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ABSTRACT

Background: The optimal timing for Surgical Stabilization of Rib Fractures (SSRF) in the Flail Chest (FC) has not
been established. This study was designed to study the effects of different timing for SSRF in patients with FC and
analyze the subgroup of patients with an FC who can have maximal benefit.

Methods: We retrospectively analyzed the data of patients with FC, who underwent SSRF between May, 2016
and February, 2020. The enrolled patients were divided into the eatly (operation < 48 h after injury) and late
(operation>48 h after injury) SSRF groups. The primary outcome measures were the Duration of Mechanical
Ventilation (DMV), duration of Intensive Care Unit stay (ICU stay) and Duration of Hospital Stay (HLOS). The
secondary outcome measures were the incidence of pneumonia, tracheostomy and mortality.

Results: One hundred and twenty-seven patients with FC who underwent SSRF were included in the study of these,
89 were men and 38 were women, with mean ages of 62.50 and there were 75 patients and 52 patients in the early
and late SSRF groups, respectively. Univariate and multivariate linear regression analyses revealed that the factors
associated with late SSRF and Respiratory Failure (RF) may affect primary outcomes. The early and late SSRF
groups showed significantly different DMV (2.63 + 3.59 ws. 5.58 + 9.50, P=0.0367), ICU stay (4.32 + 4.41 vs. 7.83
9.41, P=0.0147) and HLOS (10.63 + 4.73 vs. 15.83 + 10.45, P=0.0013). The early (41 cases) and late (16 cases) SSRF
subgroups of the RF group (57 cases) significantly different DMV (3.85 + 4.42 vs. 14.44 + 13.49, P=0.0071), ICU stay
(5.51 £5.62 vs. 16.50 + 13.14, P=0.0049) and HLOS (11.90 + 5.80 vs. 24.63 + 14.61, P=0.0049). Pearson’s correlation
coefficients revealed significant positive correlations between surgical timing and DMV (r=0.671, p<0.001), ICU stay
(r=0.631, p<0.001) and HLOS (r=0.700, p<0.001) in the RF group. Surgical timing and RF did not affect secondary

outcomes.

Conclusion: This Research revealed that late SSRF and RF significantly affected the primary outcome of FC injuries.
Patients who underwent early SSRF had significantly shortened DMV, ICU stay and HLOS, especially in the RF
subgroup. SSRF within 48 h after injury is recommended for FC injuries.

Keywords: Flail chest; Surgical stabilization of rib fracture; Respiratory failure; Flail chest; Intensive care unit

Abbreviations: COPD: Chronic Obstructive Pulmonary Disease; DMV: Duration of Mechanical Ventilation; FC:
Flail Chest; HLOS: Duration of Hospital Stay; ICU: Intensive Care Unit; ISS: Injury Severity Score: RF: Respiratory
Failure; SSRF: Surgical Stabilization of Rib Fractures; TBI: Traumatic Brain Injury.

INTRODUCTION traumatic pneumo-hemothorax and pulmonary contusions, are
complex and diverse; thoracic injury is the second most common
Thoracic injuries, including chest wall contusions, rib fractures,  cause of trauma-related mortality after traumatic brain injury. Rib
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fractures are common thoracic injuries that account for 10% of
all trauma-related admissions [1-4]. Flail Chest (FC) is a segmental
rib fracture involving at least three consecutive ribs that leads to
instability of the chest wall. It may be characterized by paradoxical
respiratory movement and subsequent pneumonia or respiratory
failure requiring mechanical ventilation support and prolonged
Intensive Care Unit (ICU) stay, which leads to a mortality rate of
up to 16% [1,2].

In recent decades, three randomized controlled trials have
demonstrated that Surgical Stabilization of Rib Fracture (SSRF) for
FC is superior to conservative treatment [5-7]. Some meta-analyses
have shown that SSRF can improve the Duration of Mechanical
Ventilation (DMV), ICU stay and duration of hospital stay
(HLOS). It can also decrease the rate of pneumonia and the need
for tracheostomy in patients with FC [8-10]. Several studies have
also reported that patients with multiple fractures of displaced ribs,
rib fracture with intractable pain after conservative treatment, chest
wall deformity and failed weaning from the ventilator are candidates
for SSRF [11,12]. The practice guidelines for the management of
rib fractures recommend that SSRF in adult patients with FCs is
superior to conservative management after blunt trauma [13,14].
However, the optimal timing of SSRF in patients with FCs has not
been established. Recent studies have revealed that early fixation of
rib fractures may improve the short-term outcomes of complex rib
fractures [15-17]. However, the inclusion criteria for SSRF in these
studies included patients with and without FC. In this retrospective
study, only the patients with FC were included.

We hypothesized that early surgical stabilization (surgery within
48 hours of injury) in patients with FC can shorten the DMV,
ICU stay and HLOS reduce the incidence of pneumonia and the
need for tracheostomy. Therefore, we conducted a single-center
retrospective study to investigate the effects of different surgical
timing in patients with FC and determine the subgroup of patients
with FC who can have maximal benefits.

MATERIALS AND METHODS

Study design and patients

A retrospective review of trauma registries and databases was
conducted between May, 2016 and June, 2020 at our institute. Our
indications for SSRF were as follows: (a) FC; (b) >3 rib fractures
with bicortical displacement; (c) rib fractures associated with RF; (d)
rib fractures associated with inability to cough or intractable pain
(visual analog scale of >6) after adequate pain control and (e) rib
fractures associated with pneumothorax or hemothorax requiring
surgical intervention for the repair of intrathoracic injuries. We
excluded patients with Traumatic Brain Injury (TBI) who had a
Glasgow coma scale score of <13, patients younger than 18 years,
pregnant women and massive hemothorax with shock requiring
emergent thoracotomy. FC was diagnosed using chest Computed
Tomography (CT) with three-dimensional reconstruction to
confirm the locations and patterns of segmental fracture of at
least three consecutive ribs or in patients with the paradoxical
movement of the chest wall during inspiration and expiration.
A three-step inclusion method was adopted in this study: (i.) All
hospitalized trauma patients with evidence of rib fracture were
eligible for inclusion review; (ii.) patients with indications for SSRF
were eligible for inclusion review and (iii.) patients with FC who
underwent SSRF were eligible for the final analysis (Figure 1).
The study was approved by the Institutional Board Review of the
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National Taiwan University Hospital Hsin-Chu Branch (approval
number: 110-132-E) and individual patient consent was waived.

7674 hospitalized trauma patients
(May 2016—June 2020)

|

I 863 thoracic trauma patients |

Indications for SSRF: (1) FC, (2) 23 rib fractures with bicortical
i , (3) rib fractures with RF, (4) rib fractures with
inability to cough or intractable pain, (5) rib fractures associated
with pneumothorax or hemothorax requiring surgical repair.

Exclusion: (1) TBI with GCS of <13, (2) Age of <18 years, (3)
Pregnantwomen, (4) Massive hemothorax with shock requiring
emergent thoracotomy

| 315 patients underwent SSRF

Early SSRF: 41 patients

57 patients

127 FC patients with RF

I

Late SSRF: 16 patients

I Early SSRF: 75 | |

Late SSRF: 52
patients

patients

Figure 1: Flowchart of patient enrolment in the study.

All patients were admitted to the emergency department or
referred from peripheral hospitals. Management priority in the
emergency department was based on the Advanced Trauma Life
Support guidelines [18]. RF was defined as paradoxical movement
during respiration with respiratory distress, PaO, of <60 mmHg or
PaCO, of >60 mmHg after use of O, or a non-invasive ventilator,
respiratory rate of >30 times per minute even after use of O, supply,
risk of aspiration or unconsciousness requiring endotracheal
intubation to maintain respiratory function [18].

The charts and medical records were reviewed and the following
patient data were collected: Age, sex, mechanism of trauma, referral
history from a peripheral hospital; current smoking status, history
of Chronic Obstructive Pulmonary Disease (COPD), history of
diabetes mellitus, associated injuries, Injury Severity Score (ISS),
chest abbreviated injury score, ribScore, rib fracture score, chest
trauma score, blunt pulmonary contusion 18 score, number of
fractured ribs, number of plated fractured ribs, stabilization index
(number of plated fractured ribs/number of fractured ribs), time
to surgery (the interval between injury and operation), RF, ICU
stay, DMV, HLOS, pneumonia, tracheostomy and mortality [19-
22]. The recorded time of injury depended on the recording by the
emergency medical technician or the recall of conscious patients.

The enrolled patients were divided into the early (operation < 48 h
after injury) and late (operation >48 h after injury) SSRF groups for
comparison. Our primary outcome measures were DMV, ICU stay
and HLOS. The secondary outcome measures were the incidence
of pneumonia, tracheostomy and mortality.

Statistical analyses

Statistical analysis was performed using the SAS software (version
9.4; SAS Institute Inc., Cary, NC, USA). All continuous variables
were summarized as the mean (standard deviation) for normally
distributed variables. Group comparisons were conducted using
the two-sample independent ttest for distributed continuous
variables and the Fisher’s exact or chi-squared test for dichotomous
or categorical variables depending on the sample size. Multiple
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linear regression analysis was used to evaluate the correlations
between the associated variables and primary outcomes. A two-
sample independent t-test was also used to compare the groups and
subgroups for the RF analysis. The association between surgical
timing and primary outcomes of the RF group was assessed using
Pearson’s correlation coefficient. All p-values were two-tailed and
statistical significance was set at p <0.05.

RESULTS

A total of 127 patients with FC who underwent SSRF met the
inclusion criteria and were enrolled in this study. The clinical and
demographic characteristics of patients are shown in Table 1. The
127 patients, 89 were men and 38 were women; their mean age
was 62.50 + 15.54 (22-92 range) years and 62 patients were older
(>65 years). Seventy-five and 52 patients were included in the early
and late SSRF groups, respectively. The mean times to surgery for
the early and late SSRF groups were 25.39 + 14.55 and 155.1
129.40 hours, respectively. The mean ISS, RibScore, rib fracture
score, chest trauma score and blunt pulmonary contusion 18 were
22.82 +7.20, 2.83 £ 0.96, 10.81 + 6.88, 6.50 + 1.40 and 2.76 =
2.34, respectively. Eight hundred and sixty-one fractured ribs were
identified by chest CT and the mean number of fractured ribs per
person was 6.78 + 2.34. Four hundred and eighteen fractured ribs
were fixed and the mean number of ribs fixed per person was 3.29
+ 1.11. The mean stability index was 0.51 + 0.18. Only nine patients
had bilateral FC.

The most common mechanism of trauma was motorcycle accidents
(66.93%), followed by falls (23.62%). Eighty-nine (70.08%) of
127 patients had associated injuries. The incidence of clavicular
fracture, TBI, scapular fracture and lower limb fracture were 31.5%,
18.11%, 17.32% and 14.96%, respectively. The two groups showed
similar data for most variables. Regarding the exceptions, the mean
number of plated ribs and the incidence of RF were higher for
the early SSRF group; the incidence of referral was higher for the
late SSRF group (Table 1). The early and late SSRF groups showed
statistically significant differences in DMV (2.63 + 3.59 wvs. 5.58 +
9.50, P=0.0367), ICU stay (4.32 £ 4.41 vs. 7.83 + 9.41, P=0.0147) and
HLOS (10.63 + 4.73 vs. 15.83 = 10.45, P=0.0013). However, there
were no significant differences between the secondary outcomes
of the two groups (Tablel). The incidence of tracheostomy and
mortality were 0.79% and 3.15%, respectively. Only one patient
required tracheostomy; four patients died after surgery and three
of them were older than 75 years.

Table 1: Baseline characteristics of patients who received early (within 48
hours after injury) and late (>48 hours after injury) SSRF.

Early SSRF  Late SSRF

Variable  ALL(N=127) >0 Nesy) | Palue
Age 62.50 + 15.54 62.04 + 15.74 63.17 + 1538 0.6879
Sex (%) 0.539

F 38(29.92)  24(32.000  14(26.92)

M 89(70.08)  51(68.00)  38(73.08)

Time o sureen. 71%:1911 2539 + 14.55 1152;’;01 <0.0001"

RibScore  2.83+0.96 295+103 267083 0.1137
1SS 22824720 22234672 23.67+7.84 02676
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Chest AIS (%) - - - 1
4 120 (94.49)  71(94.67) 49 (94.23)
5 7 (5.51) 4(5.33) 3(5.77)
RFS 10.81 £ 6.88 10.60 £8.46 11.12 £3.56 0.6389
CTS 6.50+140 649+146 652+132 0.919
BPC 18 2716 +234 285+231 2.62+239 0.5744
P“emzf;’;h""ax 43(33.86)  29(38.67)  14(2692)  0.1691
(o)

Hemothorax (%) 121 (95.28) 70 (93.33) 51 (98.08) 0.3995
Respiratory 57 14 88)  41(5467)  16(30.77)  0.0078"
failure (%)

Number of 356 . 111 3555122 292:081 0.0008"
plated ribs
Numberof 70,734 688239 663227 05626
fractured ribs
Stabilization
. 0.51+0.18 0.54+0.18 0.48+0.19 0.0837
index
Referral (%) 51 (40.16) 23 (30.67) 28 (53.85)  0.0088™
COPD 26 (20.47) 15 (20.00) 11 (21.15) 0.8741
Current smoker 47 (37.01) 27 (36.00) 20 (38.46) 0.7775
DM 36 (28.35) 25(33.33) 11 (21.15) 0.1342
Mechanism (%) 0.1697
motorbike 85 (66.93) 54 (72.00) 31 (59.62)
fall, > 3m 18 (14.17) 11 (14.67) 7 (13.46)
fall, <3m 12 (9.45) 4(5.33) 8 (15.38)
MVC 2 (1.57) 2(2.67) 0(0.00)
Pedestrian 4(3.15) 1(1.33) 3(5.77)
heavy mental 4 7) 1(133) 0(0.00)
compression
bicycle 5(3.94) 2(2.67) 3(5.77)
Assom(f;‘){ MUY 89(70.08)  52(69.33)  37(7L15)  0.8256
(o)
Cervical spinal
. 4(3.15) 3 (4.00) 1(1.92) 0.6439
injury (%)
Lumbar spinal
.. 6(4.72) 2(2.67) 4(7.69) 0.2259
injury (%)

Thonaciespinal - 5 300 906 377 03992

injury (%)
Clavicular
40 (31.50) 24 (32.00) 16 (30.77) 0.8833
fracture (%)

Sternal fracture

3(2.36) 3 (4.00) 0 (0.00) 0.2688

(%)
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Scapular fracture

(%) 22 (17.32) 11 (14.67) 11 (21.15) 0.3422
‘0
Upper limb
fracture (%) 12 (9.45) 9 (12.00) 3(5.77) 0.357
Lowerlimb 19 (14 06)  10(1333) 91731 0.5369
fracture (%) ’ ' ’ ’
TBI (%) 23 (18.11) 11 (14.67) 12 (23.08) 0.2262
Splenic
laceration (%) 6 (4.72) 6 (8.00) 0 (0.00) 0.0806
Liver 1(126)”“"“ 5694 260 36770 03992
Kidney laceration 35 365 3.67) 1(1.92) 1
(%)
Aortic dissection
or Major
vessel injury (%) 3(2.36) 1(1.33) 2 (3.85) 0.5672
Pelvic fracture
(%) 8 (6.30) 4 (5.33) 4 (7.69) 0.7154
Bilateral flail
chest (%) 9 (7.09) 6 (8.00) 3(5.77) 0.7363
Primary
outcomes
DMV 383+6.80 2.63+3.59 558+950 0.0367
ICU stay 576 £7.09 432+441 783 £9.41 0.0147
HLOS 12.76 £ 8.00 10.63 +4.73 15.83 +10.45 0.0013™
Secondary
outcomes
Pneumonia (%) 24 (18.90) 10 (13.33) 14 (26.92) 0.0544
Tracheostomy
(%) 1(0.79) 0 (0.00) 1(1.92) 0.4094
Mortality (%) 4 (3.15) 1(1.33) 3(5.77) 0.3042

Note: Differences between groups were evaluated using the * test, Fishet’s
exact test and two-sample independent ttest p-value: <0.05; “<0.01;
7'<0.001; ISS: Injury Severity Score; Chest AIS: Chest Abbreviated Injury
Score; RFS: Rib Fracture Score; CTS: Chest Trauma Score; BPC 18: Blunt
Pulmonary Contusion score 18; COPD: Chronic Obstructive Pulmonary
Disease; DM: Diabetes Mellitus; MVC: Motor Vehicle Collision; TBI:
Traumatic Brain Injury; DMV: Duration of Mechanical Ventilation;

HLOS: Hospital Length of Stay.

The univariate analysis of the primary outcomes is shown in Table
2. A higher RibScore (>3) was associated with prolonged DMV and
ICU stay. A higher ISS (2 25) was associated with prolonged DMV,
ICU stay and HLOS. Early SSRF was associated with shortened
DMV, ICU stay and HLOS. RF was associated with prolonged
DMV, ICU stay and HLOS. Referral was associated with prolonged
DMV, ICU stay and HLOS. Clavicular fractures were associated
with shortened DMV, ICU stay and HLOS. Scapular fractures
were associated with prolonged ICU stay. Lower limb fractures
were associated with prolonged DMV, ICU stay and HLOS. TBI
was associated with prolonged ICU stay and HLOS. COPD was
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associated with prolonged DMV, ICU stay and HLOS and current

smoking was associated with prolonged ICU stay.

The results of the multiple linear regression analysis of the
primary outcomes are shown in Table 3. Late SSRF was associated
with prolonged DMV (3.79 days, Standard Error (SE) SE=1.11,
P=0.0009), ICU stay (3.69 days, SE=1.10, P=0.0011) and HLOS
(5.29 days, SE=1.27, P<0.0001). RF was associated with prolonged
DMV (5.15 days, SE=1.08, P<0.0001), ICU stay (4.35 days,
SE=1.07, P<0.0001) and HLOS (5.15 days, SE=1.24, P<0.0001).
Clavicular fractures were associated with shortened ICU stay
(2.51 days, SE=1.10, P=0.0240). Scapular fractures were associated
with prolonged ICU stay (3.12 days, SE=1.32, P=0.0198). Lower
limb fractures were associated with prolonged HLOS (3.62 days,
SE=1.71, P=0.0358). TBI was associated with prolonged ICU stay
(4.52 days, SE=1.42, P=0.0019) and HLOS (5.03 days, SE=1.67,
P=0.0032). COPD was associated with prolonged DMV (2.54 days,
SE=1.25, P=0.0446).

The 57 patients with RF in this study were further categorized
into two groups (early SSRF, 41 patients vs late SSRF, 16 patients).
There were statistically significant differences in DMV (3.85 + 4.42
vs 14.44 + 13.49, P=0.0071), ICU stay (5.51 + 5.62 vs 16.50 = 13.14,
P=0.0049) and HLOS (11.90 + 5.80 vs 24.63 £ 14.61, P=0.0049)
between the early and late SSRF groups (Table 4). There were also
significant positive correlations between surgical timing and DMV
(r=0.671, p<0.0001), ICU stay (r=0.631, p<0.0001) and HLOS
(r=0.700, p<0.0001) in the RF subgroup.

DISCUSSION

FC injury is a severe condition that results in pulmonary contusion,
intrathoracic injuries and paradoxical motion of the chest wall.
Some patients develop respiratory failure with higher morbidity
and mortality after blunt chest trauma [1,2]. The benefits of
SSRF are the correction of an unstable chest wall, restoration of
respiratory mechanics and the reduction of unstable chest wall-
related pain [3,4,11,12]. Previous randomized controlled trials have
shown that patients with FC who undergo SSRF can have shorter
DMV, duration of ICU stay and HLOS and lower mortality rate,
incidence of pneumonia and tracheostomy rate than those who
undergo non-operative management [5-7]. Rib fixation occurred
earlier and the patient had recovery from intractable pain, lung
atelectasis, hypoventilation or pneumonia [13,15]. However, in
these two prospective randomized studies, the surgical timing varied
from 2 to 5 days after endotracheal intubation with mechanical
ventilation, which created a longer interval between injury and
operation [5,6]. Early surgical intervention for rib fracture was
investigated by some centers [15-17,23]. In this retrospective study,
we reviewed our trauma registry and analyzed different surgical
timing for stabilizing patients with FC, which could affect acute
outcomes. In this baseline analysis, the two groups were similar
for the variables assessed, except that the rate of referral from
peripheral hospitals was higher in the late SSRF group. The
univariate analysis showed that higher ISS, higher Ribscore, RF,
referral, associated injury, TBI, COPD, current smoking and
late SSRF were associated with worse acute outcomes. Multiple
linear regression analysis showed that late SSRF and RF had
significant adverse effects on DMV, ICU stay and HLOS. Late
SSRF was associated with prolonged DMV (3.79 days), ICU stay
(3.69 days) and HLOS (5.29 days); RF was also associated with
prolonged DMV (5.15 days), ICU stay (4.35 days) and HLOS
(5.15 days) (Table 3).
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Table 2: Univariate analysis of primary outcomes.

DMV ICU stay HLOS
Variables
N Mean = SD p-value Mean = SD p-value Mean + SD p-value
Age - - 0.0961 - 0.1289 - 0.1285
<65 65 2.85+5.75 - 4.82 £6.01 - 11.69 + 6.63
> 05 62 4.87 + 7.66 - 6.74 £ 7.99 - 13.87 +9.14
Sex - - 0.6395 - 0.8156 - 0.6312
F 38 4.37 +9.30 - 6.03 £2.94 - 13.37 £ 10.21
M 89 3.61 £5.45 - 5.64 £ 4.40 - 12.49 + 6.90
Stabilization index - - 0.7438 - 0.375 - 0.631
<0.5 72 4.00 £7.75 - 6.22 +8.09 - 13.06 + 8.55 -
>0.5 55 3.62 £5.38 - 5.15+5.52 - 12.36 + 7.27
Ribscore - - 0.0104 - 0.0232 - 0.07
<3 103 3.10 £ 5.41 - 495 +545 - 12.14 £ 7.14
>3 24 7.00 + 10.53 - 9.21 £ 11.31 - 15.42 £ 10.74
ISS - - 0.0446" - 0.0167° - 0.0160°
<25 91 2.76 + 4.03 - 4.44 £ 432 - 11.42 £6.28
>25 36 6.56 £ 10.68 - 9.08 £ 10.81 - 16.14 + 10.61
Pneumothorax - - 0.321 - 0.4237 - 0.4769
no 84 3.36 £5.95 - 5.35+5.97 3.36 £5.95
yes 43 4.77 +8.21 - 6.56 £ 8.91 4.717 £8.21
Associated injury - - 0.3887 - 0.1969 - 0.2697
no 38 3.16 + 4.83 - 4.08 £5.21 - 11.55 £ 8.15
yes 89 412 +7.49 - 6.21£17.73 - 13.27 £1793
Clavicular fracture - - 0.0016™ - 0.0029" - 0.0299
no 87 4.75+£1.99 - 6.66 £ 8.35 - 13.54 £9.30
yes 40 1.85 + 1.66 - 3.80 £ 1.71 - 11.05 £ 3.40
Scapular fracture - - 0.4249 - 0.0416° - 0.0615
no 105 3.27 £4.90 - 5.06 £5.41 - 12.02 + 6.56
yes 22 6.55£12.22 - 9.09 £ 11.93 - 16.27 + 12.46
Upper limb fracture - - 0.6246 - 0.6659 - 0.6949
no 115 3.77+6.75 - 5.63 £6.81 - 12.63 +7.92
yes 12 4.50 + 7.60 6.92 £9.63 - 14.00 + 8.99
Lower limb fracture - - 0.0056" - 0.0046™ 0.0005™
no 108 3.56 + 6.30 - 5.43 +6.59 - 12.12 + 7.47
yes 19 5.37+9.23 - 7.63 £9.44 - 16.37 +9.98
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TBI - - 0.1288 - 0.0093™ - 0.0020"

no 104 2.80 +3.62 - 4.56 + 3.86 - 11.52 £+ 5.88

yes 23 8.52 +13.25 - 11.17 + 13.44 - 18.35 + 12.82
COPD - - 0.0039™ - 0.0076" - 0.0104

no 101 3.04 +£6.20 - 4.90 +6.26 - 1210 £ 791

yes 26 6.92 +8.17 - 9.08 +9.06 - 15.31 £ 7.99
Current smoking - 0.0521 - 0.0499 - 0.1519

no 80 2.94 £ 6.60 - 4.81+6.70 - 11.98 £ 7.72

yes 47 5.36  6.94 - 7.36 + 7.50 - 14.09 + 8.37
DM - - 0.9781 - 0.8405 - 0.8792

no 91 3.82+£17.26 - 5.82+17.71 - 12.82 +8.20

yes 36 3.86 £5.58 - 5.58 £5.27 - 12.58 £ 1.57
Time to surgery, hour - - 0.0367 - 0.0147 - 0.0013™

<48 75 2.63 £3.59 - 4.32 +4.41 - 10.63 + 4.73

>48 52 5.58 £9.50 - 7.83 +9.41 - 15.83 £ 10.45
Respiratory failure - - <.0001™ - 0.0002" - 0.0014™

no 70 1.40 £ 1.23 - 3.44 £ 191 - 10.54 £ 3.59

yes 57 6.82 +9.26 - 8.60 + 9.67 - 15.47 +10.70
Referral - - 0.0184 - 0.0129° 0.0101° 0.0101°

no 76 246 +3.12 - 4.25 +3.33 - 11.04 £ 4.62

yes 51 5.88 +9.74 - 8.00 + 10.07 - 15.31 £ 10.87

Note: Differences between groups of primary outcomes were evaluated by two sample independent ttest. p-value: '<0.05; “<0.01; 7'<0.001; DMV:
Duration of Mechanical Ventilator, HLOS: Hospital Length of Stay, ISS: Injury Severity Score, TBI:

Table 3: Multiple linear regression analysis of primary outcomes.

DMV ICU stay HLOS
Risk factor
B SE p-value B SE p-value B SE p-value
Ribscore, >3 (ref: < 3) 2.52 1.34 0.0636 2.46 1.33 0.0659
ISS, > 25 (ref: <25) 1.38 1.2 0.2514 0.45 1.27 0.7209 0.14 1.48 0.9264
Time to surgery, hour, >48 (ref: < 48) 3.79 1.11 0.0009™ 3.69 1.1 0.0011" 5.29 1.27 <0.0001™
Respiratory failure (ref: No) 5.15 1.08 <0.0001™ 4.35 1.07 <0.0001™ 5.15 1.24 <0.0001™
Referral (ref: No) 1.84 1.07 0.0887 1.69 1.06 0.1139 2.22 1.23 0.075
Clavicular fracture (ref: No) 2 1.09 0.0708 2.51 1.1 0.0240" 1.94 1.28 0.1327
Scapular fracture (ref: No) - - - 3.12 1.32 0.0198"
Lower limb fracture (ref: No) 0.79 1.46 0.5913 1.27 1.45 0.3848 3.62 1.71 0.0358"
TBI (ref: No) - - - 4.52 1.42 0.0019" 5.03 1.67 0.0032"
COPD (ref: No) 2.54 1.25 0.0446' 2.47 1.31 0.0606 1.68 1.45 0.2502
Smoking (ref: No) - - - 0.62 1.1 0.5738

Note: pvalue: <0.05; “<0.01; 7<0.001; DMV: Duration of Mechanical Ventilator; HLOS: Hospital Length of Stay; ISS: Injury Severity Score; TBI:
Traumatic Brain Injury; COPD: Chronic Obstructive Pulmonary Disease.
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The above findings have also been reported by previous studies.
Igbal et al., reported that early surgical stabilization of complex
chest wall injuries within 48 hours of injury leads to improve acute
outcomes, indicating that early SSRF can shorten HLOS (5.8 days),
ICU stay (3.8 days) and DMV (2.8 days) and decrease the incidence
of pneumonia (32%) and tracheostomy (16%) [17]. Pieracci et
al., suggested that early SSRF (within 24 hours of admission) for
multiple rib fractures can lead to favorable outcomes (shortened
HLOS, ICU stay and DMV) and shorter operative time in a
multicenter study [15]. In our previous study, Su et al. revealed
that patients with severe rib fractures and RF who underwent early
SSRF (within 72 hours of injury) may have shortened DMV (54
h), ICU stay (107 h), HLOS (6 days) and lower medical costs [16].
However, the enrolled patients in the above three studies on timing
for SSRF had FC and three or more bicortically displaced fractures
and optimal medical management had failed. Only patients with
FC were included in this study. Higher ISS and Ribscore were not
associated with primary outcomes in the multiple linear regression
analysis; however, clavicular fractures, TBI, scapular fractures, lower
limb fractures and COPD partially affected the primary outcomes.
In this series, patients with FC-associated clavicular fractures had a
shorter ICU stay. Most patients with clavicular fractures were in the
early SSRF group in this study. We performed simultaneous SSRF
and internal fixation of clavicular fractures and clavicular fractures
did not adversely affect respiratory function.

FC injuries with TBI require neurologic monitoring in the ICU
for at least 24 hours-72 hours depending on the judgement of the
neurologic surgeon in the institute; this prolongs the ICU stay and
HLOS. For the management of FC-associated lower limb fractures,
we consulted an orthopedic surgeon in our trauma team, which
led to the prolongation of HLOS. The management of FC with
scapular fractures was difficult and we performed SSRF for FC;
however, only some scapular fractures were fixed simultaneously,
thus persistent chest pain and impaired respiratory motion led to
prolonged ICU stay. More experience is required to manage FC
injuries with scapular fractures. The comorbidity of COPD can

influence respiration and weaning of the ventilator, leading to
prolonged DMV.

In this study, an early intervention did not affect secondary
outcomes, but the incidence of pneumonia tended to be lower in
the early SSRF group (Table 1). We further analyzed the effect of
different surgical timing on acute outcomes in the subgroup of FC
patients with RF. Early SSRF was associated with shorter DMV
(10.59 days), ICU stay (10.99 days) and HLOS (12.73 days) than
late SSRF in this RF group (Table 4).

Table 4: The analysis of the primary outcomes of the RF subgroups of the
early and late SSRF groups.

Respiratory failure (N=57)

Primary
outcomes Early SSRF Late SSRF value
(N=41) (N=16) Py
DMV 3.85+4.42 14.44 + 13.49 0.0071°
ICU stay 5.51 £5.62 16.50 + 13.14 0.0049™
HLOS 11.90 + 5.80 24.63 £ 14.61 0.0049™

Note: Differences between groups were evaluated by two sample
independent t-test. p-value: '<0.05; 7<0.01; 7'<0.001; DMV: Duration of
Mechanical Ventilator; HLOS: Hospital Length of Stay.
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FC patients with RF who underwent SSRF within 48 hours
could gain more of the primary outcome than the whole group
that underwent early SSRF. We also found moderate to high
positive correlations between the time to surgery and primary
outcomes (Figure 2). In patients with FC, instability of the chest
wall can compromise respiratory mechanics, which may lead to
respiratory failure. Stabilizing the chest wall early was associated
with earlier recovery from lung atelectasis, paradoxical movement
and hypoventilation; thus, early SSRF can lead to better primary
outcomes, especially in the RF subgroup. This result is different
from those of other studies.
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Figure 2: Pearson’s correlation between time to surgery and primary
outcomes. Note: (A) Correlation between time to surgery and DMV;
(B) Correlation between time to surgery and ICU stay; (C) Correlation
between time to surgery and HLOS.

This study had several limitations. First, the patients were not
randomized and the patients in the two groups were not equal.
Second, we attempted early surgical stabilization in patients with
FC in our unit, but factors such as operation room availability,
patient preference and referral from peripheral hospitals delayed
SSRF. Third, several trauma patients may have sustained concurrent
injuries such as splenic rupture, hepatic rupture, TBI, long bone
fracture, pelvic fracture or spinal fracture; however, splenic rupture,
hepatic rupture, spinal fracture or pelvic fracture may have been
given higher priority than be flail chest, which delayed the timing
of SSRF.

CONCLUSION

In conclusion, our study revealed that late SSRF and RF were major
prognostic factors affecting the outcomes of FC injuries. Patients
who underwent early SSRF had significantly shorter DMV, ICU
stay and HLOS, especially in the RF subgroup. SSRF should be
performed within 48 h of injury and is recommended for FC
injuries.

These findings suggest that surgical intervention should be
prioritized within 48 hours postinjury to optimize outcomes
and reduce healthcare burdens. While secondary outcomes like
incidence of pneumonia, tracheostomy and mortality were not
significantly affected, a trend toward reduced pneumonia in the early
SSRF group was observed, potentially reflecting quicker respiratory
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stabilization. This study supports the recommendation of SSRF
as an effective early intervention for FC injuries, particularly in
patients at high risk of RF and highlights the importance of timely
surgery to enhance clinical recovery and minimize complications.
Further research, ideally with randomized controlled trials, is
recommended to confirm these findings and refine guidelines for
optimal surgical timing.
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