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ABSTRACT

Introduction A trend has evolved towards rib fixation

for flail chest although evidence is limited. Little is known
about rib fixation for multiple rib fractures without flail
chest. The aim of this study is to compare rib fixation with
nonoperative treatment for both patients with flail chest
and patients with multiple rib fractures.

Methods and analysis In this study protocol for a
multicentre prospective cohort study, all patients with
three or morerib fractures admitted to one of the five
participating centres will be included. In two centres, rib
fixation is performed and in three centres nonoperative
treatment is the standard-of-care for flail chest or multiple
rib fractures. The primary outcome measures are intensive
care unit length of stay and hospital length of stay for
patients with a flail chest and patients with multiple

rib fractures, respectively. Propensity score matching

will be used to control for potential confounding of the
relation between treatment modality and length of stay.

All analyses will be performed separately for patients with
flail chest and patients with multiple rib fractures without
flail chest.

Ethics and dissemination The regional Medical Research
Ethics Committee UMC Utrecht approved a waiver of
consent (reference number WAG/mb/17/024787 and METC
protocol number 17-544/C). Patients will be fully informed
of the purpose and procedures of the study, and signed
informed consent will be obtained in agreement with the
General Data Protection Regulation. Study results will be
submitted for peer review publication.

Trial registration number NTR6833

INTRODUCTION

Thoracic injury is currently the second
leading cause of trauma-related death, and
rib fractures are the most common of these
injuries." Mortality rates after rib fractures
are around 10% with higher rates observed
in the elderly trauma patient.*™* Flail chest,
which is defined as fractures of three or more

Strengths and limitations of this study

» This multicentre study is representative of daily clin-
ical practice.

» Higher patient and surgeon participation is expect-
ed when no randomisation is needed, which will be
beneficial for generalisability of the results.

» This study cohort is expected to be several times
larger than the currently largest study published and
will enable subgroup analyses that aim to identify
patient subgroups who benefit most from rib fixation.

» A large study cohort provides the opportunity to
study rare outcomes and complications after rib
fixation.

» All known variables associated with clinical decision
making in patients with flail chest or multiple rib
fractures will be controlled for by means of propen-
sity score matching in order to limit possible con-
founding bias.

adjacent ribs in at least two places, is associ-
ated with an even higher mortality rate and
significant morbidity.” ® Rib fractures after
chest wall trauma are usually accompanied by
internal thoracic injuries including pulmo-
nary pathology.* Pain associated with rib frac-
tures can lead to inadequate ventilation and
ineffective clearance of secretions resulting in
atelectasis. Consequently, there is a high risk
of superinfection leading to pneumonia and
prolonged mechanical ventilation.*
Nonoperative treatment for multiple rib
fractures and flail chest has been the gold
standard for the past decades and consists of
(non)invasive ventilation and pain manage-
ment. Recently, a trend towards operative treat-
ment of flail chest has evolved in part due to
commercially available rib fixation systems and
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consensus statements.” ® Several randomised controlled
trials (RCT) on patients with flail chest showed reduced
duration of hospital length of stay (HLOS), intensive care
unit length of stay, days on mechanical ventilation (DMV),
mortality rate, pneumonia rate and treatment costs,
although a recent meta-analysis showed that only three
RCTs were available on this subject including a total of just
128 patients.” For multiple rib fractures, very few studies
exist investigating the effects of rib fixation, and the indica-
tion for surgery remains unclear.”

More research is needed on different treatment
modalities since evidence remains inconclusive, which
is illustrated by the large variation in treatment choices
between different trauma centres. Recent meta-analyses
in orthopaedic trauma surgery suggested that evidence
from high-quality observational studies provide valuable
insight, which may complement knowledge obtained
through RCTs."” ' This has contributed to the growing
evidence of the potential of observational studies in ortho-
paedic trauma surgery. Results from thoroughly designed
observational studies in representative cohorts, in which
participation rates among patients as well as surgeons is
relatively high, may provide detailed information about
infrequent complications and outcomes.

The aim of this large multicentre prospective cohort
study is to compare rib fixation with nonoperative treat-
ment for flail chest or multiple rib fractures by evaluating
treatment effects in a representative patient population
treated in different level 1 trauma centres.

METHODS AND ANALYSIS

This will be a large multicentre prospective non-ran-
domised cohort study with the following participating
centres: University Medical Centre Utrecht (UMCU),
Radboud University Medical Centre (RUMC), Univer-
sity Medical Centre Groningen (UMCG), Elisabeth-Twe-
esteden Ziekenhuis (ETZ), Haaglanden Medical Centre
(HMC) and Luzerner Kantonspital (LUKS). All these
hospitals are level 1 trauma centres and have a similar
volume of trauma patients admitted to the emergency
department (ED) with comparable injury severity."?

Research questions

1. What is the short-term outcome after rib fixation for
flail chest or multiple rib fractures compared with non-
operative treatment?

2. What is the long-term outcome after rib fixation for
flail chest or multiple rib fractures compared with non-
operative treatment?

3. What are surgeryrelated complications after rib
fixation?

Participants selection

Inclusion criteria

All admitted adult (=18 years) patients presenting at the
ED of the participating hospitals with a CT scan-con-
firmed flail chest or multiple rib fractures after blunt
thoracic trauma will be enroled in this cohort study. Flail

chest is defined as three or more adjacent ribs fractured
in at least two places leading to paradoxical breathing.
Multiple rib fractures are defined as three or more ipsilat-
eral rib fractures without paradoxical breathing. Patients
will be enroled from 1 January 2018 onwards.

Exclusion criteria

Patients with non-traumatic rib fractures or rib frac-
tures as a result of cardiopulmonary resuscitation will be
excluded.

Intervention

In all participating centres, a multidisciplinary team
following the Advanced Trauma Life Support guidelines
will provide trauma care. Primary and secondary surveys
are performed during initial trauma care in the ED. All
patients will be treated according to the standard of care
of the hospital of admission which will be determined by
the treating surgeon. Rib fixation is current practice in the
UMCU, ETZ and LUKS. The UMCG, RUMC and HMC will
perform nonoperative treatment as standard care.

Nonoperative treatment

Nonoperative treatment consists of adequate pain
management, supportive mechanical ventilation when
indicated and physiotherapy for breathing exercises
according to standard national guidelines.

Rib fixation

In the participating centres where rib fixation is
performed, treatment will be according to the algorithm
presented in figure 1 and as described previously by Beks
et al’® In those centres, flail chest or a severe thorax
deformity are strict indications for rib fixation. Intrac-
table pain at the fracture site(s) insufficiently manageable
with epidural or intravenous analgesia is an indication
for rib fixation as well. Rib fixation will be performed or
supervised by senior orthopaedic trauma surgeons expe-
rienced with surgical treatment of rib fractures. Preop-
erative planning of the procedure will be done using
chest CT with 3D reconstructions. Preoperative antibi-
otic prophylaxis (2 g of Cefazolin) will be administered
intravenously in all patients. Depending on the site of the
fractures, patients are positioned in the supine, lateral or
prone position. The surgical approach is performed as
described by Taylor."* After reduction, internal fixation
using the MatrixRIB system (Depuy Synthes, Amersfoort,
The Netherlands) will be performed. Fixation is prefer-
ably done with three bicortical screws on each side of the
fracture. If plate fixation is not possible due to anatomical
boundaries and rib fixation is deemed necessary, splints
will be used. The number of fixed ribs will be at the
discretion of the surgeon, and depended on anatomical
boundaries and the possibility to regain stability of the
chest wall during respiration. Tube thoracostomy will be
performed in case of pneumothorax and/or hemothorax
at initial presentation or clinical suspicion of pneumo-
thorax during surgery at the discretion of the surgeon.
Postoperative chest radiography will be performed in all
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Patient with multiple rib fractures

Does the patient have a clinical flail | Yes
chest?

No
2

Does the patient have a thorax Yes
deformity?

No
v

Yes | Oral or IV analgesia adequate for pain
management?

No
C rative . No
OISCRVATIVE Possibilities for epidural analgesia? I > Rub fixation
treatment |

A

Yes
h

Epidural analgesia adequate for pain No
management?

Yes
A 4

Epidural pain management adequate No
for pain control?

Yes
h 4

After 3 days when epidural is removed
—2E1  pain management 1s expected to be
sufficient with oral or IV pain control

Factors associated with decision making for rib
fixation:

Age > 45 years old

Number of rib fractures (>3)

Location of 1ib fractures

Pulmonary contusion

Definitions used

e Multiple rib fractures: > 3 ipsilateral r1ib
fractures
e Flail chest: > 3 adjacent ribs fractured in at

least 2 places with paradoxical breathing Polytrauma
e Polytrauma: ISS > 16 Dislocation )
Perforation lung / persistent pneumothorax
Need for thoracotomy

Figure 1 Clinical based algorithm for the treatment of multiple rib fractures. ISS, injury severity score; IV, intravenous.

patients to document surgical result and to rule out early » General pain on days 3, 5 and 7 after admission.

complications. Patients will be encouraged to mobilise
as soon as possible with the help of physiotherapy and ~ L0ng-term outcome measures

adequate pain management. Pain with breathing/coughing.
Quality of life.
Outcome measures Dyspnoea burden.

Primary objectives
» Number of days in the ICU for patients with flail chest.
» HLOS for patients with multiple rib fractures.

Health costs.
Return to work.

vVvyvyYVvyy

Surgery-related outcome measures

Secondary objectives » Incidence of surgical complications.
Short-term health-related outcome measures » Implant removal rate.

» Pneumonia rate.
» Number of days in the ICU for patients with multiple Conservative-related outcome measures

rib fractures. » Incidence of pseudoarthrosis.
» Number of DMV. » Late rib fixation (more than 10 days after trauma).
» Need for tracheostomy.
» In-hospital complication rate. Data collection and patient follow-up
» HLOS for patients with a flail chest. Measurements of explanatory and outcome variables will
» In-hospital mortality. be obtained from the electronic medical patient files
» Pain with breathing on days 3, 5 and 7 after admission. from each of the participating centres. No extra informa-
» Pain with coughing on days 3, 5 and 7 after admission. tion will be collected during hospital stay. We will appoint
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a project leader in every participating institution who
will have access to Research Online for Researchers to
enable centralised tracking of potentially eligible patients
in compliance with the data management policy of the
UMCU and the Good Clinical Practice guidelines for
electronic data collection. All data will be stored in a
research folder that can only be accessed by the principal
investigator and the project leaders. Data will be pseud-
onymised and a file to decode these data will be stored in
a research folder only accessible by the principal investi-
gator and project leaders.

Outpatient measurements

A standard outpatient department visit will be sched-
uled 6weeks after discharge. During this visit, the EQ5D-
5L, modified Medical Research Council Dyspnea Scale
(mMRC), the general numerical rating scale (NRS), the
NRS with breathing and coughing and the vital capacity
will be assessed. Visits after 12 weeks and 6 months will
be scheduled on indication. Patients will be asked for a
l-year follow-up telephone interview to reassess EQ5D-
5L, mMRC, general NRS, NRS during breathing and
coughing and additionally to evaluate implant removal
(online supplementary appendix). The EQS5D-5L is
a standardised instrument for generic health status
measurements to assess quality of life."” The mMRC is a
five-category scale that characterises the level of dyspnoea
with physical activity.'®

Cost analysis

The cost analysis used in this study has been previously
described by Kolkert et al and is as follows: analysis will be
performed from a provider perspective and includes only
costs made during the index hospital admission, defined
as admission for multiple rib fractures or flail chest after
blunt thoracic trauma.'” Additional costs prior to admis-
sion or after discharge will not be taken into account.
Reference prices will be derived from a national ledger
for standardisation of healthcare costs and calculated
using activity-based costing to measure costs for surgery
and hospital day unit costs."® Costs of ICU stay and
general ward costs will be defined separately. Hospital
day unit costs include costs for physician care, nursing,
materials, medication, writing-off equipment, housing
and other overhead costs. Surgery costs include specialist
fee, costs of personnel, equipment, materials and other
overhead costs. Volumes of blood products, radiology,
laboratory tests, physiotherapy and consultation of other
specialties will be extracted from the medical file. Total
costs will be calculated as the summed product of volumes
and resources used and their corresponding unit costs.
Because costs between the different participating hospi-
tals can differ due to contracts with different suppliers
of materials and equipment, and the fact that healthcare
reimbursements in the Netherlands are based on agree-
ments between individual hospitals and insurance compa-
nies, costs will be calculated as if all patients are treated in
the same hospital (UMCU).

Sample size considerations

Previous studies show a mean duration of ICU stay of 14
days for patients who had nonoperative treatment for a
flail chest with an SD of 4.5." * To detect 3days differ-
ence in ICU stay with a power of 80% and two-sided alpha
of 0.05, accounting for 15% loss after propensity score
(PS) matching, the total number of patients needed is
approximately 82.

Based on previous studies and our own unpublished
retrospective data, the mean duration of hospital stay for
conservatively treated patients with multiple rib fractures
is 15 days with an SD of 6.3.2% To detect a difference of
3 days hospital stay difference with a power of 80% and an
alpha of 0.05, accounting for 15% loss after PS matching,
a total of approximately 160 patients are needed.

This study is expected to take 4years to reach the
required sample size based on retrospective data on rib
fracture patients in the participating centres. An addi-
tional year is needed to collect sufficient follow-up data
on all patients.

Statistical analysis

All analyses will be performed separately for the group of
patients with a flail chest and the group of patients with
multiple rib fractures.

Baseline characteristics will be presented as means (SD)
for continuous variables and proportions for categorical
variables. Differences in distributions of baseline charac-
teristics between the study groups will be quantified by
means of standardised differences.**

We will apply multiple imputation to impute missing
values for baseline characteristics using the mice() algo-
rithm in R.*

To control for potential confounding, we will conduct
PS matching. The PS will be estimated using binary
logistic regression analysis, with rib fracture fixation
as the dependent variable and age, gender, American
Society of Anaesthesia-score, trauma mechanism, Abbre-
viated Injury Scale head, injury severity score, number
of rib fractures, number of rib fractures in flail chest
and concomitant injuries will be included as covariates
in the model. A 1:1 nearest neighbour matching will be
performed, with a maximum calliper of 0.15 of the SD of
the logit of the PS using the Matchit() algorithm in R.*°
After PS matching, the distributions of baseline charac-
teristics will be compared between the study groups and
quantified using standardised differences.

The primary analysis will be conducted within the
dataset of PS-matched subjects. For the primary analysis,
the relationship between rib fracture fixation and the
number of DMV will be assessed by means of Poisson
regression, while pain scores will be compared by means
of linear regression.

Sensitivity and subgroups analyses
As a sensitivity analysis, the above analyses will be
repeated, but in subgroups of (1) patients without a
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CT-confirmed pulmonary contusion and (2) patients
with epidural anaesthesia. This study is expected to
require 4years of patient enrolment, therefore an addi-
tional sensitivity analysis will be performed dividing
patients in year of treatment to study outcome measures
over time.

Furthermore, to explore potential differences in
outcome measures because of local differences in treat-
ment regimens between hospitals, a subgroup analysis
will be performed for each hospital. Additional analyses
will be performed to adjust for clustering by hospital.
Finally, to investigate the effect of timing of rib fixation
on the outcome measures, a subgroup analysis will be
performed dividing patients between early rib fixation
(within 48 hours) and late rib fixation (after 48 hours).

ETHICS AND DISSEMINATION

The study protocol was evaluated by The Medical
Research Ethics Committee (METC). The METC
approved a waiver of consent (reference number WAG/
mb/17/024787 and METC protocol number 17-544/
C). Patients will be fully informed of the purpose and
procedures of the study, and signed informed consents
will be obtained in agreement with the General Data
Protection Regulation. Study results will be submitted
for peer review publication.

Patient and public involvement
There was no patient or public involvement in the devel-
opment of this study.
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