fracture fixation".ti,ab.

13. (intubation or ventilation).ti,ab.

14. surgery.fs.

15.100r1lorl12o0rl3o0rl4

16.9and 15

17. randomi?ed.abti.

18. randomized controlled trial.pt.

19. controlled clinical trial.pt.

20. placebo.ab.

21. clinical trials as topic.sh.
22.randomly.ab.

23. trial.ti.

24. Comparative Study/
25.170r180r190r200r21or22or23or24
26. (animals not (humans and animals)).sh.
27.25not 26

28.16 and 27

EMBASE Classic + EMBASE (OvidSP)

1. Flail Chest/

2. exp Thoracic Injuries/

3. Rib Fractures/

4, ((intra* or extra) adj3 thora* adj3 injur*).ab,ti.
5. ((flail or stove?in) adj3 chest).abti.
6. "rib fracture* ".ab;ti.

7. "costal fracture* ".abti.

8. ((mediastinal or diaphragmatic) adj3 injuries).ab;ti.
9.1or2or3or4or6or7or8

10. Thoracic Surgical Procedures/

11. (tracheal adj5 intub*).abti.

12. "fracture fixation".ti,ab.

13. (intubation or ventilation).ti,ab.
14.100r1lor120r13

15.9and 14

16. exp Randomized Controlled Trial/
17. exp controlled clinical trial/

18. exp controlled study/

19. comparative study/

20. randomi?ed.ab.ti.

21. placebo.ab.

22. *Clinical Trial/

23. exp major clinical study/
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24. randomly.ab.

25. (trial or study).ti.

26.16 0r17or18or200r21or22or23or24o0r25
27. exp animal/ not (exp human/ and exp animal/)
28.26 not 27

29.15and 28

30. limit 29 to embase

CINAHL Plus (EBSCO)

Limiters - Exclude MEDLINE records

S26S514 and S25

S25S15 0r S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24
S24MH quantitative studies

S23TX random* N3 allocat*

S22(MH "Random Assignment")

S21TX placebo*

S20(MH "Placebos")

S19TX randomi?ed N3 control* N3 trial*

S18TI ( (singl* N3 blind*) or (doubl* N3 blind*) or (trebl* N3 blind*) or (tripl* N3 blind*) ) or TI ( (singl* N3 mask*) or (doubl* N3 mask*) or
(trebl* N3 mask*) or (tripl* N3 mask*) ) or AB ( (singl* N3 blind*) or (doubl* N3 blind*) or (trebl* N3 blind*) ) or AB ( (singl* N3 mask*) or
(doubl* N3 mask*) or (trebl* N3 mask*) or (tripl* N3 mask*) )

S17TX clinical N3 trial*

S16PT clinical trial*

S15(MH "Clinical Trials")

S14S7 and S13

S13S8 or S9 or S10 or S11 or S12

S12(surg N5 stabil*)

S11TX (tracheal N5 intub*)

S10TX (pneumatic* N3 internal* N3 stabili*)

S9(MH "Rib Fractures/SU")

S8(MH "Thoracic Surgery/MT")

S7S1 orS2orS3orS4or S5or S6

S6TX ((intra* or extra) N3 thora* N3 injur*)

S5TX ((flail or stove?in) N3 chest)

S4(MH "Thoracic Injuries/CO")

S3(MH "Thoracic Surgery")

S2(MH "Rib Fractures/CO")

S1(MH "Flail Chest")

Clinical trials registries
Condition: Flail chest
ISI Web of Science: Science Citation Index Expanded (SCI-EXPANDED) and Conference Proceedings Citation Index-Science (CPCI-S)

#8#7 AND #6

#7TS=("flail chest" or "rib fractures" or "thoracic injuries" or "stove-in chest")

#6#5 AND #4

#5TS=(human*)

#4#3 OR #2 OR #1

#3TS=((singl* OR doubl* OR trebl* OR tripl*) SAME (blind* OR mask*))

#2TS=(controlled clinical trial OR controlled trial OR clinical trial OR placebo)

#1TS=(randomised OR randomized OR randomly OR random order OR random sequence OR random allocation OR randomly allocated
OR at random OR randomized controlled trial)

Appendix 2. Data extraction form

Methods Study design:

Method of randomization:
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Concealment of allocation:

Blinded - No () Single () Double () Triple () Unclear ()
Power calculation:

Number of participants randomized:

Number of participants analyzed:

Number of participants excluded after randomization:
Number of participants withdraws and reasons:
Intention-to-treat analysis:

Source of funding:

Not stated () Industry () Other ()

Description:
Participants Country Location: Number of centers:
No: Age: Sex:

Inclusion criteria:

Exclusion criteria:

Extension and location of the flail chest:
Injury severity score:

Intrathoracic associated injuries:

Extrathoracic associated injuries:

Interventions

Technique of surgical stabilization of flail chest:
Nonsurgical attempts of flail chest stabilization:

Technique of the ventilatory support or assistance:

Outcomes

Primary:

Secondary:
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We intended to report mortality in two groups - early (all-cause mortality within 30 days of trauma) and late (all-cause mortality more than
30 days following trauma). We identified three studies for this review; in one study there were no deaths (Tanaka 2002), in one study the
deaths occurred prior to hospital discharge but the time of measurement was not specified (Granetzny 2005), and one study reported a
single death of a participant at 92 days postinjury (Marasco 2013). We combined all mortality data in the review.

Based on feedback from the peer reviewers, we added four new secondary outcomes when completing the review: tracheostomy, duration
of mechanical ventilation, length of intensive care unit stay, and length of hospital stay. These outcomes were identified as important, and
we decided to include them in the review before seeing the results.

An information size was estimated for the primary outcome.
We inserted more information on type of participants, studies, and definition of deformity as requested by one of the peer reviewers.
INDEX TERMS

Medical Subject Headings (MeSH)

Cause of Death; Flail Chest [mortality] [surgery] [*therapy]; Fracture Fixation [methods]; Fractures, Multiple [surgery]; Length of Stay
[statistics & numerical data]; Randomized Controlled Trials as Topic; Respiration, Artificial [statistics & numerical data]; Ribs [injuries]

MeSH check words

Humans
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