wouy

STAMIANAETIGEILINISNAIZIPNSYEANAYMYONMYAEAHIDII/ADAUMY | XOMADUOINX FOHISABZIUTM+EFNJON WNO3Z L ABYHJRGHINQUE Aq

0202/81/50 uo

GUIDELINES

Operative fixation of rib fractures after blunt trauma: A practice
management guideline from the Eastern Association for the

Surgery of Trauma

George Kasotakis, MD, MPH, Erik A. Hasenboehler, MD, Erik W. Streib, MD, Nimitt Patel, MD,
Mayur B. Patel, MD, MPH, Louis Alarcon, MD, Patrick L. Bosarge, MD, Joseph Love, MD,
Elliott R. Haut, MD, PhD, and John J. Como, MD, MPH, Boston, Massachusetts

Rib fractures are identified in 10% of all injury victims and are associated with significant morbidity (33%) and mortality (12%).
Significant progress has been made in the management of rib fractures over the past few decades, including operative reduction and
internal fixation (rib ORIF); however, the subset of patients that would benefit most from this procedure remains ill-defined. The

Population, intervention, comparison, and outcome (PICO) questions were formulated for patients with and without flail chest.
Outcomes of interest included mortality, duration of mechanical ventilation (DMYV), hospital and intensive care unit (ICU) length
of stay (LOS), incidence of pneumonia, need for tracheostomy, and pain control. A systematic review and meta-analysis of cur-
rently available evidence was performed per the Grading of Recommendations Assessment, Development, and Evaluation

Twenty-two studies were identified and analyzed. These included 986 patients with flail chest, of whom 334 underwent rib ORIF.
Rib ORIF afforded lower mortality; shorter DMV, hospital LOS, and ICU LOS; and lower incidence of pneumonia and need for
tracheostomy. The data quality was deemed very low, with only three prospective randomized trials available. Analyses for pain in

BACKGROUND:
aim of this project was to develop evidence-based recommendations.
METHODS:
methodology.
RESULTS:
patients with flail chest and all outcomes in patients with nonflail chest were not feasible due to inadequate data.
CONCLUSION:

In adult patients with flail chest, we conditionally recommend rib ORIF to decrease mortality; shorten DMV, hospital LOS, and
ICU LOS; and decrease incidence of pneumonia and need for tracheostomy. We cannot offer a recommendation for pain control,
or any of the outcomes in patients with nonflail chest with currently available data. (J Trauma Acute Care Surg. 2017;82: 618—626.
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R ib fractures are identified in approximately 10% of all injury
victims and are associated with significant pulmonary-
related morbidity (33%) and mortality (12%), while up to a third
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of all chest wall trauma survivors commonly require prolonged
rehabilitation.' Chest wall trauma almost always accompanies
internal thoracic injuries, and its spectrum may range from mi-
nor, nondisplaced isolated rib fractures without underlying pul-
monary pathology to complex chest wall injuries that may
affect chest wall mechanics and pulmonary function. This may
occur via several different mechanisms, including inadequate
ventilation due to pain and resultant splinting; ineffective clear-
ance of secretions leading to atelectasis; pleural and/or pulmo-
nary penetration by bony fragments resulting in pneumothorax
and lung lacerations; vascular injuries leading to hemothorax;
and less frequent trauma to the respiratory muscles and severely
displaced or multiple fractures that may interfere with chest wall
excursion.” Superinfection of inadequately cleared secretions
may lead to potentially life-threatening pneumonias and pro-
longed mechanical ventilation, while lengthy intensive care unit
(ICU) stays may be required if pulmonary function is signifi-
cantly compromised.* A significant subset of patients with chest
wall injury require tracheostomy to expedite weaning from me-
chanical ventilation. Flail chest, defined as fracture of three or
more sequential ribs at multiple sites, results in paradoxical chest
wall movement and is associated with a much greater incidence
of pulmonary complications, with mortality as high as 25%.>°
Over the past few decades, significant progress has been
made in the management of rib fractures, including preemptive
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Total Article Results: 1,164
PubMed: 573
Embase: 453
Cochrane: 138

‘ Duplicates Removed: 166 ‘

Excluded: Studies not related to
‘—» research question, not meeting
inclusion criteria: 973

‘ Articles Screened: 998

Full-text articles assessed for
eligibility: 25

Additional articles identified
through full-text article citation +—|
review: 3

Articles excluded for lacking
outcomes or groups: 6

Articles included in quantitative
& qualitative synthesis: 22

Figure 1. PRISMA flow diagram for study selection for analysis.

pain control and early mobilization, aggressive pulmonary toilet,
ventilatory support as needed,”’'® and, most recently, operative
reduction and internal rib fixation (rib ORIF). Rib ORIF, since
its inception'' and first successful application in Europe in the
1950s, “ has continued to evolve and gain acceptance with re-
cent strides in biomaterial technology and surgical technique.
Today, it is considered by many as a valid treatment option to limit
chest wall-related morbidity; however, the subset of patients that
would benefit most from such an invasive procedure, as well as
the outcomes that will likely improve, remain ill-defined.

With this project, we aim to perform a systematic re-
view and to develop evidence-based recommendations re-
garding which patients with blunt chest wall trauma should
undergo operative rib ORIF, following the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE)
methodolgy."

OBJECTIVES

Our population, intervention, comparator, and outcome
(PICO) questions are defined as follows:

Population: adult patients (>18 years of age) with rib fractures fol-

lowing blunt trauma.

* Intervention: operative fixation of fractured ribs.

+ Comparator: nonoperative management.

* Outcomes: mortality; duration of mechanical ventilation (DMV);
ICU and hospital length of stay (LOS); incidence of pneumonia;
need for tracheostomy; and pain control.

* PICO Question 1: In adult patients with flail chest after blunt trauma,

should rib ORIF be performed (versus nonoperative management)

to decrease mortality; DMV, ICU LOS, and hospital LOS; incidence
of pneumonia and need for tracheostomy; and improve pain control?

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

* PICO Question 2: In adult patients with nonflail rib fractures after
blunt trauma, should rib ORIF be performed (versus nonopera-
tive management) to decrease mortality and incidence of pneu-
monia; shorten DMV, hospital LOS; improve pain control; and
decrease need for tracheostomy if applicable?

IDENTIFICATION OF REFERENCES

Our systematic review was registered with the PROSPERO
registry of systematic reviews and meta-analyses (Registration
No. CRD42014015575). Subsequently, PubMed, Embase, and
the Cochrane databases were searched in duplicate by profes-
sional librarians from two medical schools (Boston University
and Harvard University) on January 29, 2016. The following
medical subject headings (MeSH) terms were included: rib
fracture, flail chest, fracture treatment, surgical management,
fixation, plating, ORIF in various combinations.' No restric-
tions were placed on language. The ranges for our literature
search were from January 1900 to January 2016. Prospective
trials and retrospective cohort/case-control studies that com-
pared rib ORIF versus nonoperative management of rib frac-
tures in adults with either flail and/or nonflail chest patients
were eligible for inclusion and were retrieved. Case reports,
commentaries, and animal studies were excluded, as were stud-
ies describing operative technique alone, and reviews. The refer-
ence lists of retrieved papers were also screened to identify
additional studies. For a study to be included in our final analy-
sis, a clear comparison between operative versus nonoperative
subjects had to be present and at least one of the critical out-
comes reported.

Upon completion of the electronic literature search, citation
lists were independently reviewed by two authors (G.K., M.B.P)
to identify potentially relevant studies. Titles and abstracts were
screened, and full articles were reviewed as needed. Any disagree-
ment on inclusion was resolved by consensus (Fig. 1).

OUTCOME MEASURES

Numerous candidate outcomes (including in-hospital mor-
tality; DMV, ICU LOS, and hospital LOS; incidence of pneumo-
nia; need for tracheostomy; pain control; lung volumes on
spirometry; quality of life after discharge; exercise tolerance;
chronic disability; and time away from work) were voted on
independently by each author on a scale from 1 to 9 per the
GRADE methodology.'? Outcomes with scores 7 to 9 were con-
sidered critical, those with scores 4 to 6 were considered impor-
tant, and those with scores in the 1 to 3 range were considered of
limited importance. After rounding to the nearest integer, out-
comes with an average score of 7 or greater (considered to be
critical) were included in our PICO questions. The intervention,
rib ORIF, was compared against nonoperative management,
as described earlier. Finally, patients were grouped into those

IpubMed: (“Rib Fractures”[Mesh] OR rib fracture* OR “flail chest”[Mesh])
AND (surgical management OR fixation OR plating OR orif)Embase: “rib
fracture”/exp OR (rib NEAR/1 fracture*):ab,ti OR “flail chest:ab,ti“fracture
treatment”/exp OR orifiab,ti OR fixation:ab,ti OR plating:ab,tiCochrane:
“rib fracture*”” OR “flail chest”
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TABLE 1. Classification of Important Outcomes in Patients With
Rib Fractures After Blunt Trauma Undergoing Rib ORIF for PICO 1
(Rib ORIF in Trauma Patients With Flail Chest) and PICO 2

(Rib ORIF in Trauma Patient With Nonflail Rib Fractures)

Outcome Rounded Mean Score Importance
Mortality 9 Critical
Ventilator LOS 7 Critical
ICU LOS 7 Critical
Hospital LOS 7 Critical
Pneumonia 7 Critical
Tracheostomy requirement 7 Critical
Pain control 7 Critical
Lung volumes on spirometry 5 Important
Quality of life 6 Important
Exercise tolerance 4 Important
Chronic disability 6 Important
Time away from work 5 Important

with flail chest as defined by each reviewed manuscript al-
though classically defined as those with three or more consec-
utive ribs fractured at 2 or more sites each, and those without
flail chest pattern. The rounded average scores for each of the
considered clinically relevant outcomes are summarized on
Table 1.

DATA EXTRACTION AND METHODOLOGY

Data extraction from each study was performed using
standardized data collection sheets and was performed in du-
plicate (G.K., N.P, E.A.H., E.S.). Data extracted included au-
thors; journal; publication year; country of origin; study
design; whether patients with traumatic brain injury were ex-
cluded; patients' age, sex, and Injury Severity Scores; number
of patients in the operative and nonoperative arms; number of
patients with flail and nonflail chest rib fracture patterns (if
available); time from admission to operation (if available),
and the critical outcomes previously outlined (including mean
and standard deviation [SD] values for the continuous out-
comes). Whenever only mean and p values were provided and
no SDs for the continuous variables, the latter were calculated
using the following formula: Standard Deviation (SD) = [(Mean
Difference/t-Score)] / Square Root of (1 /N1 + 1/ N2), where
the #-score was calculated for each outcome using the provided
p value and each study's degrees of freedom. N1 and N2 rep-
resent the number of patients in the ORIF and nonoperative
groups, respectively. If no p value was provided but statistical
significance was declared, the highest p value of the alpha er-
ror declared by the authors was used for the SD calculations
(e.g., if statistical significance was declared at a two-tailed
level of less than 0.05 and no exact p value was provided, it
was assumed that the p value was 0.05). When a range was
provided and no SD, the latter was calculated by subtracting
the minimum from the maximum value and dividing by 4.'*
Forest plots were generated and treatment effects calculated,
with each study weighing proportionally to the number of
subjects it contributed in each outcome analysis. Heterogene-
ity for the analysis of each outcome was calculated using x>
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(Cochran Q statistic) and quantified with /. F* values less than
25% were considered to provide a low degree of heterogeneity;
P values in the 25% to 50% range moderately heteroge-
neous, and values greater than 50% were indicative of high
heterogeneity. '

Publication bias was evaluated using the Egger test,
and the GRADE framework was applied to all quantified out-
comes for assessment of bias, publication bias, inconsistency,
imprecision, and indirectness. Analyses were performed with
STATA version 13.1 (Stata, College Station, TX), and all recom-
mendations and their reported strengths were reviewed and
agreed on by the entire authoring team. GRADEproGDT (Cochrane
Informatics & Knowledge Management, Baltimore, MD) was
used to generate evidence profile tables.

16,17

RESULTS FOR PICO QUESTION 1 (RIB ORIF IN
TRAUMA PATIENTS WITH FLAIL CHEST)

Qualitative Synthesis

Although a wide variety of surgical techniques for opera-
tive management of flail chest were described, ranging from
struts and wires'®'? to plates in the most recent studies, small
numbers of patients treated with each method precluded us from
assessing for differences across different techniques, and all pa-
tients undergoing operative management were pooled together.
The same was true for nonoperatively managed patients, in
whom intubation and tracheostomy thresholds, ventilation and
weaning strategies, pain control, fluid administration, broncho-
dilator and pulmonary toilet regimens varied across studies.
Despite the variability in both surgical technique and conser-
vative management options, surgical rib stabilization demon-
strated fairly consistent results across studies conducted in a
variety of settings, regarding DMV, ICU LOS and hospital
LOS, incidence of pneumonia, and need for tracheostomy.
The effect on mortality was more pronounced in studies con-
ducted before 2000,18’20’21 before recent advances in critical
care and invasive ventilation were widespread. Only one study®?
assessed pain control in patients with flail chest and found it to
be improved with rib ORIF; however, the sample size was too
small to elicit any meaningful inferences (n = 37) and thus
was eliminated from the evidence table (Table 2).

While most subjects in our anal3ysis were identified through
retrospective chart reviews, 82921352 there were also three pro-
spective randomized trials. Tanaka et al.** (n = 37; 18 patients
underwent rib ORIF and 19 nonoperative management) con-
ducted the first prospective randomized clinical trial including
adult blunt trauma victims with severe flail chest on mechanical
ventilation, unable to wean by postinjury Day 5. Patients with
fewer than six fractured ribs; those with severe closed head injury
(head AIS > 3) and/or spinal injury; with chronic preexisting
heart, pulmonary, hepatic, and/or renal disease were excluded.
Rib fixation afforded shorter DMV and ICU LOS, lower inci-
dence of pneumonia and need for tracheostomy, and improved
pain and subjective shortness of breath, all while hastening func-
tional recovery. This study also demonstrated that these outcomes
could be achieved with lower costs. Granetzny et al.>* prospec-
tively randomized 40 flail chest patients to rib ORIF (n = 20) ver-
sus conservative management (n = 20). Patients with head injury
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leading to altered mental status; myocardial contusion or other in-
juries that could be adversely affected by general anesthesia; se-
vere multiorgan trauma; and injury of only the top three ribs
were excluded. The group demonstrated reduced DMV, ICU
LOS and hospital LOS, as well as lower incidence of pneumonia
and chest wall deformity. Spirometry was also noted to be im-
proved 2 months after injury. Most recently, Marasco et al.** ran-
domized 46 flail chest victims, if they were ventilator dependent
with no prospect of successful weaning within the next 48 hours.
Subjects older than 80 years, severe traumatic brain injury
(Glasgow Coma Scale < 10), spinal injuries precluding lateral
decubitus positioning, and open rib fractures with soiling or in-
fection were excluded. Patients undergoing rib fixation (n =23)
benefitted from shorter DMV and ICU LOS, as well as de-
creased need for postoperative noninvasive ventilation. These
outcomes also accompanied significant cost savings, although
no differences were noted in quality of life, spirometric findings,
or activity levels at later follow-ups. Two of the prospective ran-
domized trials**** surgically stabilized only Ribs 3 to 10 per the
corresponding trials protocols, as Ribs 1 to 2 and 11 to 12 were
not considered to contribute much to chest wall stability and pul-
monary mechanics, while adding significant surgical morbidity
due to technically challenging access.

Patients with moderate to severe traumatic brain injury
were commonly excluded,?>%326:273032734 45 these patients can
easily confound the commonly assessed outcome measures, as
their brain trauma may drive up pneumonia incidence and need
for tracheostomy (in the face of altered mental status and inade-
quate secretion clearance), and require longer DMV, ICU LOS,
and hospital LOS. Brain injury itself is also associated with
higher mortality rates, and afflicted subjects may not derive the
full benefit of rib ORIF owing to extrapulmonary reasons. Con-
versely, severe brain trauma victims may not be able to lie flat
for lengthy chest operations in the presence of intracranial hyper-
tension, and the risk-to-benefit ratio of chest wall reconstruction
has to be carefully evaluated on an individual basis.

Two investigators attempted to shed light on the effect
of rib ORIF for flail chest after blunt trauma in patients with
significant underlying pulmonary contusions.>**! Zhang et al
only demonstrated shorter hospital LOS in surgically man-
aged patients with flail chest and clinically significant pulmo-
nary contusions (38 vs 60 days, p = 0.049).>' Voggenreiter
et al.?? studied 42 patients with flail chest with or without sig-
nificant underlying pulmonary contusion. His team demon-
strated shorter DMV only in patients without pulmonary
contusion, suggesting that in patients with contused lungs,
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Forest plots for mortality, DMV, ICU LOS, and hospital LOS, respectively.
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Figure 3. Forest plots for incidence of pneumonia and need for tracheostomy.

rib ORIF may not improve outcomes, despite restoration of
chest wall mechanics.

Regarding the optimal timing of rib ORIE, it seems that
patients enrolled in studies that offered surgery early (within
24-72 h after injury)'®2%-2326-283233 enjoved shorter DMV,
ICU LOS, and hospital LOS, as well as lower incidence of pneu-
monia and need for tracheostomy, compared to those that were
operated on later on (72 hours after injury).*>*°>* This suggests
that patients with flail chest after blunt trauma who are deemed
appropriate surgical candidates should be operatively managed
early, as soon as resuscitation is complete and other potentially
life-threatening injuries have been addressed.

Quantitative Synthesis (Meta-analysis)

A total of 986 subjects with flail chest after blunt trauma,
334 of whom underwent surgical rib fixation, were included in
our analysis for PICO Question 1. The average age and Injury
Severity Score for the rib ORIF patients were 44.5 + 6.7 versus
45.7+ 8.1 and 29.8 £ 6.2 versus 30 = 6.4, respectively. Compar-
isons between rib ORIF and nonoperative management on the
aforementioned outcome variables are summarized in the forest
plots displayed in Figures 2-3. Analysis of the pooled data dem-
onstrated improved mortality (odds ratio [OR], 0.3 [95% confi-
dence interval {CI}, 0.18-0.50; p < 0.001]), DMV (weighted
mean difference [WMD], —6.07 [95% CI, —9.27 to —2.89;
p < 0.001]), ICU (WMD —-4.21 [95% CI, —6.72 to —1.69;
p = 0.001]), and hospital LOS (WMD, —7.63 [95% CI, —11.75
to —3.51; p < 0.001]), as well as decreases in the incidence of
pneumonia (OR, 0.24 [95% CI, 0.13-0.46; p < 0.001]) and need
for tracheostomy (OR, 0.24 [95% CI, 0.12—0.50; p < 0.001]) in
the surgically managed victims with flail chest. Heterogeneity
was minimal in the analysis of mortality (7 = 0%), moderate
with regard to need for tracheostomy (/> = 33.2%, likely due
to variability in time from injury to intervention and threshold
and timing of tracheostomy), and high in the analysis of DMV
(> = 86.9%), ICU (I* = 77.7%), and hospital LOS (I* =73.3%)
as well as pneumonia (P = 52.4%, likely due to variability in
time from injury to intervention and heterogeneity in pneumonia

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

definition). The GRADE assessment of studies available for
PICO Question 1 is summarized on Table 2. Quantitative
analysis for pain control with or without rib ORIF was not
possible given the paucity of data for this critical outcome.

RESULTS FOR PICO QUESTION 2
(RIB ORIF IN TRAUMA PATIENTS WITH
NONFLAIL RIB FRACTURES)

Qualitative Synthesis

Qualitative synthesis in patients with nonflail chest pa-
tients was not feasible, as no studies included only patients with
nonflail rib fractures. Among studies that included both flail and
nonflail rib fracture patterns, no subanalyses were performed
and no breakdown of the two distinct patient cohorts and their
corresponding outcomes was provided.

Two notable studies were those conducted by Khandelwahl
etal.* and Pieracci et al.,*® respectively. The former assessed pain
scores in patients with any rib fracture pattern prospectively, and
subjects with scores greater than 5 were enrolled. These subjects
were managed with an aggressive pain regimen and pulmo-
nary toilet and were offered surgical rib stabilization only if
by the 11th postinjury day their pain scores were greater than
7. Although significant selection bias may exist, patients who
underwent rib ORIF had improved pain scores postopera-
tively and were able to return earlier to baseline activity. Most
recently, Pieracci et al.*® conducted a crossover analysis of pa-
tients with flail chest, multiple displaced fractures, intractable
pain, or inability to wean off ventilation. After adjusting for
rib fracture and overall injury severity, as well as the presence
of intracranial injury, they demonstrated shorter DMV and de-
creased need for tracheostomy, although narcotic requirement
was not dissimilar between the two groups.

Majercic et al.*” retrospectively reviewed all their institu-
tion's patients with rib fracture: Surgery was offered to those
with flail chest, severe rib dislocation, intractable pain, and/or in-
ability to wean from mechanical ventilation, per their protocol.
Intensive care unit LOS was shorter in patients with rib ORIF;
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TABLE 3. Summary of Recommendations

PICO Question

Recommendation

1. In adult patients with flail chest after blunt trauma (P), should rib ORIF

be performed (I) (versus nonoperative management) (C) to decrease mortality;
ventilator, ICU LOS, and hospital LOS; incidence of pneumonia and need for

tracheostomy; and improve pain control (O)?

2. In adult patients with nonflail rib fractures after blunt trauma (P), should rib
ORIF (I) be performed (versus nonoperative management) (C) to decrease
mortality and incidence of pneumonia; shorten hospital LOS; improve pain
control; and shorten duration of mechanical ventilation, hospital LOS and
ICU LOS, and need for tracheostomy (O) if applicable?

In adult patients with flail chest after blunt trauma, we conditionally recommend rib

ORIF to decrease mortality; shorten duration of mechanical ventilation, ICU LOS
and hospital LOS; incidence of pneumonia and need for tracheostomy. We cannot
offer a recommendation for pain control with currently available evidence.

In adult patients with nonflail rib fractures after blunt trauma, we cannot offer a

recommendation for any of the outcomes with currently available evidence.

and in the subset of trauma victims with no brain injury, DMV
was shorter and need for tracheostomy was less. Wu et al.*® stud-
ied patients with flail chest and multiple or displaced rib fractures:
In this study, patients self-selected operative or conservative man-
agement. Those who underwent surgery had shorter DMV, ICU
LOS, and hospital LOS; and their incidence of pulmonary infec-
tions, mortality, and need for tracheostomy was lower compared
to their nonoperative counterparts. Pain control was also im-
proved in the rib ORIF group. De Moya et al.> studied pain
control in subjects with any fracture type and demonstrated
that although there was no difference in analgesic require-
ments between the rib ORIF and nonoperatively managed pa-
tients, narcotics were administered less frequently in the
surgically stabilized cohort, likely the result of selection bias.
However, patients that underwent rib ORIF required less nar-
cotics postoperatively compared to preoperatively.

Of the outcomes noted to have improved (mortality;®
DMV:36384% 1cU LOS*"*® and hospital LOS:*® incidence of
pneumonia®® and need for tracheostomy;**** and pain’®), it is
unclear whether the effect size is due to the improved outcomes
in the significant proportion of the included patients with flail
chest, or an overall effect of rib ORIF in any patient receiving it.

Quantitative Synthesis (Meta-analysis)

No studies were identified that explicitly enrolled only
patients with nonflail rib fractures. All published data evalu-
ated for PICO Question 2 included patients with “any rib frac-
ture pattern,” and most encompassed a significant proportion
of flail chest victims. Therefore, a meta-analysis is not possi-
ble for PICO Question 2.

GRADING THE EVIDENCE

Applying the GRADE framework to the outcomes quanti-
tatively studied (mortality, pneumonia incidence and need for
tracheostomy, DMV, hospital LOS, and ICU LOS) in patients
with flail chest after blunt injury, risk of bias was considered se-
rious, given most subjects were contributed from retrospective
chart reviews. There was also concern about imprecision, given
the wide confidence intervals, and the high heterogeneity noted
in most outcomes studied. No major issues were detected in in-
consistency and indirectness, and publication bias may have
been present for the ICU LOS. The overall quality of evidence
was deemed very low. Given the improvement in all outcomes
(in which adequate data were available for analysis) and the con-
sistent and sizeable treatment effect of rib ORIF in patients with

624

flail chest after blunt trauma, the authors voted to conditionally
recommend the intervention in this patient population. Consid-
eration to upgrade this recommendation from conditional to
strong was given; however, the authors voted to maintain a con-
ditional recommendation (6—4 votes; typically 70% of votes are
required for a strong recommendation®!). This recommendation
implies that rib ORIF should be offered to most trauma victims
with flail chest after blunt trauma to benefit from the aforemen-
tioned improved outcomes, including lower mortality; shorter
DMV, hospital LOS, and ICU LOS; and lower incidence of
pneumonia and need for tracheostomy. However, consideration
should be given to patients' personal preferences, resource
availability, the burden of associated injuries, and the overall
treatment plan and prognosis for quality of life. Regarding
pain control in flail chest subjects, inconsistency and publica-
tion bias are difficult to assess given the small number of stud-
ies identified, and the variability of methods for pain control
used may include significant bias. Multicenter studies cur-
rently underway are likely to shed additional light to the use
of rib ORIF in the future.

Regarding the outcomes in patients with nonflail chest
fractures, neither a qualitative nor a quantitative analysis can
be performed, as none of the studies reviewed allows identifi-
cation of the patients with purely nonflail chest; and the risk
of selection bias, imprecision, and indirectness is very high.

RECOMMENDATIONS

Based on the aforementioned analyses, in adult patients
with flail chest after blunt trauma, we conditionally recom-
mend operative rib ORIF compared to nonoperative manage-
ment, to decrease mortality; shorten DMV, ICU LOS, and
hospital LOS; incidence of pneumonia, and need for tracheos-
tomy. This level of recommendation is given based on the low
quality of evidence. We cannot offer a recommendation for
pain control with currently available evidence.

In adult patients with nonflail pattern rib fractures, we
cannot offer a recommendation regarding rib ORIF, compared
to conservative management, to decrease mortality; DMV, ICU
LOS, and hospital LOS; incidence of pneumonia and need for
tracheostomy; and improve pain control, with currently available
evidence.

Our recommendations are summarized in Table 3.
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