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Chapter 1

Introduction

Medical decision making generally used to be the result of the subjective interpretation and
clinical view of the doctor which was subject to personal believes and other factors. A change
started when Alvan Feinstein identified different forms of bias associated with clinical
reasoning and wrote about this in his book Clinical Judgment in 1968.% In 1972, Archie
Cochrane and afterwards many others, published on the need for controlled trials to support
or abandon medical interventions which ultimately led to the introduction of evidence based
medicine (EBM).? The goal of EBM is to optimize medical decision making based on the best
available evidence and has resulted in a clear hierarchy of different research designs.

The randomized placebo controlled trial (RCT) is considered the gold standard for clinical
research.? In an RCT patients are randomized between a treatment and a control group while
both the patient and the physician are blinded for the treatment choice. This results in two
similar and comparable groups and consequently observed differences in outcome between
both groups can be ascribed to the treatment. In observational studies on treatment effect of
medical interventions, there is no randomization and blinding of the patient and physician for
the treatment choice is not possible. Therefore, an observational study is considered to be
subject to bias and results of this type of study are considered less credible for decision
making.

“As early as 1703 orders had been issued to Naval surgeons requiring them to keep journals
and records of cases, and in 1731 there were further orders about these returns ; but their
value to posterity was not always recognized and many were destroyed, including all
Cuming’s journals.”®

Ralph Cuming, a Navel surgeon, was acknowledged to be the originator of performing an
amputation of the upper limb in a patient after a war injury in 1808. Unfortunately, the
value of his journals was not recognized and few of the records kept by the Navel surgeons
have remained. The story of Cuming illustrates an early example of observational research
not valued to its full potential in advancing surgical treatment.

Over the years EBM more and more focused on the use of RCTs for treatment
recommendation while results from observational studies are considered inferior and less
applicable. The RCT has become the standard for pharmacological research and also in the
surgical field, RCTs are increasingly performed.*> However, surgical RCTs have been fraught
with challenges such as recruitment difficulty, small sample sizes, failed randomization, and
inadequate blinding.*’” Obstacles for high quality surgical RCTs include patient and surgeon
related factors as well as methodological factors.* Compared to a more complex working
mechanism of medical drugs, surgical treatment is a more tangible concept and consequently
patients might have a stronger treatment preference and are less willing to participate in
randomization. Preference of the surgeon is another major factor and is influenced by
personal experience, culture, and technical expertise for a specific surgical treatment. As a
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result, the required state of equipoise to perform an RCT is difficult to reach. What is more,
methodological challenges come from the strict in/exclusion criteria and (consequently) the
often low patient numbers in surgical RCTs which makes the interpretation and
implementation of results more difficult. These challenges are further impeded by a lack of
funding.* Finally, surgery as opposed to pharmacological treatment, is a combination of pre-,
peri-, and postoperative procedures subject to the skill and expertise of the surgical team.
One could question to what extent such a complex process is captured with an RCT which
aims to control for all influencing variables.

Observational studies have an important role in reporting of adverse events, long term
outcomes, and the effects of new surgical techniques. To study treatment effect, results from
observational studies as compared to RCTs, are often better generalizable because of less
strict inclusion criteria, have more possibilities such as subgroup analysis, and an
observational study is easier, faster and less expensive to perform. With these advantages, it
is important to know when observational studies might produce credible results as an
alternative for RCTs, especially in a world with fast technological advancements, continuous
implementation of new techniques and limited financial possibilities.

Outline

The overall aim of the this thesis is to evaluate the role of observational studies compared to
RCTs in trauma patients with respect to the current hierarchy of research designs.

This thesis consists of three parts. The first part covers different research questions in trauma
patients for which an observational design is suitable and even indispensable: (rare)
complications after surgical treatment for distal biceps tendon repair (chapter 2), long-term
follow-up after an existing surgical technique for proximal humerus fractures (chapter 3) or
after a new surgical technique for multiple rib fractures (chapter 4), and evaluation of rib
fixation compared to (conservative) standard of care (chapter 5).

The second part includes methodological considerations of observational studies. A viewpoint
on how to value observational studies in trauma patients (chapter 6) is followed by a
comparison of results of observational studies and RCTs in patients with proximal humerus
fractures, flail chest, and multiple rib fractures (chapter 7 — 8).

The third part summarizes differences in observational studies and RCTs and when
observational studies can produce valid treatment effects in trauma patients (chapter 9).
Finally, a study protocol is presented which aims to function as a template for future research
in trauma patients (chapter 10). This thesis concludes with a general discussion and future
perspective (chapter 11).
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Abstract

Background

Factors associated with adverse events after distal biceps tendon repair or reconstruction are
incompletely understood. This study examined factors associated with adverse events,
prevalence of adverse events, and rate of second surgeries after distal biceps repair or
reconstruction.

Methods

Three hundred seventy-three adult patients who underwent repair or reconstruction of the
distal biceps tendon between January 2002 and March 2015 at one of three area hospitals
were analyzed to determine factors associated with adverse events after surgical repair or
reconstruction of the distal biceps tendon.

Results

Eighty-two of 373 distal biceps tendon repairs or reconstruction (22%) had an adverse event,
5.3% were major adverse events. In multivariable analysis, a single incision anterior approach
and obesity were associated with a higher rate of adverse events. Fifteen patients (18% of
patients with an adverse event and 4% of all patients) had a second surgery after distal biceps
tendon surgery.

Conclusion

Patients should be counseled that one in five patients will have a minor complication and one
in 20 patients will have a major complication after surgery on the distal biceps tendon. The
most common adverse event is lateral antebrachial cutaneous neuroapraxia.



Factors associated with adverse events after distal biceps tendon repair or reconstruction

Introduction

Untreated distal biceps tendon rupture results in an average loss of 30-40% of supination
strength and reduced endurance & 17, Surgical reattachment of the ruptured tendon will
improve strength, although not completely in some cases % & 1. Typically, repair restores
supination strength to about 80-90% of normal 1% 12,

Between 10% and 40% of patients have been reported to experience adverse events after
surgical repair reconstruction of the distal biceps tendon ¥ % 7 1 18 Cain and colleagues
reported a 36% complication rate in 198 consecutive patients after distal biceps tendon repair
or reconstruction either with a bone tunnel, suture anchor, or cortical button °. Major
complications such as posterior interosseous nerve palsy, heterotopic ossification and re-
rupture occurred in 9% of patients °. Minor complications, including superficial infection,
wound separation and lateral antebrachial cutaneous neuropathy were more common °.

Factors associated with adverse events after surgery for the distal biceps tendon are
incompletely understood. We used a database of patients treated at three hospitals to study
the primary null hypothesis that there are no factors associated with adverse events after
surgical repair or reconstruction of the distal biceps tendon. Additionally we addressed the
following secondary study questions: (1) what is the prevalence of adverse events after
surgical repair or recontruction of the distal biceps tendon and (2) what is the rate of a
second surgery for an adverse event.

Material and Methods

Study design, setting and participants

This retrospective study was approved by our institutional review board. We reviewed 409
patients who underwent surgery to address rupture or tendinopathy of the distal biceps
tendon between January 2002 and March 2015 at three regional hospitals. Two of these
hospitals are level 1 trauma centers and one hospital is a community hospital tied to a level 1
trauma center.

We identified patients using Current Procedural Terminology (CPT) codes for distal biceps
tendon rupture (codes: 24340, 24341, 24342).
A multi-institutional Research Patient Data Registry (RPDR) was used to collect data of
patients who underwent surgical repair or reconstruction of the distal biceps tendon. RPDR is
a centralized clinical data registry that comprises diagnostic codes (International Classification
of Diseases, 9th revision code), CPT codes, demographic information (e.g. sex, date of birth,
and race), radiology and operative reports, and visit notes.

Thirty-six patients were excluded: 19 did not have adequate documentation; 10 had prior
surgical repair of the biceps tendon in another hospital; six patients had biceps injury related

12
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to a traumatic wound, and one patient had debridement of the distal biceps tendon without
repair. This resulted in a final cohort of 373 patients.

Outcome measures

We tracked adverse events (e.g. re-rupture, nerve injury, infection, heterotopic ossification)
after surgical repair or reconstruction of the distal biceps tendon as described in the medical
record. We considered symptomatic heterotopic ossification, re-rupture, deep infection, and
motor nerve dysfunction as major adverse events. We considered suture abscesses and radial
forearm numbness minor adverse events. Forearm numbness was not subcategorized into
injury of specific nerves because of ambiguous visit notes and often unreliable discrimination
between different sensory nerves. It is likely that most of these are injuries to the lateral
antebrachial cutaneous or — much less likely — the radial sensory nerve.

Explanatory variables
The following patient characteristics were obtained: age, sex, obesity, and smoking.
Additionally, we collected the following surgery related factors: hospital, experience of the
surgeon after board examination, rupture or tendinopathy, acute or chronic rupture, surgical
technique (bone tunnel, suture anchor, cortical button, and tenodesis screw), surgical
approach (anterior using one incision, anterior using two incisions, posterior using one
incision, or anteroposterior (combined) using two incisions), use of graft, and time from injury
to surgery. Obesity and smoking were retrieved using ICD-9 codes. All other variables were
obtained through chart review. We included only the first distal biceps tendon repair or
reconstruction in cases of bilateral tendon rupture.

The mean age in this cohort was 48 years (range, 20 — 74 years) and included five females (1.3
%). Eighty-two of 373 patients who underwent surgical repair or reconstruction of the distal
biceps tendon (22%) had a recorded adverse event (Table ). Fifty-nine patients had nerve
injury after surgical repair or reconstruction of the distal biceps tendon (16%). Six patients
had a motor palsy including 4 posterior interosseous nerve palsies and two median nerve
palsies. All of the nerve palsies recovered within an average of 4.7 months (range, 3 — 7.5
months). Eight patients developed heterotopic ossification restricting motion; four patients
were treated using the combined approach, three using an anterior approach, and one from a
posterior approach. Follow up was available an average of 34 weeks after surgery (range, 1 —
349 weeks). Fifty-one patients (14%) had less than 2 months evaluation in the medical record.
We assumed that those patient had no major adverse events.
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Table I. Adverse events per surgical approach after distal biceps tendon
surgery (n =373)

Surgical approach, n Total,
Adverse event Anterior Posterior Combined n(%)
Radial side forearm numbness 44 2 7 53 (15)
Superficial infection / suture
abscess 7 0 2 9(2.4)
Heterotopic ossification 3 1 4 8(2.1)
Posterior interosseous nerve
palsy 2 1 1 4(1.1)
Re-rupture 6 0 0 6 (1.6)
Median nerve palsy 2 0 0 2 (0.54)
Total 82 (22%)

Statistical analysis

Data was described using frequencies and percentages for dichotomous and nominal
variables, mean and confidence interval for normally distributed continuous data, and median
and interquartile range for non-normally distributed continuous data.

In bivariate analysis the association of adverse events with patient characteristics and surgery
related factors was assessed with a student t-test for continuous explanatory variables (age),
a Wilcoxon rank-sum test for non-normally distributed explanatory variables (surgeon
experience and time till surgery) and ordinal categorical explanatory variables (surgical
approach, surgical technique, and hospital), and a Fisher Exact test for dichotomous
explanatory variables (sex, alcohol abuse, smoking, obesity, acute or chronic, rupture or
tendinopathy, use of graft, and incision).

Factors with p < 0.10 in bivariate analysis were entered into a multivariable logistic regression
analyses to assess if possible factors were independently associated with adverse events after
surgical repair of the distal biceps tendon. All analyses were performed with Stata 13
(StataCorp LP) a two-tailed p value of less than 0.05 was considered significant.

Results

In bivariate analysis, factors associated with adverse events after surgical distal biceps tendon
repair or reconstruction were obesity (p = 0.038) and surgical approach (p = 0.034) (Table II).
A multivariable model demonstrated that obesity (odds ratio [OR] 1.88, 95% confidence
interval [Cl] 1.01 - 3.52, p = 0.048) and the anterior approach using a single incision technique
(OR 2.30, 95% CI 1.21 — 4.37, p = 0.011) as compared to the combined approach were
independently associated with adverse events (Table IlI).
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In bivariate analysis, there were no factors associated with major adverse events after surgical
distal biceps tendon repair or reconstruction (Table IV).

Fifteen patients (18% of patients with an adverse event and 4% of all patients) had a second
surgery after distal biceps tendon repair or reconstruction. Seven patients had removal of
heterotopic ossification; two had pain and clicking secondary to heterotopic bone, five had
limited forearm rotation, and one had concomitant ulnar nerve release. Six patients had a re-
rupture of their distal biceps tendon repair or reconstruction; three patients had repair using
a cortical button; two patients with a suture anchor, and one patient with a tenodesis screw.
Three of six patients with re-rupture had a second repair using a bone tunnel technique and
three patients chose nonoperative treatment. Three patients had incision and drainage of an
infection. One of the patients had three debatable surgeries on the radial nerve trying to
address radial forearm pain after surgery for biceps tendinopathy.
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Table II. Bivariate analysis - Factors associated with adverse events after distal
biceps tendon surgery

No adverse
Adverse events events
n=82 n=291
Parameter Mean (Cl) Mean (Cl) P value
Age 47 (45-49) 48 (47-49) 0.37
Parameter Median (IQR) Median (IQR) P value
Surgeon experience 7 (1-15) 5(2-11) 0.30
Time till surgery 16.5 (11-48) 18 (10-40) 0.99
Parameter n(%) n(%) P value
Men 81 (99) 287 (99) 0.99
Smoking* 4 (4.9) 19 (6.5) 0.80
Obesity* 19 (23) 39 (13) 0.038
Repair within a month 54 (66) 186 (64) 0.80
Use of graft 2(2.4) 11 (3.8) 0.74
Rupture (versus
tendinopathy) 72 (88) 263 (90) 0.54
Surgical approach
Combined, 2 incisions 14 (17) 93 (32)
Anterior, 1 incision 57 (70) 158 (54)
) L 0.034
Anterior, 2 incisions 7 (8.5) 30 (10)
Posterior, 1 incision 4 (4.9) 10 (3.4)
Incisions
1 61 (74) 168 (58)
0.007
>1 21 (26) 123 (42)
Surgical technique
Bone tunnel 17 (21) 91 (31)
Suture anchor 24 (29) 70 (24)
Cortical button +
. 041
tenodesis screw 21 (26) 70 (24)
Cortical button 18 (22) 53 (18)
Tenodesis screw 2(2.4) 7(2.4)
Hospital
Hospital | 27 (33) 124 (43)
Hospital Il 26 (32) 66 (23) 0.16
Hospital Il 29 (35) 101 (35)

Cl = Confidence Interval, IQR = Interquartile range
* according to medical records
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Table lll. Multiple logistic regression analysis: factors associated with adverse events after
distal biceps tendon surgery

Odds ratio (Cl) Standard error P value
Obesity 1.88 (1.01-3.52) 0.60 0.048
Approach/incision
Combined / 2-incision reference value reference value reference value
Anterior / 1-incision 2.30(1.2-4.4) 0.75 0.011

1.47

(0.54 -
Anterior / 2-incision 4.01) 0.75 0.45
Posterior / 1-incision 2.90(0.79-10.56) 1.61 0.107

Discussion

The rate of adverse event after repair or reconstruction of the distal biceps tendon is
reported to be as high as 40%, however, it is unclear what factors are associated with
adverse events ¥ 4 7 14 18 19 Therefore we aimed to find factors associated with adverse
events after surgical repair or reconstruction of the distal biceps tendon. In our study, 22% of
patients experienced an adverse event (the vast majority dysfunction of the lateral
antebrachial cutaneous nerve), but only 18% of patients with an adverse event had a second
surgery. A single incision anterior approach and obesity were independently associated with
adverse events after surgical repair or reconstruction of the distal biceps tendon.

This study had a number of limitations. First, adverse events may be underreported in
retrospective studies as patients could have been treated for adverse events in a different
hospital not used in our database search. Given that dysfunction of the lateral antebrachial
cutaneous nerve was the most common adverse event, it is likely that a prospective study
examining carefully for dysfunction of this nerve would find higher rates than a retrospective
database study. This might have a substantial influence on the results. Second, we included
patients with a follow up shorter than three months and assume no adverse events. We base
this on prior studies where we find that few operated patients leave our health system.
However, this could have resulted in a lower number of reported adverse events. Third, we
used CPT codes to identify the initial diagnoses, which is subject to miscoding. A small
amount of miscoding is typical for database studies. Finally, it should be noted that the
posterior only approach was only used in 14 patients, all with tendinopathy, and the
multivariable comparison is underpowered to make meaningful analyses for these patients.
However, this study represents a large series of surgically treated distal biceps tendon
repairs. A wide variety of surgical approaches and techniques are represented in the data.
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Table IV. Bivariate analysis - Factors associated with major adverse events after
distal biceps tendon surgery

Major adverse events No adverse events

n=20 n=353
Parameter Mean (Cl) Mean (Cl) P value
Age 50 (45-55) 48 (47-49) 0.39
Parameter Median (IQR) Median (IQR) P value
Surgeon experience 3(0-11.5) 5(2-12) 0.29
Time till surgery 34.5(9.5-93.5) 17 (10-40) 0.19
Parameter n (%) n (%) P value
Men 19 (95) 349 (99) 0.24
Smoking* 2 (10) 21 (6) 0.35
Obesity* 4 (20) 54 (15) 0.53
Repair within a month 9 (45) 231 (65) 0.091
Use of graft 1(5.0) 12 (3.4) 0.52
Rupture (versus
tendinopathy) 16 (80) 319 (90) 0.13
Surgical approach
Combined, 2 incisions 5 (25) 102 (29)
Anterior, 1 incision 9 (45) 206 (58) 0.12
Anterior, 2 incisions 4 (20) 33(9.4)
Posterior, 1 incision 2 (10) 12 (3.4)
Incisions
1 11 (55) 218 (62)
0.64
>1 9 (45) 136 (38)
Surgical technique
Bone tunnel 6 (30) 102 (29)
Suture anchor 4 (20) 90 (26)
Cortical button +
. 0.44
tenodesis screw 3(15) 88 (25)
Cortical button 6 (30) 65 (18)
Tenodesis screw 1(5.0) 8(2.3)
Hospital
Hospital | 11 (55) 140 (40)
Hospital Il 5 (25) 87 (25) 0.33
Hospital Il 4 (20) 126 (36

Cl = Confidence Interval, IQR = Interquartile range
* according to medical records
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Our finding that adverse events after surgical repair or reconstruction of the distal biceps
tendon are more than twice as likely in patients treated with a single incision anterior
approach than those treated with a two incision approach is in agreement with the study of
El-Hawary et al. & The anterior dissection and retraction likely leads to lateral antebrachial
cutaneous neuroapraxia and some of the branches may be permanently injured > 13 . We
speculate that the size of the anterior exposure may relate to the risks of lateral antebrachial
cutaneous nerve dysfunction, with smaller incisions less likely to cause sensory disturbances.
Obesity — the other factor associated with adverse events — may compromise exposure
leading to a larger incision or more retraction on the lateral antebrachial cutaneous nerve. In
contrast with earlier studies, surgery for tendinopathy was not associated with adverse
events > 4,

Our 22% rate of adverse events is comparable to the range of 10 to 40% and the 36% in other
large published series % > 7/ 14 Retrospective data is at risk for underreporting, particularly
with relatively adaptable problems such as lateral antebrachial cutaneous nerve dysfunction,
therefore the true rate of adverse events might be higher in a prospective cohort.
Underreporting could be the result of transient nerve paresthesia not being considered as an
adverse event because it may be an expected outcome after surgery for the distal biceps.
Also, patients may not notice or mention a small area of numbness, particularly when they
arein pain.

Nearly one in five patients with an adverse event had a second surgery, most often for
removal of heterotopic ossification. A two-incision technique (combined approach) was not
associated with heterotopic ossification in our study*“.

Conclusion

Patients should be counseled that one in five patients will have a minor or major
complication (most often lateral antebrachial cutaneous nerve dysfunction) and one in 20
patients will have a major complication after repair or reconstruction of the distal biceps
tendon. Obese patients seem to be at greater risk. Future studies should address the
placement and size of the anterior incision and potential modifications in obese patients as a
way to protect the lateral antebrachial cutaneous nerve.
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Abstract

Introduction

Minimally invasive plate osteosynthesis (MIPO) has been described as a suitable technique
for the treatment of proximal humerus fractures, but long-term functional results have never
been reported. The aim of this study was to describe the long-term functional outcome and
implant related irritation after MIPO for proximal humerus fractures.

Methods

A long-term prospective cohort analysis was performed on all patients treated for a proximal
humerus fracture using MIPO with a Philos plate (Synthes, Switzerland) between December
2007 and October 2010. The primary outcome was the QuickDASH score. Secondary
outcome measures were the Subjective Shoulder Value (SSV), implant related irritation and
implant removal.

Results

Seventy-nine out of 97 patients (81%) with a mean age of 59 years were available for follow-
up. The mean follow-up was 8.3 years (SD 0.8). The mean QuickDASH score was 5.6 (SD 14).
The mean SSV was 92 (SD 11). Forty out of 79 patients (50,6%) had implant removal, and of
those, 27/40 (67,5%) were due to implant related irritation. On average, the implant was
removed after 1.2 years (SD 0.5). In bivariate analysis there was an association between the
AO classification and the QuickDASH (p = 0.008).

Conclusion

Treatment of proximal humerus fractures using MIPO with Philos through a deltoid split
approach showed promising results. A good function can be assumed due to the excellent
scores of patient oriented questionnaires. However, about one third of the patients will have
a second operation for implant removal due to implant related irritation.
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Introduction

Proximal humerus fractures are very common and account for 5% of all fractures in the
emergency department, with an incidence of 82 per 100,000 people'®. The incidence has an
unipolar distribution with a typical patient being relatively fit, female and more than 80 years
old”. Most patients are treated non-operatively while one out of five will undergo surgery
even though no clear benefit of operative treatment has been shown®82,

The standard approach for osteosynthesis of proximal humerus fractures is the deltopectoral
approach, which generally is considered the open approach®'%12. Over the past decade,
there has been an increasing interest in minimally invasive plate osteosynthesis (MIPO) of
proximal humerus fractures through the deltoid split approach®®*3-19. Previously reported
possible advantages of MIPO are: less soft tissue stripping and a lower risk of injury to the
ascending branch of the anterior circumflex humeral artery resulting in lower rates of
avascular necrosis (AVN) and shorter operation time!®1>1618 possible disadvantages are risk
of damage to the axillary nerve and, in case of a later shoulder prosthesis, the need for a
different second surgical approach®. Several studies have reported on the short-term results
of this technique!® 4151920 - Although long-term results of the open approach for proximal
humerus fracture treatment have been reported, little is known about the long-term results
after MIPO with Philos'??1,

The aim of this study was to analyze the long-term functional outcome after MIPO with Philos
for proximal humerus fractures. Additionally we assessed implant related irritation and
implant removal.

Methods

Study design

Between December 2007 and October 2010, 191 patients with a proximal humerus fracture
were treated with MIPO through a ‘deltoid split” approach in our center using the Philos®
system (Synthes, Switzerland). Patients were operated by 16 different surgeons. Two of these
surgeons performed 50% of all operations. In 2013 Acklin et al. published prospectively
gathered data on the short-term outcome of 97 of these patients available for follow-up'®. In
the current study, this cohort was approached and analyzed again to obtain long-term
outcome on these patients. Exclusion criteria were death, a second trauma to the operated
arm, inability to answer questions, or absence of written consent. This study was approved by
the Cantonal Ethic Committee Zirich (KEK-ZH-Nr. 2017-00428).

Operative procedure and indications
All patients were treated in a MIPO technique. In beach chair position a minimally invasive
anterolateral deltoid split approach was performed. After reduction of the humeral head and
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non-absorbable suture insertion in the tendons of the rotator cuff, a five hole Philos® plate
was inserted. This was done sub-muscular, either percutaneously or with a radiolucent
aiming device, under Langenbeck protection to preserve the axillary nerve. The plate was
fixed to the humeral head with 4 locking screws and, depending on bone quality, with two to
four conventional or locking screws to the shaft. The non-absorbable sutures were then
knotted to the plate for additional stabilization and to prevent secondary dislocation.
Postoperatively, patients were allowed immediate active-assisted mobilization without sling
immobilization. Abduction of more than 90° was not allowed in the first six weeks.

Indications for operative treatment were a varus displacement of >20°, a valgus displacement
of >40°, an increased reclination >30°, a lateral displacement of > % diaphyseal diameter,
and/or displacement of the major and/or minor tubercle of >5-10mm.

Baseline characteristics and outcome measures

Baseline characteristics were obtained from the prospectively collected data by Acklin et al.
[10]. All patients were contacted by phone by an independent study nurse to assess shoulder
function using the QuickDASH questionnaire?? and the Subjective Shoulder Value (SSV)?3.
Implant removal was assessed using the algorithm of Hulsmans et al.?*. If patients could not
be reached after a minimum of five phone call attempts, their contact person and general
practitioner were approached for contact details and the internet was searched for an
alternative telephone number. A letter was sent to patients who could not be reached by
phone, asking the patient to contact us. Patients were considered lost to follow-up if all these
attempts were unsuccessful.

The primary outcome measure was shoulder function as measured by the QuickDASH
score??. The QuickDASH is a validated measure for disability of the arm, shoulder and hand
and provides a summative score on a 100-point scale, where a higher score indicates more
disability. A QuickDASH score of less than 15 is considered an excellent result and a score of
>40 indicates poor shoulder function?>.

Secondary outcome measures were SSV and implant related irritation or implant removal.
The SSV is a subjective value for shoulder function determined by the patient after answering
the following question: “What is the overall percent value of your shoulder if a completely
normal shoulder represents 100%?”, with 100% indicating the best function?®. The SSV has
shown a reliable agreement with the validated Constant Score for measuring shoulder
function?®. Implant removal and implant related irritation were discussed and analysed using
the algorithm of Hulsmans et al.,, developed to analyse the presence of implant related
irritation?*. In addition, all patients were asked if they have had re-operations or were
diagnosed with AVN in another hospital.
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Statistical analysis

Data were described using frequencies and percentages for dichotomous and categorical
variables, mean and standard deviation (SD) for normally distributed continuous data, and
median and interquartile range (IQR) for non-normally distributed continuous data. In
bivariate analysis, the association patients characteristics with the QuickDASH and SSV were
assessed using a Mann-Whitney test for dichotomous variables (age), a Kruskal-Wallis test for
ordinal variables (AO classification?” and trauma mechanism) and a Spearman’s rank
correlation coefficient for continuous variables (age). A p value < 0.05 was considered
significant which was tested using non-parametrical tests. The analyses were performed with
SPSS, version 22.0 (IBM Corp., Armonk, NY) for Windows.

Results

Informed consent was obtained from all individual participants included in the study. A total
of 79 (81%) patients were available for follow-up and included for analysis (Figure 1). The
mean age at the time of accident was 59 (SD * 13) years and 37 (47%) patients were male
(Table 1). The most common trauma mechanism was injury during skiing or snowboarding
(51%). There were 16 (20%) type A, 33 (42%) type B, and 30 (38%) type C fractures according
to the AO classification?’. There were no significant differences in age, trauma mechanism,
and AO classification of patients available for follow-up as compared to the initial cohort
(data not shown). The mean follow-up duration was 8.3 years (SD 0.8).

MIPO Philos 2007-2010

191

Excluded

Foreign residency 67

Eligible for inlcusion

124
Lost to follow-up 2013
Denied informed consent 13
Not capable of answering questions 7
Not reachable 5
Died 2
Cohort Acklin 2013
97
Lost to follow-up 2017
Died 8
Not capable of answering questions 6
Not reachable 3
Denied informed consent 1
Available for analysis

79

Fig. 1 Flowchart of patient inclusion
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The mean QuickDASH score was 5.6 (SD 14) and the mean SSV was 92 (SD 11) (Table 2). A
total of 40/79 (50,6%) patients had implant removal on average 1.2 years (SD 0.5) after the
initial osteosynthesis (Table 2). Twenty-seven of the 79 (34,2%) patients had implant removal

due to implant irritation and 13/79 (16,5%) patients requested implant removal without

implant irritation.

Table 1. Baseline characteristics

Baseline cohort (n=79)

Variable

n (%)
Age (mean, SD) 59 (13)
Male 37 (47)
ASA
1 28 (35)
2 49 (62)
3 2(2.5)
4 0(0)
Dominant hand side 31(39)
Trauma mechanism
Ski / Snowboard 40 (51)
Low energy 29 (37)
Traffic accident 6 (7.6)
Other 4(5.1)
AOQ Classification
A 16 (20)
B 33 (42)
C 29 (38)
Follow-up time in years (mean, SD) 8.3(0.8)

SD standard deviation
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Table 2. Outcome measures

Variable Mean (SD) Median (IQR)

Functional outcome

QuickDASH 5.6 (14) 0(0-4.5)
Subjective Shoulder
value 92 (11) 97 (90 - 100)

Implant related irritation / removal (n, %)

Implant not removed, no irritation 34 (44)
Implant not removed, irritation but implant removal not

neccessary 1(1.32)
Implant not removed, irritation, no request for removal due to

fear of surgery 2 (2.6)
Implant not removed, irritation, considering removal 0(0)
Implant removed routinely or on patient's request without

irritation 13 (17)
Implant removed due to implant irritation 27 (35)

Duration till removal of PHILOS plate in years 1.2 (0.5)

SD standard deviation, IQR interquartile range
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Table 3. Bivariate analysis

QuickDASH SSV
Variable
Median .
Mean (SD) (1QR) Pvalue Mean (SD) Median (IQR) P value
Age continous
(coefficient) 0.139 0.223  -0.002 0.988
Age categorical
Age < 65 3.8 (13) 0(0-2.3) 94 (8.7) 98 (90 - 100)
0.06 0.209
Age > 65 8.4 (16) 2.3(0-6.8) 89 (13) 95 (80 - 100)
Trauma mechanism
Ski / Snowboard 2.0(3.1) 0(0-2.3) 95 (6.6) 99 (90 - 100)
Low energy 8.5(17) 0(0-6.8) 89 (13) 95 (80 - 100)
57 (2.3 - 0.232 0.155
Traffic accident 20(33) 14) 83 (16) 90 (75 -90)
Other 1.1(1.3) 1.1(0-2.3) 93 (5.4) 93 (89 - 98)
AO
A 0.4 (0.9) 0(0-0) 93 (7.7) 95 (89 - 100)
B 4.6 (9.4) 0(0-4.5) 0.008 93(10) 98 (90-100) 0.844
C 9.5(20) 2.3(0-6.8) 91 (12) 97 (85 - 100)

SD standard deviation, IQR interquartile range

In bivariate analysis, there was a significant difference between AO fracture type and
QuickDASH score with a mean of 0.4 (SD 0.9) for type A, 4.6 (SD 9.4) for type B and 9.5 (SD
20) for type C fractures (p = 0.008) (Table 3). There was no association of age or trauma
mechanism with the QuickDASH score and also no association of age, trauma mechanism or
AQ classification with the SSV.

Previously published short-term follow-up of this cohort by Acklin et al. showed that all
fractures were healed and no hardware failure occurred on follow-up radiographs. The mean
radiological follow-up was 18 + 6 months. There was a small but significant progression of
varus displacement visible on last follow-up radiographs compared to postoperative
evaluation (40°+8 and 41°+8; p= 0.015, respectively. Secondary screw perforation occurred in
seven (7%) patients on average 7 weeks postoperatively and required operative screw(s)
replacement. Four patients (4%) had axillary nerve injury with atrophy of the anterior border
of the deltoid muscle, however, without clinical consequences.

Furthermore, eight (8%) patients developed some degree of radiological AVN (grade 3-5) in
short term follow-up. With a mean 99 months follow-up, five patients with AVN were
available for long-term follow-up. The mean time to diagnosis was 16.7 months, the mean
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radiological follow-up was 34 months. They had a mean QuickDASH of 21 (SD 29) and a mean
SSV of 72 (SD 12) which was significantly worse compared to patients without diagnosis of
AVN in short-term follow-up (p=0.001 and p<0.001, respectively). One patient with a
QuickDASH of 73 was offered a reversed arthroplasty but she refused. One patient with AVN
grade 5 with a QuickDASH score of 13 and a SSV of 60 is considering a reversed arthroplasty.
Of all patients with AVN three had a screw perforation of the head and four had their implant
removed. At long-term follow-up there were no new reported cases of AVN based on the
interview.

In total, one patient received a reversed arthroplasty. This was because of a symptomatic
malunion. The major tubercle was not anatomically reduced and healed with a cranial step.
At 80 months follow-up this patient had a QuickDASH of 31 and a SSV of 65. Two other new
reported complications occured. Two patients developed a recurrent shoulder dislocation of
whom one was operated for a rotator cuff repair.

Discussion

MIPO with Philos has been described as a suitable technique for the treatment of proximal
humerus fractures, but long-term functional results have never been reported. The aim of
this study was to describe the long-term functional outcome and implant related irritation
after MIPO for proximal humerus fractures. In our cohort, we found a very good QuickDASH
score and SSV representing an excellent functional outcome at more than 8 years of follow-
up after MIPO with Philos for proximal humerus fractures. For this long-term follow-up we
used patient reported questionnaires but were not able to obtain an objective clinical and
radiological examination. Forty of the 79 patients (50,6%) had implant removal, and of those,
27/40 (67,5%) were due to implant related irritation. We found a mean QuickDASH score of
5.6 and a mean SSV of 92, which can be considered an excellent outcome. In 2013, Acklin et
al. reported the one-year follow-up of this cohort and found a Constant score of 75 (SD 11)
that corresponded to a shoulder function of 91% compared to the uninjured side. Other
studies presenting one or two year follow-ups reported mean DASH scores ranging from 14.5
to 26 after MIPO and 31 to 32 after an open procedure®*'417.20 |t s still debated whether
further improvement of shoulder function is to be expected 12 months after treatment.
Hirschmann et al. found only a slight improvement after one year?8. Other studies published

no further improvement at longer follow-up*?2°,

Few studies have reported on long-term follow-up after operative treatment of proximal
humerus fractures but almost all studies investigated the open approach. Ockert et al.
investigated 43 patients who were operated on using the open approach with a median
follow-up of 10 years and reported a mean DASH score of 242 Most patients had an
excellent outcome while 16% of the patients were considered to have a poor outcome. Bahrs
et al. analysed 77 patients with a mean follow-up of eight years; eight patients were operated
on using MIPO and 68 via an open approach?!. They found a good mean DASH score of 12
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with 77% of the patients having an excellent/good result and 23% having a satisfactory or
worse result. No difference in Constant score between surgical approaches nor a correlation
with the variables age and AO classification was found.

More than half of the patients had their implant removed. The majority (68%) because of
implant related irritation and 32% requested implant removal because they did not want the
material in their shoulder for the rest of their lives. Our findings are in line with Ockert et al.
who reported a 40% implant removal rate!?. They also found a significant improvement of
functional outcome after implant removal. Similarly, another study reported improvement of
shoulder function after implant removal among patients with implant related irritation
treated with MIPO Philos plating®C. In our study, we did not have sufficient data to report on
improvement of shoulder function after implant removal. However, based on the study of
Acklin et al., the high rate of implant removal in our cohort might have been beneficial for the
excellent long-term results3°.

Results of different operative treatments should be put into perspective with regard to the
conservative treatment for proximal humerus fractures. In a Cochrane review of eight
randomized and quasi-randomized controlled trials the authors conclude that there was no
evidence that supported the benefit of operative treatment of proximal humerus fractures®.
But these results have to be interpreted with caution as the results did not cover two-part
tuberosity fractures, fractures in young people, high-energy trauma, fracture-dislocations and
head splitting fractures. Recently, the five-year follow-up results of the PROFHER trial, the
most influential trial leading to conclusions in the Cochrane review, were published in which
patients with a proximal humerus fracture were randomized between conservative and
operative treatment?. In this medium-term follow-up study, the results of 109 patients were
reported and no differences in Oxford Shoulder Score and EQ-5D-3L Score were observed.
They concluded that there is no evidence that supports the trend of increased surgery for
patients with displaced proximal humerus fractures. Nevertheless, there are major
shortcomings in this study. First, the study is designed as a superiority study. Only 32% of the
screened patients were included (e.g. several patients with clear indication for surgery were
excluded). In 11% of cases, fairly inexperienced surgeons (e.g. registrars) performed the
operation and 17% were operated on with something other than a plate (e.g. hemi-
arthroplasty). So these results raise serious doubts. In addition, Kruithof et al. presented the
long-term follow-up of conservatively treated patients with proximal humerus fractures
between 2000 and 20132. After exclusion, there was data of 410 patients with a good median
DASH score of 6.67 at a follow up of 7.5 years. Sub-analysis revealed a significant better
outcome of patients younger than 65 years old at the time of injury. They concluded that
long-term functional outcome and quality of life were good in most patients after proximal
humeral fractures.
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Our study has several limitations that need to be addressed. First, we report on a subgroup of
the original cohort that could have led to bias and limited generalizability of the study results.
However, compared to the original cohort there were no differences in baseline
characteristics in terms of age, trauma mechanism and AO-classification. Second, our hospital
is situated in a recreational area in the mountains. Therefore, as compared to other hospitals,
our patient population consists of younger and many relatively fit patients who were injured
during outdoor sports activities. Therefore, our results might not be applicable to the typical
proximal humerus fracture patient (female and > 65 years of age)’. Nevertheless, in bivariate
analysis there was no association of age or trauma mechanism with functional outcome.
Third, the sample size in this study is small and as this was a single center study, no
appropriate control group was available. Furthermore, in this long-term follow-up study, we
used telephone interviews in order to get sufficient follow-up. Therefore we were not able to
perform a clinical examination of the shoulder or obtain long-term radiological follow-up.
Consequently, no radiological data is available to report on the actual number of patients
that developed AVN or implant failure. It can be argued to what extent radiological grade of
AVN translates to limitations experienced by the patient!, although, it seems that patients
diagnosed with radiological AVN do have a worse functional outcome in this cohort. In
addition, a possible disadvantage of the deltoid-split approach is second deltopectoral
incision should a prosthesis be necessary in the future. However, this occurred only once in
our patient sample. Finally, more than half of the patients were operated by two trauma
surgeons dedicated to shoulder surgery while 14 different surgeons operated the other
patients, which could have resulted in a performance bias. However, bivariate analysis did
not show a difference in functional outcome of patients treated by the two surgeons versus
patients treated by the 14 other surgeons. This possibly reflects the effect of in-hospital
training and standardized procedure with the introduction of the MIPO technique and
postoperative protocol in our hospital.

The results of this study can be of guidance when discussing treatment options for a proximal
humerus fracture. The challenge for the future will be to determine which patient will benefit
from operative treatment and which patient should be treated conservatively. We
recommend operative treatment with MIPO for fit and active patients with a displaced
proximal humerus fracture.

Conclusion

Treatment of proximal humerus fractures using MIPO with Philos through a deltoid split
approach showed promising results. A good function can be assumed due to the excellent
scores of patient oriented questionnaires. However, about one third of the patients will have
a second operation for implant removal due to implant related irritation.
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Abstract

Purpose

Rib fixation for flail chest has been shown to improve in-hospital outcome, but little is known
about treatment for multiple rib fractures and long-term outcome is scarce. The aim of this
study was to describe the safety, long-term quality of life, and implant related irritation after
rib fixation for flail chest and multiple rib fractures.

Methods

All adult patients with blunt thoracic trauma who underwent rib fixation for flail chest or
multiple rib fractures between January 2010 and December 2016 in our level-1 trauma
facility were retrospectively included. In hospital characteristics and implant removal were
obtained via medical records and long-term quality of life was assessed over the telephone.

Results

Of the 864 patients admitted with >3 rib fractures, 166 (19%) underwent rib fixation; 66 flail
chest patients and 99 multiple rib fracture patients with an ISS of 24 (IQR 18—-34) and 21 (IQR
16—-29), respectively. Overall, the most common complication was pneumonia (n=58, 35%).
Six (9%) patients with a flail chest and 3 (3%) with multiple rib fractures died; only 1 because
of injuries related to the thorax. On average at 3.9 years follow-up was obtained from 103
patients (62%); 40 with flail chest and 63 with multiple rib fractures reported an EQ-5D index
of 0.85 (IQR 0.62-1) and 0.79 (0.62-0.91), respectively. Forty-eight (48%) patients had
implant related irritation and 9 (9%) had implant removal.

Conclusions

We show that rib fixation is a safe procedure and that patients reported a relative good
quality of life. Patients should be counseled that after rib fixation approximately half of the
patients will experience implant related irritation and about 1 in 10 patients requires implant
material removal.
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Background

Chest trauma is currently the second leading cause of trauma-related death and multiple rib
fractures are the most common injury in these patients.? Due to the impact of pulmonary
complications, flail chest and multiple rib fractures are still associated with a 10 — 22%
mortality rate with increasing rates for every additional rib involved.?

Conservative treatment for rib fractures is considered the gold standard and consists of
mechanical ventilation (if indicated), pulmonary hygiene, and adequate pain management. In
the last century, many different surgical techniques concerning rib fixation were described in
literature without becoming common clinical practice. However, due to technical
improvements there is a growing popularity of surgical rib fixation which aims to increase
stability of the chest, lessen chest wall deformity, and improve pulmonary function.?

In a recent meta-analysis the authors recommend rib fixation over conservative treatment
for adult patients with flail chest in order to decrease mortality, shorten days on mechanical
ventilation, hospital and intensive care length of stay, and decrease incidence of pneumonia
and need for tracheostomy.® Although rib fixation of patients with flail chest showed
promising results, little is known about rib fixation for patients with multiple rib fractures
without a flail chest. Furthermore, only few small studies have described the long-term
outcome and quality of life after rib fixation.*” Therefore, the aim of this study was to
describe the safety, long-term quality of life, and implant related irritation after rib fixation
for flail chest or multiple rib fractures.

Methods

Study design and participants

All medical records of patients admitted with rib fractures following blunt thoracic trauma
between January 2010 and December 2016 in the University Medical Center Utrecht, a level-
1 trauma facility, were retrospectively reviewed. Eligible patients were identified using
procedural codes and the Dutch National Trauma Registry. For this study, we included all
adult patients with blunt thoracic trauma who underwent rib fixation for flail chest (defined
as three or more consecutive ribs fractured in at least two places and clinical signs of
paradoxical chest wall movement) or multiple rib fractures (defined as three or more
unilateral rib fractures). We did not further distinguish between multiple rib fractures with or
without chest deformity due to the retrospective nature of this study. Exclusion criteria were
age below 18 years, fewer than three fractured ribs, no availability of an admission CT scan of
the chest, and transfer from or to another hospital. Our institutional review board approved a
waiver of consent under protocol number 17-914/C.

Indication for surgery
The indication for surgical rib fixation followed from a clinical based algorithm considering
several injury and patient specific characteristics as shown in Figure 1. There was a strict
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indication for patients with a clinical flail chest (paradoxical breathing). Failure of pain
management with tachypnea and dyspnea was considered an indication for surgical rib
fixation in patients with multiple rib fractures.

Patient with multiple rib fractures

Yes

Clinical flail chest?
|

Thorax deformity?
|

Oral or IV analgesia adequate?
|

Possibility for epidural?
I
Epidural analgesia adequate?
|
Adequate epidural pain control?

|
Pain management expected to

Yes

No

Conservative
treatment
A
y
uonexy qrf

No

No

be sufficient with oral/IV pain
control after 3 days epidural?

Factors associated with decision making

- Age> 45 years old

- Location and number of rib fractures
- Pulmonary contusion

- Polytrauma (1SS = 16)

- Dislocation

- Need for thoracotomy

- Pulmonary perforation

- Persistent pneumothorax

Fig. 1 Clinical treatment algorithm for patients with rib fractures

Patient characteristics at hospital admission

The following characteristics were obtained from medical records based on the recording at
admission: age, sex, American Society of Anaesthesiologists (ASA) score, trauma mechanism,
Abbreviated Injury Scale (AIS), ISS, Thoracic Trauma Severity Score (TTSS), number of rib
fractures, bilateral rib fractures, involvement of the first rib as these are associated with
higher impact trauma, rib fractures in the upper/middle/lower third or dorsal side of the
thorax, displacement, concomitant injuries as described on the admission CT scan, and blood
pH and base excess. The TTSS (range 0 — 25) is a scoring system that helps to predict thorax
related complications after thoracic trauma and is based on number of rib fractures,
pulmonary contusion, PaO2/FIO2 ratio, pleural involvement, and age.® Displacement was
defined as a shaft width displacement of the fracture parts in the transversal plane on CT.
Dorsal fractures were defined as rib fractures behind the dorsal axillary line.
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Surgical procedure and characteristics

All procedures were performed or supervised by senior trauma surgeons experienced with
surgical treatment of rib fractures. Preoperative planning of the procedure was done using
chest computed tomography (CT) with 3D reconstructions. Preoperative antibiotic
prophylaxis (2 grams of Cefazolin) was administered intravenously in all patients. Depending
on the site of the fractures, patients were positioned in the supine, lateral or prone position.
The surgical approach was performed as described by Taylor.? After reduction, internal
fixation using the MatrixRIB™ system (Depuy Synthes®, Amersfoort, The Netherlands) was
performed. Fixation was preferably done with 3 bicortical screws on each side of the fracture.
If plate fixation was not possible due to anatomical boundaries and rib fixation was deemed
necessary, splints were used. The number of fixed ribs was 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 was performed in case of pneumothorax or
hemothorax at initial presentation or clinical suspicion of pneumothorax during surgery.
Postoperative chest radiography was performed in all patients to document surgical result
and to rule out early complications. Patients were encouraged to mobilize as soon as possible
with the help of physiotherapy and aggressive pain management. All patients had an
outpatient department visit six weeks after discharge and were counselled to visit if they
experienced any thorax related problems like pain, dyspnoe or irritation.

The following surgery related characteristics regarding rib fixation were extracted from the
medical record: time until surgery, duration of surgery, surgical approach, number of ribs
fixated, the ratio of fixated ribs to fractured ribs, side of rib fixation, and fixation of dorsal rib
fractures.

Short and long-term outcome measures

Short-term outcome measures were hospital length of stay (HLOS), ICU-LOS, duration of
invasive mechanical ventilation (IMV), need for tracheostomy, and incidence of surgical
complications after rib fixation (e.g. pneumonia, implant related infection, wound infection,
and acute respiratory distress syndrome [ARDS]). Pneumonia was defined as having clinical
signs (fever, coughing, desaturation) requiring antibiotic treatment, with or without positive
cultures. Implant related infection was defined as clinical symptoms (e.g., redness, drainage
from surgical wound, fever, pain, elevated CRP, or leukocytes) requiring incision and drainage
and intravenous antibiotics following a previously published protocol.*® ARDS was defined by
severe hypoxemia with a PaO2/FIO2 smaller than 100mm Hg.

Long-term outcome measures were quality of life, number of implant removals due to
complications of patient complaints, and level of dyspnea. To assess the long-term outcome
measures after rib fixation, patients were contacted by phone after a minimum of 12 months
of follow-up. The patient’s contact person and general practitioner were approached for

44



45

Chapter 4

additional contact details if patients could not be reached after a minimum of five phone call
attempts.

Quality of life was assessed with the EQ-5D-5L, which is a standardized instrument for generic
health status measurement.!’ The EQ-5D-index ranges from -0.33 to 1.00 where higher
scores indicate better quality of life. The EQ-VAS is a patient’s subjective measurement of
generic health ranging from 0 and 100, where higher scores represent better subjective
health experience. The level of dyspnea was measured with the modified Medical Research
Council Dyspnea Scale (mMRC) which is a five-category scale that characterizes the level of
dyspnea with physical activity where higher scores corresponds with more dyspnoea.!?
Patients who had implant removal were asked for the reason of removal following the
algorithm and definitions as described by Hulsmans et al.**> Implant removal due to irritation
was considered a minimum of six months after rib fixation and after discussing the possible
harms and benefits with the patient. Apart from the well-known pitfalls after implant removal
in general, the most important pitfall of rib implant removal is the risk of a pneumothorax.
Therefore standard chest tube placement should be considered after this procedure. Implant
related irritation at the time of the interview was defined as physical complaints which could
be attributed to the implant.

Statistical analysis

All analyses were performed separately for the groups of patients with flail chest and the
group of patients with multiple rib fractures. Baseline characteristics were presented as
median and interquartile range (IQR) for continuous variables, and absolute numbers with
percentage for categorical variables. The non-parametric outcome measures were
normalized with a cubic transformation for left skewed data and a log transformation for
HLOS and ICU-LOS. In bivariate analysis, the association of the HLOS, ICU-LOS, and EQ-5D-
index with the baseline characteristics was assessed using linear regression. Variables with a
p value of below .05 in this analysis were entered into a multivariable linear regression model
to assess their ability to explain the variation in in HLOS, ICU-LOS, and quality of life. Given
the small dataset with the high number of potential variables a robustness check of the
primary multivariable regression model was performed by means of the least shrinkage and
selection operator (LASSO) technique.'* LASSO performs automatic variable selection by
shrinking coefficients and giving a penalty for the number of variables in the model. LASSO is
considered a robust and objective alternative for the more regularly performed step wise
variable selection for multivariable regression. The two statistical models were compared in
terms of the variables that showed a relation with the outcome of interest. All analyses were
performed with Stata 13 (StataCorp LP, College Station, TX, USA); a p value of less than .05
was considered significant.
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Results

Between 2010 and 2016, in our hospital, a total of 864 patients were admitted with chest
trauma resulting in three or more rib fractures. Ultimately, 166 patients (19%) who
underwent rib fixation were included for analysis; 67 with flail chest and 99 with multiple rib
fractures (Figure 2). Of these, 137 (83%) were treated with plate osteosynthesis, 29 (17%)
with a combination of plate osteosynthesis and intramedullary splints, and one only with
intramedullary splints. Outcome information, at a minimum of twelve months after rib
fixation, was obtained from 103 patients (62%); 40 with flail chest and 63 with multiple rib
fractures.

Patients with rib fixation between
2010 - 2016
n =180 Excluded (n = 14)
Transferred to or from
another hospital (n = 14)
Eligible patients
n=166
Multiple rib Flail chest
fractures n=67 Lost to follow-up (n = 63)
n=99 Not reachable (n = 23)
No consent given (n = 15)
» Mortality during admission (n =9)
- Mortality post admission (n = 2)
Included patients Not able to participate (n = 6)
n=103 Living abroad (n = 8)
Mf“lt‘ple rib Flail chest
ractures
_ n=40
n=63

Fig. 2 Flowchart of patient inclusion

Flail chest

The median age of patients with flail chest was 57 (IQR 48 — 69) years and the majority were
male (n=52, 78%) (Table 1). The median ISS was 24 (IQR 18 — 34) and the median number of
fractured ribs was 10 (IQR 8 — 12). Rib fixation was performed after a median of two (IQR 1 —
3) days and the ratio of fixated ribs to fractured ribs was 0.49 (Table 2).

Among patients with flail chest, the most common complication was pneumonia (n=26, 39%)
followed by excess pleural fluid (n=3, 5%) and implant related infection (n=2, 3%) (Table 3).
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One patient had a tension pneumothorax perioperatively and required a chest tube. Six (9%)
patients died during hospital admission; all were because of concomitant injuries that were
not related to the rib fractures. Two patients had an infaust neurological prognosis, one
patients died of cardiac failure, one patient developed secondary bacterial meningitis, and
one patient with metastasized carcinoma and IC acquired weakness wished no further
treatment.

The median HLOS was 19 (11 — 26) days and 44 (66%) patients required ICU admission with a
median ICU-LOS 8 (6 — 14) days (Table 4). The median follow-up duration was 3.1 years (IQR
2.4 —5.1; range 1 — 7.5) and 40 (60%) patients were available for follow-up. The median
quality of life as measured with the EQ-5D index at follow-up was 0.85 (IQR 0.62 — 1) with an
EQ-VAS of 75 (IQR 63 — 85). Figure 3 shows the proportion of patients reporting problems
specified per EQ-5D domain. Twenty-one (53%) patients reported implant related irritation.
Five (13%) patients had their implant removed due to irritation on average 1.1 (range 0.64 —
1.6) years after rib fixation. Patients reporting implant related irritation at the time of the
interview had a significant lower median EQ-5D index compared to patients without implant
related irritation (z = 2.97; p = 0.003). Eleven patients (28%) reported mild to severe
complaints of dyspnea.

The association between each patient characteristic and the outcomes are presented in
Appendix 1. In multivariable linear regression, male sex and sternum fracture appeared to be
independently associated with the EQ-5D index (Appendix 2). We did not observe an
association with HLOS. A higher AlS-head appeared to be associated with ICU-LOS. The
associations found in the three multivariable models were also found when applying LASSO,
indicating robustness of the models.

Multiple rib fractures

The median age of the 99 patients with multiple rib fractures was 56 (IQR 47 — 64) years and
the majority were male (n=82, 82%) (Table 1). The median ISS was 21 (IQR 16 — 29) and the
median number of fractured ribs was 7 (IQR 6 — 10). Surgery was performed after a median
of two (IQR 1 —4) days and the ratio of fixated ribs to fractured ribs was 0.52 (Table 2).

Among patients operated on multiple rib fractures, pneumonia was the most common
complication (n=32, 32%) followed by excess pleural fluid (n=3, 3%) and implant related
infection (n=3, 3%) (Table 3). Two (2%) patients suffered a tension pneumothorax
postoperatively and were successfully treated with a chest tube. One (1%) patient needed
revision surgery due to two dislocated intramedullary splints resulting in a hemothorax.
Three (3%) patients died during hospital admission; one because of respiratory failure
possibly associated with the suffered rib fractures and the other two as a result of
concomitant injuries not related to the thorax. One had unmanageable infectious episodes
from unknown origin and did not want further treatment. One patient had a systemic
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inflammatory response with decompensated liver cirrhosis, kidney failure, and developed
acute respiratory distress syndrome (ARDS).

The median HLOS was 14 (IQR 10 - 28) days and 44 patients (44%) required ICU admission
with a median ICU-LOS of 9 (IQR 2 — 16) days (Table 4). The median follow-up was 4.4 years
(IQR 3.4 —-5.9; range 1 — 7.6) and 63 patients (63%) were available for follow-up. The median
quality of life as measured with the EQ-5D index at follow-up was 0.79 (IQR 0.62 — 0.91) with
an EQ-VAS of 73 (IQR 65 — 80). Figure 3 shows the proportion of patients reporting problems
specified per EQ-5D domain. After rib fixation for multiple rib fractures, 28 (44%) of the
patients experienced implant related irritation. Four patients (6.3%) had their implant
removed due to irritation on average 1.8 (range 0.91 — 4.2) years after rib fixation. Patients
reporting implant related irritation at the time of the interview had a significant lower
median EQ-5D index compared to patients without implant related irritation (z = 3.30; p =
0.001). Nine patients (14%) reported mild to serious complaints of dyspnea.

The association between each patient characteristic and the outcomes are presented in
Appendix 3. In multivariable regression, we did not observe an association of the EQ-5D index
and the baseline characteristics (Appendix 4). A higher AlS-head, AlS-extremities, and AlS-
abdomen appeared to be associated with HLOS. A higher AlS-face, AlS-extremities, and base
excess appeared to be associated with ICU-LOS. The associations found in the three
multivariable models were also found when applying LASSO.

Table 1. Baseline characteristics of patient with rib fixation for flail chest or multiple rib

fractures
_ Flail chest Multiple rib fractures
Variable
n=67 n =99
Age (median, IQR) 57 (48 - 69) 56 (47 - 64)
Male (n, %) 52 (78) 81 (82)
ASA-score (n, %)
1-2 57 (92) 82 (84)
>2 5 (8) 16 (16)
Trauma mechanism (n, %)
Motor vehicle accident 25 (37) 33 (33)
Fall from height / stairs 17 (25) 29 (29)
Other 25 (37) 37 (37)
AIS (median, IQR)
Head 0(0-3) 0(0-2)
Face 0(0-0) 0(0-0)
Thorax 4 (3-4) 4(3-4)
Abdomen 0(0-2) 0(0-2)
Extremities 2(0-3) 2(0-2)
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(table 1 continued)

ISS (median, IQR) 24 (18 - 34) 21 (16 - 29)
TTSS (median, IQR) 13 (11 - 15) 10 (8- 12)
No. of rib fractures (median, IQR) 10 (8-12) 7 (6 -10)
Bilateral rib fractures (n, %) 26 (39) 34 (34)
First rib fracture (n, %)
Unilateral 18 (27) 16 (16)
Bilateral 7 (10) 11 (11)
Location rib fracture (n, %)
Costae 1-4 62 (93) 84 (85)
Costae 5 - 8 67 (100) 99 (100)
Costae 9 - 12 46 (69) 60 (61)
Displacement (n, %) 47 (70) 58 (59)
Dorsal fracture (n, %) 59 (88) 67 (68)
Concomitant injuries (n,%)
Pulmonary contusion 44 (66) 43 (43)
Pneumothorax 50 (75) 66 (67)
Hemothorax 16 (24) 21 (21)
Sternum fracture 7 (10) 16 (16.2)
Blood pH (median, IQR) 7.3(7.28-7.4) 7.4(7.3-7.4)
Base Excess (median, IQR) -2(-5 - -1) -1(-3.5-0.7)

ASA American Society of Anesthesiologists; ISS injury severity score; TTSS Thoracic
trauma severity score; AlS abbreviated injury score; IQR interquartile range
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, Multiple rib
) Flail chest
Variable fractures
n==67 n =299
Time until surgery (days, median, IQR) 2(1-3) 2(1-4)
Duration of surgery (minutes, median, IQR) 130 (91 - 155) 98 (71-122)
Surgical approach (n, %)
Anterior 9(13) 12 (12)
Anterolateral 9(13) 17 (17)
Posterior 10 (15) 19 (19)
Posterolateral 32 (48) 39 (39)
Combination 7 (10) 12 (12)
No. of ribs fixated (median, IQR) 4(4-6) 4(3-5)
No. of ribs fixated / total ribs fractured
, 0.5(0.36-0.6) 0.5(0.38-0.67)
(median, IQR)
Side of rib fixation (n, %)
Left 34 (51) 45 (46)
Right 26 (39) 46 (47)
Bilateral 7 (10) 8(8)
Fixation of dorsal fractures (n, %) 35(52) 36 (36)

IQR interquartile range;

ventilation

Intensive care unit;

IMV

invasive mechanical
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Table 3. In hospital complications after rib fixation

Flail chest Multiple rib fractures
In hospital complications (n,%) (n,%)

n=47 n=>53
Pneumonia 26 (39) 32 (32)
Excess pleural fluid 3(4.5) 3(3)
Implant related infection 2 (3) 3(3)
Hemothorax 2 (3) 2(2)
Pneumothorax 2 (3) 2(2)
Tension pneumothorax 1(1) 2(2)
ARDS 2 (3) 3(3)
Postoperative bleeding 1(1.5) 1(1)
Wound infection 1(1.5) 0(0)
Pleural empyema 1(1.5) 0(0)
Hematoma 0(0) 1(1)
Revision of dislocated splints 0(0) 1(1)
In hospital mortality 6 (9) 3(3)

ARDS acute respiratory distress syndrome
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Table 4. Outcome measures after rib fixation for flail chest or multiple rib fractures

Flail chest Mult|ple
rib fractures
Short-term outcome measures n==67 n =99
HLOS (days, median, IQR) 19 (11 - 26) 14 (10 - 28)
ICU admission (n,%) 44 (66) 44 (44)
ICU-LOS among those admitted to ICU (days, median, IQR) 8 (6 - 14) 9(2-16)
Number of patient with IMV (n,%) 40 (60) 35 (35)
Duration of IMV among those ventilated (days, median,
6(4-12) 9 (4-16)
IQR)
Tracheostomy (n, %) 7 (10) 9(9)
Long-term outcome measures n =40 n=63
, , 0.79 (0.62 -
EQ-5D index (median, IQR) 0.85(0.62-1)
0.91)
EQ VAS (median, IQR) 75 (63 - 85) 73 (65 - 80)
Implant related irritation (n, %) 21 (53) 28 (44)
Implant removed (n, %) 5(13) 4 (6)
Reason removed (n, %)
Attributable to implant-related irritation 5(13) 4 (6)
Patient's wish or surgeon's preference 0(0) 0(0)

Status not removed (n, %)
No irritation 19 (47) 35 (56)
Experiencing irritation, but implant removal not

12 (30) 11 (18)

necessary

Experiencing irritation, but no request for removal owing 1 (3) 2(3)
to fear of reoperation

Experiencing irritation, considering removal 3(8) 10 (16)
Revision implant (n, %) 1(3) 1(2)
MmMRC (n, %)

0 17 (43) 31 (49)

1 12 (30) 23(37)

2 6 (15) 5(8)

3 4 (10) 3(5)

4 1(3) 1(2)
Follow-up duration in years (median, IQR) 3.1(24-5.1) 4.4(3.4-5.9)
Follow-up range duration in years (min, max) 1-75 1-7.6

HLOS hospital length of stay; ICU-LOS intensive care unit length of stay; IQR interquartile
range; IMV invasive mechanical ventilation; mMRC modified Medical Research Council
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Discussion

In this cohort study of 166 patients admitted to a Dutch level-1 trauma facility the reported
quality of life was relatively good after rib fixation for flail chest or multiple rib fractures at a
median follow-up of 3.1 and 4.4 years, respectively. A mortality rate of 5% was demonstrated
in this cohort. Approximately half of the patients experienced implant related irritation after
rib fixation and about 10 percent had the implant material, or part of it, removed due to this
irritation. At follow up 15 — 18% of the patients reported mild tot serious complaints of
dyspnea as measured with the mMRC.

In our cohort, the mortality rate for patients with flail chest was 9% and for multiple rib
fractures 3%; only one death could be directly ascribed as the consequence of the suffered
rib fractures. There were three important surgery related complications resulting in a tension
pneumothorax; all were successfully treated with a chest tube. The low mortality rate as well
as the low number of surgical complications indicate the relative safety of this procedure in
this patient cohort. The most frequent complication was pneumonia in 39% of the patients
with flail chest and 32% of the patients with multiple rib fractures and is comparable with the
existing literature. However, definitions used for pneumonia differ in literature making this
outcome measure difficult to compare across studies. The incidence of ARDS was 3% in both
groups and was low compared to an ARDS incidence of 13% in a previously published cohort
of poly trauma patients, predominantly chest trauma, from our hospital.’® This low rate of
ARDS in our cohort could be attributed to the effects of rib fixation. The rate of implant
related infection was 3% in our cohort and was similar to the infection rate reported by
Pieracci et al in a similar but smaller cohort.®

The duration of mechanical ventilation and ICU-LOS among patients admitted to the ICU in
our cohort were comparable or shorter than the three RCTs available on this subject.?’~*°
Another interesting finding in our study was that injury severity, as defined by the
abbreviated injury scale, in other body regions such as head, face, abdomen, and extremities
were associated with a longer HLOS and / or ICU-LOS, while no association was seen with
injury severity of the thorax. One explanation could be that rib fixation successfully minimized
the impact of chest injury on the outcome measures. ICU-LOS and HLOS are frequently used
to measure the success of rib fixation and it should be kept in mind that a small but potential
beneficial effect could be masked by associated injury when comparing different treatment
strategies for rib fractures. This emphasizes the necessity of sufficient group sizes when
comparing treatment strategies in these often heterogeneous group of patients;
nonetheless, there is a lack of large patient series in the current literature.

The quality of life in our study, a EQ-5D index of 0.85 for patients with flail chest and 0.79 for
patients with multiple rib fractures, is comparable to the Dutch reference population index of
0.87%° and compared to studies describing different polytrauma cohorts these results were
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good.?’?* There was no difference in quality of life between patients with flail chest and
patients with multiple rib fractures as both indices were within the range of the minimal
clinically important difference for the EQ-5D (the minimal score difference detectable by the
patient).?>?¢ Although, one might expect a worse outcome for flail chest patients compared
to patients with multiple rib fractures, in this cohort patients with multiple rib fractures had
similar injury severity scores which might explain comparability. Caragounis et al presented
comparable results after one year follow-up of 45 patients with rib fixation for flail chest and
multiple rib fractures with an EQ-5D index of 0.93.% Similar results were reported by
Mayberry et al in a cohort of fifteen patients after rib fixation.* In another study, Campbell et
al. reported on quality of life of 20 patients more than one year after rib fixation and showed
a lower quality of life as compared to the reference population possibly due to the higher ISS
scores in this patients cohort.® There was a high number of reported problems per domain
ranging from 22 — 60%, with the most substantial limitation experienced in the domain of
pain and discomfort. It cannot be extracted from the EQ-5D-5L if the pain is situated in the
chest area. Farquhar et al. reported the EQ-5D-5L of 11 patients with rib fixation for flail
chest at an unspecified long-term follow-up, and reported a slightly higher number of
problems per domain as compared to our results, but also found the highest rate of problems
in the domain of pain and discomfort.?® Although residual pain and chest stiffness are
commonly reported in the literature, patient satisfaction is high after rib fixation at long-term
follow-up. >®2°

Implant removal after rib fixation is a challenging and time consuming procedure. Due to the
angular stable system and soft Titanium, we encountered several technical problems during
implant removal. In one case a grinding machine was used to remove plate and screwheads
leaving the body of the screws in place. In other cases a diamond drill was used to remove
the screwhead from the plate also leaving the screw body behind. Because implant removal
is challenging, perforation of the pleura happens easily. Therefore a chest tube should be
considered after implant removal.

Two of the three clinical trials in this field performed rib fixation on patients with flail chest
who were ventilator dependent without prospect of successful weaning. All three studies had
different strict exclusion criteria such as severe injuries to other body systems, head trauma,
or patients who did not development acute respiratory failure.'’'® Because of the
heterogenicity in the aforementioned clinical trials, no clear indication for rib fixation has
been defined. Also, very few studies have enrolled any substantial number of patients with
multiple rib fractures without flail chest making the indication for these patients unknown.
We made use of a clinical treatment algorithm (Figure 1) based on previous literature and
experience in our hospital, which provides guidance in decision making for both patients with
flail chest and patients with multiple rib fractures.
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In addition to the right indication, timing of the procedure is of major importance. The main
reason for rib fixation is to stabilize the thorax to increase pulmonary mechanics and reduce
pain. In a recent published study, Pieracci et al. concluded that early surgical stabilization was
indeed associated with favorable outcome.3® Additionally, they found that late surgical
stabilization resulted in a significantly longer operating time for the same type of rib fracture.
They hypothesized that this could be ascribed to tissue inflammation resulting in obscured
planes and increased bleeding. Therefore, in our hospital, rib fixation is performed according
to the treatment algorithm but preferably as early as possible after hospital admission.

The results should be interpreted in the light of several limitations. First, the EQ-5D-5L and
MMRC are subjective questionnaires and assess general health and not specifically thorax-
related problems. The vast majority of the patients described in this cohort were polytrauma
patients, therefore, concomitant injuries but also comorbidities could have influenced the
outcome. Second, due to the retrospective nature, this study could be subject to data loss
and underreporting of complications. Consequently, no data was available on quality of life of
patients before implant removal to objectify any improvement, although no differences were
observed after implant removal compared with the rest of the patients. Third, follow-up
differed per patient and ranged from 1 — 7.5 years. We assumed that for the majority of
patients quality of life will improve most significantly in the first year after trauma and to a
lesser extent thereafter, which is supported by our finding that there was no association
between follow-up duration and quality of life (Spearman’s rho 0.14; p = 0.164). Fourth, rib
fixation was performed following the incision of a thoracotomy in the earlier years which
gradually changed to a more minimal invasive approach in the following years. Nonetheless,
there was no correlation between year of surgery and the outcome measures. Finally, the
Dutch reference values for the EQ-5D were obtained from the three category EQ-5D version
whereas our results were measured using the newer five category version. The additional
answer categories provide the possibility for the patient to report milder problems which
could have resulted in a higher percentage of reported problems as compared to the
available Dutch reference population.

This is the largest study to present the long-term follow-up of patients after rib fixation
following a clear clinical treatment algorithm. We show that rib fixation is a save treatment
option for both patients with flail chest and patients with multiple rib fractures and that
patients report a relatively good quality of life at long-term follow-up as compared to the
Dutch reference population. Patients should be counseled that after rib fixation
approximately half of the patients will experience implant related irritation and about 1 in 10
patients requires implant material removal due to this irritation. Future studies should focus
on further development of the indication for rib fixation and should aim to identify the
patient who will benefit most from rib fixation.



Appendices

Long-term follow-up after rib fixation for flail chest and multiple rib fractures

Appendix 1. Bivariate analysis of the baseline characteristics and the outcome measures of patients with

flail chest
, EQ-5D index HLOS ICU length of stay
Variable - . .
coefficient se 0 coefficient se 0 coefficient se 0
Age 0.000 0.001 0.837 0.002 0.006 0.705 0.018 0.010 0.085
Male 0.080 0.033 0.019 -0.130 0.206 0.530 0.200 0.366 0.586
ASA-score 0.044 0.090 0.625 0.716 0.312 0.025 1.400 0.557 0.015
Trauma mechanism -0.017 0.017 0.332 -0.141 0.098 0.156 -0.102 0.177 0.566
AlS
Head -0.007 0.012 0.542 0.088 0.056 0.121 0.275 0.096 0.005
Face 0.020 0.017 0.257 0.080 0.109 0.465 0.055 0.195 0.780
Thorax -0.010 0.021 0.640 0.070 0.115 0.544 0.319 0.200 0.116
Abdomen 0.000 0.011 0.987 0.084 0.065 0.200 0.209 0.114 0.072
Extremities -0.013 0.011 0.227 0.187 0.061 0.003 0.493 0.099 0.000
ISS -0.002 0.001 0.232 0.019 0.007 0.013 0.057 0.012 0.000
TTSS -0.005 0.007 0.504 0.022 0.033 0.498 0.193 0.051 0.000
No. of rib fractures  -0.002 0.004 0.610 0.059 0.021 0.007 0.089 0.038 0.024
Bilateral rib fractures -0.047 0.030 0.121 0.509 0.165 0.003 0.678 0.302 0.028
First rib fracture 0.005 0.021 0.807 0.260 0.126 0.043 0.232 0.227 0.312
Location rib fracture
Costae 1-4 -0.023 0.058 0.693 0.669 0.323 0.042 -0.136 0.585 0.817
Costae 5-8 NA NA NA NA NA NA NA NA NA
Costae 9-12 0.011 0.031 0.718 -0.025 0.190 0.897 0.501 0.328 0.132
Displacement -0.056 0.030 0.071 0.091 0.192 0.636 0.173 0.337 0.610
Dorsal fracture 0.005 0.046 0.920 -0.287 0.268 0.288 -0.374 0.473 0.431
Concomitant injuries
Lung contusion -0.009 0.032 0.769 0.329 0.177 0.067 0.487 0.317 0.129
Pneumothorax -0.030 0.036 0.414 0.068 0.198 0.732 -0.010 0.352 0.977
Hemothorax 0.018 0.034 0.593 -0.149 0.201 0.461 -0.228 0.358 0.526
Sternum
fracture -0.103 0.048 0.038 0.472 0.276 0.091 1.255 0.475 0.010
Blood pH 0.025 0.142 0.863 -2.167 0.836 0.012 -4.863 1.412 0.001
Base Excess 0.001 0.004 0.904 -0.083 0.024 0.001 -0.174 0.041 0.000
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Appendix 2. Bivariate analysis of the baseline characteristics and the outcome measures of patients with

multiple rib fractures

Vanane EQ-5D index HLOS ICU length of stay
coefficient se p coefficient se p coefficient se P
Age 0.000 0.001 0.767 0.004 0.005 0.414 0.005 0.009 0.600
Male -0.016 0.044 0.713 -0.301 0.181 0.100 -0.288 0.322 0.373
ASA-score -0.016 0.049 0.736 0.078 0.191 0.683 0.127 0.334 0.705
Trauma mechanism 0.012 0.018 0.513 -0.094 0.084 0.265 -0.070 0.148 0.639
AlS
Head 0.008 0.013 0.545 0.220 0.043 0.000 0.340 0.077 0.000
Face 0.015 0.024 0.516 0.232 0.090 0.012 0.522 0.155 0.001
Thorax 0.020 0.021 0.362 0.091 0.104 0.382 0.014 0.183 0.941
Abdomen -0.008 0.011 0.492 0.187 0.048 0.000 0.315 0.085 0.000
Extremities 0.007 0.013 0.602 0.259 0.049 0.000 0.368 0.091 0.000
ISS 0.001 0.002 0.488 0.037 0.006 0.000 0.056 0.010 0.000
TTSS 0.006 0.006 0.308 0.059 0.025 0.019 0.122 0.042 0.005
No. of rib fractures -0.001 0.005 0.847 0.047 0.023 0.042 0.088 0.040 0.028
Bilateral rib fractures -0.025 0.031 0.424 0.376 0.144 0.011 0.627 0.254 0.015
First rib fracture 0.005 0.021 0.809 0.111 0.106 0.297 0.252 0.185 0.177
Location rib fracture
Costae 1-4 -0.038 0.042 0.370 0.065 0.205 0.752 -0.273 0.359 0.449
Costae 5-8 NA NA NA NA NA NA NA NA NA
Costae 9-12 -0.026 0.032 0.421 0.171 0.151 0.260 0.164 0.266 0.540
Displacement -0.007 0.031 0.812 0.119 0.147 0.421 0.397 0.256 0.124
Dorsal fracture -0.008 0.032 0.802 0.082 0.156 0.603 0.083 0.275 0.765
Concomitant injuries
Lung contusion 0.009 0.032 0.786 0.255 0.141 0.073 0.547 0.245 0.028
Pneumothorax 0.016 0.032 0.619 0.233 0.148 0.121 0.197 0.263 0.456
Hemothorax 0.006 0.038 0.868 0.095 0.173 0.586 0.150 0.304 0.623
Sternum fracture -0.043 0.040 0.289 -0.054 0.192 0.779 -0.139 0.338 0.682
Blood pH -0.212 0.208 0.314 -2.102 0.700 0.003 -5.739 1.138 0.000
Base Excess -0.003 0.005 0.508 -0.055 0.016 0.001 -0.139 0.026 0.000
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Appendix 3. Multivariable linear regression of the baseline characteristics and the
outcome measures of patients with flail chest

model for EQ-5D index coefficient se 95% Cl p
Male 0.080 0.031 0.017 0.142 0.014
Sternum facture -0.103 0.045 -0.193 -0.012 0027
model for HLOS

ASA 0.523 0.293 -0.065 1.111 0.080
AlS extremities 0.120 0.067 -0.014 0.255 0.078
No. of rib fractures 0.017 0.029 -0.040 0.075 0.543
Bilateral fractures 0.192 0.239 -0.287 0.672  0.425
First rib fracture 0.146 0.146 -0.146 0.439 0.320
Base excess -0.051 0.027 -0.105 0.002 0.060
model for ICU length of stay

ASA 0.870 0.530 -0.202 1.941 0.109
ISS -0.008 0.020 -0.048 0.033 0.701
TTSS 0.088 0.060 -0.033 0.209 0.150
AlS extremities 0.226 0.136 -0.050 0.502 0.105
AlS head 0.237 0.107 0.020 0.454 0.033
No. of rib fractures -0.051 0.057 -0.166 0.063 0.370
Bilateral fractures 0.125 0.432 -0.749 0.998 0.774
Sternum facture 0.803 0.740 -0.694 2.301 0.284

Base excess -0.094 0.053 -0.201 0.012 0.081
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Appendix 4. Multivariable linear regression of the baseline characteristics and the outcome
measures of patients with multiple rib fractures

model for HLOS coefficient se 95% Cl P
TTSS 0.032 0.021  -0.011 0.074 0.143
AlS head 0.133 0.045 0.043 0.223 0.004
AlS face 0.112 0.084  -0.054 0.279 0.183
AlS extremities 0.183 0.049  0.086 0.279 0.000
AlIS abdomen 0.105 0.047  0.013 0.198 0.026
No. of rib fractures -0.001 0.025  -0.051 0.049 0.963
Bilateral fractures 0.036 0.157  -0.277 0.350 0.818
Base excess -0.030 0.018  -0.066 0.006 0.098
model for ICU-LOS

AlS head 0.139 0.079  -0.019 0.296 0.083
AlS face 0.363 0.142  0.080 0.647 0.013
AlS extremities 0.193 0.083  0.029 0.358 0.022
AlIS abdomen 0.129 0.079  -0.029 0.287 0.109
TTSS 0.066 0.040 -0.013 0.145 0.100
No. of rib fractures 0.010 0.043  -0.075 0.096 0.811
Pulmonary contusion 0.163 0.229 -0.293 0.618 0.478
Bilateral fractures -0.132 0.267  -0.664 0.401 0.623

Base excess -0.113 0.030 -0.173 -0.052 0.000
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Abstract

Background

Over the years a trend has evolved towards operative treatment of flail chest although
evidence is limited. Furthermore, little is known about operative treatment for patients with
multiple rib fractures without a flail chest. The aim of this study was to compare rib fixation
based on a clinical treatment algorithm with nonoperative treatment for both patients with a
flail chest or multiple rib fractures.

Methods

All patients with >3 rib fractures admitted to one of the two contributing hospitals between
January 2014 and January 2017 were retrospectively included in this multicenter cohort
study. One hospital treated all patients nonoperatively and the other hospital treated
patients with rib fixation according to a clinical treatment algorithm. Primary outcome
measures were intensive care length of stay and hospital length of stay for patients with a
flail chest and patients with multiple rib fractures, respectively. To control for potential
confounding, propensity score matching was applied.

Results

A total of 332 patients were treated according to protocol and available for analysis. The
mean age was 56 (SD 17) years old and 257 (77%) patients were male. The overall mean
Injury Severity Score was 23 (SD 11) and the average number of rib fractures was 8 (SD 4).
There were 92 patients with a flail chest, 37 (40%) had rib fixation and 55 (60%) had non-
operative treatment. There were 240 patients with multiple rib fractures, 28 (12%) had rib
fixation and 212 (88%) had non-operative treatment. For both patient groups, after
propensity score matching, rib fixation was not associated with intensive care unit length of
stay (for flail chest patients) nor with hospital length of stay (for multiple rib fracture
patients), nor with the secondary outcome measures.

Conclusion
No advantage could be demonstrated for operative fixation of rib fractures. Future studies
are needed before rib fixation is embedded or abandoned in clinical practice.



Rib fixation versus conservative treatment. A multicenter cohort study

Background

Multiple rib fractures are the most common type of thoracic injury and are associated with a
high morbidity and mortality, which is to a certain extent due to associated injuries.’™ Still,
an increased number of rib fractures corresponds to a worse outcome, in part due to
respiratory complications resulting from pain and an impaired ventilation capacity.>”’
Consequently, superinfection leading to pneumonia and prolonged mechanical ventilation
are common in patients with chest wall injuries.? It is important to distinguish between
multiple rib fractures with and without a flail chest, as the latter is associated with an

increased mortality rate and significant morbidity. 1!

Nonoperative treatment has been the gold standard for the past few decades and is focused
on the underlying pulmonary contusion- and rib fracture- associated complications, including
pain, atelectasis, and compromised pulmonary hygiene.* Over the years, a trend has evolved
towards operative treatment of flail chest as physicians aim to improve mortality rates and
reduce the prolonged length of stay for these patients. In a recent systematic review, rib
fixation in patients with a flail chest was associated with a reduced: intensive care unit length
of stay, days on mechanical ventilation, mortality rate, pneumonia rate, and treatment costs,
although evidence remains limited.'? Studies investigating the effect of rib fixation in patients
with multiple rib fractures are even more scarce, although two retrospective cohort studies
showed promising results.?>14

For both flail chest and multiple rib fractures, the indication for surgery is heterogeneously
described in the aforementioned studies.’?* Therefore, no clear consensus on indication is
available based on the current literature. It can be hypothesized that for patients with
multiple rib fractures, early fixation might be beneficial. Therefore, the aim of this study was
to compare rib fixation based on a clinical treatment algorithm with nonoperative treatment
for both patients with a flail chest and patients with multiple rib fractures.

Methods

Study design and participants

All patients with three or more rib fractures admitted to one of the two contributing
hospitals between January 2014 and January 2017 were retrospectively included in this
multicenter cohort study. Both hospitals are academic tertiary referral centers with a level
one trauma facility of similar size. Patients were included if they fulfilled the following
criteria: age 18 years and older, blunt thoracic trauma resulting in multiple rib fractures
(defined as three or more rib fractures) or a flail chest (defined as three or more consecutive
ribs fractured in at least two places and clinical signs of paradoxical chest wall movement),
and being alive two days after hospital admission (mean time till surgery). Exclusion criteria
were: transfer to another hospital, initial admission in another hospital, no availability of a
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computed tomography (CT) scan, and rib fixation more than four days after trauma. Patients
were followed from admission until discharge or death.

Eligible patients were identified using procedural codes and the Dutch National Trauma
Registry. The non-operative group was formed by all patients with rib fractures admitted to
the Radboud University Medical Center where treatment consisted of adequate pain
management, supportive mechanical ventilation when indicated, and physiotherapy for
breathing exercises according to standard national guidelines. Per protocol every patient with
three or more rib fractures was considered for epidural analgesia, if needed this was
supported by patient controlled anesthesia (intravenous opioids). Epidural therapy was
provided between day 1-5 after trauma. The epidural was removed after 5 days in situ due to
the considered risk for infection. The surgical group consisted of all patients who had rib
fixation performed in the University Medical Center Utrecht where the same non-operative
treatment guidelines were followed, but in addition, rib fixation was considered according to
a clinical based algorithm (Figure 1). Pain was arbitrarily defined as a numerical rating scale of
5 or higher during coughing or deep inspiration and if pain was suspected not to decrease
over the subsequent days with adequate pain management. It was the subjective decision of
the surgeon on call to perform rib fixation.

This study was approved by the institutional review board of the participating centers (METC
17-544/C & 2016-2861).

Surgical procedure rib fixation

All procedures were performed by one of the even senior trauma surgeons experienced in
surgical treatment of rib fractures. Rib fixation is performed in this center since 2006.
Preoperative planning of the procedure was done using chest computed tomography (CT)
with 3D reconstructions. Preoperative antibiotic prophylaxis (2 grams of Cefazolin) was
administered intravenously in all patients. Depending on the site of the fractures, patients
were positioned in the supine, lateral or prone position and the surgical approach was
performed as described by Taylor.’ In the case of intercostal muscle interposition,
debridement was performed. After reduction, internal fixation using the MatrixRIB™ system
(Depuy Synthes®, Amersfoort, the Netherlands) was performed. Fixation was preferably done
with 3 bicortical screws on each side of the fracture. The number of fixed ribs was at the
discretion of the surgeon, and depended upon the possibility to regain stability of the chest
wall during respirations. Tube thoracostomy was only performed in the case of clinical
suspicion of pneumothorax during surgery. Postoperative chest radiography was performed
in all patients to document surgical result and to rule out complications. Patients were
allowed to perform their daily activities as soon as possible.



Rib fixation versus conservative treatment. A multicenter cohort study

Patient with multiple rib fractures

Yes

Clinical flail chest?
|

Thorax deformity?
|

Yes

5 Oral or IV analgesia adequate?

® O — : - o
ZE e Possibility for epidural? > =
2 S 5
£ 2 | =
[ I =] i ] No o)
©) Epidural analgesia adequate? =

|
Adequate epidural pain control?
I

Pain management expected to
be sufficient with oral/IV pain

control after 3 days epidural?

Factors associated with decision making

- Age> 45 years old

- Location and number of rib fractures
- Pulmonary contusion

- Polytrauma (ISS = 16)

- Dislocation

- Need for thoracotomy

- Pulmonary perforation

- Persistent pneumothorax

Fig. 1 Clinical treatment algorithm for patients with rib fractures

Baseline characteristics

Data for the following baseline characteristics were extracted from medical records: age, sex,
American Society of Anesthesiologists (ASA) score, trauma mechanism, Injury Severity Score
(ISS), thoracic trauma severity score (TTSS), abbreviated injury scale (AIS) head, AIS face, AlS
thorax, AIS abdomen, AIS extremities, number of rib fractures, bilateral rib fractures,
concomitant injuries (pulmonary contusion, pneumothorax, hemothorax, sternum fracture)
as recorded on the admission CT scan, and first available blood pH and base excess.
Additionally, for the surgical group: duration until surgery in days, duration of surgery in
minutes, and number of surgically fixated rib fractures. The ISS is a measure (range 0 — 75) of
the severity of traumatic injury and is calculated by adding the square of the three highest
AIS scores. The AIS is a standardized anatomical-based coding system ranging from zero to
five to classify the severity of traumatic injury per body region. The AlS is registered in the
Dutch National Trauma Registry by trained data managers based on radiology reports from
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admission CT scans and medical records. The TTSS is a score (range 0 — 25) based on number
of rib fractures, pulmonary contusion, PaO,/FiO; ratio, age, and pleural involvement and
helps to predict outcome after thoracic trauma.'®*® Rib fractures, pulmonary contusion,
pneumothorax, and hemothorax were assessed on the admission CT scan.

Outcome measures

In line with previous trial reports, the primary outcome measure for patients with a flail chest
was intensive care unit length of stay (ILOS) and for patients with multiple rib fractures,
hospital length of stay (HLOS). For both patient groups, secondary outcome measures were
duration of invasive mechanical ventilation (IMV), duration of epidural analgesia, pneumonia,
need for tracheostomy and in hospital mortality. Pneumonia was defined as having clinical
signs (fever, coughing, desaturation) requiring antibiotic treatment, with or without positive
cultures. Additionally, we assessed in hospital complications after rib fixation.

Statistical analysis

All analyses were stratified by patient group, i.e., performed separately for patients with a
flail chest and patients with multiple rib fractures. Baseline characteristics were presented as
proportions for categorical variables, mean and standard deviation (SD) for normally
distributed continuous variables, and median and interquartile range (IQR) for non-normally
distributed continuous variables. Differences in distributions of baseline characteristics
between the study groups were quantified by means of standardized differences and
statistical tests (t-test for normally distributed continuous data, Mann-Whitney test for non-
normally distributed data, and Chi square test for categorical data).*®

We applied multiple imputation (25 times) to impute missing values for ASA (2.1% [7/332]),
TTSS (20% [67/332]), AlS head (0.6% [2/332]), pulmonary contusion (0.6% [2/332]), pH (9.0%
[30/332]), and base excess (9.0% [(30/332]). Multiple imputation was performed using the
mice() algorithm in R.%°

To control for potential confounding, propensity score (PS) matching was applied. To
minimize the effects of selection bias, we matched patients from the ‘operating’ center with
patients from the ‘nonoperative’ center, based on all baseline characteristics. First, a PS
model was fitted using logistic regression analysis, with rib fracture fixation as the dependent
variable, and age, sex, ASA-score, trauma mechanism, ISS, TTSS, AlS head, AIS face, AlS
thorax, AIS abdomen, AIS extremities, number of rib fractures, bilateral rib fractures,
concomitant injuries, blood pH, and base excess were included as covariates in the model.
We performed 2:1 nearest neighbor matching, with a maximum caliper of 0.2 of the standard
deviation of the logit of the PS using the Matchit() algorithm in R.2! After matching, the
balance in the distributions of baseline characteristics between the study groups were
quantified using standardized differences, where a standardized difference < 0.1 is generally
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accepted as indicating fair balance of confounders between the matched treatment groups
(i.e. successful matching).?

In the primary analysis, for patients with a flail chest, we estimated the relation between rib
fracture fixation and ILOS by means of linear regression analysis. For patients with multiple
rib fractures, we estimated the relation between rib fracture fixation and HLOS by means of
linear regression analysis. Secondary analyses focused on the relation of rib fracture fixation
with duration of IMV and duration of epidural analgesia using linear regression analysis. The
relation between rib fixation, pneumonia, tracheostomy, and in hospital mortality was
assessed by means of a logistic regression analysis.

A two-tailed p-value less than 0.05 was considered significant. All analyses were performed
using Rv3.4.1.22

Results

A total of 332 patients were available for analysis (Figure 2). The overall mean age was 56 (SD
17) years old and 257 (77%) patients were male (Table 1). Most patients were injured in a
motor vehicle accident or after a fall from height resulting on average in 8 (SD 4) rib fractures
and an overall mean ISS of 23 (SD 11).

Of the 92 patients with a flail chest, 37 (40%) had rib fixation and 55 (60%) had non-operative
treatment (Figure 2). For the flail chest population, surgically treated patients had a lower AIS
head and a higher blood pH. Among the 240 patients with multiple rib fractures, 28 (12%)
had rib fixation and 212 (88%) had non-operative treatment. In this group, surgical patients
had a significantly lower AIS head, higher AIS thorax, higher AlS abdomen, and higher number
of rib fractures (Table 1).

The median time until surgery was one day (IQR 1-2)(Table 2). The median number of
surgically fixated rib fractures for patients with a flail chest was 5 (4-6) and for patients with
multiple rib fractures was 4 (IQR 3-5). Four (6%) patients were treated with both plate
osteosynthesis and intramedullary splints; two patients with flail chest and two with multiple
rib fractures. Nine (14%) patients had a postoperative complication. Two patients had a
persistent postoperative pneumothorax and were treated with a chest tube. Two patients
developed pleural empyema requiring video assisted thoracoscopic surgery to evacuate the
empyema. One patient had a postoperative tension pneumothorax and was treated with a
chest tube. One patient had a hemothorax and required a thoracotomy to evacuate the
hematoma. One patient had excess pleural fluid and was treated with a chest tube. One
patient had a hematoma near the surgical incision and needed surgical debridement of the
old hematoma. And one patient had a deep infection near the osteosynthesis material and
was successfully treated with antibiotics.
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Fig. 2 Flowchart showing inclusion of patients for analysis.“UMCU” University Medical
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Center Utrecht; “RUMC” Radboud University Medical Center

After propensity score matching, for patients with a flail chest there was no association of rib
fixation and ILOS (Cl -13.9 — 8.5, p = 0.638) and the secondary outcome measures (Table 3).
For patients with multiple rib fractures there was no association between rib fixation and
HLOS (confidence interval [CI] -0.6 — 13.6, p = 0.074) and the secondary outcome measures

(Table 4).
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Table 2. Surgery-related characteristics and in-hospital complications

Multiple ,
) ) Flail chest

Variable rib fracture

n=28 n=37
Duration until rib fixation in days (median, IQR) 1(1-2) 1(1-2)
Duration of surgery in minutes (mean + SD) 130 (83) 148 (64)
Number of surgically-fixated rib fractures (median, IQR) 4 (3-5) 5 (4-6)
Ratio surgically-fixated ribs and total number of rib 0.54
fractures 0.50
In-hospital complications after surgical rib fixation (n, %)
Pneumothorax 0(0) 2 (5.4)
Tension pneumothorax 1(3.6) 0(0)
Pleural empyema 0 (0) 2 (5.4)
Excess pleural fluid 1(3.6) 0(0)
Infection of osteosynthesis material 1(3.6) 0(0)
Hematoma 0(0) 1(2.7)
Hemothorax 0(0) 1(2.7)
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Discussion

We compared rib fixation with nonoperative treatment for both flail chest and multiple rib
fractures. After propensity score matching, adjusting for all anticipated confounding
variables, rib fixation for a flail chest was not associated with differences in ILOS or the other
outcome measures. Neither did we find a difference in HLOS for rib fixation in patients with
multiple rib fractures, nor for the other outcome measures.

In our study there was no association between rib fixation and the primary and secondary
outcome measures as compared to nonoperative treatment for patients with a flail chest.
Three RCTs have been published on this subject. The first was from Tanaka et al. who studied
37 patients (18 surgical, 19 non-operative) with a flail chest unable to wean from mechanical
ventilation and performed surgery on average seven days after admission; they excluded
patients with severe head trauma, spinal injury, and no development of respiratory failure.?
Granetzny et al. compared 40 patients (20 surgical, 20 non-operative) with a flail chest and
performed surgery 24 to 36 hours after intensive care admission; they excluded patients with
disturbed consciousness after head trauma, fractures of the upper three ribs, and severe
associated trauma to other systems.?* Marasco et al. studied 46 patients (23 surgical, 23 non-
operative) with a flail chest who were ventilator dependent without prospect of successful
weaning within 48 hours and performed surgery on average 4.6 days after admission; they
excluded patients of 80 years old and older, spinal injury, open fractures, and a Glasgow
Coma Scale of <10 at the scene or on admission.? All three studies reported a significant
decrease in DMV and ILOS. One possible explanation for these contrasting results as
compared to our study might be the more restrictive inclusion criteria used in the
aforementioned studies. In our study, all patients with multiple rib fractures or a flail chest
were studied, including patients with head trauma or other severe injuries. Less strict
inclusion criteria will result in a more diverse patient selection and will increase the
generalizability of the results; however, it could also have diminished the effect of rib fixation
in an already heterogeneous patient group.

Interestingly, the ILOS of both the surgical (median 6 days; mean 8.9 days) and non-operative
group (median 3 days; mean 10.5 days) in our cohort were lower as compared to Tanaka et
al. (surgical:16.5; non-operative: 26.8 days), Granetzny et al. (surgical: 9.6 and non-operative:
14.6 days), and Marasco et al. (surgical: 13.5 and non-operative: 18.7 days).?>?> Also the
DMV in our entire cohort was lower as compared to the published RCTs.

In the current literature, only one study compared rib fixation with non-operative treatment
for patients with multiple rib fractures without a flail chest. In a retrospective study with 124
patients, Qiu et al. reported a significantly shorter HLOS after rib fixation for multiple rib
fractures as compared to non-operative treatment (11.1 days vs 15.9 days; p=0.013) and also
found lower pneumonia rates (4.6% vs 17%; p = 0.025).%2 Fitzgerald et al. performed a cohort
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study of patients 65 years old and older with more than one rib fracture, but did not report
the number of patients with a flail chest.'# In that study, rib fixation resulted in a decrease in
mortality and respiratory complications compared to non-operative treatment. Khandelwal
et al. presented a study with 67 patients (38 surgical, 29 non-operative) with only two
patients with a flail chest in the surgical group.?® They found a significant reduction in pain
intensity and early return to work after rib fixation.

Few studies have reported on complication rates after rib fixation. Of the published trials only
Granetzny et al. reported a complication rate of 35% including pneumonia and mortality.?*
Other complications were empyema (5%), mediastinitis (10%), wound infection (10%), and
chest wall deformity (5%). In another prospective study, Pieracci et al. reported an infection
rate of 3% after rib fixation but did not report on other complications.?’ In our study, nine
(14%) of the surgically treated patients had a postoperative complication.

The results of this study should be interpreted considering several limitations. The
retrospective design of the study might have affected the outcome measures due to the
effects of data loss and under reporting. Although a clinical algorithm was used to select
suitable patients for surgical treatment in UMCU, the final decision was made by the
attending surgeon-on-call which is a potential selection bias. Pain is the most important
indication for rib fixation in our clinical based treatment algorithm. However, due to the
retrospective design of this study, we were unable to compare pain scores and interventions
for pain treatment. Therefore, we might have missed this potential beneficial effect of rib
fixation. Instead, we used HLOS as a surrogate marker for treatment success, but this
outcome measure might have been influenced by other factors such as intensive care
treatment, ventilation modalities and logistic issues with patient transfer and could therefore
have diminished differences in treatment effect. Additionally, we did not use a scoring
system or other determinant for rib fixation other than the clinical algorithm (Figure 1).
However, we are confident to have included all the potential factors associated with decision
making in the operating center in our propensity score matched model. Finally, there is still
no good fracture classification to distinguish between fracture type and location. It is
speculated that lateral and lower rib fractures are more painful due to increased mobility of
the fracture parts. Fracture classification could influence success of rib fixation and this
should be investigated in future studies.

Even though this study is one of the largest studies reporting on this subject, the number of
included patients is still relatively small and was possibly too small to detect relatively small
yet clinically meaningful differences. Furthermore, as part of the between-hospital
comparison and due to clinical practice, there were differences in the baseline criteria
between the surgical group and the non-operatively treated group. However, using a
propensity score model, we were able to successfully match on all measured baseline
characteristics eliminating possible confounding due to measured patient characteristics. As
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with any observational study, our results are potentially biased by unmeasured confounding
(e.g. subjective indications for surgery, pain scores and fracture classification), be it that we
believe we have included most confounders in our analysis and the potential impact of
unmeasured confounding therefore seems limited.

The University Medical Hosptial Utrecht was the first hospital in the Netherlands to perform
rib fixation for patients with flail chest and multiple rib fractures. With more than seven years
of experience, rib fixation has become an established procedure with a univocal clinical-
based treatment algorithm, with its main focus on clinical signs of flail chest and pain.
Nevertheless, no benefit could be demonstrated in this population with rib fractures who
received early operative fixation in their clinical course. Therefore results of this study,
combined with the limited existing evidence and the substantial costs of surgical treatment,
emphasize the need for future studies before rib fixation is embedded or abandoned in
clinical practice, but also to identify specific patient groups who would benefit from rib
fixation. These studies should focus on optimization of the indication and describe long-term
outcome after rib fixation.
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Abstract

The randomised placebo-controlled trial (RCT) is the gold standard for the evaluation of
medical interventions. Observational studies, on the other hand, usually do not get much
credit. For studies investigating surgical interventions this does not always seem entirely
justified. A more refined approach might be needed for the often-used hierarchical structure
of research designs. Instead of a strict separation of results from RCTs and other designs,
results of the different designs should rather be regarded as complementary to each other
when evaluating surgical interventions in traumatology.

Samenvatting

De gerandomiseerde placebogecontroleerde trial (RCT) geldt als de gouden standaard voor
het evalueren van medische interventies. Observationeel onderzoek daarentegen krijgt
doorgaans minder waardering. Voor chirurgisch onderzoek lijkt dit echter niet altijd terecht
en daarom is nuancering nodig van de veelgebruikte hiérarchische structuur van
onderzoeksopzetten. In plaats van een strikte scheiding aan te brengen tussen de resultaten
van RCT’s en die van andere studieopzetten zouden we voor het evalueren van operatieve
interventies de resultaten van verschillende onderzoeksopzetten veel meer als
complementair aan elkaar moeten zien.



Added value of observational studies in surgery

De gerandomiseerde placebogecontroleerde trial (RCT) geldt als de gouden standaard voor
het evalueren van medische interventies.! Patiénten worden gerandomiseerd tussen een
interventie- en controlegroep waarbij zowel de patiént als de behandelaar wordt geblindeerd
voor de behandelkeuze. Zo ontstaan 2 vergelijkbare groepen en kunnen waargenomen
verschillen in  gezondheidsuitkomsten tussen deze onderzoeksgroepen worden
toegeschreven aan de interventie.

In observationeel onderzoek naar de effecten van medische interventies vindt geen
randomisatie plaats en is blindering niet mogelijk. Hierdoor is deze onderzoeksopzet
gevoeliger voor bias, bijvoorbeeld door confounding, en krijgt observationeel onderzoek
doorgaans minder waardering.?3

In de loop der jaren heeft zich een hiérarchie van niveaus van bewijskracht (‘levels of
evidence’) ontwikkeld waarin observationeel onderzoek ver onder de RCT wordt ingeschaald.
Toch zijn de resultaten van observationeel onderzoek vaak beter te generaliseren door de
minder strikte inclusiecriteria, zijn er meer mogelijkheden tot subgroepanalyse en is het
onderzoek makkelijker, sneller en voor minder geld uit te voeren dan een RCT.

3 typen onderzoeksvragen

Voor de evaluatie van interventies in de chirurgische kliniek kunnen 3 typen
onderzoeksvragen worden onderscheiden.*

Geneesmiddel vs. controlemiddel Type 1-onderzoek richt zich op farmacologische interventies
bij chirurgische patiénten, waarbij een bepaald geneesmiddel wordt vergeleken met een
placebo of een ander geneesmiddel. Om het risico op bias te minimaliseren is randomisatie
een vereiste; blindering van de deelnemer, de behandelaar of beiden is optioneel. Een
voorbeeld is een recente RCT waarin het effect van farmacologische tromboseprofylaxe werd
vergeleken met dat van placebo bij patiénten die een artroscopie van de knie hadden
ondergaan en bij patiénten met onderbeengips.®

Operatie vs. controleoperatie Type 2-onderzoek vergelijkt verschillende operatieve
interventies, waarbij patiénten die een bepaalde ingreep ondergaan worden vergeleken met
een controlegroep die een alternatieve operatie of een ‘sham’-operatie krijgt. Bij een sham-
operatie doorloopt de patiént hetzelfde traject als de onderzoeksgroep, inclusief anesthesie
en gelijke chirurgische incisie, maar zonder de daadwerkelijke ingreep. In tegenstelling tot
een farmacologische interventie omvat de operatieve interventie een traject van pre-, peri-
en postoperatieve handelingen. Bovendien is elke operatieve interventie een complexe
interventie, wat betekent dat de uitkomst ook afhankelijk is van de vaardigheid en expertise
van het chirurgische team. Bij type 2-onderzoek gaat het doorgaans niet om de werkzame
component van de interventie, zoals bij type 1-onderzoek wel het geval is, maar om het
volledige pakket aan handelingen. Type 2-onderzoek is minder gevoelig voor confounding als
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verwijzing naar de chirurg een willekeurig proces is en er geen aanwijzingen zijn dat de
behandelvoorkeur van de chirurg sterk onderhevig is aan patiéntkenmerken.®

Operatie vs. geen operatie Type 3-onderzoek vergelijkt een operatieve nterventie met een
niet-operatieve interventie, bijvoorbeeld operatie versus conservatief beleid bij patiénten
met een fractuur. Net als bij type 2-onderzoek is de operatieve interventie complex. Maar
type 3-onderzoek heeft mogelijk een groter risico op confounding dan type 2-onderzoek
doordat de patiéntkenmerken een grotere invloed kunnen hebben op het besluit tussen een
operatie of conservatief beleid.

RCT in chirurgie

Voor het minimaliseren van confounding is het belangrijk 2 gelijkwaardige groepen te
vormen door het willekeurig toewijzen van behandelingen aan de patiénten (randomiseren).
Dit is mogelijk in trials met een relatief laagcomplexe interventie, zoals het toedienen van
medicatie (type 1-trials).

Een operatie is per definitie een hoogcomplexe handeling, waarbij een goed resultaat
afhangt van de expertise van het chirurgische team. Afhankelijk van hoe er wordt
gerandomiseerd kan een situatie ontstaan waarin een chirurg een complexe handeling moet
uitvoeren die minder binnen zijn expertise valt doordat een alternatieve behandeling de
standaard is in zijn praktijk. Dit bemoeilijkt een eerlijke vergelijking van verschillende
interventies. Gekoppeld aan technische expertise hebben chirurgen vaak een sterke
behandelvoorkeur ontwikkeld, waardoor er onder hen weinig animo kan zijn voor deelname
aan een RCT waarin zij verschillende operatieve behandelingen zullen moeten toepassen.*’
Een alternatief is het randomiseren van patiénten naar behandelaars, die vervolgens alle aan
hen toegewezen patiénten opereren met de techniek waarin zij het bekwaamst zijn.

Ook patiénten kunnen een sterke voorkeur hebben voor een bepaalde behandeling en willen
daarom niet dat de keuze voor een behandeling afhangt van toeval (randomisatie). Dit geldt
met name voor type 3-trials omdat de beide behandelopties enorm verschillen en de
chirurgische interventie onomkeerbaar is. Dit maakt patiéntvoorkeur een belangrijk obstakel
voor chirurgische RCT’s.*® Een voorbeeld hiervan is een type 3-RCT waarin fractuurfixatie van
proximale humerusfracturen werd vergeleken met een conservatief beleid, maar waaraan
meer dan de helft van de gevraagde patiénten weigerde deel te nemen.®

In een chirurgische RCT kan het blinderen van een patiént lastig zijn. Een oplossing hiervoor is
de eerdergenoemde sham-operatie. Dit type operatie kent ethische bezwaren, omdat het
gepaard gaat met operatierisico’s voor een patiént zonder dat daar mogelijk gunstige
effecten tegenover staan. Bovendien is het de vraag of het onderzoek zich richt op een
specifieke werkzame component — waarbij blindering noodzakelijk lijkt — of dat er 2
verschillende strategieén worden vergeleken, inclusief de effecten die het gevolg zijn van
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kennis over de gevolgde strategie — waarbij blindering juist overbodig is. Het is wenselijk de
beoordelaar van de uitkomstmaat wel te blinderen, om op die manier het risico op
zogenaamde beoordelaarsbias (‘observer bias’) te minimaliseren.

Tot slot is het uitvoeren van gerandomiseerd onderzoek met klinische patiénten duur en zijn
middelen vaak slechts in beperkte mate beschikbaar. Hierdoor is de follow-upduur in RCT’s
vaak beperkt vergeleken met bijvoorbeeld retrospectief observationeel onderzoek.

Observationeel onderzoek in chirurgie

Observationele studies binnen de chirurgie zijn waardevol voor de evaluatie van gunstige
effecten van operatieve behandelingen en het in kaart brengen van complicaties. De
inclusiecriteria van observationeel onderzoek zijn minder selectief dan die van RCT’s en
daardoor zijn de patiéntencohorten groter en representatiever. Dit betekent dat de
resultaten van observationeel onderzoek doorgaans meer van toepassing zijn op de
dagelijkse praktijk. Een groter aantal patiénten geeft ook meer inzicht in zeldzame
uitkomsten en biedt de mogelijkheid tot subgroepanalyses. Vanzelfsprekend valt of staat de
waarde van de resultaten van een observationele studie, net als bij een RCT, met de kwaliteit
van de gegevens en een juiste vraagstelling.

Het belangrijkste nadeel van observationeel onderzoek is de gevoeligheid voor bias. Dit risico
op bias maakt dat bijvoorbeeld een type 1-onderzoeksvraag vrijwel altijd moet worden
beantwoord met een RCT.

Type 2- en type 3-onderzoeksvragen bieden meer plaats voor observationeel onderzoek. Dit
wordt ondersteund door een recente meta-analyse naar 2 operatieve behandeltechnieken,
plaatfixatie en intramedullaire fixatie, bij patiénten met een midschacht-claviculafractuur
waarin zowel de resultaten van RCT’s als die van observationeel onderzoek werden
meegenomen; dit is dus type 2-onderzoek.’® Voor de primaire uitkomstmaat, die bestond uit
‘non-union” en heroperatie, liet observationeel onderzoek inderdaad hetzelfde
behandeleffect zien als de RCT’s (tabel 1).1° Uit een andere meta-analyse naar operatief
versus conservatief beleid (type 3-onderzoek) bij patiénten met een midschacht-
claviculafractuur kwam ook naar voren dat observationeel onderzoek tot dezelfde resultaten
leidt als RCT’s (tabel 2).1

De meerwaarde van observationeel onderzoek blijkt uit een analyse naar een minder harde
uitkomstmaat als terugkeer naar werk. Waar de RCT’s te klein waren om harde conclusies te
kunnen trekken met betrekking tot deze uitkomstmaat, bevatten de observationele
onderzoeken voldoende deelnemers om een gunstig effect van operatief ingrijpen op
terugkeer naar werk te kunnen concluderen. Dit laat de toegevoegde waarde van
schaalvergroting zien door inclusie van observationeel onderzoek, terwijl invioeden van bias
minimaal lijken te zijn. Zoals gezegd is het voor observationeel onderzoek naar chirurgische
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interventie bij traumatologiepatiénten van belang dat de verwijzing naar de chirurg een
willekeurig proces is en er geen aanwijzingen zijn dat de behandelvoorkeur van de chirurg
sterk beinvloedt wordt door patiéntkenmerken. Wanneer niet aan beide voorwaarden wordt
voldaan, is er een groot risico op bias en daardoor op verkeerde effectschattingen.

Een voorbeeld hiervan is de vergelijking van de plaatsing van een prothese versus
osteosynthese bij patiénten met een heupfractuur. Observationeel onderzoek overschatte
het mortaliteitsrisico na behandeling met een prothese met 40% vergeleken met RCT’s.? In
de observationele onderzoeken kozen chirurgen echter sneller voor een prothese bij
zwakkere en oudere patiénten, wat een deel van dit gevonden effect verklaart.

Tot slot

Waarom hebben we observationeel onderzoek nodig voor de evaluatie van operatieve
behandelingen? De relatief lage kosten en praktische uitvoerbaarheid van dit type onderzoek
maken het mogelijk naar de lange-termijnuitkomsten van grote representatieve groepen of
subgroepen van patiénten te kijken, terwijl het risico op confounding voor type 2- en type 3-
onderzoek relatief klein kan zijn.

Eén aspect hebben we echter nog niet benoemd en dat is het vakmanschap dat nodig is om
te opereren en de creativiteit die ontwikkeling van nieuwe chirurgische technieken en
behandelmethoden mogelijk maakt. De creativiteit die sommige chirurgen bezitten laat zien
wat er allemaal mogelijk is. Dat is niet te vangen in een RCT, maar wel in observationeel
onderzoek. De techniek en vaardigheid van de chirurgen die deelnemen aan RCT’s zijn niet
altijd representatief voor de vaardigheden van chirurgen in de dagelijkse praktijk. De
vertaalslag van de resultaten van een RCT naar de dagelijkse praktijk valt daardoor niet altijd
goed te maken.

Voor het evalueren van operatieve interventies zit de kracht in het combineren van de
resultaten van RCT’s én observationeel onderzoek. In plaats van een strikte scheiding aan te
brengen tussen de resultaten van verschillende onderzoeksopzetten zouden we voor het
evalueren van type 2- en type 3-interventies de resultaten van observationeel onderzoek en
die van RCT’s veel meer als complementair aan elkaar moeten zien.



Added value of observational studies in surgery

TABEL 1 Resultaten van meta-analyse naar risico op grote re-interventie na behandeling voor midschacht-claviculafractuur met plaatfixatie of

plaatsing van intramedullaire pen (type 2 onderzoek)"

plaat pen
studie of subgroep re-interventie;  totaal; re-inter- totaal; gewicht; OR(95%-Cl)
n n ventie;n n %

cohort

Bohme 6 53 1 20 8,2 2,43 (0,27-21,5) —_—T

Fu 3 50 4 53 231 0,78 (0,17-3,68) —_—

Jones 0 24 1 25 9,1 0,33 (0,01-8,59)

Kleweno 1 18 1 14 6,7 0,76 (0,04-13,4)

Lee 2008 2 32 0 56 2,1 9,26 (0,43-199) 4

Narsaria 2 34 1 32 6.1 1,94 (0,17-22,5)

Saha 1 37 0 34 3,2 2,84(0,11-72,0)

Tarng 0 32 0 25

Thyagarajan 0 17 0 17

Wenninger 0 29 0 33

Wijdicks 5 43 1 47 54 6,05 (0,68-54,1) - -

subtotaal 20 369 9 356 64,0 1,86 (0,87-4,00) ‘

heterogeniteit: x* 4,94, df =7 (p = 0,67); 1% 0%

test voor totaal effect: 7: 1,60 (p =0,11)

RCT

Andrade 0 33 1 26 10,4 0,25(0,01-6,49) 4

Assobhi 2 19 0 19 2,8 5,57 (0,25-124) b

Ferran 0 15 1 17 8,7 0,35(0,01-9,38)

Lee 2007 3 30 0 32 2,7 8,27 (0,41-167) 4

Van der Meijden 4 58 2 62 11,4 2,22 (0,39-12,6) e e ——

Zehir 0 21 0 24

subtotaal 9 176 4 180 36,0 1,92 (0,70-5,25) ’

heterogeniteit: - 3,90, df =4 (p = 0,42); I 0%

test voor totaal effect: 7: 1,27 (p = 0,21)

totaal 29 545 13 536 100 1,88 (1,02-3,46) ‘

heterogeniteit: x% 8,85, df = 12 (p = 0,72); 1% 0%

test voor totaal effect: 7: 2,04 (p = 0,04)

test voor subgroepverschil: *: 0,00, df =1 (p = 0,97); I: 0% | I i |
0,01 0,1 1 10 100

OR = oddsratio.

ten faveure van plaat

ten faveure van pen
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TABEL 2 Resultaten van meta-analyse naar risico op non-union na behandeling voor midschacht-claviculafractuur met osteosynthese of

conservatief beleid (type 3 onderzoek)”

operatie conservatief

studie of subgroep non-union; totaal; non-union; totaal;  gewicht; OR (95%-BI)

n n n n %
cohort
Althausen 0 66 4 83 4,0 0,13 (0,01-2,51) 4
Bohme 0 73 1 47 33 0,21(0,01-5,29) 4
Daniilidis 0 81 9 70 4,2 0,04 (0,00-0,70) $——m—m——
Grassi 2 40 0 40 3,7 5,26 (0,24-113) b
Jones 1 49 7 41 75 0,10 (0,01-0,86) e
Jubel 0 20 2 20 36 0,18 (0,01-4,01) ¢ -
Khorami 2 35 4 30 11,0 0,39 (0,07-2,32) ———
Kulshrestha 0 45 8 28 41 0,03 (0,00-0,48) 4——--
Smekal 0 60 6 52 4,1 0,06 (0,00-1,08) 4
Thyagarajan 1 34 3 17 6,3 0,14(0,01-1,48)
Van der Ven 1 39 3 58 6,5 0,48 (0,05-4,82)
subtotaal 7 542 47 486 82 0,19(0,09-0,40) <
heterogeniteit: Tau’: 0,00; x*: 9,86, df = 10 (p = 0,45); I*: 0%
test voor totaal effect: 7: 4,28 (p < 0,001)
RCT
TS 2 62 7 49 13,1 0,20 (0,04-1,01) —_—
Chen 0 30 3 30 3,8 0,13(0,01-2,61) 4 -
Judd 1 29 1 28 43 0,96 (0,06-16,2)
Melean 0 35 4 41 39 0,12(0,01-2,26) 4
Mirzatolooei 1 26 1 24 43 0,92 (0,05-15,6)
Robinson 1 86 16 92 8,3 0,06 (0,01-0,43) 4————
Virtanen 0 26 6 25 4,0 0,06 (0,00-1,07) 4
Witzel 0 35 0 33
subtotaal 5 329 38 322 418 0,17 (0,07-0,43) . =
heterogeniteit: Tau™ 0,00; x: 4,81, df = 6 (p =0,57); I 0%
test voor totaal effect: 2: 3,78 (p < 0,001)
totaal 12 871 8 808 100 0,18 (0,10-0,33) <&
heterogeniteit: Tau”: 0,00; x: 14,66, df = 17 (p = 0,62); 1": 0% | i i |
test voor totaal effect: 2: 5,71 (p < 0,001) 0,01 0,1 10 100

test voor subgroepverschil: ’: 0,01, df = 1(p = 0,90); I’ 0%

OR = oddsratio; COTS = Canadian Orthopaedic Trauma Society.

operatie

ten faveure van

ten faveure van
conservatief beleid
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Abstract

Background

There is no consensus on the choice of treatment for displaced proximal humerus fractures in
older (> 65 years) patients. The aim of this systematic review and meta-analysis was (1) to
compare operative with nonoperative management of displaced proximal humeral fractures
and (2) to compare effect estimates obtained from randomized controlled trials (RCT) and
observational studies.

Methods

The databases of MEDLINE, Embase, CENTRAL, and CINAHL were searched on September 5th
2017 for studies comparing operative versus nonoperative treatment of proximal humerus
fractures; both RCTs and observational studies were included. The MINORS criteria, a
validated instrument for methodological quality assessment, were used to assess study
quality. The primary outcome measure was physical function as measured by the absolute
Constant-Murley score after operative or nonoperative treatment. Secondary outcome
measures were major reinterventions, nonunion, and avascular necrosis.

Result:

Twenty-two studies were included; seven RCTs and 15 observational studies, resulting in
1743 patients total: 910 treated operatively and 833 nonoperatively. The average age was
68.3 years, and 75% were female. There was no difference in functional outcome between
operative and nonoperative treatment with a mean difference of -0.87 (Cl, -5.13 — 3.38;
P=0.69; 12=69%). Major reinterventions occurred more often in the operative group. Pooled
effects of RCTs were similar compared to pooled effects of observational studies for all
outcome measures.

Conclusions

We recommend nonoperative treatment for the average elderly (aged >65 years) patient
with a displaced proximal humerus fracture. Pooled effects of observational studies were
similar to those of RCTs and including observational studies led to more generalizable
conclusions.



Review of operative vs. conservative treatment of proximal humerus fractures

Introduction

The proximal humerus fracture is the third most common fracture seen in the elderly with an
incidence of 82 per 100,000 person years with an annual increasing rate of 13.7% per year
over the last 33 years.!™ The typical patient is a female aged 65 or over.* Nearly 75% of
patients are treated nonoperatively, and one out of five will undergo surgery depending on
fracture type and displacement.®

Depending on related factors such as patient age, activity and fracture pattern, operative
treatment options include minimally invasive reduction and intramedullary fixation, open
reduction and internal plate fixation (ORIF) or arthroplasty of the glenohumeral joint.
Nonoperative treatment usually starts with immobilization followed by passive and active
rehabilitation.> Despite the fact that the available literature is inconclusive regarding the
superiority of either treatment option, it is common practice to attempt joint saving
operative procedures in younger patients.>® Additionally, there is no consensus whether
surgery is beneficial for the older patient with a displaced proximal humerus fracture.

There is increasing scientific evidence which demonstrates that meta-analyses of both high
quality observational studies and RCT’s can be similar in value to meta-analyses of RCTs alone
in the field of orthopedic trauma surgery.’~*° Observational studies may give better insight
into infrequent outcome measures, rare complications, and small effects of operative
treatment, while also increasing generalizability of the results due to an increase in patient
numbers available for (meta-) analysis.

The aim of this systematic review and meta-analysis is (1) to compare operative versus
nonoperative treatment of displaced proximal humeral fractures and (2) to compare effect
estimates obtained from RCTs and observational studies. We hypothesized that (1) operative
treatment for proximal humerus fractures does not improve functional outcome as
compared to nonoperative treatment and (2) including observational studies in this meta-
analysis will lead to more robust conclusions without decreasing quality of the results.

Methods

This systematic review and meta-analysis followed guidelines published by PRISMA and
MOOSE.*? These checklists aim to improve the reporting of systematic reviews and meta-
analyses for RCTs and observational studies, respectively.

Search Strategy and Eligibility Criteria

Two reviewers (RBB, YO) independently searched MEDLINE, Embase, CENTRAL, and CINAHL
databases on September 5%, 2017, for studies comparing operative and nonoperative
treatment of proximal humerus fractures. The search syntax is provided in Appendix 1. Both
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RCTs and observational studies were included. After screening title and abstract of identified
records, studies were independently assessed based on full-text. Eligibility criteria were
proximal humerus fracture; operative versus nonoperative treatment; reporting of functional
outcomes, and complications. Exclusion criteria were language other than English, Dutch, or
German; no availability of full-text; inclusion of patients younger than 18 years old; letters,
meeting proceedings, and case reports; external osteosynthesis as operative treatment.
Disagreement over eligibility was resolved by discussion with a third reviewer (RMH).
References of included studies were screened for eligibility, and citation tracking was
performed by using Web of Science to identify articles not found in the original search.
Authors were approached via ResearchGate when no full-text version of the paper was
available.

Data Extraction

Data extraction was done independently by two reviewers (RBB, YO) with a data extraction
file. The following data were extracted: first author, journal, year of publication, study period,
study design, country/countries in which the study was/were performed, fracture
displacement, fracture classification system (Neer classification), follow-up, treatment
groups, operative treatment, nonoperative treatment, number of patients, loss to follow-up,
implant removal, and outcome measures. Definitions of fracture characteristics, such as
displacement, were applied according to the description in the original study. Major
reintervention was defined as an additional, initially unplanned, surgery for implant failure,
deep infection, symptomatic nonunion, subacromial impingement, or avascular necrosis.
Planned implant removal was not considered a major reintervention. Fjalestad et al. reported
additional follow up of previously published date which were merged with the original article
for this meta-analysis.*>*

Quality Assessment

Two reviewers (RBB, HF) independently assessed the methodological quality of all included
studies with the Methodological Index for Non-Randomized Studies (MINORS).* The MINORS
is a validated instrument for methodological quality assessment and clear reporting of
observational studies of surgical interventions.'> Other quality assessment tools focus on a
specific study design, while the MINORS is externally validated on RCTs by comparison with
the CONSORT statement, making it a suitable instrument for meta-analyses of different study
designs. The MINORS score ranges from O — 24; a higher score represents better
methodological quality. Further details on the MINORS criteria and scoring system are
provided in Appendix 2. Disagreements were resolved by involving a third reviewer (RMH).

Outcome Measures

The primary outcome measure was physical function as measured by the absolute Constant-
Murley'® score at least one year after initialization of either treatment. Normalized (sex and
age adjusted) Constant-Murley scores were converted to absolute Constant-Murley scores
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using normal population-based values.!” Secondary outcome measures were major
reinterventions, nonunion, and avascular necrosis. If available, other functional outcome
measures, such as the American Shoulder and Elbow Surgeons Shoulder Score®® or the Neer
score®®, were extracted as well.

Statistical Analysis

Statistical analyses were performed using Review Manager (RevMan, Version 5.3.5.
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). All continuous
variables were converted to means and standard deviations (SD) when sufficient information
was available using methods described in the Cochrane Handbook for Systematic Reviews of
Interventions.?°

All analyses were performed stratified by study design (i.e., RCTs and observational studies
separately) as well as including both designs. Outcomes reported by two or more studies
were pooled in a meta-analysis. Pooled effects of operative versus nonoperative treatment of
dichotomous outcome measures were presented as risk ratios with confidence intervals (Cl)
using the Mantel-Haenszel method.?° Pooled effects of continuous outcome measures were
presented as mean differences with Cl using the inverse variance weighting method.?°
Heterogeneity between studies was assessed by visual inspection of the forest plots and by
estimating statistical measures for heterogeneity, i.e., the |2 statistic and the Chi-square test.
The main quantitative assessment of heterogeneity was the |2 statistic where the following
interpretation was used: 0% to 40% might not be important; 30% to 60% may represent
moderate heterogeneity; 50% to 90% may represent substantial heterogeneity; and 75% to
100% considerable heterogeneity.?’® When heterogeneity was present a random-effects
models was used instead of a fixed-effects model. Inspection of a funnel plot of the primary
outcome measure against its standard error was done to detect potential publication bias.

Sensitivity Analyses

Several sensitivity analyses were performed for study quality, year of publication,
osteosynthesis by (locking) plate fixation and arthroplasty, and Neer classification. For the
analysis of study quality only studies with an arbitrarily chosen MINORS score of 16 or higher
were included, similar to previously published meta-analyses in orthopaedic trauma surgery
studying both study designs.®?! To assess the influence of the period in time in which the
study was performed (and consequently, development of different operative techniques),
only studies published after 2005 were included in a separate analysis. Since the locking plate
is the most commonly used type of osteosynthesis, another sensitivity analysis was
conducted with studies where at least 80% of patients was treated with a locking plate.
Furthermore, a sensitivity analysis was done for all studies in which arthroplasty was the
operative intervention. Finally, to explore the impact of fracture type on the functional
outcome, a sensitivity analysis was performed including only Neer 3-part and 4-part
fractures.
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Different methods of meta-analysis may be differentially sensitive to studies with zero events
on one or both study arms. Therefore, a sensitivity analysis to the choice of method of
analysis was performed by means of the DerSimonian Laird method with correction and the

inverse variance with and without correction for zero event data.?2

Results

Figure 1 shows a flowchart of the literature search. In the end, 22 studies were
included.*131423-42 There were seven RCTs and 15 observational studies, of which nine were
retrospective, four prospective, and two a combination of retrospective and prospective

design.
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Quality Assessment

The MINORS score for all included studies ranged from 12 to 22 with a median of 17.5 (IQR
14-21). The MINORS score ranged from 16 to 22 with a median of 21 (IQR 21-22) for RCTs
and from 12 to 21 with a median of 16 (IQR 14-18) for observational studies. Study-specific
MINORS scores are provided in Appendix 3. The MINORS criteria for unbiased assessment of
study end-points and prospective calculation of study size were rarely met.

Baseline characteristics of study participants

Details of the included studies and patients are provided in Table 1. The 22 studies included a
total of 1743 patients for meta-analysis: 910 treated operatively and 833 nonoperatively. The
weighted average age was 68.3 years, and 75% were female. Follow-up ranged from 12 to 86
months.

All studies but one included displaced proximal humerus fractures in their study. The majority
of the included studies excluded patients with pathological fractures, open fractures,
fractures of the skeletally immature, and other sustained injury to the affected side. Most
studies (n=18, 82%) used the Neer classification and included patients with a Neer 2,3 or 4-
part proximal humerus fracture. In seven studies at least 80% of patients were treated with a
locking plate.!3142527,33354L42 Eoyr studies investigated arthroplasty; three hemiarthroplasty
and one reverse shoulder arthroplasty??393234 three studies assessed proximal humeral
nails*?%3%, and eight studied fixation by means of Kirschner wires, screws, tension band, or a
combination of techniques.

Functional Outcome

Fourteen studies (64%, n=817) reported the Constant-Murley score after at least one year of
follow-up (Appendix 4).131437,39,40,42,2325-28,32=34 |n natjents with a proximal humerus fracture,
the functional outcome as measured by the Constant-Murley score showed no difference in
operative versus nonoperative treatment with a mean difference of -0.87 (Cl, -5.13 — 3.38;
P=0.69; 1°=69%)(Figure 2). Pooled effects of RCTs were similar to those of observational
studies for all outcome measures (Figure 1 and Table 2). Figure 3 shows a funnel plot of the
mean difference and standard error of the included studies using the Constant-Murley score;
there was no important asymmetry observed.

For studies that did not use the Constant-Murley score, we performed additional analysis
with the standardized mean difference of different functional outcome measures which
yielded the same result as the primary analysis (SMD -0.06; ClI, -0.25 — 0.12; P=0.52;
12=53%)(Appendix 5). Seven studies (n=327) reported functional outcome of patients treated
with a Neer 3-part or 4-part fracture.'#?82931734 Forty-three percent of patients with Neer 4-
part fractures were initially treated with arthroplasty (Table 1). A subgroup analysis of these
studies showed no difference in standardized mean difference of functional outcome
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measures between operative and nonoperative treatment with a mean difference of 0.02 (Cl,
-0.20 — 0.24; P=0.86; 1>=0%)(Appendix 6).
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Operative Nonoperative Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 Observational studies
Blonna 2009 72 254 32 582 254 25 55% 13.80[0.51,27.09]
Broek vd 2007 67.1 11.8 23 814 975 18  9.1% -14.30[-21.09,-7.51] e SR
Hageman 2016 63.3 35.2 33 875 352 33 41% -2420[41.18,-722) v
Hauschild 2013 742 13 103 743 99 26 10.5% -0.10 [-4 .66, 4 48] -_r
Innocenti 2013 565 524 23 52 9.03 19 105% 4.50 [-0.09, 9.09] ——
Kollig 2003 7221 219 13 B2 1586 9  47%  -D.90[-2524, 544]
Lange 2018 723 18 41 72 19 41 84% 0.30 [-7.71, 8.31] e
Okike 2015 58 16.9 25 597 175 22 7.3% -1LT70[-11.57, 817 —_—1
Tamimi 2015 651 19 BB 572 127 25 94%  7.90[153,14.27] —_—
Subtotal (95% CI) 381 216 69.4%  -1.50 [-7.33, 4.33] e
Heterogeneity: Tau? = 56.90; Chi* = 40.29, df = 8 (P < 0.00001); I = B0%
Test for overall effect: Z = 0.50 (P = 0.61)
1.1.2RCT
Boons 2012 64 158 23 60 17.6 24 T4%  4.00[-5.55 13.55] ———
Flalestad 2012-14 518 306 23 532 268 19 4.0% -140[-18.77,15.87]
Olerud HA 2011 48.3 16.4 24 496 205 25 T0% -1.30 [-11.67,9.07] —_——
Olerud LP 2011 61 19.2 27 584 231 26 64% 2.60 [-8.86, 14.06] =
Zyto 1997 60 19 14 65 15 15 59% -5.00[-17.52,7.52] [
Subtotal (95% CI) 111 109  30.6% 0.40 [-4.76, 5.56] By
Heterogeneity: Tau® = 0.00; Chi* =155, df =4 (P =0.82), F=0%
Test for overall effect: Z = 0.15 (P = 0.88)

Total (95% CI) 492 325 100.0%  -0.87 [-5.13, 3.38] *

g .

Heterogeneity: Tau® = 39.60; Chi* = 41.84, df = 13 (P < 0.0001); I* = 69%
Test for overall effect: Z = 0.40 (P = 0.69)
Test for subaroun differences: Chi*= 0.23. df =1 (P = 0.63). F=0%

4 e
T ¥ 1 L) 1
-20 -10 o] 10 20
Favours Nonoperative Favours Operative

Figure 2. Functional outcome as measured with the Constant-Murley score in a systematic
review of proximal humerus fractures comparing operative to nonoperative treatment
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Figure 3. Funnel plot of studies included in a meta-analysis reporting Constant-Murley scores
after operative or nonoperative treatment of proximal humerus fractures. (MD mean
difference; SE standard error)

Major reinterventions

Fifteen studies (68%, n=938) reported on major reinterventions (Appendix 4).131434-36,3%-
41,23,25,2730,32,33 Two studies had no major reintervention in either treatment arm at follow-up.
Major reinterventions occurred more often in the operative group than the nonoperative
group with a risk ratio (RR) of 2.72 (Cl, 1.71 — 4.34; P < 0.0001; 1°=0%)(Appendix 7). Utilizing
different methods of incorporating studies in the meta-analysis with zero event data in one
or both arms yielded similar results (Appendix 8). Implant removal was reported in 10 studies
(45%). The mean percentage of implant removal across studies was 21% (range 0 — 100%).
When stratified by study design, observational studies showed a greater risk for major
reinterventions in the operative treatment group compared to the nonoperative group (RR
5.43; Cl 2.51 — 11.74; P < 0.0001; 1°=0%)(Table 2). Five studies specified their reinterventions
for nonoperatively treated patients: four patients received arthroplasty for displacement and
malunion, two patients received ORIF for displacement, and two patients received

acromioplasty for impingement complaints.
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Nonunion

Thirteen studies (59%) reported on nonunion (Appendix 4). Operative treatment of proximal
humerus fractures resulted in fewer nonunions compared to nonoperative treatment with a
RR of 0.45 (Cl, 0.23 — 0.89; P=0.02; 1°=0%)(Appendix 9). When stratified by study design, both
subgroups showed a similar, non-significant, pooled effect (Table 2).

Avascular necrosis

Thirteen studies (59%) reported on avascular necrosis (Appendix 4). There was no difference
in the rate of avascular necrosis between operative and nonoperative treatment for proximal
humerus fractures with a RR of 1.24 (Cl, 0.87 — 1.77; P=0.24; 1°=24%)(Appendix 10). When
stratified by study design, observational studies showed a higher risk of avascular necrosis for
the operative group compared to the nonoperative group (RR 1.93; Cl 1.11 — 3.37; P=0.02;
12=9%)(Table 2).

Sensitivity Analysis
Sensitivity analysis did not significantly alter the primary and secondary outcome measures
(Table 2).

Discussion

In this systematic review and meta-analysis of patients with displaced proximal humerus
fractures, there was no difference in physical function as measured with the Constant-Murley
score after operative or nonoperative treatment. Subgroup analysis for Neer 3-part or 4-part
fractures neither showed differences in functional outcome. Results of the primary and
secondary outcome measures were similar from the pooled effects of RCTs and observational
studies. There was a higher risk for major reinterventions and a lower risk of nonunion after
operative treatment compared to nonoperative treatment. This the largest meta-analysis in
the current literature by including both RCTs and observational studies.

Compared to nonoperative treatment, there is no improved functional outcome after
operative treatment for displaced proximal humerus fractures, which confirms findings from
previous meta-analyses.®*® A recent systematic review of displaced proximal humerus
fractures is based on only 7 RCTs with just over 500 patients.® With a total of 250 patients,
the PROFHER trial represents the most substantial evidence currently available.3®
Demographic patient characteristics of the PROFHER trial are comparable to the included
studies in this meta-analysis (Table 1). However, only 4.4% of patients in the PROFHER trial
suffered a Neer 4-part fracture compared to 21% of patients in this meta-analysis. Therefore,
compared to previous, smaller magnitude meta-analyses, this review contributes
substantially to the current evidence and enables recommendations for a broader patient
population. Furthermore, this is the first meta-analysis in which subgroup analysis for Neer 3-
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part and 4-part fractures was possible and showed no differences in operative versus
nonoperative treatment.

This review showed similar pooled effects of observational studies and RCTs for the primary
and secondary outcome measures. This finding is similar to previous meta-analyses in
orthopaedic trauma surgery including both study designs.” %44 As such, this review speaks to
the growing potential of observational studies in orthopedic trauma surgery and contributes
to the expanding discussion about the value of different study designs.*

In this review, the major reintervention rate included every additional surgery except for
implant removal because of patient preference, implant-related irritation, or a stiff shoulder.
Therefore, the major reintervention rate in this review is a surrogate marker for severe
complications (e.g. implant failure, deep infection, nonunion, impingement, or avascular
necrosis) after operative and nonoperative treatment of displaced proximal humerus
fractures. This is the first review to show significantly more severe complications requiring
surgical re-intervention after operative treatment of displaced proximal humerus fractures.
These procedures add up to the additional surgery for implant removal for 21% of the
patients for a less serious indication.

Another new finding is the higher risk of nonunion for nonoperatively treated patients. RCTs
and observational studies alone were not able to detect a significant difference in this
outcome. This demonstrates the added value of increasing study power by including
observational studies in order to detect rare outcomes. It is important to note that this
difference is supported by the sensitivity analysis including only high-quality RCTs and
observational studies (Table 2).

This review found no difference in the rate of avascular necrosis between the nonoperative
and operative management. However, it should be noted that three of the 15 studies
reporting on avascular necrosis had a follow-up of 12 months while avascular necrosis can be
detected up to two years of follow-up. For this outcome measure, the pooled effect of
observational studies was significantly different than the pooled effect of RCTs. However, in
the sensitivity analysis with high quality studies, this contrasting result did not yield and
pooled effects of both study designs were similar again. This demonstrates the importance of
evaluating the quality of the included studies (Table 2). Therefore, including a study in a
meta-analysis should be based on the quality of the study regardless of the study design.**
Generally, RCTs will be of higher quality and thus included for analysis, however, a high
quality observational study should be chosen over a low quality RCT.

The results of this systematic review and meta-analysis should be interpreted in the light of
several limitations. First, the results of the meta-analysis may be influenced by missed studies
in the database search or by publication bias. However, an extensive search was performed
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using multiple databases, and the citations and references of included studies were also
screened. Furthermore, a funnel plot of the primary outcome measure did not suggest
possible bias due to selective publication. Second, results of observational studies are more
heterogeneous than those of RCTs in the meta-analysis of the Constant-Murley score. Still, it
should be noted despite heterogeneity in mean differences of the observational studies, the
observed effects all are within a range of the Constant-Murley score which is clinically
nonimportant.*® Third, in the analysis of functional outcome, we did not distinguish between
12 or more than 12 months of follow-up since prior studies have shown the greatest increase
in functional outcome takes place in the first six months and no significant improvement is to
be expected after 12 months.#14323335 Thjs is further supported by an additional sensitivity
analysis that showed no differences in functional outcome at 12 months and at 24 or more
months. Fourth, the Neer classification for proximal humerus fractures is the most frequently
used classification system in the literature even though it has been considered to have
important limitations. However, no other system for evaluating these fractures is consistently
more reliable than the Neer classification.*’ Fifth, The majority of the included studies are
European and only three studies described patients from Northern America, let alone other
continents. However, subgroup analyses revealed no differences for the primary and
secondary outcome measures between these continents (data not shown). Finally, it should
be noted that the majority of studies in this review excluded patients with pathological
fractures, open fractures, fractures of skeletal immature patients, and other sustained
injuries to the affected arm. As a result, recommendations from this review are not
applicable to these patients.

Although we acknowledge the vast amount of existing systematic reviews on this
topic®434849 e feel that the several unique qualities of this meta-analysis contribute to the
existing knowledge. Strengths of this study include the consistent results of the different
sensitivity analyses for time of publication, type of osteosynthesis, and arthroplasty.
Furthermore, by including observational studies in addition to the highly selective patient
population of RCTs, the analyzed patients may be more representative of patients
encountered in daily clinical practice and also improve generalizability of our results. We also
demonstrated that findings were consistent across study designs with respect to different
outcome measures. Although no subgroup analysis could be performed on elderly patients >
65 years old, the mean age of all patients in this review was 68 years old with a relatively
small standard deviation for the majority of the included studies; therefore, we feel confident
that recommendations from this review apply to the average elderly patient. Finally, this is
the largest meta-analysis in the literature with the highest number of patients available for
analysis of proximal humerus fractures.
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Conclusions

We recommend nonoperative treatment for the average elderly patient (aged >65 years)
with a displaced proximal humerus fracture. Pooled effects of observational studies were
similar to those of RCTs, and the inclusion of observational studies improves the

generalizability of findings.
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Appendices

Appendix 1. Search Syntax
Date of search: March 30t 2017
e Searchstring PubMed/MEDLINE (n= 660)

(Humeral  Fractures[MeSH Terms] OR Shoulder FracturesiMeSH Terms] OR
((humeral[Title/Abstract] OR humerus[Title/Abstract] OR humeri[Title/Abstract] OR
humor(Title/Abstract]  OR  (upper|[Title/Abstract] AND  arm[Title/Abstract]  AND
bone[Title/Abstract]) OR (upperarm[Title/Abstract] AND bone[Title/Abstract])) AND
fractur*[Title/Abstract])) AND (proximal[Title/Abstract] OR sub-capital[Title/Abstract] OR
subcapital[Title/Abstract] OR neck[Title/Abstract]) AND (surgery[subheading] OR Fracture
Healing[MeSH Terms] OR Fracture Fixation[MeSH Terms] OR Surgical Procedures,
Operative[MeSH Terms] OR orthopedics[MeSH Terms] OR orthopedics[Title/Abstract] OR
orthopaedics[Title/Abstract] OR orthopedic[Title/Abstract] OR orthopaedic[Title/Abstract] OR
surgery[Title/Abstract] OR  surgical[Title/Abstract] OR  operative[Title/Abstract] OR
operate[Title/Abstract] OR operating[Title/Abstract] OR operated|[Title/Abstract] OR
operation[Title/Abstract]) AND (conservative[Title/Abstract] OR conventional[Title/Abstract]
OR non-operative[Title/Abstract] OR non-surgical[Title/Abstract] OR non
surgical[Title/Abstract] OR nonoperative[Title/Abstract] OR Physical Therapy Modalities|MeSH
Terms] OR sling[Title/Abstract] OR collar[Title/Abstract] OR cuff[Title/Abstract] OR
bandages[Title/Abstract] OR bandage[Title/Abstract])

e Searchstring Embase (n= 866)

(‘humerus’/exp OR humerus:ti,ab OR humeri:ti,ab OR humer:ti,ab OR humor:ti,ab OR ‘corpus
humeri’:ti,ab OR ‘upper arm bone’:ti,ab OR ‘upperarm bone’:ti,ab OR humeral:ti,ab) AND
(‘fracture’/exp OR fracture:ti,ab OR fractured:ti,ab OR fractures:ti,ab) AND (proximal:ti,ab OR
‘sub capital’:ti,ab OR ‘subcapital’:ti,ab OR neck:ti,ab) AND (‘surgery’/exp OR surgery:ti,ab OR
surgical:ti,ab OR operative:ti,ab OR operation:ti,ab OR ‘Fracture Healing’:ti,ab OR ‘Fracture
fixation’:ti,ab OR ‘Surgical Procedures’:tiab OR orthopedics:ti,ab OR orthopedic:ti,ab OR
orthopaedics:tiab OR orthopaedic:tiab OR operate:tiab OR operating:tiab OR
operated:ti,ab) AND (‘conservative treatment’/exp OR ‘conservative treatment’:ti,ab OR
conservative:ti,ab OR conventional:ti,ab OR ‘non-operative’:tiab OR nonoperative:ti,ab OR
non-surgical:ti,ab OR ‘non surgical’:ti,ab OR sling:tiab OR collar:tiab OR cuff:ti,ab OR
bandages:ti,ab OR bandage:ti,ab)

e Searchstring CENTRAL (The Cochrane Library) (n=166)

humerus AND fracture AND (proximal OR neck OR sub capital OR subcapital)
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e Searchstring CINAHL (n=102)

(humerus OR humeri OR humer OR humor OR corpus humeri OR upper arm bone OR
upperarm bone OR humeral) AND (fracture OR fractured OR fractures) AND (proximal OR sub
capital OR neck OR subcapital) AND (surgery OR surgical OR operative OR operation OR
Fracture Healing OR Fracture fixation OR Surgical Procedures OR orthopedics OR orthopedic
OR orthopaedics OR orthopaedic OR operate OR operating OR operated) AND (conservative
treatment OR conservative OR conventional OR non-operative OR nonoperative OR non-
surgical OR non surgical OR sling OR collar OR cuff OR bandages OR bandage)
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Appendix 4. Outcome measures in a systematic review of proximal humerus fractures comparing

operative to nonoperative treatment

- DASH
Constant Revision  Non- Implant
Study , AVN score  (+
score (£ SD)  surgery union sD) removal
Operative 72 (25.4) 0 0 NR 15.0(3.0) 32
Blonna 2009 _
Nonoperative 58.2 (25.4) 0 0 30.5(5.1)
Operative 64 (15.8) 1 2 0 0
Boons 2012 NR
Nonoperative 60 (17.6) 1 3 2
Operative 67.1(11.8) 3 0 0 5
vd Broek 2007 NR
Nonoperative 81.4 (9.8) 0 1 0
Court-Brown Operative 1
NR NR NR NR NR
2001 Nonoperative 4
Operative 1
Fjalestad 2005 . NR NR NR NR
Nonoperative 5 2
Fjalestad 2012- Operative 51.8 (30.6) 1 1 12 NR 7
14* Nonoperative 53.2 (26.8) 1 2 15
Operative 63.3 (35.2) 5 1 22 (13.9) 2
Hageman 2016 . NR
Nonoperative 87.5(35.2) 2 0 10.3 (13.9)
. Operative 74.2 (13) 1
Hauschild 2013 NR NR NR
Nonoperative 74.3 (9.9) 0 0
Operative 4 9
llchman 1998 NR NR NR NR
Nonoperative 1 7
. Operative 56.5(5.2) 0 0 23
Innocenti 2013 NR NR
Nonoperative 52 (9.0) 0 0
, Operative 72.1(21.1)
Kollig 2003 . NR NR NR NR NR
Nonoperative 82 (15.6)
Operative 72.3(18) 13
Lange 2016 . NR NR NR NR
Nonoperative 72 (19) 0
Operative
Noureai 2014 . NR NR NR NR NR NR
Nonoperative
. Operative 58 (16.9) 8 0 10 26.5(17.8)
Okike 2015 _ NR
Nonoperative 59.7 (17.5) 2 2 3 25.1(18.2)
Operative 483 (16.4) 2 0 0 30.2(18.3) 1
Olerud 2011a
Nonoperative 49.6 (20.5) 1 1 3 36.9 (21.3)
Operative 61 (19.2) 4 1 3 26.4(25.2) 5
Olerud 2011b .
Nonoperative 58.4(23.1) 1 1 2 35(26.8)
Operative 11 0 4
Rangan 2015 NR NR NR
Nonoperative 11 5 1
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(appendix 4 continued)

Operative 3 0
Roberson 2017 ~NR NR NR NR

Nonoperative 0

Operative 3 0 8 7
Sanders 2011 . NR

Nonoperative 0

Operative 1 1
Stableforth 1984 . NR NR NR

Nonoperative 0

o Operative 65.1 (19) 33(21.8)

Tamimi 2015 NR NR NR NR

Nonoperative 57.2 (12.7) 38.4(19.2)

Operative 60 (19) 1 1 1
Zyto 1997 . NR NR

Nonoperative 65 (15) 0 0

*In this analysis Fjalestad 2012 and 2014 were seen as one study as both studies describe the
same patient cohort

AVN avascular necrosis; NR not reported; SD standard

deviation

Appendix 5. Standardized mean difference of functional outcome scores in a systematic review of proximal
humerus fractures comparing operative to nonoperative treatment.

Operative Nonoperative Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Observational studies
Blonna 2009 T2 254 32 582 254 25 5.8% 0.54 [0.00, 1.07]
Broek wd 2007 671 11.8 23 814 975 16 4.3% -1.27[-1.98, 057) ¥———
Court-Brown 2001 711 115 18 73.6 115 3 5.3% -0.21 [-0.80, 0.37] ——Te e
Hageman 2016 63.3 35.2 33 875 352 33 6.2% -0.68 [-1.18, -0.18] =
Hauschild 2013 742 13 103 743 99 26 7.0% -0.01 [-0.44, 0.42] —————
Innocenti 2013 56.5 5.24 23 52 9.03 19 4.9% 0.61 [-0.01, 1.24] . = -
Kollig 2003 721 211 13 82 156 9 3.2% -0.50 [-1.36, 0.37]
Lange 2016 23 18 41 T2 19 41 6.9% 0.02 [-0.42, 0.45] N
Okike 2015 58 16.9 25 597 1756 22 5.4% -0.10 [-0.67, 0.48] 2=
Roberson 2017 72 40 20 72 40 19 4.9% 0.00 [-0.63, 0.63] -
Sanders 2011 716 211 18 825 2141 18 4.6% -0.51 [-1.17, 0.16] S SESS =
Tamimi 2015 65.1 19 88 57.2 127 25 6.7% 0.44 [-0.01, 0.89] L
Subtotal (95% CI) 437 284 65.1% -0.11 [-0.39, 0.18] 4.-

Heterogeneity: Tau? = 0.17; Chi* = 34.62, df = 11 (P = 0.0003); | = 68%
Test for overall effect: Z=0.73 (P = 0.46)

152RCT

Boons 2012 64 158 23 60 176 24 54% 0.23 [-0.34, 0.81] & i
Fjalestad 2012-14 518 306 23 532 268 19 51% -0.05 [-0.66, 0.56] T
Olerud HA 2011 483 164 24 496 205 25 55% -0.07 [-0.63, 0.49] = i
Olerud LP 2011 61 192 27 584 231 26 57% 0.12 [-0.42, 0.66] - 1
Rangan 2015 401 141 114 404 137 117  9.2% -0.02 [-0.28, 0.24] i

Zyto 1997 60 19 14 65 15 15 4.1% -0.29 [-1.02, 0.45]

Subtotal (95% CI) 225 226 34.9% -0.00 [-0.19, 0.18] S
Heterogeneity: Tau” = 0.00; Chi* = 1.53, df =5 (P =0.91); P = 0%

Test for overall effect: Z = 0.03 (P = 0.98)

Total (95% CI) 662 510 100.0% -0.06 [-0.25, 0.12] *

Heterogeneity: Tau? = 0.08; Chi* = 36.35, df = 17 (P = 0.004); I? =53%
Test for overall effect: Z = 0.64 (P = 0.52)
Test for subaroup differences: Chi* = 0.36. df = 1 (P = 0.55). = 0%

4 05 0 05 1
Favours Nonoperative Favours Operative
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Appendix 6. Subgroup analyses looking at standardized mean difference for functional outcome measures
including only studies reporting on Neer 3-part or 4-part fractures in a systematic review of proximal
humerus fractures comparing operative to nonoperative treatment.

Operative Nonoperative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.7.1 Observational studies
Lange 2016 725 195 34 71.8 207 34 20.9% 0.03 [-0.44, 0.51] =
Roberson 2017 72 40 20 72 40 19 12.0% 0.00 [-0.63, 0.83] ——
Subtotal (95% CI) 54 53 32.8% 0.02 [-0.36, 0.40] —ili—

Heterogeneity: Chi* = 0.01, df =1 (P = 0.93); ' = 0%
Test for overall effect: Z=0.11 (P =0.91)

1.7.2RCT

Boons 2012 64 15.8 23 60 17.6 24 143% 0.23 [-0.34, 0.81] R [T/
Fjalestad 2012-14 518 30.6 23 532 268 19 12.8% -0.05 [-0.66, 0.56] ——
Olerud HA 2011 483 16.4 24 496 205 25 15.0% -0.07 [-0.63, 0.49] —
Olerud LP 2011 61 19.2 27 584 231 26 16.2% 0.12 [-0.42, 0.66] S [ B
Zyto 1997 60 19 14 65 15 15  8.8% -0.29 [-1.02, 0.45]

Subtotal (95% CI) 111 109 67.2% 0.02 [-0.25, 0.28] <
Heterogeneity: Chi* = 1.48, df =4 (P =0.83); F=0%

Test for overall effect: Z=0.13 (P = 0.90)

Total (95% Cl) 165 162 100.0% 0.02 [-0.20, 0.24] ?

Heterogeneity: Chi* = 1.49, df = 6 (P = 0.96); I = 0%
Test for overall effect: Z = 0.17 (P = 0.86)
Test for subaroup differences: Chi* = 0.00. df = 1 (P = 0.99). 1= 0%

4 05 0 05 1
Favours Nonoperative Favours Operative

Appendix 7. Revision surgery in a systematic review of proximal humerus fractures comparing operative to
nonoperative treatment

Operative Nonoperative Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Observational studies
Blonna 2009 0 32 0 25 Not estimable
Broek vd 2007 3 23 0 16 2.6% 4.96 [0.27, 89.87] =
Hageman 2016 5 33 2 33 8.8% 2.50 [0.52, 11.98] e
llchman 1998 4 18 1 16  4.6% 3.56 [0.44, 28.61] »
Innocenti 2013 0 23 0 18 Not estimable
Lange 2016 13 41 0 41 2.2% 27.00 [1.66, 439.62] >
Okike 2015 8 25 2 22 9.3% 3.52[0.83, 14.85] T
Roberson 2017 3 20 0 19 2.2% 6.67 [0.37, 121.07] >
Sanders 2011 3 18 0 18 2.2% 7.00[0.39, 126.48] *
Subtotal (95% CI) 233 209 32.0% 5.43[2.51,11.74] e
Total events 39 5

Heterogeneity: Chiz=277,df=6 (P =0.84): F=0%
Test for overall effect: Z = 4.31 (P < 0.0001)

1.2.2 RCT

Boons 2012 1 25 1 25  44% 1.00 [0.07, 15.12]

Fjalestad 2012-14 1 25 1 25 4.4% 1.00 [0.07, 15.12]

Olerud HA 2011 2 2T 1 28 4.3% 2.07 [0.20, 21.56] =
Olerud LP 2011 6 30 1 29  45% 5.80 [0.74, 45.26]

Rangan 2015 11 125 1" 125 48.3% 1.00 [0.45, 2.22] _*—
Stableforth 1984 1 16 0 16 2.2% 3.00 [0.13, 68.57] -
Subtotal (95% CI) 248 248 68.0%  1.45[0.78, 2.70] b
Total events 22 15

Heterogeneity. Chi* = 3.02, df =5 (P = 0.70); = 0%
Test for overall effect: Z = 1.16 (P = 0.25)

Total (95% CI) 481 457 100.0% 272 [1.71, 4.34) <
Total events 61 20

Heterogeneity: Chi? = 11.40, df = 12 (P = 0.49); I = 0%

Test for overall effect: Z = 4.21 (P < 0.0001)

Test for subaroup differences: Chi® = 6.83. df = 1 (P = 0.009)., I = 85.4%

0.01 0.1 1 10 100
Favours Operative Favours Nonoperative
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Appendix 8. Impact of different methods to handle zero-event data in a meta-analysis of operative
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versus nonoperative treatment of proximal humerus fractures and major reintervention

Method

Observational studies
OR (95% Cl)

RCT
OR (95% Cl)

Total
OR (95% ClI)

Mantel-Haenzel*

Inverse variance - no correction
Inverse variance - with correction
DerSimonian Laird with correction

5.46 (2.29, 13.01)
3.76 (1.30, 10.91)
4.64 (2.03, 10.62)
4.75 (1.43, 15.73)

1.37(0.85, 2.77
1.32(0.64, 2.71
1.37 (0.68, 2.77
1.71(0.57,5.13

—_ — ~— ~—

2.32(1.34, 4.02

1.83(1.01, 3.33

2.29(1.30,7.28
(

)
)
)
2.96 (1.26, 7.00)

* Method used in meta-analysis; OR odds-ratio; Cl confidence interval

In a model with correction 0.5 is added to every table of the 2x2 table

Appendix 9. Nonunion in a systematic review of proximal humerus fractures comparing operative to

nonoperative treatment

Study or Subgroup

Operative
Events Total

Nonoperative
Events Total Weight

Risk Ratio

M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

1.3.1 Observational studies

Blonna 2009
Broek vd 2007
Court-Brown 2001
Fjalestad 2005
Hauschild 2013
Okike 2015
Sanders 2011
Subtotal (95% CI)

Total events

Heterogeneity: Chi*# = 0.90,df =6 (P =0.97); I?= 0%
Test for overall effect: Z = 1.68 (P = 0.09)

1.3.2 RCT

Boons 2012
Fjalestad 2012-14
Olerud HA 2011
Olerud LP 2011
Rangan 2015
Zyto 1997
Subtotal (95% Cl)
Tatal events

Heterogeneity: Chi*=3.02, df =5 (P =0.70); I?= 0%
Test for overall effect: Z=1.57 (P =0.12)

Total (95% CI)
Total events

D0 = = =200

3

-_ O = O = M

5

8

32
23
18
15
103
25

18
234

25
25
27
30
126
20
252

486

AaNOoO U A O

13

owg = AN W

12

25

25
16 6.9%
31 11.6%
55  8.5%
26  3.1%
22 10.5%
18  5.9%
193 46.6%
25 11.9%
25 7.9%
28 58%
29  4.0%
126 21.8%
20 2.0%
252 53.4%
445 100.0%

Heterogeneity: Chi* = 4.03, df = 11 (P = 0.97); I?= 0%
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operative to nonoperative treatment
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Appendix 10. Avascular necrosis in a systematic review of proximal humerus fractures comparing
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Abstract

Purpose

The aim of this systematic review and meta-analysis was to present current evidence on rib
fixation and to compare effect estimates obtained from randomized controlled trials (RCTs)
and observational studies.

Methods

MEDLINE, Embase, CENTRAL, and CINAHL were searched on June 16th 2017 for both RCTs
and observational studies comparing rib fixation versus nonoperative treatment. The
MINORS criteria were used to assess study quality. Where possible, data were pooled using
random effects meta-analysis. The primary outcome measure was mortality. Secondary
outcome measures were hospital length of stay (HLOS), intensive care unit length of stay
(ILOS), duration of mechanical ventilation (DMV), pneumonia, and tracheostomy.

Results

Thirty-three studies were included resulting in 5874 patients with flail chest or multiple rib
fractures: 1255 received rib fixation and 4619 nonoperative treatment. Rib fixation for flail
chest reduced mortality compared to nonoperative treatment with a risk ratio of 0.41 (95Cl
0.27, 0.61, p<0.001, 12=0%). Furthermore, rib fixation resulted in a shorter ILOS, DMV, lower
pneumonia rate, and need for tracheostomy. Results from recent studies showed lower
mortality and shorter DMV after rib fixation but there were no significant differences for the
other outcome measures. There was insufficient data to perform meta-analyses on rib
fixation for multiple rib fractures. Pooled results from RCTs and observational studies were
similar for all outcome measures, although results from RCTs showed a larger treatment
effect for HLOS, ILOS, and DMV compared to observational studies.

Conclusions

Rib fixation for flail chest improves short-term outcome, although the indication and patient
subgroup who would benefit most remain unclear. There is insufficient data regarding
treatment for multiple rib fractures. Observational studies show similar results compared
with RCTs.



Fixation of rib fractures: current evidence and how to proceed

Introduction

Rib fractures are very common in patients with thoracic trauma and nowadays still associated
with significant morbidity and mortality due to the underlying injuries to the lung and heart
resulting in more pulmonary complications.™ Compared to multiple rib fractures, flail chest
is associated with a worse outcome due to a higher incidence of respiratory compromise and
concomitant injuries.>®

A combination of adequate pain control, respiratory assistance, and physiotherapy is
considered the gold standard in management of rib fractures.® Over the past decades, there
has been a growing interest in rib fixation for flail chest and for multiple rib fractures,
however, there is no consensus regarding the indication and patient selection for rib fixation.

In the field of (orthopaedic) trauma surgery, there is increasing scientific evidence that
inclusion of observational studies could add value to meta-analyses without decreasing
quality of the results.”*° Adding observational studies result in larger sample sizes and might
enable the evaluation of small treatment effects, subgroups, and infrequent outcome
measures while also providing information about the generalizability of the results.*!

The aim of this systematic review and meta-analysis was (1) to present current evidence on
outcome after rib fixation compared to nonoperative treatment for both flail chest and
multiple rib fractures and (2) to compare effect estimates obtained from RCTs and
observational studies.

Methods

This review was performed according to the Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) and the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines.'>'* A published protocol for this review does not exist.
Ethical committee approval did not apply to this study.

Search Strategy and Eligibility Criteria

A structured literature search was conducted in MEDLINE, Embase, CENTRAL and CINAHL on
June 16™, 2017 for both randomized controlled trials (RCTs) and observational studies
comparing operative to nonoperative treatment of traumatic rib fractures. The search was
not restricted by publication date, language, or other limits. The full search syntax is provided
in Appendix 1.

All obtained studies from the literature search were independently screened for eligibility
based on title and abstract by two reviewers (RBB, JP). Exclusion criteria were animal studies,
abstracts of conferences, case-reports, reviews, inclusion of patients younger than 18 years
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old, and studies written in another language than English, French, Dutch or German.
Disagreement regarding study selection was resolved by discussion with a third reviewer
(RMH). References of included studies were manually screened and citation tracking was
conducted using Web of Science to identify additional relevant studies.

Data Extraction

Data were extracted by two independent reviewers (RBB, JP), using a data extraction file.
Extracted data included first author, year of publication, study period, study design, country,
fracture type, number of fractured ribs, number of included patients, number of patients
with flail chest or multiple rib fractures (according to the definition used by the original
study), age, gender, type of operative treatment, type of nonoperative treatment, duration of
follow-up, loss to follow-up, Injury Severity Score (ISS), Abbreviated Injury Scale (AIS),
Glasgow Coma Scale (GCS), hemothorax, pneumothorax, pulmonary contusion, type of
implant in operative group, mortality during hospitalization, hospital length of stay (HLOS),
intensive care unit length of stay (ILOS), duration of mechanical ventilation (DMV), incidence
of pneumonia, need for tracheostomy, complications, revision surgery, and implant removal.

Outcome Measures

The primary outcome measure was mortality during hospitalization. Secondary outcome
measures were HLOS, ILOS, DMV, incidence of pneumonia, need for tracheostomy,
complications, revision surgery, and implant removal.

Quality Assessment

The Methodological Index for Non-Randomized Studies (MINORS) score was used to assess
the included studies.'* The MINORS is a critical appraisal instrument developed to assess the
methodological quality of observational surgical studies. Other quality assessment tools focus
on a specific study design while the MINORS is externally validated on RCTs and is therefore a
suitable instrument for meta-analyses of different study designs. The MINORS score ranges
from O — 24 and a higher score reflects better quality. Studies were independently assessed
by two reviewers (RBB, JP) using the MINORS criteria and disagreement was resolved by
discussion with a third reviewer (RMH). Additional details on the MINORS criteria and scoring
system are set out in Appendix 2.

Statistical Analysis

Statistical analyses were performed using Review Manager (RevMan, Version 5.3.5
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). Data were
converted to a mean with standard deviation (SD) using different methods as described in
the Cochrane Handbook for Systematic Reviews of Interventions.®?

Different studies based on the same patient cohort were included only once in the
analysis.’®'” Studies reporting on specific patient subgroups were split and included
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separately for meta-analysis, provided sufficient information was reported; Qiu et al.
distinguished between the presence or absence of a flail chest and Voggenreiter et al. made
subgroups based on the presence or absence of pulmonary contusion.®1° Results from both
RCTs and observational studies were pooled in the primary analysis.

Meta-analysis was performed if outcome measures of two or more studies were available.
For continuous outcome measures, the inverse variance weighted random effects model was
used to estimate the pooled difference in the outcome measure for fixation vs. no fixation,
with corresponding 95% confidence interval (Cl). For dichotomous outcomes, we applied the
Mantel-Haenszel method and pooled results are presented as risk ratios (RR) with 95% Cl.
Heterogeneity between studies was assessed by visual inspection of the forest plots and by
estimating statistical measure for heterogeneity, i.e., the |2 statistic. Inspection of a funnel
plot of the study-specific difference in the primary outcome measure against its standard
error was done to detect potential publication bias. A two-sided p-value <0.05 was
considered statistically significant.

Subgroup and Sensitivity Analyses

In subgroup analysis, we stratified by study design and pooled effects of RCTs were compared
with pooled effects of observational studies. For the analysis of study quality only studies
with an arbitrarily chosen MINORS score of 16 or higher were included, similar to previously
published meta-analyses in orthopaedic trauma surgery studying both study designs.®1%2° To
assess the impact of improvement in intensive care management over time, we performed a
sensitivity analysis including only studies published in the last 5 years. Different methods
were used to include studies with zero events in one or both arms of the outcome measure.
To assess the sensitivity of the analyses to the choice of the method of analysis, also the
crude methods, DerSimonian Laird method with correction, the inverse variance with and
without correction for zero event data, and the Peto method were applied and results were
compared for consistency.??

Results

Search

The flowchart of the literature search is presented in Figure 1. Ultimately, 33 studies were
included 1671922750 There were three RCTs, two prospective cohort studies, 14 retrospective
cohort studies, and 14 case-control studies.

Patient characteristics

The studies included for meta-analysis included 5874 patients; 1255 received rib fixation and
4619 received nonoperative treatment. In the majority of the studies (n=20), patients were
surgically treated with plates (Table 1&2). Other surgical methods were K-wires and Judet or
Atkin struts. Nonoperative treatment consisted generally of ‘best medical treatment’ and
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included adequate pain management, lung physiotherapy and respiratory support. The
weighted average age was 52.9 years and 73% of patients were male. The weighted average
of the number of rib fractures was 6.9 in the rib fixation group and 6.0 in the nonoperative
group with a weighted mean ISS of 21.2 and 22.4, respectively.

'
= PubMed EMBASE CENTRAL CINAHL
o
'ﬁ (n =688) (n =605) (n=170) (n =493)
(8]
b=
=)
g | | | |
=
—/ l
Screening on Studies excluded on
title and abstract > title and abstract
_‘é‘ (n = 1956) (n = 1888)
o
o v
@
Full-text articles _ Excluded doubles
(n=68) i (n=15)
v
Z Full-text articles
= assessed for eligibility S
e (n=53) o
oo Excluded after reviewing
w full-text articles
(n =20)
— Reference checking v
(n=0)
> Included articles
o -
n=233
§ Citation checking > ( )
S (n = 0)
=
—

Fig. 1 Flow chart of the literature search

Quality assessment

The average MINORS score of the included studies was 15.4 (SD 2.7; range 9 — 21). The
MINORS score for RCTs was 20 (SD 1.0; range 19 — 21) and for observational studies 14.9 (SD
2.4; range 9 — 21). An overview of the study specific MINORS score are provided in Appendix
3.

Mortality
Twenty-five studies (n=4826) reported on mortality (Appendix 4).1819,3436-44,22,45-
20,23,25,27,2830,3233 Rib fixation resulted in a significant reduction of mortality compared to
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nonoperative treatment with a risk ratio (RR) of 0.41 (95%Cl 0.27, 0.61, p < 0.001, I* = 0%)
(Figure 2). Different methods of incorporating studies in the meta-analysis with zero event
data in one or both arms vyielded similar results (Appendix 5). When stratified by study
design, RCTs showed a RR 0.57 (95%Cl 0.13, 2.52, p = 0.46, ’=0%) vs. RR 0.40 (95%CI 0.26,
0.60, p < 0.001, I = 0%) in observational studies (Table 3). Figure 3 shows a funnel plot of the
odds ratio and standard error of the included studies using the mortality rate; there was no
important asymmetry observed.

Hospital stay length of stay

Twenty-one studies (n=4770) reported on length of hospital stay (Appendix 4).161737-
4547,23,50,51,25,26,31-35 Rih fixation did not result in a significant reduction of HLOS compared to
nonoperative treatment with a mean difference of -1.46 days (95%Cl -4.31, 1.39, p = 0.32, /?
= 96%) (Appendix 6). When stratified by study design, the pooled mean difference of RCTs (-
8.33 days; 95%Cl -14.6, -2.1; p < 0.001, I’ = 46%) was greater compared to observational

studies (-0.77; 95%CI -3.72, 2.18; p = 0.61, I = 97%) (Table 3).

ICU length of stay

Twenty-six studies (n=4520) reported on length of ICU stay (Appendix 4).16:17,31733,35-41,18,42~
44,47,50,51,22-26,28,30 Rijp fixation resulted in a significant reduction of ILOS compared to
nonoperative treatment with a mean difference of -2.0 (95%Cl -3.61, -0.38, p = 0.02, I° =
85%) (Appendix 7). When stratified by study design, RCTs showed a greater difference
compared to observational studies (Table 3).

Duration of mechanical ventilation

Twenty-seven studies (n=2063) reported on duration of mechanical ventilation (Appendix
4),16,17,28,30-32,35-40,18,41,42,45-47,49-51,19,22=27 Rih fixation resulted in a significant reduction of days
on mechanical ventilation compared to nonoperative treatment with a mean difference of -
4.01 (95%Cl -5.58, -2.45, p < 0.001, I? = 91%) (Appendix 8). When stratified by study design,
RCTs showed a greater difference compared to observational studies (Table 3).

Pneumonia

Twenty-five studies (n=4485) reported on the incidence of pneumonia (Appendix 4).161731-
33,37-39,41-44,18,47,50,51,19,22,24-26,28,30 Rih fixation resulted in a significant reduction of pneumonia
compared to nonoperative treatment with a risk ratio of 0.59 (95%Cl 0.42, 0.83, p = 0.002, I
= 79%) (Appendix 9). When stratified by study design both subgroups showed similar results

(Table 3).

Tracheostomy
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Fourteen studies (n=1541) reported on the need of tracheostomy (Appendix 4).161736-

38,45,50,18,22,25,26,28,30.32,34 Rib fixation resulted in a significant reduction of tracheostomies
compared to nonoperative treatment with a risk ratio of 0.59 (95%CI 0.36, 0.90, p = 0.01, I* =
72%) (Appendix 10). When stratified by study design both subgroups showed similar results

(Table 3).

Surgery Conservative
Study or Subgroup  Events Total Events Total Weight

Risk Ratio
M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

1.1.1 Observational

Ahmed 1985 2 20 1 19 B.6%
Ali-Osman 2018 1 B4 13 135 4.0%
Aubert 1981 3 22 54 224 139%
Balci 2004 3 27 10 37 11.4%
Defreest 2016 1 41 5 45  37%
Dehghan 2018 2 77 160 1631 8.5%
Farguhar 2016 1 19 1 B 22%
Fitzgerald 2017 0 23 2 50 1.8%
Kane 2018 1 116 53 1000 4.2%
Kim 1981 1 18 80 142 44%
Pieracci 2016 0 a5 0 35

Qiu a 2016 1 21 2 17 3.0%
Uchida 2016 0 10 0 10
Velasquez 2016 0 20 2 20 1.8%
Voggenreiter a 1996 0 10 T 18 21%
Voggenreiter b 1996 3 10 1 4  43%
Wada 2015 3 84 ] 336 B8.7%
Wijffels 2018 2 20 1 20 3.0%
Wu 2015 1 75 4 89 3.4%
Xu 2015 D 17 1 15 1.7%
Zhang X 2015 0 23 0 29

Zhang Y 2015 0 24 2 15 1.8%
Subtotal (95% CI) 776 3927 92.6%
Total events 25 395

Heterogeneity: Tau? = 0.00; Chi* = 17.52, df = 18 (P = 0.49); I*= 0%
Test for overzall effect: Z = 4.32 (P < 0.0001)

1.1.2 RCT

Granetzny 2006 2 20 3 20 57%
Marasco 2013 0 23 1 23 1.6%
Tanaka 2002 0 18 0 19
Subtotal (95% CI) 61 62 7.4%
Total events 2 4

Heterogeneity; Tau? = 0.00; Chi*= 0.15, df =1 (P = 0.70); 1= 0%
Test for overall effect: Z = 0.74 (P = 0.46)

Total (5% CI) B37 3989 100.0%
Tatal events 27 3589

Heterogeneity: Tau® = 0.00; Chi* = 17.94, df = 20 (P = 0.58); "= 0%
Test for overall effect: Z=4.36 (P < 0.0001)

Test for subaroup differences: Chi? = 0.21. df =1 (P = 0.64). = 0%

0.17 [0.04, 0.68]
0.16 [0.02, 1.21]
0.57 [0.19, 1.66]
0.41[0.12, 1.35]
0.22 [0.03, 1.80]
0.26 [0.07, 1.09]
1.89 [0.13, 28.63]
0.42 [0.02, 8.51]
0.16 [0.02, 1.17]
0.13 [0.02, 0.89]
Not estimable
0.40 [0.04, 4.09]
Mot estimable
0.20[0.01, 3.92]
0.12 [0.01, 1.83]
1.20[0.17, 8.38]
2.00 [0.51, 7.83]
2.00[0.20, 20.33]
0.30 [0.03, 2.60]
0.30 [0.01, 6.77]
Mot estimable
0.13 [0.01, 2.50]
0.40 [0.26, 0.60]

0.67 [0.12, 3.57]
0.33 [0.01, 7.78]

Mot estimable
0.57 [0.13, 2.52]

0.41 [0.27, 0.61]
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Fig. 2 Mortality in a systematic review of rib fractures comparing operative to nonoperative

treatment
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Other outcome measures

Nine studies (n=1174) reported on implant removal; five studies reported zero events and
four studies reported implant removal ranging from 1.5% to 4.9% (Appendix 4).1726:2836
38404548 Fleven studies reported on wound infection; five studies reported zero events and
six studies reported a wound infection rate ranging from 1.7% to 25%.18232426-3046 Qther
short and/or long term complications were poorly reported and described mainly respiratory
complications.

Sensitivity analyses

In sensitivity analysis for study quality, results did not change significantly except for HLOS
which increased in favor of rib fixation in studies with higher quality with a mean difference
of -3.53 (95%CI -7.27, -0.21, p =0.06) (Table 3). Results from studies published after 2012 did
not show a reduced HLOS, ILOS, incidence of pneumonia or need for tracheostomy after rib
fixation (Table 3).
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Fig. 3 Funnel plot of studies included in a meta-analysis reporting mortality rates after
operative or nonoperative treatment of rib fractures. (RR risk ratio; SE standard error)
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Table 1. Baseline characteristics of the included studies comparing rib fixation versus nonoperative treatment of traumatic rib fractures.

Number
Study Follow-up  Age (years, range o Number of )
Study s Country gf i) or + SD) Male (%) fractured ribs ISS-score
patients
RF: 77 52+18 55 (76
Dehghan RC Canada NR (76) NR NR
2018 NOM: 1631 58+18 1176 (72)

i RF: 64 68.5 [63-74 41 (64 - 17.5 [9-25
Ali-Osman RC USA NR [ ] (64) 7 [5.25-9] [ }
2018 NOM: 135 72 [66-81] 73 (54) 5[3-7.25] 14 [8-24]
Wijffels RF: 20 60 [41-69] 15 (75) 9 [8-11] 31 [21-48]

ccC NR
2018 NOM: 20 57 [44-69] 15 (75) 10 [9-14] 32 [21-41]
RF: 116 583+ 14.4 21.6 (9.1)
Kane 2018 RC NR NR NR
NOM: 1000 46.9 +29.3 16.1 (11.4)
- RF: 23 68 (6389 21 (16-26
Fitzgerald cC USA NR ( ) NR NR ( )
2017 NOM: 50 75 (65-97) 19 (14-23)
RF: 19 21.9+13.2 53+ 14 15 (79 31.4+9.6
Farquhar CC Canada - (79) NR -
2016 NOM: 36 16.0 +12.1 57+ 16 25 (69) 29.3+8.1
Pieracci . 16.0 [10.0, 22.0
2016 PC USA~ NOM: 35 23.0] 0+ 15 24 (69) 9.0[6.0,13.0]  [17.0,38.0]
Defreest RC  USA RF: 41 28.3 (9-69) 51 (19-80) 32 (78) 11.2(6-19)  27.5(16-48)
2016 NOM: 45 13.0 (3-43) 56 (23-89) 39 (87) 10.6 (6-23)  29.3 (16-66)
RF: 10 63 [51,72
Uchida 2016 CC  Japan NR [51.72] 7(70) > [4,8] NR
NOM: 10 57 [53,75] 7 (70) 512, 7]
RE: 20 6 [4,10 51 41,63
;70ellzsquez cC USA [4,10] [ ] NR 5[4, 8] 91[9,16]
NOM: 20 16 [11,22] 45 [36,55] 51[4.6, 5] 13[9,17]
RF: 21
Qiua20l6 RC  China NR 35+13 15 (48) 6.0+1.3 NR
NOM: 17 36 + 14 12 (71) 59+1.3
RF: 65
Qiub2016  RC  China NR ShE 46 (71) 32212 NR
NOM: 59 36+ 12 42 (71) 35+1.2
RF: 10 21.7+78
Jayle 2015 CC  France * 48 + 11 8 (80) 77+2.4 21.7+7.80
NOM: 10 3234193 51+13 8 (80) 6.6+2.9 32.3+19.3
Zhang Y : RF: 24 3833, 54.25] 43 [34,50] 19 (79) 11.5[8,153]  38[34,43]
2015 RC China
NOM: 15 60 [38, 99.75] 47 [35,55] 14 (93) 11[7, 16] 38 [35.,43]
RE: 23 4194 +107.1 58+ 12 21 (72
Zhang X cC China x (72) 7.8+ 1.5 NR
2015 NOM: 29 4194 +107.1 60+ 10 16 (70) 74417
RF: 84 33 (24-45) 59 (70)
Wada 2015 CcC Japan NR NR NR
NOM: 336 42 (23-58) 225 (76)
RF: 75 153+ 6.4 75 (100 :
Wu 2015 PC  China 2E35 (100) 8.1(6-12) NR
NOM: 89 26.5+6.9 51+3 89 (100) 7.9 (6-11)
Majercik RF: 137 11.4+5.7 56+ 16 110 (80) 6.5+2.0 21 +10.7
CC  USA =
2015 NOM: 274 123 +9.1 55420 56 (80) 46+23 22+11.8
REF: 17 12 (71 21.8+7.8
Xu 2015 RC  China NR 36+ 14 (1) 6.5£2.1 -
NOM: 15 390+ 12 12 (80) 74+1.6 24.0+8.0
RF: 60 NR 53 (77 . 21.7 + 10.7
Granhed CC  Sweden NR (77) 7.5 (2-14) *
2014 NOM: 153 NR NR NR 30.9+13.3
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(Table 1 continued)

RF: 10 21.6 (8-59 9 (90 i 263+9.5
Doben 2014 cc USA (8-59) 47+ 15 (90) 8.3 (4-20) *
NOM: 11 28.5 (6-50) 57417 7 (64) 92(6-16)  35.7+127
RF: 23 90 20 (87 350+ 11.4
Marasco 2013 RCT Australia 817 ®7) 1.0£3.1 -
NOM: 23 90 59+ 10 20 (87) 11.3+4.7 30.0+6.3
RF: 31 30 47 -
Khandelwal PC India 40 (66) 3.1 NR
2011 NOM: 29 30 45 total group 33
RF: 16 18+ 12 14 (88 24+7
Moya 2011 cC  USA - 45216 ®8) 814 -
NOM: 32 16+ 11 47 =14 26 (81) 8+3 2549
RF: 22 17.84+451
Althausen 2011 CC USA - 48 17074 39 25.1
NOM: 28 NR 51 23 (79) 73 24.3
RF: 9 16.1 +6.7
Solberg 2009  RC  USA - 3917 6(67) NR 24.9£6.5
NOM: 7 120+2.3 41+ 13 5(71) 24.8+6.2
REF: 30
Nirula 2006 cC Usa NR 32 NR NR 257
NOM: 30 50 275
RF: 20 2
Granetzny 2006 RCT Germany 4r+8 1785 44 16.8£3.5
NOM: 20 2 36+ 15 16 (80) 4.0 18.0+ 5,1
RF: 27
Balci 2004 RC  Turkey NR 33+8 20 (74) NR 210474
NOM: 37 31£10 28 (76) 184 +8.1
RF: 18 360
Tonaka 2002 RCT  Japan 43£12 12 (67) 82+33 33+ 11
NOM: 19 360 46 + 9 14 (74) + 30 +8
i RF: 10
Y;§g6genre1ter a pc Germany NR 55+£8 NR NR 31.0+7.0
NOM: 18 44+ 19 36.6 +12.3
i RF: 10
Voggenreiter b RC  Germany NR 50£16 NR NR 37.0+79
1996 NOM: 4 48 £27 378+ 19.5
United RF: 26 (3-9) 20-60 23 (88 NR
Ahmed 1995  RC  Arab (range) ®8) NR
Emirates NOM: 38 (3-9) 10-60 (range) 36 (95) NR
RF: 18
Kim 1981 RC  France NR NR NR NR NR
NOM: 142
Aubert 1981 RC France = NOM: 224 NR NR NR NR NR

CC case control; PC prospective cohort; RC retrospective cohort; RCT randomized controlled trial; RF rib fixation; NOM
nonoperative treatment; NR not reported
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Table 2. Treatment characteristics of the included studies comparing operative versus nonoperative management of traumatic rib

fractures.
Flail
S Included G i .
tudy Treatment groups fractures  SWIEETY Indication for surgery
group n
(%)

Dehghan 77

2018 NR FC o 100%) NR

Ali-Osman RF: Plates + screws FC + displaced rib fractures, uncontrolled pain, rib

2018 : : MRF NR crepitus with breathin
NOM: aggressive pain management p g

.. ] 4 . .

;\(f)li] téfels RF: Plates + intramedullary nails FC | ()2(?<y flail chest
NOM: supportive management ( 0)

Kane 2018 REF: NR . . . FC + 75 (65%) 3 consecutively displaced rib fractures plus
NOM:  aggressive multimodal  analgesia  \|RF o FEV1 and FVC less than 50% predicted
protoco

i RF: Plates + screws

Fue o "
NOM: NR

Farquhar RF: Plates + screws FC 19 FC (= 3 fractures), displaced, segmental rib

2016 NOM: Standard conservative treatment (100%) fractures with respiratory insufficiency

Pieracci RF: Titanium plates + screws FC + , le (>3 fractures), > 3 displaced fractures; >

2016 MRF 28 (80%) 30% thorax volume loss, failure treatment within
NOM: Standard conservative treatment first 72h

Defreest RF: Titanium locking plates + screws FC 41 failure to wean, intractable pain, or respiratory

2016 NOM: NR (100%) failure

Uchida RF: Titanium platgs + locking screws FC + NR flail segment, massive dislocation, >15mm

2016 1\10M: Conservative management + chest \rF fracture overlapping, or pain
strap
RF:  Thoracic = Osteosynthesis  System FC (> 3), > 3 ribs fractured + respiratory failure,

Velasquez  (STRATOS) FC + NR intractable pain, thorax deformity, or

2016 NOM: NR MRF displacement

: +

Qiua 2016 RF: AO standard plates + cancellous screws FC 210 NR

NOM: NR (100%)
. : +

Qiub 2016 RF: AO standard plates + cancellous screws MRE 0 (0%) NR

NOM: NR
e R

Jayle 2015 RF: Titanium plates + screws FC 100 FC (> 3 fractures)
NOM: NR (100%)

Zhang Y RF:ORIF FC with 24 NR

2015 NOM: NR PC (100%)

551?15135 X REF: Claw-type titanium plates FC | ggty FC (> 3 fractures)

NOM: Standard conservative treatment ( )

Wada 2015 RF: ORIF FC+ 840 NR
NOM: NR MRF — (100%)

W 2015 REF: Nickel titaniurp alloy devices FC+ 4, @1%) FC (> 3 fractures), > 3 rib fractures, dislocation,
I\iOM: Conservative management + chest \Rp )" thorax deformity, or chest cavity active bleeding
strap

Majercik RF: Plates + locking screws FC + 101 FC, severely displaced fractures, intractable

2015 MRF (75%) pain, failure to wean, or combination of these
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(table 2 continued)

RF: Titanium locking plates 17

Xu 2015 FC NR
NOM: Standard conservative management (100%)
Granhed 2014 RF: Titanium plates + intramedullary splints ~ FC + 56 (93%) 1mpa1req gature}tlo.n. in spite of oxygen
NOM: NR MRF administration; intractable pain
Doben 2014 RE: Plates + intramedullary nails FC 1 01(;)<V failure of nonoperative management
NOM: Standard conservative management ( 0)
RF: Inion resorbable plates + bicortical 23 FC 3 f d . d d
Marasco 2013 SCTews FC ) (_ actures) an ventilator dependent
. . (100%) without prospect of weaning within 48h
NOM: Mechanical ventilator management
: Titani + +
Khandelwal RF: Titanium plates + screws FC 2 (5.3%) NRS score > 7 on 10 days after trauma
2011 NOM: NR MRF
Moya 2011 RF: Titanium or steel plates FC+ 9 (56%) intractable pain, > 2 severely_ dlsplacefi rib
NOM: NR MRF fractures with pain, and respiratory failure
} . 4 . L .
Althausen 2011 RF: Locking plates + locking screws FC 220 FC with dlsplacement, failure to wean,
NOM: NR (100%) respiratory failure, or need of thoracotomy
Solberg 2009 RF: Titanium plates FC  9(100%) superolateral chest wall deformity
NOM: Ventilatory pneumatic stabilization
Nirula 2006 RF: Adkin struts FC + 15 (50%) FC, intractable pain, bleeding, and inability to
NOM: NR MRF wean
Granetzny 2006 RF: K-wires and/or stainless steel wire FC 200 FC (= 3 rib fractures) with paradoxical chest
NOM: Strapping and packing (100%) wall movement
' RF: Suture and traction 27 FC yvith parqdoxical chest wall movement,
Balci 2004 FC 100° respiratory failure, dyspnea, and insufficient
NOM: Endotracheal intubation (100%) blood gas
RF: Judet struts 18 FC (2 6 fracturgs) with ?espiratory fa.ilure
Tanaka 2002 FC (100%) requiring mechanical ventilation and failure to
NOM: Internal pneumatic stabilization wean
Voggenreiter a RF: ASIF reconstruction plates 1:}? . 10 FC atnd t}}o.rfcotomy gor 9thfr lllnﬂiry, 1
. withou o respiratory failure, paradoxical chest wa
96 NOM: Standard conservative management PC (100%) movement, or deformity
Voggenreiter b RF: ASIF reconstruction plates FC with 10 FC and thoracotomy for other injury,
96 PC (100%) respiratory failure, paradoxical chest wall
NOM: Standard conservative management movement, severe deformity
Ahmed 1995~ RF: Kowires FC | 02060/ NR
NOM: Endotracheal intubation ( 0)
Kim 1981 RF: Judet struts FC 101(?ty NR
NOM: Internal pneumatic stabilization ( 0)
RF: Osteosynthesis 22
Aubert 1981 FC (100%) NR

NOM: Ventilator assistance, physiotherapy

RF rib fixation; NOM nonoperative management; NR not reported; FC flail chest; MRF multiple rib fractures; PC pulmonary
contusion
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Discussion

In this systematic review and meta-analysis of RCTs and observational studies, rib fixation for
patients with flail chest resulted in lower mortality, shorter ILOS and DMV, lower pneumonia
rate, and lower need for tracheostomy. Pooled results from RCTs and observational studies
were similar for all studied outcome measures although results from RCTs showed a larger
treatment effect for HLOS, ILOS, and DMV. Results from recent studies showed lower
mortality and shorter DMV after rib fixation but there were no significant differences for the
other outcome measures. The implant removal rate ranged from 1.5 — 4.9%. There were not
enough studies of only patients with multiple rib fractures to perform meta-analyses on rib
fixation for this patient population.

This meta-analysis included a large number of studies demonstrating the potential short-
term benefit of rib fixation over nonoperative treatment for flail chest. Most often the
indication for rib fixation was the presence of flail chest and to a lesser extent respiratory
failure or intractable pain. Even though almost all studies included patients with flail chest, in
many cases it was unclear whether it was a radiological or clinical flail chest making results
harder to interpret. It is important to distinguish between these subgroups as respiratory
compromise as well as injury severity are thought to mark important differences and
influence outcome. The heterogeneous indication and patient populations reported on in the
literature mask the exact indication and patient subgroup that would benefit most from rib
fixation and consequently the adaptation of rib fixation in current practice.

Very few studies are available investigating patients with multiple rib fractures without flail
chest. In a retrospective study, Qiu et al. performed separate analysis on patients with
multiple rib fractures without flail segment and showed good short term results and an
earlier return to ‘normal activity’ after rib fixation.?® Another notable study on multiple rib
fractures was from Khandelwal et al. who described a prospective cohort of patients with
multiple rib fractures where most patients had two or three rib fractures and only two (5.3%)
had a flail chest.?? They reported a significant reduction of pain and earlier return to work
after rib fixation. No other studies have reported on rib fixation compared to nonoperative
treatment focused on multiple rib fractures even though this is the largest subgroup of
patients seen in daily practice.

In this review we have included both RCTs and observational studies and show similar results
for all outcome measures between both designs. Concato et al., Benson et al., and loannides
et al. have provided an empirical basis for the comparison of RCTs and observational studies
and showed results from these different designs can be remarkably similar, but can be rather
different as well.>?* Although, treatment effects can be similar across studies regardless of
design, genuine differences in treatment effects between different patient populations may
be masked by biases in observational studies. Pooling results across different design could
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then lead to incorrect inferences. The judgement about validity of pooling results from
different designs should be made on a case-by-case basis, since for instance the potential for
confounding bias is context- and research-specific. Still, within the field of (orthopedic)
trauma surgery there is growing evidence showing the potential of observational studies in
meta-analyses leading to more robust conclusions without decreasing quality of the results.””
9

Interestingly, RCTs in this study showed a larger treatment effect for some of the outcome
measures as compared to observational studies. It is thought that observational studies tend
to overestimate treatment effect which is possibly the result of the surgeon introducing a
selection bias by choosing the optimal patient or publication bias.>>*® The three RCTs
available on this subject all had very strict in- and exclusion criteria resulting in specific
patient groups where treatment effects could be demonstrated yet with limited
generalizability.?#%*>°% In observational studies, usually with less strict in- and exclusion
criteria, an unclear indication together with other serious concomitant injuries can result in a
selection of patients including patients who would benefit more from nonoperative
treatment. A wrong patient selection can reduce measured treatment effects after rib
fixation which could explain differences found between RCTs and observational studies in this
specific topic. Additionally, differences in timing of the surgical procedure between studies
might have introduced bias in comparability as early surgical stabilization is associated with
favorable outcomes.”” However, data regarding timing of surgery was not sufficiently
reported in the included studies to further explore these effects. Finally, improvement of
intensive care management over time could have attributed to differences in treatment
effects as shown by our sensitivity analysis. In more recent studies only mortality and DMV
improved after rib fixation but there was no difference for the other outcome measures.

This study had some limitations. First, the results may be altered by missed studies in the
literature search or by publication bias. However, we performed an extensive search using
multiple databases with citation and reference checking of included studies. A funnel plot of
the primary outcome measure did not suggest bias due to selective publication. Therefore we
are confident that we have a representative overview of the current literature. Second, we
did not distinguish between studies with both flail chest and multiple rib fractures and
studies including only flail chest patients. Very few patients with multiple rib fractures were
included in these studies. Therefore, we think results from these studies translate to flail
chest patients and should not be excluded from analyses. Still, cautious interpretation of
study results is necessary as the variety of definitions used in the included studies might have
resulted in a high in-between study variability of patient samples.

More research is needed to further identify the right indication and right patient for rib
fixation. As previously mentioned, RCTs in this heterogenic population are very difficult to
perform and for adequate subgroup analyses sufficiently large sample sizes are needed. In
the rapidly developing area of surgery, RCTs can be expensive, time consuming, and often
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have limitations in terms of generalizability and small sample sizes due to strict in- and
exclusion criteria.”®>° Observational studies show similar results as compared to RCTs and
might be an achievable first step in gathering high quality evidence. Currently a large
prospective multicenter database is created in the Netherlands including both patients with
flail chest and multiple rib fractures from multiple level-1 trauma centers, aiming to answer
the above questions with the use of large sample sizes and long-term follow-up.®°

Conclusion

Rib fixation significantly improves short-term outcome for patients with flail chest, although
the indication and patient subgroup who would benefit most from this treatment remains
unclear. There is not enough data regarding patients with multiple rib fractures without flail
segment. Observational studies show similar results as compared to RCTs and might be an
achievable first step in gathering high quality evidence. Larger prospective studies are
required to investigate proper indications and relevant outcome after rib fixation.

144



Chapter 8

Appendices

Appendix 1. Search Syntax

Date searched: June 16 2018

Search string Pubmed (n=698 )

(“Rib Fractures”[Mesh] OR rib fracture* OR “flail chest”[Mesh]) AND (surgical management
OR fixation OR plating OR orif)

Search string Embase (n=847)
(‘rib fracture’/exp OR (rib NEAR/1 fracture*):ab,ti OR ‘flail chest’:ab,ti) AND (‘fracture
treatment’/exp OR orif:ab,ti OR fixation:ab,ti OR plating:ab,ti)

Search string CENTRAL (n=195)
(“rib fracture®” OR “flail chest”)

Search string CINAHL (n=612)
("rib fracture*")
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Appendix 4. Results of the included studies comparing operative versus non-operative management of
traumatic rib fractures.

Duration of
Treatment Mortalit Hospital LOS  ICU LOS mechanical . Tracheostom
Study o Pneumonia
groups y (days) (days) ventilation y
(days)
i 0, + + 0, 0,
Dehghan ,C\l)ziratlve 2 (12{5%@ 2120 15+ 13 . 45 (48%) 17 (22%)
2018 operative  (9.8%) 17 +26 13+ 15 614 (38%) 182 (11%)
AliOsmgn | OPerative  1(L6%)  12[9-16] 6 [3-10] 3 [1-15] 5 (7.8%)
Non- 13 o NR
2018 operative (9.6%) 4.8 [2.9-8.4] 4 [3-7] 4[1-10] 16 (12%)
i 0, _ _ _ 0,
Wilffels (;z(:atlve 2 (10%) 21 [12-33] 5([3-13] 4 [2-10] 7 (35%) NR
2018 , 1(5%) 23[17-42]  12[3-29] 18 [12-26] 16 (80%) NR
operative
Operative 1 (0.9%) 12 [10-14] 3 [0-6] 7 (6%) 10 (8.6%)
Kane 2018 Non- 13 NR
operative  (1.3%) 5 [3-9] 0[0-3] 59 (6%) 45 (4.5%)
1 (o) _ _ [0)
Fitzgerald ('\)lz(re‘ratlve 0 (0%) 18 (14-23) 12 (7-17) " 0 (0%) "
2017 , 2 (4%)  17(10-23)  8(5-11) 7 (14%)
operative
Operative  1(5,3%) 21.9+13.2 7.4+6.7 6.1+5.9 12 (63%)
Farquhar Non- NR
2016 . 1(2,8%) 16.0+12.1 3.7+6.0 3.1+55 8 (22%)
operative
13.0[9.0, 6.0 [3.0,
0, [0) 0,
Pieracci Operative 0 (0%) 21.0] 10.0] 0[0.0,8.0] 7 (20%) > (14%)
2016 - . . .0 [4.
Sse”rative 0% 1° 23%(]) O 3 55[1(;]0' 50[0,18]  11(31%) 16 (46%)
Defreest Operative  1(2,4%) 28.3(9-69) 14.0(0-43) 9.3 (0-39) 11 (27%) 10 (24%)
Non- 5
201
016 operative  (11,1%) 13.0(3-43) 8.0 (0-43) 5.8 (0-39) 10 (22%) 8 (18%)
Uchida Operative 0 (0%) 6.5 (3, 9] 5.5(1, 8] 2 (20%) 1(10%)
Non- NR
2016 9
operative 0 (0%) 12 [8, 14] 9(7,12] 9 (90%) 3 (30%)
1 0, [0)
Velasquez (I\)lgifatlve 0 (0%) 6 [4, 10] 4,51, 8] 2 [1, 3] 3 (15%) "
2016 . 2 (10%)
operative 16 [11,22] 8]6,10.5] 10 [6, 16] 13 (65%)
Operative 1 (4,8%) 7.2+1.7 57+14 2 (9,5%)
Qiua 2016 Non- 2 NR NR
operative  (11,8%) 10.3+2.3 9.1+3.6 8 (47%)
Operative 0 (0%) 11.1+1.9 3(4,6%)
Qiu b 2016 Non- 0 (0%) NR NR NR
operative 159+2.8 10 (17%)
Operative NR 21.7+7.8 9.0+4.3 3.1+5.2 4 (40%)
Jayle 2015 Non- . NR NR
operative 323+19.3 12.3+85 59+94 3 (30%)
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(table continued)

38 [33,

4.5[21.3,

[0) 0] (0]
Zhang Y Operative 0 (0%) 54.25] 30.7] 12[7.5,17.8] 16 (67%) 12 (50%)
2015 Non- 2 60 [38, 21.5[18, 0 0
operative  (13,3%) 99.75] 33.5] 714,14] 7 (47%) 7 (9,7%)
1 [0)
Zhang X (l\JlEre:atlve 0 (0%) " 55+64 41+6.1 " "
2015 . 0 (0%) 142+65 14+7.6
operative
Operative 3 (3,6%) 33[22, 45] 10 (12%)
Wada 2015 Non- . 6(18%) 42[23,58] NR NR NR 68 (20%)
operative
Operative 1(1,3%) 153+64 82+43  37+14 5 (6,7%) 4 (5,3%)
201 -
Wu2015 - Non- ) iso) 265+69 146432 95+43 17 (19%) 7 (7,9%)
operative
i 11.4 + 5. .6 +5. 12 9 9
Majercik gziratlve " 4+57 46+5.6 010, 3] (8,8%) 8 (5,8%)
2015 . 12.3+9.1 59+77 010, 4] 55 (20%) 30 (11%)
operative
Operative 0 (0%) 159450  10.5+3.7  10(59%) 2 (12%)
Xu 2015 - NR
Non- 1(6,7%) 19.6+50  13.7+4.4  12(93%) 6 (40%)
operative
: [¢) _ (o)
Granhed ’C\l)peratwe 2 (3,3%) " " 2.7 (0-21) 0 (0%) "
2014 on- NR 9.0 (1-76) NR
operative
Operative N/A 21.6(8-59) 12.5(5-21) 8.2 (0-30)
Doben 2014 Non- NR NR
on- 0(0%) 285(6-50) 15.3(5-22)  18.0 (4-40)
operative
0 (0%) 13.5[9.9,
Marasco Operative ° 20 [18, 28] 15.8] 6.3+3.4 11 (48%) 9 (3,9%)
2013 Non- 1(4,3%) 18.7 [13.4,
operative = 5118, 38] 26.9] 75+54  17(74%) 16 (7,0%)
Operative
Khandelwal
2011 Non- . NR NR NR NR NR NR
operative
Operative 18+12 9+8 7+8 5(31%)
Moya 2011  Non- NR NR
operative 16+11 7+10 6+ 10 12 (38%)
i 9 3 (3,99
Althausen  OPerative 11.9+78 7.6+7.4 4.2+6.6 1(4,5%) (3,9%)
2011 Non- NR
operative 19.0+12.6 9.7+9.2 9.7+9.2 7 (25%) 11 (3,9%)
Operative 54+1.5 19+1.1 0 (0%)
Solberg 2009 Non- NR NR NR
operative 21+13.6 13.3+5.3 3(43%)
Operative 18.8+1.8 12.1+1.2 6.5+1.3
Nirula 2006  Non- NR NR NR
operative 21.1+3.9 14.1+2.7 11.2+2.6
Operative 2(10%) 11.7+10.1 9.6+12.0 2+8.9
Granetzny Non- NR NR
2006 . 3(15%) 23.1+10.1 146+12.0 12+8.9
operative
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3
. 18.3+7.6 NR 3.1+1.8 0 (0%)
1,119 - -
Balci 2004 (szifat've 1, . oA)) NR
2+7. 2+5. 9
operative (27,0%) 19.2+7.2 NR 7.2+5.8 7 (19%)
Operative 0 (0%) 16.5+7.4  10.8+3.4  4(22%) 3 (17%)
Tanaka 2002 Non- NR
operative 0 (0%) 26.8 +13.2 183+7.4 17 (90%) 15 (79%)
. 0 0
Voggenreiter Operative 0 (0%) 6.5+7.0 1(10%)
a 1996 Non- / NR NR 26.7+29.0  5(28%) NR
operative (38,9%) e °
. Operative 3 (30%) 30.8 +33.7 4 (40%)
Voggenreiter Nor- NR NR NR
b 1996 , 1(25%) 29.3+22.5 2 (50%)
operative
Operative 2 (10%) 9 3.9 3 (15%)
Ahmed 1995 Non- 11 NR NR g
operative (57,9%) 21 15 14 (74%)
Operative 1 (5,9%) 24 + 15 NR
Kim 1981 Non- 60 NR NR . NR
operative  (42,2%) 22.1+13.5 7 (4,9%)
3 NR
1 (o)
Aubert 1981 gzifat"’e (135'24’) NR NR NR NR
[0)
operative  (24,1%) 135 (60%)
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Appendix 5. Impact of different methods to handle zero-event data in a meta-analysis of

operative versus nonoperative treatment of rib fractures and mortality

Method

Observational
studies
OR (95% Cl)

RCT

OR (95% Cl)

Total

OR (95% Cl)

Mantel-Haenzel*
Crude

Inverse variance - no correction
Inverse variance

correction
DerSimonian
correction
Peto

0.43 (0.27 — 0.69)
0.21(0.13 - 0.35)
0.41(0.23 - 0.73)

0.39 (0.23 — 0.65)

0.37 (0.17 = 0.79)

0.28 (0.16 — 0.49)

0.57 (0.13 — 2.52)
0.49 (0.09 — 2.79)
0.63 (0.09 — 4.24)

0.59 (0.13 — 2.68)

0.58 (0.11 — 3.23)

0.50 (0.07 — 3.47)

0.44 (0.28 — 0.69)
0.22 (0.14 —0.35)
0.43 (0.25 — 0.74)

0.41 (0.25 — 0.66)

0.39 (0.20—0.78)

0.29 (0.17 — 0.50)

* Method used in meta-analysis; OR odds-ratio; Cl confidence interval

In a model with correction 0.5 is added to every table of the 2x2 table
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Appendix 6. Hospital length of stay in a systematic review of rib fractures comparing operative to

nonoperative treatment

Surgery Conservative
Study or Subgroup Mean  SD Total Mean  SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.2.1 Observational

Ali-Osman 2018 123 52 64 54 41 136 58%
Althausen 2011 119 7.79 22 18 1264 28 48%
Balci 2004 183 78 27 1886 7.2 37 54%
Defreest 2016 28.3 15 41 13 10 45  4.9%
Dehghan 2018 206 19.9 77 166 254 16H 5.2%
Daoben 2014 216 12.75 10 285 1 1 3.4%
Farquhar 2016 21.9 132 19 16 1241 36 4.3%
Fitzgerald 2017 18 225 23 17 325 50 5.9%
Jayle 2015 217 7.8 0 322 193 10 2.7%
Kane 2018 12 3 116 87 44 1000 6.0%
Majercik 2015 114 67 137 123 91 274 58%
Moya 2011 18 12 16 16 11 32 44%
Nirula 2006 188 18 30 214 B R 0 58%
Pieracci 2016 13 B9 35 16 9.6 35 52%
Velasquez 2016 6 44 20 4] 8.1 20 5.3%
Wada 2015 33 64 84 42 2592 336 5.6%
Wijffels 2018 22 158 20 2713 185 20  3.3%
Wu 2015 153 B8 75 265 6.9 89 5.8%
Zhang Y 2015 38 157 24 60 45.7 15 1.1%
Subtotal (95% CI) 850 3834 90.9%

Heterogeneity: Tau? = 34.35; Chi* = 523.49, df = 18 (P < 0.00001); I* = 97%
Test for overall effect: Z = 0.51 (P = 0.61)

122RCT

Granetzny 2006 117 1041 20 231 101 20 4.6%
Marasco 2013 20 74 23 25 148 23 4.5%
Subtotal (35% CI) 43 43 9.1%
Heterogeneity: Tau? = 9.43; Chi* = 1.85, df = 1 (P = 0.17); I = 46%

Test for overall effect: Z = 2.61 (P = 0.009)

Total (95% CI) 893 3877 100.0%

Heterogeneity: Tau? = 35.38; Chi® = 548.90, df = 20 (P < 0.00001); I* = 96%
Test for overall effect: Z = 1.00 (P = 0.32)
Test for subarouo differences: Chi? = 4.58. df =1 (P = 0.03). |* = 78.2%

6.90 [5.45, 8.35]
-7.10 [-12.80, -1.40]
-1.30 [-4.99, 2.39]
15,30 [9.86, 20.74]
4.00 [-0.61, 8.61]
-6.90 [-17.13, 3.33]
5.90 [-1.23, 13.03]
1.00 [-0.29, 2.29]

F

-10.50 [-23.40, 2.40]
6.20 [5.69, 6.91]
-0.90 [-2.34, 0.54]
2.00 [5.01,9.01]
-2.30 [-3.84, -0.76]
2300 [-7.34, 1.34]
0.00 [-4.04, 4.04]
-9.00 [-12.08, -5.91]
-5.30[-15.91, 5.31]
-11.20 [-13.27, -9.13]

+

-22.00 [-45.96, 1.96] *
-0.77 [-3.72, 2.18]

-11.40 [-17.66, -5.14]
500 [-11.76, 1.76]
-8.33 [-14.60, -2.07]

-1.46 [-4.31, 1.39]

R

-

0 -5 0 5 10
Favours surgery Favours conservative
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Appendix 7. Intensive care length of stay in a systematic review of rib fractures comparing operative to
nonoperative treatment

Surgery Conservative Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Observational
Ahmed 1985 g 0 20 21 0 19 Mot estimable:
All-Osman 2018 6.3 5.2 64 4.7 3 135 5.1% 1.60 [0.23, 2.97] =
Althausen 2011 7.59 743 22 968 9.18 28 37% -2.09 [-6.69, 2.51] ——
Defreest 2016 14 10.75 41 8 108 45 AT% 6.00 [1.44, 10.56]
Dehghan 2018 149 129 77 126 1563 1631 4.5% 2.30 [-0.68, 5.28] T
Doben 2014 12.5 4 10 15.3 4.25 11 4.2% -2.80 [-6.33, 0.73] —
Farguhar 2016 74 &7 19 37 6 36 4.2% 3.70 [0.11, 7.29] I~
Fitzgerald 2017 12 25 23 8 15 50 52% 4.00 [2.80, 5.10] ===
Jayle 2015 8 43 10 123 B5 10 3.1% -3.30 [-9.20, 2.60] e
Kane 2018 3 44 116 1 22 1000 52% 2.00[1.19, 2.81] s
Majercik 2015 46 56 137 58 77 274 51% -1.30 [-2.61, 0.01] ==
Moya 2011 g 8 16 7 10 3z 34% 2.00[-3.23, 7.23) S
Nirula 2008 121 12 30 141 27 30 5.2%  -2.00[-3.06, -0.84] -
Pieracci 2016 B 5.2 35 8 81 35 4.4% -3.00 [-6.19, 0.19] i |
Qiu a 2016 719 167 21 1028 2.31 17 51% -3.10 [-4.41, -1.79] —_
Salberg 2008 54 1.5 g 21 136 7 1.7% -15.60[-25.72,-548)
Uchida 2016 B.5 4 10 12 4 10 4.2%  -550[-9.01, -1.80) e
Velasquez 2016 45 52 20 B 33 20 4.6% -3.50 [-6.20, -0.80] —
Wijffels 2018 7 74 20 14.7 193 20 20% -7.70[-16.76, 1.36) 4
Wu 2015 B2 43 75 148 32 B9  51%  -6.40[-7.58,-5.22 _—
Au 2015 15.9 3 17 18.8 5 15 4.2% -3.70 [-7.17, -0.23] e
Zhang X 2015 5.5 6.4 23 142 65 29 4.2% -8.70[-12.23, -5.17] S IS5
Zhang Y 2015 245 7 24 215 115 15 2.9% 3.00 [-3.46, 9.48]
Subtotal (95% CI) 839 3558 91.0% -1.53 [-3.21, 0.15] "'
Heterogeneily: Tau® = 12,57, Chi* = 301.16, di = 21 (P < 0.00001); I? = 93%
Test for averall effect: Z=1.79 (P = 0.07)
1.3.2RCT
Granelzny 20086 9.8 12 20 148 12 20 2.5% -5.00[-12.44 244
Marasco 2013 13.5 4.4 23 187 10 23 2.8% -5.20 [-9.86, -0.74] _——
Tanaka 2002 16.5 4 18 26.8 132 19 2.7% -10.30 [-17.15, -3.45] *
Subtotal (95% CI) 61 62 9.0% -6.37 [9.72, -3.03] il
Heterogeneily: Tau® = 0.00; Chi* = 1.66, df = 2 (P = 0.44); I*= 0%
Test for averall effect: Z=13.74 (P = 0.0002)
Total (35% CI) 900 3620 100.0%  -2.00 [-3.61, -0.38] B
Helerogeneity: Tau? = 12.80; Chi? = 314.29, df = 24 (P < 0.00001); |2 = 92% - 150 5 3 5 1¢0

Test for overall effect Z=2.43 (P =0.02)

: ; Favours surgery Favours conservative
Test for subaroup differences: Chi2=6.44. df =1 (P = 0.01). I = 84.5%
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Appendix 8. Duration of mechanical ventilation in a systematic review of rib fractures comparing operative to

nonoperative treatment

Study or Subgroup

Conservative

SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.4.1 Observational
Ali-Osman 2018
Althausen 2011
Balci 2004

Defreest 2016
Doben 2014
Farquhar 2016
Granhed 2014
Jayle 2015

Kim 1981

Majercik 2015

Moya 2011

Nirula 2006

Pieracci 2016

Qiu a 2016

Solberg 2009
Uchida 2018
Velasquez 2016
Voggenreiter a 1996
Voggenreiter b 1996
Wijffels 2018

Wu 2015

Xu 2015

Zhang X 2015
Zhang ¥ 2015
Subtotal (85% CI)

Heterogeneity: Tau® = 12.39; Chi* = 272.23, df = 23 (P < 0.00001); I = 92%

Surgery
Mean SD Total Mean
8.3 104 64 5
414 6.66 22 968
31 18 27 1.2
8.3 9.75 4 58
B.2 F5 10 18
61 58 19 31
2.7 525 B0 9
306 519 10 5.9
24 15 18 221
Q 222 137 0
7 B 18 B
g5 13 30 1.2
g 5.92 35 5
571 1.35 21 9.08
1.9 11 9 133
5.5 5.18 10 9
2 133 20 10
6.5 7 10 26.7
30.8 337 10 293
53 69 20 187
37 14 75 9.5
105 37 17 137
41 6.1 23 13
12 7.58 24 7
728

Test for averall effect: Z =4.44 (P < 0.00001)

142RCT
Grangtzny 2006
Marasco 2013

Tanaka 2002
Subtotal (95% CI)

2
8.3
10.8

8.9 20 12

3.4 23 7.5

3.4 18 183
61

67 135 4.5%
9.18 28  37%
58 37  48%
9.75 45  3.8%
9 11 2.5%
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Appendix 9. Pneumonia in a systematic review of rib fractures comparing operative to nonoperative

treatment

Surgery Conservative Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 Observational
Ahmed 1995 4 36 19 38 4.2% 0.22 [0.08, 0.59] =
Ali-Osman 2018 5 B4 18 135 4.2% 0.66 [0.25, 1.72] ™
Althausen 2011 1 22 7 28 2.0% 0.18 [0.02, 1.37] * ¥
Defreest 2016 11 41 10 45 4.9% 1.21 [0.57, 2.54] S | e
Dehghan 2018 45 i 614 1631 6.2% 1.55 [1.27, 1.89] e
Farquhar 2016 12 19 8 36 5.0% 284 [1.41,5.73] =
Filzgerald 2017 a 23 7 50  1.2% 0.14 [0.01, 2.38] *
Jayle 2015 4 10 3 10 3.5% 1.33 [0.40, 4.49]
Kane 2018 7 116 59 1000 4.8% 1.02 [0.48, 2.19] —
Majercik 2015 12 137 55 274 5.3% 0.44 [0.24, 0.79] e
Moya 2011 § 16 12 32 4.6% 0.83 [0.35, 1.96] |
Nirula 2006 0 30 3 30 1.1% 0.14 [0.01,2.65) *
Pieracci 2016 7 35 1" 35 4.68% 0.64 [0.28, 1.45] - T 1
Solberg 2009 0 9 3 7 1.2% 0.11[0.01,1.81] *
Uchida 2016 2 10 9 9 3.9% 0.24 [0.08, 0.72] x
Velasquez 2016 3 20 13 20 3.9% 0.23 [0.08, 0.69] "
Voggenreiter a 1986 1 10 5 18 2.0% 0.36 [0.05, 2.67] *
Voggenreiter b 1996 4 10 2 4 3.5% 0.80 [0.23, 2.76]
Wijffels 2018 i 20 186 20 5.2% 0.44 [0.23, 0.83] -
Wu 2015 5 79 7 89 4.3% 0.35 [0.14, 0.90] ————
Xu 2015 10 17 14 16 5.8% 0.63 [0.41, 0.96] T
Zhang Y 2015 16 24 7 15 5.3% 1.43 [0.78, 2.63] E———
Subtotal (35% Cl) 821 3541 86.8% 0.63 [0.44, 0.52] .
Tatal events 161 910
Heterogeneity: Tau® = 0.48; Chi* = 87.79, df = 21 (P < 0.00001); I* = 78%
Test for overall effect: Z= 2.43 (P = 0.02)
1.5.2 RCT
Granetzny 2006 20 10 20 3.1% 0.20 [0.05, 0.80] * '
Marasco 2013 11 23 17 23 5.6% 0.65 [0.40, 1.06] | i
Tanaka 2002 4 18 ; Irg 19 4.5% 0.25[0.10, 0.60] "
Subtotal (95% Cl) 61 62 13.2% 0.36 [D.15, 0.85] ~—ell—
Total events 17 44
Heterogeneity: Tau® = 0.37; Chi*= 5.92 df =2 (P =0.05); I’ =66%
Test for overall effect: Z = 2.32 (P = 0.02)
Total (95% Cl) 882 3603 100.0% 0.59 [0.42, 0.83] -
Total events 178 954
Heterogeneity: Tau? = 0.49; Chi# = 115,31, df = 24 (P < 0.00001); P = 79% D : sz Ufs : é 5 150

Test for overall effect: Z = 3.03 (P = 0.002)
Test for subaroup differences: Chi* = 1.38. df =1 (P = 0.24). P = 27.6%
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Appendix 10. Tracheostomy in a systematic review of rib fractures comparing operative to nonoperative

treatment

Risk Ratio
M-H. Random, 95% ClI

Risk Ratio
M-H, Random, 95% CI

Surgery Conservative

Study or Subgroup  Events Total Events Total Weight
1.5.1 Observational

Ahmed 1995 4 36 19 38 4.2%
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Jayle 2015 4 10 3 10 3.5%
Kane 2018 7 116 59 1000 4.8%
Majercik 2015 12 137 55 274 5.3%
Moya 2011 § 16 12 32 4.6%
Nirula 2006 0 30 3 30 1.1%
Pieracci 2016 7 35 11 35 4.6%
Solberg 2009 0 9 3 7 1.2%
Uchida 2016 2 10 9 9 3.9%
Velasquez 2016 3 20 13 20 3.9%
Yoggenreiter a 1986 1 10 5 18  2.0%
Voggenreiter b 1996 4 10 2 4 3.5%
Wijffels 2018 i 20 186 20 5.2%
Wu 2015 5 79 7 89 4.3%
Xu 2015 10 17 14 15 5.8%
Zhang Y 2015 16 24 7 15 5.3%
Subtotal (35% Cl) 821 3541 86.8%
Tatal events 161 910

Heterogeneity: Tau® = 0.48; Chi* = 87.79, df = 21 (P < 0.00001); I* = 78%

Test for overall effect: Z= 2.43 (P = 0.02)

1.5.2 RCT
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Marasca 2013 11 23 17 23 5.6%
Tanaka 2002 4 18 i 19 4.5%
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Heterogeneity: Tau® = 0.37; Chi*= 5.92 df =2 (P =0.05); I’ =66%
Test for overall effect: Z = 2.32 (P = 0.02)
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Test for overall effect: Z = 3.03 (P = 0.002)

Test for subaroup differences: Chi* = 1.38. df =1 (P = 0.24). P = 27.6%
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Chapter 9

Abstract

Randomized controlled trials (RCTs) are often challenging to design in surgical fields and can
be misleading when poorly executed. While the prevailing belief is that observational studies
on therapeutic efficacy are credible only in exceptional circumstances due to unrecognized
confounding, we identify three types of intervention in orthopaedic trauma and illustrate
relevant features that allow observational studies in orthopaedic surgery to be as helpful as
RCTs.



When observational studies are as helpful as randomized trials

Introduction

Randomized controlled trials (RCTs) were initially developed to evaluate the efficacy of
streptomycin, subsequently expanded to other interventions within medicine,? and are now
increasingly used in surgical disciplines.®>* RCTs in surgery have been fraught with challenges
including recruitment difficulty, inadequate power associated with small sample size, failed
randomization, and inadequate blinding.3>=® Surgical RCTs are difficult to design and execute,
and can lead to misleading results when poorly conducted. Obstacles to high-quality surgical
RCTs include surgeon-related factors (culture, surgeon-preference, equipoise/consent,
procedural/technique variety), patient-related factors (unwillingness to participate, patient
preferences), and methodological factors (follow-up, strict inclusion/exclusion criteria,
sample size estimation, funding).®>* These challenges are especially pronounced in trauma
surgery where urgent life- or limb-threatening situations and surgical variability can lead to
practical and methodological difficulties with recruitment, consent, randomization, and
execution of RCTs.>*’ While some authors have suggested increasing sample sizes and
improving blinding to improve RCT quality, these changes are particularly difficult to
implement in trauma surgery,>® and other study types may be more appropriate.?

Observational studies and RCTs in orthopaedic trauma surgery

Historically, observational studies have been used to increase our understanding of etiologic
risk factors and of prognosis and diagnosis in clinical medicine, especially in settings where
RCTs would be logistically or ethically impossible.® Observational studies have several
advantages over RCTs including lower cost and often more participants are more
representative of patients in clinical practice. In trauma research, what further favors an
observational design over RCTs is the acuity of trauma, while in observational studies patients
enter a cohort at a well-defined moment in time with immediate subsequent hospitalization,
and many important outcomes during admission are rapidly available.’® Still, due to the
potential for unmeasured bias (notably confounding), many insist on RCTs as the gold
standard design for testing the effectiveness of therapeutic treatment.»®! However, well-
designed observational studies accurately estimate the treatment effects of medical*® and
surgical'?™'# interventions when compared to RCTs on the same topic, and may represent an
alternate study type that can improve our understanding of the care of orthopaedic trauma
patients when applied within the appropriate context. This is especially important since
traumatic injuries continue to be a leading cause of morbidity and mortality throughout the
world, and merit further study.™ In this article, we highlight and provide examples of
scenarios in orthopaedic trauma surgery where observational studies of treatment
effectiveness are as credible as RCTs.

When are observational studies as credible as RCTs?

Many sources of bias in either RCTs or observational intervention studies have been
previously identified.'®*® The Cochrane Handbook lists possible sources of bias in a
randomized trial: inappropriate random sequence generation, no concealment of allocation,
no blinding of participants and personnel, no blinding of endpoint assessment, incomplete
endpoint data, and selective reporting. While it is clear that the first three sources of bias are
inherently present in observational studies, the extent to which they impact the validity of a
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study differs based on the research topic and setting. In a general context, Vandenbroucke
proposed a three-pronged restriction to make observational research as methodologically
credible as RCTs: (1) Restriction of research topics to those where exposure allocation is
reasonably unrelated to the outcome, (2) Restriction in design to studies where allocation of
the exposure is nearly random, and (3) Restriction to topics where confounding variables can
be identified, measured, and adjusted for in the analysis.'® In orthopaedic trauma surgery, we
identify three types of intervention and the differential risk of confounding using this criteria

(Table 1).%°

Table 1. Overview of different research types in trauma surgery

Type 1 comparison | Type 2 Type 3
comparison comparison
Comparison Pharmacological Operative Operative

intervention versus
placebo / other

intervention versus
alternative operative

intervention versus
non-operative

drug intervention intervention
Treatment choice Mostly dependent | Mostly dependent Mostly dependent

on clinical on surgeon on surgeon

indication and preference preference and

patient
characteristics

patient
characteristics

Comparability of | Most likely not Usually comparable | Possibly comparable
intervention groups comparable
Risk of confounding +++ +/- +

Research designs in orthopaedic trauma surgery: Using cases to illustrate when trauma
investigations are amenable to observational studies

A type 1 comparison focuses on pharmacological interventions in surgical patients,
comparing a particular medication with a placebo or other drug. For this type of study,
observational research is well-suited to study adverse or rare events as the surgeon is aware
that (s)he is prescribing a drug but does not know the risk of an unintended, particular
effect.?%2! For example, recent literature demonstrating an increased risk of wound drainage
and post-operative inflammation when using rhBMP-2 as an osteoinductive agent meets all 3
restrictive criteria and is likely to have an effect size similar to a dedicated RCT.?%%3
Nevertheless, observational studies of pharmacological therapeutic effect in surgical patients
remain prone to confounding by indication and are best studied by RCT. For instance, an
observational study exploring the efficacy of vancomycin powder in preventing wound
complications would likely be prone to bias by unmeasured factors (e.g., patient frailty) that
influence a surgeon to choose vancomycin powder treatment in a non-random fashion. As a
result, we would expect different study designs to differ in terms of their ability to control for
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confounding. This is nicely illustrated in a recent meta-analysis where the pooled therapeutic
effect size of vancomycin powder was directly related to observational study quality.?*

A type 2 comparison evaluates one particular operative procedure against a control group
that undergoes a different intervention (including a sham operation). Differences between
the two procedures can involve changes in techniques or implants. Observational studies are
particularly well suited for type 2 comparisons when there is therapeutic uncertainty and
near-random variation in treatment selection due to surgeon preference. This scenario is
quite common in trauma surgery because patients are typically randomized to an “on-call”
surgeon, and their treatment selection largely varies due to surgeon preference in the
absence of strong patient-related factors.?>?6 For example, in a recent meta-analysis of RCTs
and observational studies comparing plate fixation with intramedullary fixation for mid-shaft
clavicle fractures, effect estimates for the primary and secondary outcome measures were
comparable between observational studies and randomized trials.* This is not surprising
because fixation choice for mid-shaft clavicle fractures is an area of therapeutic uncertainty,
largely dependent on surgeon preference, and allocated to patients in a quasi-random
fashion. In this setting, Vandenbroucke’s restriction criteria are met and we expect
observational results to be of similar credibility as an RCT.

Finally, a type 3 comparison evaluates the effectiveness of operative versus non-operative
treatment. As in a type 2 study, surgeon preference is an important factor in decision making,
but, in this setting, patient factors may play a stronger role. Even in cases of therapeutic
uncertainty, patient factors can strongly bias the choice of treatment (e.g. preference for
operative versus non-operative management, medical comorbidity, socioeconomic factors).
In this setting, execution of a credible observational study requires great care in topic
selection and study design. For instance, a meta-analysis comparing operative to non-
operative treatment of displaced proximal humerus fractures found no difference in
functional results with either treatment, and the effect sizes of observational studies were
similar to those of RCTs.3 Critical analysis demonstrates why the observational results were
credible in this type 3 setting (i.e. fulfilling Vandenbroucke’s restriction criteria): (1) There
was therapeutic uncertainty in selection of treatment, (2) Treatment assignment was largely
based on quasi-random allocation to a surgeon whose treatment selection was based on
personal preference, and (3) Patient-related factors were balanced between the two groups.
Similar conclusions could be drawn from a meta-analysis comparing non-operative and
operative treatment for multiple rib fractures or flail chest and a recently published meta-
analysis on treatment for Achilles tendon ruptures?’.?8

Another study example of a type 3 comparison is the comparison of intracranial
pressure monitoring and targeted intensive care on functional outcome after severe head
injury compared to supportive intensive care.?® This oft cited (retrospective) observational
study, with a clear uncertainty of superiority of one treatment over the other, made use of
geographic randomization and patient related factors were similar across both treatment
groups (the three restrictions of Vandenbroucke). In this study, no benefit was demonstrated
of one treatment option over the other. This was confirmed in an RCT that was subsequently
published, further supporting the validity of an observational design in this setting.3® Using
these criteria, we suggest that multiple recent observational studies are likely to be as
credible as RCTs based on their research design and study topic.3%3? Still, great care must be
exercised when designing observational experiments for type 3 studies. For example, the
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treatment of calcaneal fractures is highly influenced by patient characteristics and an
observational study comparing operative versus non-operative treatment of calcaneal
fractures would be more prone to bias because patient risk factors for wound complications
after operative intervention (obesity, smoking) are the most significant factors in selection of
non-operative treatment.3? In this example, the observational study’s findings are unlikely to
be as credible as an RCT’s results.

Summary

While the prevailing belief is that observational studies of therapeutic efficacy are credible
only in exceptional circumstances due to unmeasured confounding, we highlight several
instances where observational studies in orthopaedic trauma surgery are likely to be as
credible as RCTs.>® Surgical RCTs are challenging to design and can be misleading when
poorly executed. Not all research topics need to be investigated by an RCT, and in many
cases, observational studies in trauma surgery can provide credible results at lower cost with
a more representative set of patients.?! In general, RCTs tend to have better compliance
rates and (potentially) allow for blinding. Both issues are relevant for a type 1 comparisons,
but, for type 2 comparisons, their role is much smaller because compliance with an operation
is often quite good and blinding is not present in practice either. For type 3 comparisons,
these issues are dependent on the research topic and study design so general statements are
more difficult. We acknowledge that the greatest threat to the validity of observational trials
of treatment effectiveness is the potential for unmeasured bias, but this potential is context-
and comparison-dependent and should not be presumed to be universal. In orthopaedic
trauma surgery, with careful planning and execution, an observational study can, to the least,
add valuable information to that obtained from an RCT and sometimes even be as
informative as an RCT.
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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 or
multiple rib fractures.

Methods and analysis

In this multicenter prospective cohort study all patients with > 3 rib fractures admitted to one
of the five participating centers will be included. In two centers rib fixation is performed and
in three centers 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 confirmed that the Medical Research Involving
Human Subjects Act (WMO) does not apply to this study and therefore an official approval of
this study is not required under the WMO (METC protocol number 17-544/C). Before
discharge, patients will be asked to participate in this follow-up study by the supervising
doctor of the surgical ward and written informed consent will be obtained in order to follow-
up on the patient and use individual patient data. Study results will be submitted for peer
review publication.
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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 adjacent ribs in at least two places, is associated with
an even higher mortality rate and significant morbidity.>® Rib fractures after chest wall
trauma are usually accompanied by internal thoracic injuries including pulmonary pathology.*
Pain associated with rib fractures 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 management.
Recently, a trend towards operative treatment of flail chest has evolved in part due to
commercially available rib fixation systems and consensus statements.”2 Several randomized
controlled trials (RCT) on patients with flail chest showed reduced duration of hospital length
of stay (HLOS), intensive care unit length of stay (ILOS), days on mechanical ventilation
(DMV), mortality rate, pneumonia rate, and treatment costs. Although, a recent meta-
analysis showed that only 3 RCTs were available on this subject including a total of just 123
patients.® For multiple rib fractures, very few studies exist investigating the effects of rib
fixation and the indication 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 centers. 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 orthopaedic 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 multicenter prospective cohort study is to compare rib fixation with
nonoperative treatment for flail chest or multiple rib fractures by evaluating treatment
effects in a representative patient population treated in different level 1 trauma centers.
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Methods and analysis

This will be a large multicenter prospective non-randomized cohort study with the following
participating centers: University Medical Center Utrecht (UMCU), Radboud University
Medical Center (RUMC), University Medical Center Groningen (UMCG), Elisabeth-
Tweesteden Ziekenhuis (ETZ), and Haaglanden Medical Center (HMC). All these hospitals are
level 1 trauma centers and have a similar volume of trauma patients admitted to the
emergency department with comparable injury severity.*?

Research questions

1) What is the short-term outcome after rib fixation for flail chest or multiple rib fractures
compared to nonoperative treatment?

2) What is the long-term outcome after rib fixation for flail chest or multiple rib fractures
compared to nonoperative treatment?

3) What are surgery related complications after rib fixation?

Participants selection

Inclusion criteria

All admitted adult (18 years and older) patients presenting at the Emergency Department
(ED) of the participating hospitals with a CT scan confirmed flail chest or multiple rib fractures
after blunt thoracic trauma will be enrolled 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 ipsilateral rib fractures without
paradoxical breathing. Patients will be enrolled from January 1%, 2018, onwards.

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

Intervention

In all participating centers, a multidisciplinary team following the ATLS guidelines will provide
trauma care. Primary and secondary surveys are performed during initial trauma care in the
Emergency Department. 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 and ETZ. 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.
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Rib fixation

In the participating centers where rib fixation is performed, treatment will be according to
the algorithm presented in Figure 1. In those centers, flail chest or a severe thorax deformity
are strict indications for rib fixation. Intractable 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 experienced
with surgical treatment of rib fractures. Preoperative planning of the procedure will be done
using chest computed tomography (CT) with 3D reconstructions. Preoperative antibiotic
prophylaxis (2 grams 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.[5] After reduction,
internal fixation using the MatrixRIB™ system (Depuy Synthes®, Amersfoort, The
Netherlands) will be performed. Fixation is preferably done with 3 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
pneumothorax during surgery at the discretion of the surgeon. Postoperative chest
radiography will be performed in all patients to document surgical result and to rule out early
complications. Patients will be encouraged to mobilize as soon as possible with the help of
physiotherapy and adequate pain management.

Outcome measures

Primary Objectives

- Number of days in the ICU for patients with flail chest

- Hospital length of stay for patients with multiple rib fractures

Secondary Objectives:
Short-term health related outcome measures

- Pneumonia rate

- Number of days in the ICU for patients with multiple rib fractures
- Number of days on mechanical ventilation

- Need for tracheostomy

- In-hospital complication rate

- Hospital length of stay for patients with a flail chest

- In-hospital mortality

- Pain with breathing on day 3, 5, and 7 after admission

- Pain with coughing on day 3, 5, and 7 after admission

- General pain on day 3, 5, and 7 after admission
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Patient with multiple rib fractures

Does the patient have a clinical flail | Yes
chest?

No

Does the patient have a thorax Yes
defornuty?

No

Conservative
treatment

Yes | Oral or IV analgesia adequate for pain
management?

No

Possibilities for epidural analgesia?

1o Rib fixation

Yes

Epidural analgesia adequate for pain No
management?

Yes

Epidural pain management adequate No
for pain control?

Yes

After 3 days when epidural is removed
pain management is expected to be
sufficient with oral or IV pain control

No

Definitions used

Multiple rib fractures: > 3 ipsilateral rib
fractures

Flail chest: > 3 adjacent ribs fractured in at
least 2 places with paradoxical breathing
Polytrauma: ISS > 16

Factors associated with decision making for rib

fixation:
Age > 45 years old
Number of 1ib fractures (>3)
Location of nb fractures
Pulmonary contusion
Polytrauma
Dislocation
Perforation lung / persistent pneumothorax
Need for thoracotomy

Fig. 1 Treatment algorithm for patient with flail chest or multiple rib fractures
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Long-term outcome measures

- Pain with breathing/coughing
- Quality of life

- Dyspnea burden

- Health costs

- Return to work

Surgery related outcome measures

- Incidence of surgical complications
- Implant removal rate

Conservative related outcome measures

- Incidence of pseudoarthrosis
- Late rib fixation (more than 10 days after trauma)

Data collection & patient follow-up

Measurements of explanatory and outcome variables will be obtained from the electronic
medical patient files, from each of the participating centers. No extra information will be
collected during hospital stay. We will appoint a project leader in every participating
institution who will have access to Research Online for Researchers to enable centralized
tracking of potentially eligible patients in compliance with the data management policy of the
UMCU and the GCP 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 pseudonymized and a file to decode this data will be stored in a research
folder only accessible by the principal investigator and project leaders.

Outpatient measurements

A standard outpatient department visit will be scheduled six weeks 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 one year follow-up telephone interview to reassess EQ5D-5L,
MMRC, general NRS, NRS during breathing and coughing, and additionally to evaluate implant
removal (appendix). The EQ5D-5L is a standardized instrument for generic health status
measurements to assess quality of life.'3 The mMRC is a five-category scale that characterizes
the level of dyspnoea with physical activity.

Cost analysis

Cost 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 admission or after discharge will
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not be taken into account. Reference prices will be derived from a national ledger for
standardization 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 hospitals can differ due to contracts with
different suppliers of materials and equipment, and the fact that healthcare reimbursements
in the Netherlands are based upon agreements between individual hospitals and insurance
companies, 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 a standard deviation (SD) of 4.5.16,17 To detect
three days difference in ICU stay with a power of 80% and two-sided alpha of 0.05,
accounting for 15% loss after propensity score 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 a
SD of 6.3.18-20 To detect a difference of three days hospital stay difference with a power of
80% and an alfa of 0.05, accounting for 15% loss after propensity score matching, a total of
approximately 160 patients are needed.

This study is expected to take four years to reach the required sample size based on
retrospective data on rib fracture patients in the participating centers. An additional 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 (standard deviation) for continuous
variables and proportions for categorical variables. Differences in distributions of baseline
characteristics between the study groups will be quantified by means of standardized
differences.21
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We will apply multiple imputation to impute missing values for baseline characteristics using
the mice() algorithm in R.22

To control for potential confounding, we will conduct propensity score (PS) matching. The PS
will be estimated using binary logistic regression analysis, with rib fracture fixation as the
dependent variable and age, gender, ASA-score, trauma mechanism, AlS head, ISS, 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 neighbor matching will be performed, with a
maximum caliper of 0.15 of the standard deviation of the logit of the PS using the Matchit()
algorithm in R.23 After PS matching, the distributions of baseline characteristics will be
compared between the study groups and quantified using standardized differences.

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

Sensitivity and subgroups analysis

As a sensitivity analysis, the above analyses will be repeated, but in subgroups of (i) patients
without a CT confirmed pulmonary contusion and (ii) patients with epidural anesthesia. This
study is expected to require four years of patient enrollment, therefore an additional
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 treatment 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, 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 confirmed
that the Medical Research Involving Human Subjects Act (WMO) does not apply to this study
and therefore an official approval of this study by the METC UMC Utrecht is not required
under the WMO (METC protocol number 17-544/C). Before discharge, patients will be asked
to participate in this follow-up study by the supervising doctor of the surgical ward. All
patients will be given six weeks to consider their decision as after six weeks the outpatient
department visit is planned. Subjects can leave the study at any time for any reason if they
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wish to do so without any consequences. Study results will be submitted for peer review

publication.

Patient and public involvement
There was no patient or public involvement in the development of this study.

Trial registration number

This study has been registered with the Netherlands Trial Register (NTR number: NTR6833)
and can be viewed via: http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=6833
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Validated Dutch versions of these questionnaires will be used as this research will be

Protocol for a study of nonoperative versus operative treatment of rib fractures

conducted in the Netherlands

Appendix 1. Modified Medical Research Council Dyspnoea Scale

Modified Medical Research Council Dyspnoea Scale (mMRC)

Grade Patients description of breathlessness

mMRC O | only get breathless with strenuous exercise

mMRC 1 | get short of breath when hurrying on the level or walking up a slight hill

mMRC 2 I walk slower than people of the same age on the level because of
breathlessness or have to stop for breath when walking on my own pace
on the level

mMRC 3 | stop for breath after walking about 100 meters or after a few minutes on
the level

mMRC 4 | am too breathless to leave the house or | am breathless when dressing

Appendix 2. Implant-related irritation and removal questionnaire.

Implant Removed?

No Experiencing Yes No Due to Irritation? Yes
Irritation? [
No Patient Considers Yes
l Removal? ]
No Patient Fears Yes
Surgery?
v v \ v
Implant Not Implant Not Implant Not Implant Not Implant Implant
Removed, Removed, Removed, Removed, Removed Removed Due
No Irritation Irritation But Irritation, No Irritation, Routinely Or On To Implant
Implant Request For Considering Patient’s [rritation
Removal Not Removal Due to Removal Request,
Necessary Fear of Surgery Without
Irritation

A schematic representation of the questions regarding implant-related irritation and removal is shown. Patients
who had other causes of irritation such as infection or nonunion should be disregarded.[14]
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Appendix 3. EQ-5D 5L — Quality of Life questionnaire

Under each heading, please tick the ONE box that best describes
your health TODAY.

MOBILITY

| have no problems in walking about

| have slight problems in walking sbout

| have moderate problems in walking about
| have severe problems in walking about

| am unable to walk about

SELFCARE

| have no problems washing or dressing myself

| have slight problems washing or dressing myssif

| have moderate problems washing or dressing myself
| have severe problems washing or drassing myself

| am unable to wash or dress myself

USUAL ACTIVITIES (e.g., work, study, housework, family or leisure act
I have no problems doing my usual activities

| have slight problems doing my usual activitiss

| have moderate problems doing my usual activities

| have severe problems doing my usual activities

| am unable to do my usual activitias

PAIN/DISCOMFORT

I have no pain or discomfort

| have slight pain or discomfort

| have moderate pain or discomfort
| have severe pain or discomfort

| have extreme pain or discomfort

ANXIETY/DEPRESSION

| am not anxious or depressad

| am slightly anxious or depressed

| am moderately anxious or dapressad
| am very anxious or depressed

| am extremely anxious or depressad

codod Ccoooo DCDDG%DDDDD oo

1. We like to know how is your health today.
2. This scale is marked from 0 to 100,

3. 100 means the bast health you can imagine.
0 means the worst health you can imagine,.

4. Mark an X on the scale to indicate how is your
healith today.

5. Now, pleasa note the number you marked on the
scale in the box below.

Your Health Today =

The best health
you can imagine

100

85868 RIGNERER

O U = = DWW
oumouoom

The worst health
you can imagine
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This chapter aims to aggregate different important aspects of the previous chapters into one
overview. A brief summary is given of different study designs for intervention studies in
trauma patients and their potential for confounding and bias. Methodological differences
between observational studies and RCTs are further explored and future perspectives are
provided using a new study protocol.

Study designs for intervention studies

Different study designs are being used to assess effectiveness of medical interventions, yet
the randomized controlled trial (RCT) is often considered the most valuable.! Concato et al.,
Benson et al., and loannidis et al. provide an empirical basis for a comparison between the
different designs.” The majority of the topics they considered included pharmacological
treatments, but surgical intervention studies were included as well. Based on their reviews,
one could get the impression that results from the different designs are rather similar
(Concato and Benson), but also that results can be quite different (loannidis). The overall
conclusion, based on theoretical rather than empirical considerations, seems to be that RCTs
have superior validity (notably due to the randomization), yet in certain situations the
different designs may yield actually quite similar results. This is an interesting observation as
the use of randomization can be challenging and the RCT does have its downsides.” An
obvious question that emerges is what are drivers of difference between the different
designs and in which situation might an observational study design be considered
appropriate as well? Here we address these questions and focus on intervention studies in
traumatology patients.

Types of intervention and potential for confounding

A key difference between RCTs and observational studies is the potential for confounding in
the latter due to the absence of randomization. In observational research of a medical
treatment effect, allocation of treatment follows clinical practice and therefore treated and
untreated patients often differ on prognostic characteristics.® When comparing groups of
treated and untreated patients, such incomparability almost always leads to bias, known as
confounding. One may adjust for observed (and validly measured) confounders, however,
although several methods have been described to adjust for so-called unobserved
confounding (due to unknown or invalidly measured confounders) it can be difficult to
adequately adjust for this type of confounding.® Particularly the potential for unobserved
confounding is considered an important reason for differences in the effects obtained from
RCTs and effects obtained from observational studies. The potential for confounding likely
depends on the type of intervention that is studied. In intervention studies in trauma surgery
patients, three types of comparisons can be distinguished”®, which are discussed below and
summarized in Table 1.
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Type 1 — Comparison of pharmacological intervention

A type 1 comparison focuses on pharmacological interventions in surgical patients,
comparing a particular drug with a placebo or active comparator (other drug). The focus of
this kind of research is to quantify the effects of a particular compound (efficacy) or a
particular treatment strategy (effectiveness). Efficacy is the effect of an intervention under
ideal controlled circumstances, whereas effectiveness is the effect of an intervention in daily
clinical practice.’ In daily practice, prescriptions of pharmacological interventions often are
based on a clinical indication for that drug. Patient characteristics and severity of disease are
important factors in decision making (e.g. about initiating treatment) and consequently who
ends up in which treatment group. Observational studies of pharmacological interventions
are therefore generally highly susceptible to confounding, which in this context is referred to
as confounding by indication. Consequently, it is very challenging to study a type 1
comparison using an observational study design and randomization is usually considered
indispensable.

Type 2 — Comparison of different operative intervention

Type 2 comparisons aim at comparing two operative interventions. Hence, patients in both
research groups undergo an operative procedure, be it that the actual procedure differs. A
particular operative procedure is compared to a control group that undergoes an alternative
operative intervention or a sham operation. This type of research aims to study the
effectiveness of an operative procedure as it encompasses a course of pre-, peri-, and
postoperative treatment and the treatment effects are subject to skill and expertise of the
surgical team; treatment strategies, from admission to discharge, are optimized to the
hospital and can differ from other hospitals. Surveys amongst surgeons suggest that for
common fracture types different treatment strategies exist due to surgeon preference.%!!
Consequently, when two surgical treatment options are considered, skill and expertise of the
surgical team will be the most important factor used in decision making. Patient reference to
the surgeon, especially in the trauma setting, is to a large extent a random process,
therefore, compared to type 1 research, a comparison of operative interventions is less
sensitive to confounding if there are no indications that the surgeon's treatment preference
is strongly subject to patient characteristics.'>!® In other words, a surgeon will treat patients
according to his own preference and since ‘allocation of surgeon’ is a rather random process,
one can speculate that patient groups that underwent different surgical interventions may
actually be rather similar. Indeed, in a recent meta-analysis of RCTs and observational studies
comparing plate fixation with intramedullary fixation for midshaft clavicle fractures,
treatment groups in observational studies were surprisingly similar and consequently effect
estimates for the primary and secondary outcome measures were comparable between
observational studies and randomized trials.!* Although a type 2 comparison in trauma
surgery will generally involve a surgical procedure, type 2 comparisons might focus on an
single aspect of the treatment strategy such as post-operative treatment after the surgical
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procedure; e.g. cast immobilization compared to other post-operative treatment protocols
after surgical treatment of ankle fractures*®.

Type 3 — Comparison of operative and nonoperative intervention

In type 3 comparisons, an operative intervention is compared to a nonoperative intervention,
for example surgery versus conservative treatment in patients with a particular fracture (see
also chapters 7 & 8). Similar to a type 2 comparison, the focus is on the effectiveness of the
treatment. Again a surgeon’s preference is an important factor in decision making, however,
type 3 comparison may have a greater risk of confounding because patient characteristics
may have a greater influence on the decision between an operation or conservative
treatment than on the decision between two operative treatments. Still, for many fracture
types there is discussion on whether to operate or not and one could argue decision making
is based on surgeon preferences or hospital guidelines rather than patient characteristics;
depending on hospital expertise and the surgical team, treatment can be different between
different hospitals. For certain type 3 comparisons an observational study design may
therefore be suitable. Similar to type 2 research, multiple recent meta-analyses where
surgery was compared to conservative treatment, demonstrated treatment groups that were
similar which resulted in comparable effect estimates from observational studies and
randomized trials.'®!’ Selected type 3 studies can produce patient cohorts that are
comparable if the surgeon’s preference for one treatment over the other is of greater
magnitude than influences of unmeasured patient characteristics.

Table 1. Overview of different research types in trauma surgery

Type 1 comparison

Type 2 comparison

Type 3 comparison

Comparison

Pharmacological
intervention versus
placebo / other

Operative
intervention versus
alternative operative

Operative
intervention versus
nonoperative

drug intervention intervention
Treatment choice Mostly dependent | Mostly dependent Mostly dependent

on clinical on surgeon on surgeon

indication and preference preference and

patient
characteristics

patient
characteristics

Focus

Efficacy or
effectiveness

Effectiveness

Effectiveness

Comparability of
intervention groups

Most likely not
comparable

Possibly comparable

Possibly comparable

Risk of confounding

e

+/-

+

Observational design

Not recommended

To be considered

To be considered
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Representativeness

To what extent results from a study are representative to a larger group of patients (now and
in the future) depends at least on three factors: 1) presence of effect modifiers, 2)
representativeness of study patients and 3) representativeness of study setting.

An effect modifier is a certain (patient) characteristic that influences the magnitude of a
treatment effect. When an effect modifier is not accounted for in the statistical analysis, the
(average) effect obtained from a particular study will depend on the distribution of the effect
modifier.'® For example, if the effect of an operative intervention depends on the age of the
patient, such that the intervention is more effective in young adults, the overall average
effect size obtained from a study of that intervention depends on the age distribution of
study participants; a study with predominantly young patients probably will show a larger
effect than a study of mostly elderly patients. This does not necessarily cause differences
between observational studies and randomized trials, because it is not possible to ‘control’
for effect modification (e.g. by means of randomization) as often the effect modifier (e.g.
age) cannot be allocated randomly.® However, compared to observational studies, RCTs tend
to have more restrictive in- and exclusion criteria, thereby possibly leading to different
distributions of effect modifiers and hence different (average) effects may be observed. Note
that in the absence of effect modification, restrictive in- and exclusion criteria will not affect
the (average) treatment effect observed.

A representative patient sample reflects the target patient population in a particular setting
and can be obtained via, e.g., a random selection of patients called random sampling. As
effect modifiers are distributed in the study sample as they are in the population of interest,
effect modification will affect both in the same way. Treatment effects found in different
studies that are all representative of the same population are therefore equally affected by
effect modification (i.e., effect modification is not an explanation for any observed
differences in effects obtained from different studies).

Representativeness of study setting is of extra importance in studies of surgical interventions,
because of the influence on treatment effects of pre-, peri- and postoperative care and
expertise of the surgical team. Results from a highly specialized center with a high patient
volume are probably less representative for general care. Furthermore, when small patient
numbers are studied or when many different surgical teams contribute to the study data,
treatment effect estimates might not reflect the real potential of a procedure. One study that
illustrates possible limitations in representativeness of surgical care is the FAITH trial that
investigated the effect of a sliding hip screw versus cancellous screws.?° In this trial an
impressive number of 1108 patients were randomized. However, with a study period of six
years and 81 contributing centers, the average number of included patients per year per
center was just over two. Consequently, high treatment variability can be expected as a very
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limited number of cases were performed by many different surgeons in different regions with
different nuances in local care regimens. Another example is the PROFHER trial that
compared nonoperative and operative treatment for proximal humoral fractures: 66
surgeons treated a total 109 patients in 30 different centers.?! This trial is the largest trial
investigating treatment of this difficult fracture and consequently impacted clinical practice.??
However, one could argue that representativeness of the studied patient sample and
representativeness of care due to the low number of patients treated per surgeon and center
could affect the generalizability of the results of the study. Observational studies, on the
other hand, are possibly more representative of everyday patients and clinical practice,
compared to RCTs.?3

Study Quality

Many sources of bias in either RCTs or observational intervention studies have been
identified.?#=2¢ The Cochrane handbook lists possible sources of bias in a randomized trial:
inappropriate random sequence generation, no concealment of allocation, no blinding of
participants and personnel, no blinding of endpoint assessment, incomplete endpoint data,
and selective reporting. It is obvious that the first three sources of bias are present in
observational studies, but to what extent they will impact the validity of the study may differ
between different types of interventions (as outlined above).

An empirical basis for the effect of blinding of outcome assessment was made by Pildal et al.
who compared RCTs with and without double blinding in a meta-analysis and found an
average 9% overestimation of treatment effects in the absence of blinding.?” Over the years it
has been argued that observational studies systematically overestimate treatment effects,
compared to RCTs, which could in part be the consequence of the absence of blinding in this
study design. However, several meta-analyses concluded that results from observational
studies and RCTs are similar and observational studies do not seem to consistently report
larger treatment effects.>?® Karanicolas et al. found that in orthopedic trauma surgery
studies blinding of outcome assessment is rarely performed, and is likely the result of the
unique situation of surgical trials with a setting of pre-, peri- and postoperative care which
makes blinding often not possible.?® They also found that the majority of the studied
outcomes in orthopedic trauma surgery studies have a directly related and objective nature
such as mortality, infection, length of stay, fracture union, and adverse events. In another
meta-analysis, Wood et al. found that lack of blinding mostly impacted subjective outcome
measures, but no difference in treatment effect was seen for objective outcome measures.°
Incomplete endpoint data are the result of excluded patients, but more importantly from
patient drop-out (attrition) and can have important impact on study results.®'. While
observational studies will more often experience missing exposure and covariate data,
compared to RCTs, both study designs need to deal with missing outcome data. Different
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approaches, such as imputation, are available to deal with missing data and apply to both
study designs.3?

Selective reporting is, for example, a tendency for non-significant results to be withheld from
publication by researchers. A subset of the originally recorded variables is presented tailored
to the message the authors want to deliver, consequently introducing bias. Several studies
published on selective reporting in RCTs and its impact on study results. 3334 Similarly to
incomplete endpoint data, selective reporting could impact both RCTs and observational
studies to the same extent and will noticeably impact the results of meta-analyses. However,
over recent years an increasing number of journals have made publication of a study protocol
mandatory for RCTs. Consequently, deviation from study protocol will need to be justified,
partly preventing selective reporting in RCTs. Publication of protocols for observational
studies, be it either hypothesis-driven or hypothesis generating studies, is not common
practice (yet). To prevent selective reporting, study protocols of observational studies should
be published similar to those of RCTs, in order to prevent selective reporting and improve
study quality.

Combining information from different study designs

Meta-analyses have shown to be a valuable tool to assess differences in treatment effects. An
increasing number of meta-analyses in traumatology topics are published including both
observational studies and RCTs (see also chapters 7 & 8). Provided observational studies are
of sufficient quality, adding information from observational studies to meta-analyses will
increase the number of patients available for analysis and can lead to more precise effects
estimates, possibilities for subgroup analysis, and provide more insight in rare outcomes.
Obviously, only high quality observational studies should be included for meta-analysis, or at
least sensitivity analysis, stratified by study quality, needs to be conducted.

The role of observational studies in trauma surgery

Vandenbroucke proposed a three-pronged restriction to make observational research as
methodologically credible as RCTs: (1) Restriction of research topics to those where the
intervention allocation is reasonably unrelated to the outcome, (2) Restriction in design to
studies where allocation of the intervention is nearly random, and (3) Restriction in analysis
to topics where confounding variables can be identified and measured. With the criteria of
Vandenbroucke, observational studies in traumatology have the potential to also produce
credible results in intervention studies. For example, observational studies have an important
role in reporting of adverse events (chapter 2), long term outcomes (chapters 3 & 4), and the
effects of new surgical techniques (chapter 5).3>3¢
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The example of the OPVENT2 study

An example of an area of research particularly useful for an observational design is rib
fracture treatment. Rib fractures are very common in daily clinical practice and nonoperative
treatment is the standard of care in many hospitals throughout the world. Over the years
surgical rib fixation has gained popularity and three small randomized trials available on this
subject show benefit of rib fixation over nonoperative treatment in patients with a flail
chest.3’3% However, more research is needed to optimize surgical indication for patients with
multiple rib fractures without flail chest. The OPVENT2 study (presented in chapter 10) aims
to answer these questions in a multicenter prospective observational study. We will further
exemplify benefits of an observational design using this study protocol.[BMJ OPEN, under
review]

The three RCTs published on this subject used very strict in and exclusion criteria creating a
specific patient subgroup with limited generalizability. Consequently the inclusion period
stretched multiple years and patient numbers in each treatment arm were small. In the
OPVENT2 every patient with three or more rib fractures is included, except patients
transferred to another hospital. This will likely result in a large representative and
consecutive patient cohort. In the OPVENT2 patients receive treatment according to the
standard of care of the admission hospital. Therefore, the previously discussed surgeon and
patient participation rate is expected to be high as compared to randomized studies. Since
the OPVENT2 lacks randomization, treatment groups are not automatically comparable in
terms of patient characteristics. However, treatment groups are based on geographical
location; two centers perform rib fixation following a treatment algorithm and the three
other centers perform nonoperative treatment as standard of care. Patient differences
between the different geographic locations and therefore differences in treatment groups
are expected to be small, yet differences will be addressed in data analysis using propensity
score matching. A patient with rib fixation is matched to a patient from the nonoperative
patient pool with similar objective baseline characteristics, such as location of rib fractures
and concomitant injuries. This study will produce the large patient numbers needed to
investigate rib fixation and provide treatment effects. Large patient numbers allow for
subgroup analysis and reporting incidence of rare complications, which is important in this
very heterogeneous patient population.

Conclusion

Three types of comparisons of interventions can be identified in trauma surgery, of which
type 2 and 3 (comparison of surgical intervention and comparison of surgical intervention
with nonoperative treatment, respectively) can be studied by using an observational study
design. Observational studies in surgery should be assessed based on the type of comparison
that is made and its associated potential sources of confounding. Meta-analysis of
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observational studies and RCTs in trauma surgery showed that high-quality observational
studies indeed vyield similar effects as those obtained from RCTs, supporting the idea to
consider these observational studies as complementary to RCTs. This has the additional
benefit of a better representativeness and increased samples size, which allows for
subgroups analysis. In the future, well designed and thoroughly conducted prospective
observational studies in trauma surgery, like the OPVENT2 study, can provide valuable results
that are relevant to daily clinical trauma surgery practice.
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Introductie

De medische besluitvorming was tot halverwege de vorige eeuw het resultaat van de
subjectieve interpretatie en de ‘klinische blik’ van de dokter. De toenemende kritiek op deze
benadering leidde tot de opkomst van Evidence Based Medicine (EBM). EBM streeft naar
medische besluitvorming op basis van het best beschikbare bewijs van het moment en heeft
geresulteerd in een duidelijke hiérarchie binnen de onderzoeksmethoden. Daarin wordt de
gerandomiseerde placebo-gecontroleerde trial (RCT) gezien als de gouden standaard.

In een RCT worden patiénten gerandomiseerd tussen een behandel- en controlegroep
waarbij zowel de patiént als de behandelaar wordt geblindeerd voor de behandelkeuze. Zo
ontstaan twee vergelijkbare groepen en kunnen waargenomen verschillen in
gezondheidsuitkomsten tussen deze onderzoeksgroepen worden toegeschreven aan de
behandeling. In observationeel onderzoek naar de effecten van medische behandeling vindt
geen randomisatie plaats en is blindering niet mogelijk. Hierdoor is deze onderzoeksopzet
gevoeliger voor bias en krijgt observationeel onderzoek doorgaans minder waardering.

De laatste jaren heeft EBM zich in toenemende mate toegespitst op het gebruik van RCTs en
worden nauwelijks meer aanbevelingen gedaan op basis van observationeel onderzoek. RCTs
hebben een vaste plek gekregen in het geneesmiddelenonderzoek. Ook in chirurgisch
onderzoek wordt in toenemende mate gebruik gemaakt van RCTs. Maar juist bij chirurgische
onderwerpen zijn er uitdagingen die het uitvoeren van een RCT bemoeilijken. De keuze
tussen wel of niet opereren is voor de patiént veel tastbaarder en inzichtelijker dan de meer
abstractere keuze tussen twee geneesmiddelen. De behandelingsvoorkeur van de patiént en
de welwillendheid om de behandeling te laten bepalen door loting, resulteren bij
chirurgische RCTs daarmee vaak tot lage aantallen deelnemers. Ook de voorkeur van een
chirurg voor een bepaalde behandeling speelt een belangrijke rol. Deze kan afhankelijk zijn
van cultuur, persoonlijke ervaring en technische expertise. Als gevolg hiervan is de
noodzakelijke equipoise (daadwerkelijke onzekerheid over superioriteit van behandeling A of
B en daarmee de verantwoording voor het uitvoeren van randomisatie) in chirurgische RCTs
vaak lastiger. Ook zijn er de methodologische uitdagingen die interpretatie en implementatie
van de resultaten belemmeren, zoals de vaak lage aantallen deelnemers in chirurgische RCTs
als gevolg van de strikte in-/exclusie criteria. Het oplossen van dergelijke methodologische
uitdagingen wordt verder bemoeilijkt door de zeer beperkte subsidiemogelijkheden voor
(trauma)chirurgisch onderzoek.

Tot slot omvat een operatie, in tegenstelling tot een farmacologische behandeling, een
traject van pre-, peri- en postoperatieve handelingen onder invloed van de vaardigheid en
expertise van het chirurgisch team. Men kan zich afvragen in hoeverre een dergelijk complex
proces zich goed laat onderzoeken met behulp van een RCT dat juist streeft naar maximale
controle over alle variabelen die van invloed zijn op de uitkomstmaat.
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Observationeel onderzoek is belangrijk bij het evalueren van mogelijk gunstige effecten van
operatieve behandelingen en het in kaart brengen van (zeldzame) complicaties. In
vergelijking met een RCT zijn resultaten van observationeel onderzoek naar
behandelingseffect vaak beter te generaliseren door de minder strikte inclusiecriteria. Ook
zijn er meer mogelijkheden tot subgroep analyse en is het onderzoek makkelijker, sneller en
met minder geld uit te voeren. Deze voordelen maken observationeel onderzoek een
aantrekkelijk alternatief voor een RCT in een medische wereld met snelle technologische
vooruitgang, implementatie van nieuwe technieken en beperkte financiéle mogelijkheden.

Doelstellingen van het proefschrift

Het doel van dit proefschrift is de waarde van observationeel onderzoek te vergelijken met
RCTs in de huidige hiérarchie van onderzoeksmethoden. De volgende vragen komen daarbij
specifiek aan bod.

1. Wat zijn de complicaties na een chirurgische techniek? In dit proefschrift is dit
onderzocht voor de operatieve behandeling van distale bicepspeesrupturen.

2. Wat zijn de lange termijn uitkomsten na evaluatie van een bestaande chirurgische
techniek? In dit proefschrift is dit onderzocht voor patiénten die geopereerd zijn
aan een proximale humerusfractuur.

3. Wat zijn de lange termijn uitkomsten na implementatie van een nieuwe
chirurgische techniek? In dit proefschrift is dit onderzocht voor ribfixatie.

4. Hoe verhouden de resultaten van een nieuwe operatieve techniek zich ten
opzichte van standaard uitgevoerde niet operatieve behandeling? In dit
proefschrift is dit onderzocht voor patiénten met een fladderthorax en multipele
ribfracturen.

5. Hoe moeten we de waarde van observationele studies interpreteren voor
traumapatiénten?

6. Hoe verschillen de uitkomsten van observationele studies en RCTs in
traumapatiénten? In dit proefschrift is dat onderzocht voor patiénten met een
proximale humerus fractuur, fladderthorax en multipele ribfracturen.

7. Wanneer kan observationeel onderzoek valide informatie geven over effecten van
behandeling in traumapatiénten?

8. Hoe ziet toekomstig onderzoek in traumapatiénten eruit?

Resultaten

Observationele klinische studies kunnen op verschillende manieren een bijdrage leveren aan
de optimale behandelingsstrategie bij patiénten die een trauma hebben doorgemaakt. Zo kan
gemakkelijk inzicht worden verkregen in mogelijke (zeldzame) complicaties en factoren die
het optreden van complicaties voorspellen (hoofdstuk 2). Observationele studies kunnen
verder een belangrijk rol vervullen bij het in kaart brengen van lange-termijn follow-up en
kwaliteit van leven van de patiént na een behandeling (hoofdstuk 3 & 4). Als laatste kan met
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observationele studies een evaluatie worden gedaan van het effect van een chirurgische
behandeling ten opzichte van standaard (conservatief) beleid (hoofdstuk 5).

Klinische studies

In hoofdstuk 2 wordt gekeken naar complicaties na een chirurgische behandeling van distale
bicepspeesrupturen. De huidige literatuur levert nog maar beperkt inzicht in factoren die
bijdragen aan het optreden van een complicatie. Na een onbehandelde bicepspeesruptuur
verliest de patiént supinatiekracht en uithoudingsvermogen van de arm wat deels kan
worden verholpen met chirurgische re-insertie van de pees. Voor de patiént is het relevant
om te weten wat mogelijke complicaties zijn bij deze behandeling en voor de chirurg is het
belangrijk om te weten welke patiént een grotere kans heeft op bepaalde complicaties. In
totaal werden 373 patiénten onderzocht na een bicepspees reparatie of reconstructie
waarna 22% van de patiénten een matige dan wel ernstige complicatie ontwikkelden. De
belangrijkste complicatie is uitval van een zenuwtak met als gevolg sensibiliteitsverlies van
een deel van de onderarm. Verder blijkt dat patiénten met obesitas een groter risico lopen
op het krijgen van een complicatie.

Een operatie kan op korte termijn goede resultaten geven maar voor een traumapatiént is
een goede lange-termijn uitkomst wellicht nog belangrijker. Hierbij is kwaliteit van leven
misschien wel de belangrijkste graadmeter van het behandelingseffect. In hoofdstuk 3 wordt
de lange termijn follow-up gepresenteerd na minimaal invasieve plaat osteosynthese van
proximale humerus fracturen. De proximale humerus fractuur is een zeer veel voorkomende
fractuur en vaak kan worden volstaan met een conservatieve behandeling. Voor bepaalde
type proximale humerus fracturen kan beter voor een operatie worden gekozen en hiervoor
zijn veel verschillende chirurgische opties. In dit hoofdstuk wordt een minimaal invasieve
methode (MIPO met een Philos plaat via een deltoid split benadering) onderzocht voor de
behandeling van verschillende proximale humerus fracturen (AO classificatie type A, B en C).
Analyse van 97 patiénten gemiddeld 8,3 jaar na de operatie laat een zeer goede functionele
uitkomst zien. Een verder belangrijk resultaat is dat ongeveer 1 op de 3 van de patiénten
opteert voor het verwijderen van het osteosynthese materiaal vanwege klachten hiervan in
het dagelijks leven.

Hoofdstuk 4 presenteert de lange termijn follow-up na ribfixatie voor multipele ribfracturen
of een fladderthorax. Ribfixatie is een relatief nieuwe techniek en wordt in de dagelijkse
praktijk nog maar weinig toegepast. Hierdoor is er nog maar weinig bekend over de lange
termijn uitkomsten van deze behandeling. Wel is er enig bewijs dat ribfixatie bij patiénten
met een fladderthorax, ten opzichte van conservatief beleid, een positief effect heeft op de
korte termijn uitkomsten. In de bestaande literatuur is vooral onderzoek gedaan naar de
behandeling van een fladderthorax maar er nauwelijks onderzoek naar de behandeling van
multipele ribfracturen terwijl dit letsel veel wordt gezien in de dagelijkse praktijk. Er werden
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166 patiénten onderzocht die ribfixatie hadden ondergaan; 66 met een fladderthorax (3 of
meer ribfracturen op 2 of meer plaatsen gebroken) en 99 met multipele ribfracturen (3 of
meer ribfracturen). Dit, voor de bestaande literatuur, grote cohort patiénten met ribfixatie
laat zien dat zowel patiénten met multipele ribfracturen als patiénten met een fladderthorax
een goede kwaliteit van leven hebben minimaal 1 jaar na het doorgemaakt trauma.
Daarnaast laat dit onderzoek zien dat ongeveer de helft van de patiénten implantaat
gerelateerde irritatie ondervindt en dat in ongeveer 1 op de 10 gevallen de patiént opteert
om het geimplanteerde materiaal te laten verwijderen vanwege deze klachten.

Met name de zeldzame complicaties en de lange termijn follow-up van patiénten na
chirurgische behandelingen, worden goed inzichtelijk middels observationele cohort studies.
Observationeel onderzoek leent zich ook voor evaluatie van medische behandelingen, echter
zal hier moeten worden gecorrigeerd voor verschillende potentiéle vormen van bias.

Hoofdstuk 5 laat het effect van ribfixatie zien in vergelijking met een niet-operatieve
behandeling bij patiénten met een fladderthorax of multipele ribfracturen. Zoals eerder al
werd genoemd is er weinig literatuur over de effecten van ribfixatie. Echter, er lijkt een trend
zichtbaar naar operatieve behandeling van ribfracturen, getuige ook de toename in
publicaties over dit onderwerp. Toch blijft de bewijslast beperkt en zijn er bijna alleen studies
die zich richten op patiénten met een fladderthorax. Dit terwijl patiénten met multipele
ribfracturen veel frequenter voorkomen in de dagelijkste praktijk. In dit hoofdstuk worden
332 patiénten van twee level 1 traumacentra beschreven waarvan 92 patiénten met een
fladderthorax en 240 met multipele ribfracturen. Het ene centrum behandelde alle patiénten
conservatief en in het andere centrum werden alle patiénten behandeld met een ribfixatie
volgens een specifiek behandelingsalgoritme. Alle patiénten met ribfixatie werden
gematched met de conservatief behandelde patiénten op basis van baseline karakteristieken
(zoals traumamechanisme, begeleidend letsel en ernst van het letsel). Zo ontstonden
vergelijkbare groepen en konden de opname specifieke karakteristieken tegen elkaar afgezet
worden. Voor beide patiéntengroepen (fladderthorax en multipele ribfracturen) kon geen
voordeel aangetoond worden van ribfixatie op intensive care opnameduur, ziekenhuis
opnameduur, mortaliteit en de overige uitkomstmaten. De resultaten onderstrepen het
belang van verder onderzoek met voldoende grote patiénten aantallen om de implementatie
van ribfixatie in de dagelijkse praktijk te verantwoorden.

Methodologische overwegingen

Zoals genoemd geldt de RCT als de gouden standaard voor het evalueren van medische
behandelingen en krijgt observationeel onderzoek doorgaans minder waardering.

Hoofdstuk 6 behandelt verschillende aspecten van de beide onderzoeksmethoden en de
verschillende vormen van bias. Er worden verschillende chirurgische onderzoeks-typen
geidentificeerd:
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e type 1 geneesmiddel vs. controlemiddel in chirurgische patiénten;

e type 2 operatie vs. controle operatie;

e type 3 operatie vs. geen operatie.
Voor type 2 en type 3 onderzoek lijkt nuancering nodig in de veelgebruikte hiérarchische
structuur van onderzoeksopzetten. In plaats van een strikte scheiding aan te brengen tussen
de resultaten van RCTs en die van andere studieopzetten zouden we voor het evalueren van
operatieve behandelingen de resultaten van verschillende onderzoeksopzetten veel meer als
complementair aan elkaar moeten zien.

In hoofdstuk 7 & 8 worden twee uitgebreide systematische literatuurstudies gepresenteerd.
Dit betreft studies van de niet-operatieve behandeling versus de operatieve behandeling van
respectievelijk proximale humerus fracturen en ribfracturen.

Zowel observationele studies als gerandomiseerde studies werden geincludeerd en bekeken
met behulp van meta-analyses. Op basis van de beschikbare literatuur wordt een
conservatieve behandeling geadviseerd voor de oudere patiént met een gedisloceerde
proximale humerusfractuur. Voor patiénten met een fladderthorax geldt dat ribfixatie lijkt te
resulteren in verbetering van de korte termijn uitkomsten. Het blijft onduidelijk welke
patiénten-subgroep hier het meeste baat van heeft.

Een tweede en belangrijk resultaat uit beide studies is dat er geen verschil wordt gezien in de
primaire en secundaire uitkomsten wanneer de resultaten van observationele studies
worden vergeleken met RCTs. Ofwel, gemiddeld laten observationele studies eenzelfde effect
zien van medische interventie als RCTs. Observationeel onderzoek van chirurgische
interventies lijkt minder last te hebben van bias dan tot nu werd gedacht.

Hoe verder

Hoofdstuk 9 heeft als doel om de waarde van observationeel onderzoek naar trauma
chirurgische behandelingen af te zetten tegen RCTs. Er wordt verder ingegaan op de drie
eerder- genoemde verschillende chirurgische onderzoek types en de daarbij horende vormen
van bias. Ook worden de uitdagingen en valkuilen besproken van RCTs naar chirurgische
behandelingen. Er wordt een onderbouwing gegeven van de relevante eigenschappen van
observationele studies in trauma patiénten en specifieke situaties waarbij resultaten van
observationeel onderzoek net zo bijdragend kunnen zijn als de resultaten van een RCT.

Hoofdstuk 10 presenteert het OPVENT2 studieprotocol. Deze grote multicenter
observationele studie onderzoekt of ribfixatie voor fladderthorax en multipele ribfracturen
zinvol is en welk type patiént hier het meest baat bij heeft. Alle participerende centra
behandelen de patiént zoals zij dit gewend zijn; ofwel de dagelijkse praktijk wordt
geobserveerd. Twee van de participerende centra voeren ribfixatie uit volgens een
behandelalgoritme en de overige drie centra behandelen alle patiénten niet-operatief. Alle
centra zijn grote level 1 traumacentra met een vergelijkbaar aanbod van patiénten. Doordat
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er een vorm van geografische randomisatie plaatsvindt (de locatie van het ongeval bepaalt
het centrum de behandeling (en daarmee niet operatieve behandeling of ribfixatie).
Doormiddel van een statistisch matchingsmodel kan elke patiént met ribfixatie gekoppeld
worden aan een patiént met vergelijkbare karakteristieken die niet-operatief is behandeld. Zo
worden goede vergelijkbare groepen verkregen en kan het gevonden behandelingseffect
toegeschreven worden aan ribfixatie. We verwachten dat de bereidheid tot deelname van
patiénten groter zal zijn dan in een gerandomiseerde trial aangezien een patiént zijn
behandeling niet hoeft laten te bepalen door loting. Daarnaast zal de chirurg de behandeling
uitvoeren zoals hij/zij dit gewend is. Dit vergroot de generaliseerbaarheid van de resultaten
en we verwachten dat er gemakkelijker grote patiénten aantallen kunnen worden ingesloten
waarmee ook subgroep analyses mogelijk worden. Dit is bij uitstek van belang in de zeer
heterogene populatie van patiénten met ribfracturen. De OPVENT2 beoogt daarmee een
raamwerk te zijn voor goed observationeel onderzoek in trauma patiénten.

Conclusie

Dit proefschrift laat zien dat observationeel onderzoek van belang is voor het inzichtelijk
maken van (zeldzame) complicaties en lange termijn follow-up. Er worden 3 typen
chirurgische onderzoeken geidentificeerd. Daaraan gekoppeld zijn de verschillende vormen
van bias, die van invloed kunnen zijn op het gevonden behandeleffect. Er wordt bewijs
gepresenteerd en onderbouwd, waaruit blijkt dat observationeel onderzoek een vergelijkbaar
behandelingseffect kan geven als RCTs. Tot slot wordt een prospectief observationeel
studieprotocol gepresenteerd. Dit beoogt een raamwerk te zijn voor toekomstig onderzoek in
de traumachirurgie.
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