University of Texas Rio Grande Valley

ScholarWorks @ UTRGV

School of Medicine Publications and

Presentations School of Medicine

2-22-2022

Surgical stabilization versus nonoperative treatment for flail and
non-flail rib fracture patterns in patients with traumatic brain injury

Jonne T. H. Prins

Esther M. M. Van Lieshout
Francis Ali-Osman
Zachary M. Bauman

Eva-Corina Caragounis

See next page for additional authors

Follow this and additional works at: https://scholarworks.utrgv.edu/som_pub

b Part of the Surgery Commons

Recommended Citation

Prins, J.T.H., Van Lieshout, E.M.M., Ali-Osman, F. et al. Surgical stabilization versus nonoperative
treatment for flail and non-flail rib fracture patterns in patients with traumatic brain injury. Eur J Trauma
Emerg Surg (2022). https://doi.org/10.1007/s00068-022-01906-1

This Article is brought to you for free and open access by the School of Medicine at ScholarWorks @ UTRGV. It has
been accepted for inclusion in School of Medicine Publications and Presentations by an authorized administrator
of ScholarWorks @ UTRGV. For more information, please contact justin.white@utrgv.edu,
william.flores01@utrgv.edu.


https://scholarworks.utrgv.edu/
https://scholarworks.utrgv.edu/som_pub
https://scholarworks.utrgv.edu/som_pub
https://scholarworks.utrgv.edu/som
https://scholarworks.utrgv.edu/som_pub?utm_source=scholarworks.utrgv.edu%2Fsom_pub%2F486&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/706?utm_source=scholarworks.utrgv.edu%2Fsom_pub%2F486&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:justin.white@utrgv.edu,%20william.flores01@utrgv.edu
mailto:justin.white@utrgv.edu,%20william.flores01@utrgv.edu

Authors

Jonne T. H. Prins, Esther M. M. Van Lieshout, Francis Ali-Osman, Zachary M. Bauman, Eva-Corina
Caragounis, Jeff Choi, D. Benjamin Christie Ill, Peter A. Cole, William B. DeVoe, and Julie Whitis

This article is available at ScholarWorks @ UTRGV: https://scholarworks.utrgv.edu/som_pub/486


https://scholarworks.utrgv.edu/som_pub/486

European Journal of Trauma and Emergency Surgery
https://doi.org/10.1007/500068-022-01906-1

ORIGINAL ARTICLE q

Check for
updates

Surgical stabilization versus nonoperative treatment for flail
and non-flail rib fracture patterns in patients with traumatic brain
injury

JonneT.H. Prins' - Esther M. M. Van Lieshout - Francis Ali-Osman? - Zachary M. Bauman? - Eva-Corina Caragounis* -
Jeff Choi® - D. Benjamin Christie 111° - Peter A. Cole’®° . William B. DeVoe'? - Andrew R. Doben" - Evert A. Eriksson'? -
Joseph D. Forrester® - Douglas R. Fraser'? - Brendan Gontarz'' - Claire Hardman'# - Daniel G. Hyatt'° -

Adam J. Kaye'® - Huan-Jang Ko'® - Kiara N. Leasia'’ - Stuart Leon'? - Silvana F. Marasco'®'? . Allison G. McNickle'* -
Timothy Nowack® - Temi D. Ogunleye®® - Prakash Priya'” - Aaron P. Richman?° - Victoria Schlanser?' -

Gregory R. Semon' - Ying-Hao Su'® - Michael H. J. Verhofstad' - Julie Whitis?? - Fredric M. Pieracci®3 -

Mathieu M. E. Wijffels'

Received: 24 September 2021 / Accepted: 29 January 2022
© The Author(s) 2022

Abstract

Purpose Literature on outcomes after SSRF, stratified for rib fracture pattern is scarce in patients with moderate to severe
traumatic brain injury (TBI; Glasgow Coma Scale <12). We hypothesized that SSRF is associated with improved outcomes
as compared to nonoperative management without hampering neurological recovery in these patients.

Methods A post hoc subgroup analysis of the multicenter, retrospective CWIS-TBI study was performed in patients with TBI
and stratified by having sustained a non-flail fracture pattern or flail chest between January 1, 2012 and July 31, 2019. The
primary outcome was mechanical ventilation-free days and secondary outcomes were in-hospital outcomes. In multivariable
analysis, outcomes were assessed, stratified for rib fracture pattern.

Results In total, 449 patients were analyzed. In patients with a non-flail fracture pattern, 25 of 228 (11.0%) underwent SSRF
and in patients with a flail chest, 86 of 221 (38.9%). In multivariable analysis, ventilator-free days were similar in both treat-
ment groups. For patients with a non-flail fracture pattern, the odds of pneumonia were significantly lower after SSRF (odds
ratio 0.29; 95% CI 0.11-0.77; p=0.013). In patients with a flail chest, the ICU LOS was significantly shorter in the SSRF
group (beta, — 2.96 days; 95% CI — 5.70 to — 0.23; p=0.034).

Conclusion In patients with TBI and a non-flail fracture pattern, SSRF was associated with a reduced pneumonia risk. In
patients with TBI and a flail chest, a shorter ICU LOS was observed in the SSRF group. In both groups, SSRF was safe and
did not hamper neurological recovery.

Keywords Surgical stabilization of rib fractures - Rib fracture - Flail chest - Traumatic brain injury - Thoracic trauma

Introduction

Traumatic brain injury (TBI) and thoracic trauma are the
number one and two leading causes of trauma-related mor-
tality annually, respectively [1, 2]. In the Intensive Care Unit
(ICU), rib fractures and TBI are the most prevalent injuries
and up to 25% of patients with multiple rib fractures have
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concomitant TBI [3, 4]. Both injuries are associated with
prolonged mechanical ventilation requirement and ICU days,
and combined they have been shown to increase the risk
of pneumonia, which is a strong independent predictor of
mortality after trauma [1, 3, 5].

Utilization of surgical stabilization of rib fractures
(SSRF) has increased significantly over the last two decades
[6-8]. In patients with a flail chest, SSRF has been associ-
ated with a reduced pneumonia rate, and shorter duration of
mechanical ventilation and hospital and ICU length of stay
(HLOS and ICU LOS) as compared to nonoperative man-
agement [9-13]. Studies specifically evaluating outcomes

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00068-022-01906-1&domain=pdf

J.T.H. Prins et al.

after SSRF in patients with a non-flail fracture pattern are
scarce [14]. A recent randomized controlled trial indicated
less pain at 2-week follow-up and fewer pleural space com-
plications after SSRF in these patients [15]. Other injury
characteristics for which SSRF have been recommended
include >3 bi-cortically displaced rib fractures or a hemi-
thorax volume loss of >30% [16]. The exact effect of SSRF
in these populations remains uncertain however as these are
often collectively evaluated with patients with a flail and
non-flail fracture pattern [17].

The presence of TBI has been considered a relative con-
traindication for surgery, including SSRF and was often used
as an exclusion criterion for rib fracture-related research
[15, 18-20]. Recently however, the multicenter, retrospec-
tive Chest Wall Injury Society (CWIS)-TBI study reported
SSREF to be safe in the presence of moderate to severe TBI
(Glasgow Coma Scale [GCS] score <12) and associated
with a reduced odds ratio of pneumonia and 30-day mortal-
ity [21]. This study was the first to specifically assess SSRF
in the TBI population with rib fractures, but did not stratify
by rib fracture pattern. As the established grounds for SSRF
have expanded, a small number of studies have assessed the
flail chest and non-flail fracture pattern separately due to
their injury-related dissimilarities [14, 22].

Therefore, the aim of this study was to evaluate the effect
of SSRF versus nonoperative management in patients with
TBI and either a flail chest or non-flail fracture pattern on
ventilator-free days. Secondary aims were to assess in-hos-
pital outcomes, such as pneumonia rate, motor neurological
status, HLOS, ICU LOS, and mortality. We hypothesized
that SSRF is associated with improved outcomes including
more ventilator-free days, shorter ICU LOS, and a lower
pneumonia rate, as compared to nonoperative management
without hampering neurological recovery in patients with
both flail and non-flail rib fracture patterns.

Methods
Design and participants

This CWIS-TBI study was a multicenter, retrospective
cohort study involving 19 trauma centers conducted through
the Chest Wall Injury Society (http://www.cwisociety.org)
[21]. The study was approved by each center’s local medi-
cal research ethics committee or institutional review board
and informed consent was exempted. Eligible patients were
identified through the hospitals’ electronic medical record
and by searching their trauma registry for admitted patients
with a registered Abbreviated Injury Scale (AIS) for rib or
sternal fractures in combination with an AIS >3 of the head.
Figure 1 lists the inclusion and exclusion criteria. Patients
were stratified by having sustained a flail chest or non-flail
fracture pattern. A flail chest was defined as having sustained
> 3 bi-cortical consecutive ribs fractured in two or more
locations on chest computed tomography (CT; radiographic
flail segment) or > 3 ribs fractured with a paradoxical chest
wall respiratory motion (physiologic flail chest). A non-flail
fracture pattern was defined as the absence of a radiographic
on chest CT or physiologic flail chest.

Data collection and outcome measures

The primary outcome measure was the number of ventilator-
free days during primary hospital admission, defined as the
number of days the patient breathed without assisted (non)-
invasive ventilation. Secondary outcome measures were
ICU LOS, HLOS, the occurrence of thoracic complications
(i.e., pneumonia within 30 days as defined according to the
Centers for Disease Control and Prevention (CDC) guide-
lines [23], pleural empyema within 30 days as diagnosed

Inclusion and exclusion criteria

Inclusion criteria

1) Agez=18years

2) 23 fractures of ribs 3-10 with a flail chest or
bicortical displacement of 23 fracturedribs
(diagnosed on chest CT)

3) Moderate or severe TBI (GCS score <12 at
admission with posttraumatic intracranial
changes (diagnosed on CT)

4) Trauma sustained between January 1, 2012 and
July 1,2019

5) Blunt thoracic trauma

6) Admissionto participating hospital <7 days after
injury with documented GCS at presentation

Exclusion criteria

1) Rib fractures due to CPR

2) Unfit for surgery (e.g., HD instability, moribund)

3) Previousrib fractures or pulmonary problems

4) Rib fixation device in situ

5) Pre-existing neurological deficit (GCS score, <12)
6) Congenital thoracic deformity

7) Imprisoned at time of trauma

8) Known pregnancy at time oftrauma

9) Transfer to other hospital during clinical admission

Fig. 1 Study inclusion and exclusion criteria. CPR cardiopulmonary resuscitation, CT computed tomography, GCS Glasgow Coma Scale, HD

hemodynamic, 7B/ traumatic brain injury
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on CT scan and/or pus evacuation [24]), and SSRF-related
complications (i.e., superficial and deep wound infection,
post-operative bleeding, implant failure requiring removal,
and perioperative intracranial pressure increase requiring
[non]invasive intervention), neurological outcome (rate of
and time to motor GCS [mGCS] score =6 achieved), and
< 30 days and in-hospital mortality.

In addition to the outcome measures, patient character-
istics and injury-related variables were collected. The TBI
severity at hospital admission was defined as moderate
(GCS score, 9-12) or severe (GCS score, <8). Intracranial
hypertension was defined as an intracranial pressure (ICP)
of >20 mmHg. Also, treatment- and outcome-related vari-
ables were collected. Therapy for reducing ICP consisted
of having received or undergone > 1 of the following: man-
nitol, hypertonic saline, pentobarbital, ventriculostomy, cra-
niotomy, or placement of a subdural evacuation port system.

Statistical analysis

Data were analyzed using the Statistical Package for the
Social Sciences (SPSS) version 25 or higher (SPSS, Chi-
cago, I1l., USA). Normality of continuous variables was
tested with the Shapiro—Wilk test, and homogeneity of vari-
ances was tested using the Levene’s test. A p value lower
than 0.05 was considered statistically significant and all
tests were two-sided. Descriptive analysis was performed to
report the data for the entire flail chest and non-flail fracture
pattern population and for the treatment groups. For continu-
ous data, the median and percentiles (non-parametric data)
were reported. Statistical significance of differences between
treatment groups was assessed using Mann—Whitney U test
(non-parametric data). For categorical data, numbers and
frequencies are reported per treatment group and compared
using Chi-squared or Fisher’s exact test, as applicable.

In multivariable analysis, a regression model was devel-
oped to control for potential confounders, as described in the
main study manuscript [21]. The final regression model for
the non-flail fracture pattern group consisted of the covari-
ates number of fractured ribs, chest tube requirement, and
intracranial hypertension presence. The model for the flail
chest group consisted of BMI, COPD, number of fractured
ribs, chest tube requirement, and intracranial hyperten-
sion presence. Given the multicenter design of the study,
participating center was also considered as a confounder.
Study center was however not included in the final model
as it did not statistically correlate with outcomes. The final
crude regression model included the outcome measure as the
dependent variable, and SSRF as covariate. In the adjusted
analysis, the covariates mentioned above were added as
covariates. For binary regression analysis, the OR for SSRF
over nonoperative treatment is reported with 95% confidence

interval (CI) and p values. For linear regression analysis, the
beta value with 95% CI and p value is reported.

Results

In total, 449 (55.2%) patients with multiple rib fractures and
TBI were included (Fig. 2). For each study center, the num-
ber of included patients with multiple rib fractures and TBI
ranged from 2 to 65. The percentage of these patients who
underwent SSRF ranged from O to 67%.

Patients with a non-flail fracture pattern

In total, 228 patients had a non-flail fracture pattern, of
whom 25 (11.0%) underwent SSRF (Table 1). Operatively
treated patients had a higher number of fractured ribs (8,
Pys—P,5 712, vs. 6, Pys—P45 5-9; p=0.009). In addition,
these patients had severe TBI less frequently (n=14, 56%
vs. n=163, 80.3%; p=0.010) than nonoperatively treated
patients. Other patient and injury characteristics, such as
the presence of intracranial hypertension after trauma, were
similar. Regarding treatment characteristics, patients who
underwent SSRF more often required a chest tube at admis-
sion (n=22, 88% vs. n=121, 59.6%; p=0.004) and less
often ICP reducing therapy (n=4, 16% vs. n=281, 39.9%;
p=0.027; Table 1). SSRF was performed at a median of
2 days (P,s—P55 1-6) after trauma during which a median of
5 ribs (P,5—P-5 4—6) were repaired, resulting in a ratio of ribs
repaired to fractured of 0.5 (P,s—P;5 0.4-0.8). Two patients
developed a wound infection (8%) following SSRF, of which
one required implant removal. There were no perioperative
neurological complications, post-operative bleeding, or
implant failure during hospitalization in the SSRF group.

In univariate analysis, ventilator-free days were similar
in both the operative and nonoperative group (Table 1). The
SSRF group had a lower rate of pneumonia (n =6, 24% vs.
n=96, 47.3%; p=0.033) and 30-day mortality (n=0, 0%
vs. n=36, 17.7%; p=0.018). The SSRF group also had a
higher rate of mGCS recovery to 6 (n=23, 100% vs. n=149,
78.0%; p=0.010) which was achieved in fewer days (2 days,
P,ys—P5 1-6 vs. 4 days, P,s—P5 1-14; p=0.045).

In multivariable adjusted analysis, ventilator-free days
did not differ between the treatment groups (Table 2).
Odds of developing pneumonia were significantly lower in
patients who underwent SSRF (OR 0.29; 95% CI1 0.11-0.77;
p=0.013). Other outcomes, including mortality, were simi-
lar across the treatment groups.

Patients with a flail chest

In total, 221 patients had a flail chest of whom 86 (38.9%)
underwent SSRF (Table 3). These patients more often had
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Fig.2 Study flow chart. CPR
cardiopulmonary resuscitation,
GCS Glasgow Coma Scale, HD
hemodynamic, SSRF surgical
stabilization of rib fractures

Total number of patients
n=813

Excluded: n=357

n=55 Rib fractures due to CPR

n=234 Unfit for surgery (HD instability, moribund, etc)
Previous rib fractures or pulmonary problems

n=2 Rib fixation device in situ

14  Pre-existing neurological deficit (GCS score, <12)
2  Congenic thoracic deformity

1 Imprisonedat time of trauma

4 Known pregnancy at time of trauma

14 _ Transfer to other hospital during clinical admission

> 3 3 3 3
nonouwono

Eligible patients
n=456

Excluded: n=7
n=7  No data on rib fracture pattern

Included foranalysis
n=449

Flail chest Non-flail fracture pattern
n=221 n=228
SSRF group Nonoperative group SSRF group Nonoperative group
n=86 n=135 n=25 n=203

COPD than the nonoperative group (n=11, 13% vs. n=12,
8.9%; p=0.016). Other patient and thoracic injury character-
istics were similar across groups. Following injury, the SSRF
group had lower rates of intracranial hypertension (n =10,
12% vs. n=38, 29.0%; p=0.003), severe TBI (n=62, 72%
vs. n=116, 85.9%; p=0.015) and less often required ICP
reducing therapy (n=21, 24% vs. n=59, 43.7%; p=0.004).
Also, patients who underwent SSRF more often required
a chest tube at admission (n=77, 90% vs. n=103, 76.3%;
p=0.014). Patients underwent SSRF at a median of 3 days
(Py5—P75 2-5) during which a median of 4 ribs (P,5—Ps
3-5) were repaired, resulting in a ratio of ribs repaired to
fractured of 0.5 (P,5—P55 0.4-0.6). Two SSRF-related com-
plications occurred (2.3%): one patient developed increased
intraoperative intracranial pressure requiring mannitol and
reverse Trendelenburg positioning after which the SSRF
was completed, and one mechanical implant failure requir-
ing implant removal during the hospitalization.

In univariate analysis, SSRF patients had more ventila-
tor-free days than nonoperatively treated patients (13 days,
P,5—P,5 820 vs. 9 days, P,s—P;5 1-21; p=0.034; Table 3).
The SSRF had lower 30-day (n="7, 8% vs. n=26, 19.3%;
p=0.032) and in-hospital mortality than the nonoperative
group (n=7, 8% vs. n=27,20.0%; p=0.021). Patients who
underwent SSRF had a higher rate of mGCS recovery to 6
(n=173,91% vs. n=88, 69.8%; p<0.001).

In multivariable adjusted analysis, ventilator-free days
did not differ between treatment groups (Table 4). The
SSREF group showed a significantly shorter ICU LOS (beta
—2.96 days; 95% CI — 5.70 to — 0.23; p=0.034) and higher

@ Springer

odds of mGCS recovery to 6 (OR 3.98; 95% CI 1.40-11.33;
p=0.010). Other outcomes, including mortality, were simi-
lar in both groups.

Discussion

This study investigated the effect of SSRF versus nonopera-
tive management on in-hospital outcomes in patients with a
flail or non-flail fracture pattern and concomitant TBI. For
both types of rib fracture patterns, no beneficial effect of
SSRF on the primary outcome of ventilator-free days was
demonstrated. In patients with a flail chest, a 3-day decrease
in ICU LOS was observed in patients who underwent SSRF.
In patients with a non-flail fracture pattern, SSRF was asso-
ciated with three times lower odds of pneumonia. In both
rib fracture groups, SSRF was safe with a low complication
rate and no pre- or postoperative neurological deterioration.

Patients with multiple rib fractures and TBI are often not
considered candidates for SSRF, regardless of pulmonary
abnormalities [12, 13]. This reason is likely multifactorial:
the perioperative setting might cause increased intracra-
nial pressure and patients with TBI are often expected to
have lengthy mechanical ventilation requirement and ICU
LOS, making it difficult to distill an effect of the severe rib
fractures and SSRF on in-hospital outcomes. This dogma
was challenged by the CWIS-TBI study, which showed
that SSRF did not impair neurological recovery, had a low
perioperative risk, and was associated with a lower risk of
pneumonia and mortality [21]. As follow-up to this study,
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Table 1 Patient, injury, and treatment characteristics and in-hospital outcomes in patients with a non-flail rib fracture pattern and moderate to
severe traumatic brain injury who underwent surgical stabilization of rib fractures (SSRF) or nonoperative management

All (n=228) SSRF (n=25) Nonoperative (n=203) p value
N? N? N?

Patient characteristics
Age (years) 228 49 (35-63 25 50 (32-62) 203 49 (35-64) 0.797
BMI (kg/m?) 194 25.8 (23.5-29.4) 22 27.2 (24.3-29.7) 172 25.9 (23.1-29.4) 0.371
Sex (male) 228 174 (76.3%) 25 17 (68%) 203 157 (77.3%) 0.321
Smoking 160 71 (44.4%) 21 10 (48%) 139 61 (43.9%) 0.816
COPD 228 10 (4.4%) 25 0 (0%) 203 10 (4.9%) 0.607
Diabetes mellitus 228 25 (11.0%) 25 3 (12%) 203 22 (10.8%) 0.743
Injury characteristics
Fractured ribs (N) 228 7 (5-9) 25 8 (7-12) 203 6 (5-9) 0.009
Bilateral rib fractures 228 83 (36.4%) 25 9 (36%) 203 74 (36.5%) 1.000
Fracture in every rib region 194 34 (17.5%) 20 5(25%) 174 29 (16.7%) 0.356
>100% displacement of >3 ribs 223 159 (71.3%) 24 21 (88%) 199 138 (69.3%) 0.092
Pneumothorax 228 153 (67.1%) 25 20 (80%) 203 133 (65.5%) 0.179
Hemothorax 228 101 (44.5%) 25 13 (52%) 203 88 (43.6%) 0.523
Pulmonary contusion 228 165 (73.0%) 25 21 (84%) 203 144 (71.6%) 0.237
ISS 228 29 (25-38) 25 29 (25-36) 203 33 (26-41) 0.502
Epidural hematoma 228 23 (10.1%) 25 3(12%) 203 20 (9.9%) 0.725
Subdural hematoma 228 127 (55.7%) 25 9 (36%) 203 118 (58.1%) 0.053
Subarachnoid hemorrhage 228 154 (67.5%) 25 15 (60%) 203 139 (68.5%) 0.497
Diffuse axonal injury 228 44 (19.3%) 25 5(20%) 203 39 (19.2%) 1.000
Intra-parenchymal hemorrhage 228 76 (33.3%) 25 12 (48%) 203 64 (31.5%) 0.117
Intraventricular hemorrhage 228 16 (7.0%) 25 1 (4%) 203 15 (7.4%) 1.000
Brain contusion 228 18 (7.9%) 25 4 (16%) 203 14 (6.9%) 0.119
Intracranial hypertension 228 50 (22.4%) 25 2 (8%) 203 48 (24.2%) 0.077
Severe TBI (GCS <38) 228 177 (77.6%) 25 14 (56%) 203 163 (80.3%) 0.010
Treatment characteristics
Chest tube required 228 134 (62.7%) 25 22 (88%) 203 121 (59.6%) 0.004
ICP reducing therapy required 228 87 (38.2%) 25 4 (16%) 203 83 (40.9%) 0.016
Tracheostomy required 228 88 (38.6%) 25 10 (40%) 203 78 (38.4%) 1.000
Additional surgeries required

Emergency thoracotomy 228 6 (2.6%) 25 1 (4%) 203 5(2.5%) 0.506

Emergency laparotomy 228 25 (11.0%) 25 2 (8%) 203 23 (11.3%) 1.000

Pelvic surgery 228 24 (10.5%) 25 1 (4%) 203 23 (11.3%) 0.487

Long bone surgery 228 48 (21.1%) 25 4 (16%) 203 44 (21.7%) 0.612

Spine surgery 228 29 (12.7%) 25 2 (8%) 203 27 (13.3%) 0.750
Outcome characteristics
Mechanical ventilation (days) 228 10 (4-18) 25 8 (4-19) 203 10 (4-18) 0.802
Ventilator-free days (days) 228 10 (2-21) 25 9 (7-17) 203 11 (1-23) 0.815
Motor GCS score recovery to 6 214 172 (80.4%) 23 23 (100%) 191 149 (78.0%) 0.010
Time to motor GCS 6 (days) 162 3(1-11) 22 2 (1-6) 140 4(1-14) 0.045
Pneumonia 228 102 (44.7%) 25 6 (24%) 203 96 (47.3%) 0.033
Pleural empyema 228 4(1.8%) 25 0 (0%) 203 4 (2%) 1.000
ICU LOS 228 13 (6-21) 25 12 (7-20) 203 13 (6-21) 0.921
HLOS 228 21 (13-39) 25 21 (14-28) 203 21 (13-40) 0.681
30-day mortality 228 36 (15.8%) 25 0 (0%) 203 36 (17.7%) 0.018
In-hospital mortality 228 40 (17.5%) 25 1 (4%) 203 39 (19.2%) 0.090

Mortality cause
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Table 1 (continued)

All (n=228) SSRF (n=25) Nonoperative (n=203) p value
N? N? N

Traumatic brain injury 31 13 (42%) 1 0 (0%) 30 13 (43%) 0.366

Pulmonary origin 31 5(16%) 1 0 (0%) 30 5(17%)

Septic shock 31 6 (19%) 1 0 (0%) 30 6 (20%)

Hemorrhagic shock 31 0 (0%) 1 0 (0%) 30 0 (0%)

Cardiac origin 31 1 (3%) 1 0 (0%) 30 1 (3%)

Withdrawal of care 31 6 (19%) 1 1 (17%) 30 5 (17%)

Data are shown as median (P,5—P-s) or as N (%)

BMI Body Mass Index, COPD chronic obstructive pulmonary disease, GCS Glasgow Coma Scale, HLOS hospital length of stay, /CP intracra-
nial pressure, /CU LOS intensive care unit length of stay, ISS injury severity score, SSRF surgical stabilization of rib fractures, TBI traumatic
brain injury

Bold and underlined p values are considered statistically significant

*Provides the exact number of patients for whom data were available

Table 2 Multivariable in-hospital outcomes of surgical stabilization of rib fractures versus nonoperative treatment in patients with a non-flail rib
fracture pattern and moderate to severe traumatic brain injury

Outcome Multivariable analysis

Crude analysis Adjusted analysis

N? Beta or OR (95% CI) p value N Beta or OR (95% CI) p value
Ventilator-free days 228 —4.09 (- 12.27 t0 4.10) 0.326 228 —5.91 (- 14.39t0 2.58) 0.171
ICU LOS 228 —1.24 (- 6.13 t0 3.65) 0.618 228 —2.85(—7.82t02.12) 0.260
HLOS 228 —5.32 (- 14.96 t0 4.31) 0.278 228 —8.62 (— 18.55to 1.31) 0.089
Pneumonia 228 0.35 (0.14 t0 0.92) 0.033 228 0.29 (0.11 t0 0.77) 0.013
Motor GCS score recovery to 6 214 ND ND 214 ND ND
In-hospital mortality 228 0.18 (0.02 to 1.34) 0.093 228 0.24 (0.03 to 1.90) 0.176
30-day mortality 228 ND ND 228 ND ND

The multivariable analysis shows the effect of SSRF over nonoperative treatment. In the adjusted analysis, the number of fractured ribs, chest
tube requirement, and presence of intracranial hypertension were entered as covariate

CI confidence interval, HLOS hospital length of stay, ICU LOS intensive care unit length of stay, mGCS motor Glasgow Coma Scale, ND not
determined, OR odds ratio

Data are shown as odds ratio (OR; categorical outcome) or beta (continuous outcome) with 95% confidence interval. Bold and underlined p val-
ues are considered statistically significant. and underlined

“Provides the exact number of patients for whom data were available

CWIS-TBI data were used to evaluate whether more specific ~ current study indicates that SSRF is safe and might be of
rib fracture patterns benefit from SSRF. Patients with anon-  benefit in these patients.

flail fracture pattern who underwent SSRF had relatively In patients with a flail chest, SSRF has previously been
similar thoracic injuries as compared to the nonoperative  associated with decreased ICU LOS, as compared to non-
group. Patients with a flail chest had more severe thoracic operative treatment [18, 20, 25, 26]. Several of these studies
injuries in the SSRF group and more severe brain injuries in ~ however, including two randomized controlled trials, specifi-
the nonoperative group. This finding might provide reflec-  cally excluded patients with TBI [5, 18, 20]. In the current
tion of the surgeon’s decision-making who considers TBI a  study, a shorter ICU LOS was observed in the SSRF group of
contraindication for SSRF, and subsequently is more likely  patients with a flail chest, and SSRF was safe without signs
to offer SSRF to patients with the more severe rib fracture  of peri-procedural neurologic deterioration in the patient
patterns and less severe TBI characteristics or improved neu- with TBI. This ICU LOS decrease did not result in shorter
rologic prognosis. For both rib fracture pattern groups, the =~ HLOS or increased ventilator-free days on multivariable
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Table 3 Patient, injury, and treatment characteristics and in-hospital outcomes in patients with a flail chest and moderate to severe traumatic
brain injury who underwent surgical stabilization of rib fractures (SSRF) or nonoperative management

All (n=221) SSRF (n=286) Nonoperative (n=135) p value
N N N?

Patient characteristics
Age (years) 221 51 (40-62) 86 49 (38-60) 135 51 (42-62) 0.508
BMI (kg/m?) 189 27.1(23.9-31.3) 78 27.8 (24.6-32.6) 120 26.3 (23.5-30.0) 0.057
Sex (male) 220 168 (76.4%) 85 63 (74%) 135 105 (77.8%) 0.625
Smoking 163 59 (36.2%) 101 28 (45%) 62 31 (30.7%) 0.067
COPD 221 16 (7.2%) 86 11 (13%) 135 5(3.7%) 0.016
Diabetes mellitus 221 23 (10.4%) 86 11 (13%) 135 12 (8.9%) 0.373
Injury characteristics
Fractured ribs (N) 221 9 (8-12) 86 9 (8-12) 135 9 (7-12) 0.855
Bilateral rib fractures 221 100 (45.2%) 86 35 (41%) 135 65 (48.1%) 0.332
Fracture in every rib region 207 104 (50.2%) 80 43 (54%) 127 61 (48.0%) 0.476
> 100% displacement of >3 ribs 214 138 (64.5%) 85 60 (71%) 129 78 (60.5%) 0.146
Pneumothorax 221 186 (84.2%) 86 74 (86%) 135 112 (83.0%) 0.577
Hemothorax 220 140 (63.6%) 85 54 (64%) 135 86 (63.7%) 1.000
Pulmonary contusion 219 165 (75.3%) 86 64 (74%) 133 101 (75.9%) 0.873
1SS 221 34 (29-44) 86 34 (29-43) 135 36 (29-45) 0.235
Epidural hematoma 221 15 (6.8%) 86 3 (3%) 135 12 (8.9%) 0.171
Subdural hematoma 221 110 (49.8%) 86 32 (37%) 135 78 (57.8%) 0.004
Subarachnoid hemorrhage 221 141 (63.8%) 86 45 (52%) 135 96 (71.1%) 0.006
Diffuse axonal injury 221 43 (19.5%) 86 16 (19%) 135 27 (20.0%) 0.863
Intra-parenchymal hemorrhage 221 55 (24.9%) 86 22 (26%) 135 33 (24.4%) 0.874
Intraventricular hemorrhage 221 24 (10.9%) 86 4 (5%) 135 20 (14.8%) 0.025
Brain contusion 221 50 (22.6%) 86 22 (26%) 135 28 (20.7%) 0.414
Intracranial hypertension 221 48 (22.1%) 86 10 (12%) 135 38 (29.0%) 0.003
Severe TBI (GCS <8) 221 178 (80.5%) 86 62 (72%) 135 116 (85.9%) 0.015
Treatment characteristics
Chest tube required 221 180 (81.4%) 86 77 (90%) 135 103 (76.3%) 0.014
ICP reducing therapy required 221 81 (36.7%) 86 22 (26%) 135 59 (43.7%) 0.007
Tracheostomy required 221 81 (36.7%) 86 25 (29%) 135 56 (41.5%) 0.065
Additional surgeries required

Emergency thoracotomy 221 12 (5.4%) 86 7 (8%) 135 5(3.7%) 0.223

Emergency laparotomy 221 29 (13.1%) 86 9 (11%) 135 20 (14.8%) 0.417

Pelvic surgery 221 22 (10.0%) 86 10 (12%) 135 12 (8.9%) 0.501

Long bone surgery 221 58 (26.2%) 86 29 (34%) 135 29 (21.5%) 0.059

Spine surgery 221 17 (7.7%) 86 4 (5%) 135 13 (9.6%) 0.205
QOutcome characteristics
Mechanical ventilation (days) 221 10 (5-18) 86 9 (5-14) 135 11 (5-21) 0.040
Ventilator-free days (days) 221 11 (4-21) 86 13 (8-20) 135 9(1-21) 0.034
Motor GCS score recovery to 6 206 161 (78.2%) 80 73 91%) 126 88 (69.8%) <0.001
Time to motor GCS 6 (days) 144 4(2-11) 69 4(1-9) 75 5(2-14) 0.075
Pneumonia 221 98 (44.3%) 86 32 (37%) 135 66 (48.9%) 0.097
Pleural empyema 221 2 (0.9%) 86 1 (1%) 135 1(0.7%) 1.000
ICULOS 221 14 (7-21) 86 12 (7-17) 135 15 (7-23) 0.066
HLOS 221 22 (14-34) 86 22 (16-33) 135 23 (11-35) 0.914
30-day mortality 221 33 (14.9%) 86 7 (8%) 135 26 (19.3%) 0.032
In-hospital mortality 221 34 (15.4%) 86 7 (8%) 135 27 (20.0%) 0.021

Mortality cause
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Table 3 (continued)

All (n=221) SSRF (n=86) Nonoperative (n=135) p value
N N N

Traumatic brain injury 28 13 (46%) 7 2 (29%) 21 11 (52%) 0.191

Pulmonary origin 28 6 (21%) 7 1 (14%) 21 5 (24%)

Septic shock 28 3(11%) 7 2 (29%) 21 1 (5%)

Hemorrhagic shock 28 1 (4%) 7 1(14%) 21 0 (0%)

Cardiac origin 28 3(11%) 7 1 (14%) 21 2 (10%)

Withdrawal of care 28 1 (4%) 7 0 (0%) 21 2 (10%)

Data are shown as median (P,s—P5) or as N (%)

BMI Body Mass Index, COPD Chronic Obstructive Pulmonary Disease, HLOS hospital length of stay, GCS Glasgow Coma Scale, ICP intrac-
ranial pressure, /CU LOS intensive care unit length of stay, ISS injury severity score, SSRF surgical stabilization of rib fractures, TBI traumatic

brain injury
Bold and underlined p values are considered statistically significant

*Provides the exact number of patients for whom data were available

Table 4 Multivariable in-hospital outcomes of surgical stabilization of rib fractures versus nonoperative treatment in patients with a flail chest

and moderate to severe traumatic brain injury

Outcome Multivariable analysis

Crude analysis Adjusted analysis

N? Beta or OR (95% CI) p value N? Beta or OR (95% CI) p value
Ventilator-free days 221 1.25 (— 2.85105.35) 0.547 221 —0.28 (— 4.91 to 4.35) 0.905
ICU LOS 221 —2.72(-=5.21t0 - 0.23) 0.033 221 —2.96 (- 5.70 to — 0.23) 0.034
HLOS 221 —1.76 (- 6.82 t0 3.30) 0.494 221 —3.36 (— 8.97 t0 2.26) 0.240
Pneumonia 221 0.62 (0.36 to 1.08) 0.089 221 0.75 (0.39 to 1.43) 0.382
Motor GCS score recovery to 6 206 4.50 (1.90 to 10.68) 0.001 206 3.98 (1.40to 11.33) 0.010
In-hospital mortality 221 0.35 (0.15 t0 0.86) 0.021 221 0.39 (0.12 to 1.26) 0.114
30-day mortality 221 0.37 (0.15 to0 0.90) 0.028 221 0.40 (0.12 to 1.29) 0.126

The multivariable analysis shows the effect of SSRF over nonoperative treatment. In the adjusted analysis, BMI, COPD, the number of fractured
ribs, chest tube requirement, and presence of intracranial hypertension were entered as covariate

BMI body mass index, CI confidence interval, COPD Chronic Obstructive Pulmonary Disease, HLOS hospital length of stay, /ICU LOS intensive
care unit length of stay, mGCS motor Glasgow Coma Scale, OR odds ratio

Data are shown as odds ratio (OR; categorical outcome) or beta (continuous outcome) with 95% confidence interval. Bold and underlined p val-

ues are considered statistically significant.

“Provides the exact number of patients for whom data were available

analysis. This might be due to for example the effect of TBI
extent or another unaccounted confounder which impacted
ventilator-free days more strongly than chest wall injury
severity or SSRF. This is supported by the increased ven-
tilator-free days on univariate analysis for the SSRF group
which was similar on multivariable analysis after correcting
for intracranial hypertension presence. Also, with no data on
mechanical ventilation mode, SSRF might have improved
respiratory mechanics, assisted in stabilizing the patient, and
allowed for a quicker wean and more rapid discharge from
the ICU after complete ventilation liberation. A shorter ICU
stay is also beneficial for the cost-effectiveness as SSRF has
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been shown to be economically more beneficial regarding
hospital charges [26, 27].

Literature on the effect of SSRF versus nonoperative
treatment in patients with a non-flail fracture pattern is
scarce [14]. Only three studies have assessed the outcome
pneumonia and either excluded patients with TBI or did not
provide insight in patient selection [15, 28, 29]. This study
is the first to specifically assess pneumonia rates following
SSRF or nonoperative treatment in patients with a non-flail
fracture pattern and TBI. On multivariable analysis, SSRF
was associated with three times lower odds for developing
pneumonia. Interestingly, this lower risk did not appear to
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have clinical consequences in terms of shorter hospital or
ICU stay or increased ventilator-free days. It does highlight
that besides TBI, chest wall injury plays a role in develop-
ing pneumonia and SSRF might be beneficial in reducing
this risk.

Furthermore, as has been corroborated by the previous
CWIS-TBI study, SSRF is a safe procedure in patients with
TBI, also when specifically evaluated in chest wall injury
subgroups. With high rates of mGCS score recovery to 6 and
a low complication rate, SSRF and the consequent perio-
perative setting is safe and does not hamper neurological
recovery. This is of importance as early SSRF (<48-72 h
after trauma) is associated with shorter HLOS, ICU LOS,
mechanical ventilation duration, and lower rates of pneumo-
nia [30-32]. With a median time from trauma to SSRF of 2
and 3 days in patients with a non-flail fracture pattern and
a flail chest, respectively, this benefit of early SSRF might
already be present. The optimal timing of SSRF in this popu-
lation requires further evaluation. The benefit of early SSRF
and the demonstrated safe perioperative SSRF setting might
assist surgeons in decision-making in the acute setting when
neurological prognosis is often unsure.

The results of this study should be interpreted acknowl-
edging several limitations. First, the inclusion criterion of
TBI through using a single GCS score at admission has
known limitations (e.g., in intoxicated patients) and might be
of less clinical significance than ongoing GCS score assess-
ment or the GCS score at the day of SSRF. To minimize
the impact of this limitation, the presence of intracranial
injuries on brain CT was required. In addition, patients were
identified for having a head AIS of > 3 besides rib fractures,
thus excluding patients with minor TBI with a lowered GCS.
Also, the GCS score is the most commonly used param-
eter to assess TBI severity and is readily available in the
acute setting in contrast to the AIS [33, 34]. Furthermore,
the regression model corrected for TBI severity through the
variable intracranial hypertension which was more strongly
associated with outcomes than individual intracranial inju-
ries. Future research should prospectively evaluate (acute
and long-term) outcomes in the patient with TBI and use
standardized treatment protocols across centers, consider
ongoing GCS scores or on the day of SSRF instead of at
admission, whether intracranial hypertension might be a
SSRF contraindication instead of the general umbrella title
TBI, and TBI improvement post-SSRF through CT scan
instead of mGCS.

Second, the observational non-randomized study design
might have introduced selection bias. Patients who are
selected for SSRF often have more severe thoracic injuries
but are also younger with less comorbidities than those
treated nonoperatively, requiring adjusting for when assess-
ing outcomes [35, 36]. In the current study, the treatment
groups were relatively similar regarding thoracic injury

severity but had significant dissimilarities in the severity of
TBI and rate of associated intracranial injuries, being higher
in the nonoperative group. Previously, recommendation of
SSRF has been shown to be significantly impacted by TBI
presence and degree; the more severe TBI, the less likely
SSRF was recommended [37]. The prognosis assessment in
patients with TBI remains difficult and a standardized treat-
ment protocol regarding SSRF in this population is lacking
[12, 38]. This might have resulted in SSRF being performed
in patients with a better neurological status or those who
were expected to have improved outcomes in terms of (neu-
rological) recovery and during hospitalization, confound-
ing observed outcomes which might subsequently be more
strongly affected by the effect of the associated injuries than
the treatment effect. To mitigate this effect, multivariable
analysis was performed adjusting for intracranial hyperten-
sion. However, the extent to which the individual intracra-
nial injuries or other uncaptured confounders might have
affected outcomes or (not) being selected for SSRF remains
unknown.

Third, the multicenter design might have impacted out-
comes as both the numbers of included patients and rates of
SSRF performed varied significantly between centers. Also,
since there was no standardized (non)operative treatment
protocol, heterogeneity of managing rib fractures across
centers or potential confounding of within-center covari-
ates might be present [39, 40]. However, the variable “study
center” did not correlate significantly with outcomes and this
design made the results more generalizable to daily practice.
The large variability in the rate of patients with TBI who
underwent SSRF shows that there currently is no consensus
on this patient group’s optimal treatment. The retrospective
nature of this study might have resulted in missing data or
underreporting, but the rate of missing data was <4% for all
variables except BMI and smoking status.

In conclusion, SSRF did not impact the number of ven-
tilator-free days in patients with a flail or a non-flail rib
fracture pattern and TBI. In patients with TBI and a non-
flail fracture pattern, SSRF was associated with a reduced
pneumonia risk. In patients with TBI and a flail chest, a
shorter ICU LOS was observed in the SSRF group. In addi-
tion, SSRF was a safe procedure in both rib fracture groups
and did not hamper neurological recovery. The presence of
TBI in patients with a specific severe rib fracture pattern
that possibly necessitates SSRF, should not be considered
a contraindication for this treatment. In the setting of TBI,
the decision to perform SSRF should be made by carefully
weighing the risks of surgery against the benefits of both
pulmonary and overall recovery.
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