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Abstract
Background Multiple rib fractures are associated with significant morbidity and mortality, especially in elderly patients. 
There is growing interest in surgical stabilization in this subgroup of patients. This systematic review compares conservative 
treatment to surgical fixation in elderly patients (older than 60 years) with multiple rib fractures. The primary outcome is 
mortality. Secondary outcomes include hospital and intensive care length of stay (HLOS and ILOS), duration of mechanical 
ventilation (DMV) and pneumonia rates.
Methods Multiple databases were searched for comparative studies reporting on conservative versus operative treatment 
for rib fractures in patients older than 60 years. Both observational studies and randomised clinical trials were considered.
Results Five observational studies (n = 2583) were included. Mortality was lower in operatively treated patients compared 
to conservative treatment (4% vs. 8%). Pneumonia rate and DMV were similar (5/6% and 5.8/6.5 days) for either treatment 
modality. Overall ILOS and HLOS of stay were longer in operatively treated patients (6.5 ILOS and 12.7 HLOS vs. 2.7 
ILOS and 6.5 ILOS). There were only minimal reports on perioperative complications. Notably, the median number of rib 
fractures (8.4 vs. 5) and the percentage of flail chest were higher in operatively treated patients (47% vs. 39%).
Conclusion It remains unknown to what extent conservative and operative treatment contribute individually to reducing 
morbidity and mortality in the elderly with multiple rib fractures. To date, the quality of evidence is rather low, thus well-
performed comparative observational studies or randomised controlled trials considering all confounders are needed to 
determine whether operative treatment can improve a patient’s outcome.
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Introduction

Rib fractures are a common entity among patients with 
thoracic injury. Due to the optimisation of trauma care in 
the last decade, overall mortality rates have dropped sig-
nificantly and currently lay around 5% to 7% in the United 
States and Netherlands [1–3].

Morbidity and mortality rates, however, remain consid-
erably high among elderly patients [2, 3]. Due to an aging 
population, it is expected that this will become a larger prob-
lem, thus demanding further optimisation of care in this frail 
subgroup of patients [4]. Conservative treatment consisting 
of (non)invasive ventilation, pain management and physi-
otherapy, has long been considered the gold standard for the 
management of rib fractures [4, 5]. Since the development 
of multiple plating and rib fixation systems, there has been 
a growing interest in operative treatment, also for elderly 
patients with rib fractures [6, 7]. General indications for 
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operative treatment of rib fractures include, flail chest seg-
ment, reduction of pain and disability, chest wall deform-
ity, thoracotomy and open rib fractures [8]. However, it is a 
controversial topic and it remains to be seen whether these 
patients benefit from surgical fixation.

A recent meta-analysis reported promising results after 
operative treatment in regards to reducing mortality, pneu-
monia rate, Duration of mechanical ventilation (DMV) and 
Intensive care length of stay (ILOS), however, did not spe-
cifically analyze outcomes for elderly patients [9]. Clinical 
studies comparing operative treatment to conservative treat-
ment in the elderly are scarce. The few clinical studies that 
have been published are relatively small and lack the power 
for drawing solid conclusions. For this reason, we performed 
this systematic review.

The aim of this systematic review is to compare surgical 
rib fixation to conservative treatment in patients 60 years and 
older with multiple rib fractures. The primary outcome is the 
mortality rate. Secondary outcomes are pneumonia rates, 
Hospital length of stay (HLOS), ILOS, DMV and periopera-
tive complications.

Methods

This systematic review was written according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) checklist [10]. No ethical approval was 
required for this systematic review.

Search strategy and selection criteria

The PubMed/Medline, Embase, CENTRAL, and CINAHL 
databases were searched on 25 May 2021, for comparative 
studies reporting on conservative versus operative treatment 
for rib fractures in the elderly. The search syntax is provided 
in Online resources Table 1. Two reviewers (RJH, BJMvdW) 
screened the title and abstract for eligibility independently. 
Both randomised clinical trials and observational studies 
were considered for inclusion. Both reviewers independently 
performed full-text screening. Inclusion criteria were con-
servative versus operative treatment of two rib fractures or 
more in elderly patients (60 years or older), reporting on 
mortality rate and on secondary outcomes (pneumonia rate, 
other complications, HLOS, ILOS, DMV). The cutoff point 
of 60 was chosen to include a broader selection of stud-
ies. Exclusion criteria were languages other than English or 
Dutch, no availability of full-text, letters, meeting proceed-
ings, and case series with fewer than ten patients. Disagree-
ments on the eligibility of full-text articles were resolved by 
consensus or by a discussion with a third reviewer (FJB). 
Cross referencing of all included studies was performed to 
identify studies not found in the original search.

Data extraction and quality assessment

Two reviewers (RJH, BJMvdW) independently performed 
data extraction. The following baseline characteristics 
were extracted from the included studies; first author, year 
of publication, study design, number of included patients, 
gender, age, number of fractured ribs, flail chest percent-
age, Injury severity score (ISS) and Abbreviated injury 
scale (AIS). In cases of studies that reported on the study 
population of interest as part of a subgroup analysis, only 
data from that particular analysis was used for the data 
synthesis of the present systematic review. Two reviewers 
(RJH, BJMvdW) independently assessed the methodolog-
ical quality of included studies using the Methodologi-
cal Index for Non-Randomised Studies (MINORS) [11]. 
Disagreements were resolved by consensus. Details on 
methodological quality assessment are provided in Online 
resources Table 2.

Outcomes measures

The primary outcome was the mortality rate. Secondary 
outcomes include pneumonia rate, HLOS, ILOS, DMV 
and all other complications. None of the included studies 
specified/clearly defined pneumonia nor described other 
complications using uniform definitions. Therefore, rates 
were taken as reported.

Statistical analysis

Information about continuous variables was presented as 
means with standard deviation (SD) or range, or infor-
mation was converted to mean and SD using the meth-
ods described in the Cochrane Handbook for Systematic 
Reviews of Interventions [12]. Dichotomous variables 
were presented as counts and percentages. No p-values 
were calculated as this review was designed for explorative 
and descriptive purposes.

For all outcomes, the weighted mean or percentage was 
calculated according to the size of each study population. 
All outcome variables were ordered for methodological 
quality or alphabetically when equal and displayed in 
tables.
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Results

Search

Figure 1 presents the flowchart of the literature search and 
study selection. A total of five articles were included. All 
articles were retrospective observational studies [13–17].

Study characteristics

The five studies included 2583 patients; 1562 received 
conservative treatment and 1021 received operative treat-
ment. Operatively treated patients were younger (71 vs. 
74.9 years), had more males (68% vs. 63%) and had higher 
ISS scores (16.5 vs. 14.1). Notably, a median number of 
rib fractures (8.4 vs. 5) and the percentage of flail chest 
were higher in operatively treated patients (47% vs. 39%) 
(Table 1). Stratification for these characteristics was not pos-
sible as none of the studies reported outcomes separately for 
these specific subgroups.

The studies included multi-trauma patients and patients 
with isolated rib fractures. One study reported on chest AIS 
and non-chest AIS, patients with Non-chest AIS > 2 were 
excluded [13]. Another study did not report on AIS scores, 
however, did exclude patients with Head AIS > 1 or Chest 
AIS < 3 [15]. Two studies only included patients with three or 
more rib fractures and did not further mention AIS scores [16, 
17]. Two studies reported stratified ISS scores [13, 17]. Details 
are available in Online resources Table 3.

Quality assessment

The details and distribution of the MINORS scores are 
described in Online resources Table 4. The average MINORS 
score was 13 ± 1.3 (range 12–15).

Fig. 1  PRISMA flow diagram 
representing the search and 
screening process of articles 
comparing nonoperative to 
operative treatment in elderly. 
From Page et al. [10]
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Outcomes

Mortality

All five studies (n = 2583) reported on mortality. The overall 
weighted mean mortality rate in operatively treated patients 
was 4% versus 8% in the conservative group. (Table 1).

Secondary outcomes

Pneumonia rate, HLOS and ILOS were reported in all five 
studies (n = 2583). The weighted pneumonia rate was 5% in 
operatively treated patients and 6% in conservatively treated 
patients. HLOS and ILOS were 12.7 and 6.5 days for oper-
atively treated patients and 6.5 and 2.7 for conservatively 
treated patients.

Two studies reported on the duration of mechanical ven-
tilation [13, 17]. Operatively treated patients had a DMV 
of 5.8 days compared to 6.5 days in conservatively treated 
patients.

Other reported complications

One study reported 7 (3.5%) versus 6 (3%) cases of pleural 
effusion, 7 (3.5%) cases versus 1 (0.5%) case of atrial fibril-
lation for conservative and operative treatment respectively 
[17]. There was 1 (0.5%) case of abscess and one case (0.5%) 
of pneumothorax for operatively treated patients and none 
for conservatively treated patients. Finally, there were two 
cases of arrhythmia, one in each treatment modality.

One study reported 10 (1.3%) versus 13 (1.7%) cases of 
acute respiratory distress syndrome (ARDS), 6 (0.8%) versus 
12 (1.6%) cases of the decubitus ulcer, 10 (1.3%) versus 13 
(1.7%) cases of sepsis and sixteen (2.1%) versus 30 (4%) 
cases of venous thromboembolism (VTE) in conservatively 
and operatively treated patients respectively [13].

One study reported 7 (14%) cases of pleural effusion and 
19 (38%) cases of recurrent pneumothorax versus zero for 
either complication in operatively treated patients [14]. No 
other complications were reported.

Discussion

This systematic review of five comparative observational 
studies describes outcomes of conservative and operative 
treatment for rib fractures in elderly patients older than 
60 years of age. Mortality was potentially lower in opera-
tively treated patients (4% vs. 8%). However, HLOS and 
ILOS seem shorter in conservatively treated patients (6.5 
vs. 12.7 days and 2.7 vs. 6.5 days). There were minimal 

differences in pneumonia rate and DMV (5% vs. 6% and 5.8 
vs. 6.5 days) between both treatment modalities and there 
were only minimal reports on other perioperative complica-
tions. Results however should be interpreted taking critical 
differences in baseline characteristics, described in the fol-
lowing sections, into account.

Comparison to previous literature

To our knowledge, there currently is no systematic review on 
rib fractures in elderly patients. A recent systematic review 
and meta-analysis were published for flail chest and multiple 
rib fractures [9]. Similar to our review, they reported reduced 
mortality (Risk ratio (RR) 0.41) in operatively treated 
patients. However, in contrast to our systematic review, 
they found a reduced pneumonia rate (RR 0.59) and shorter 
ILOS in the operative group. Since this study encompasses 
all adults and not just elderly, the results are only moderately 
suited for comparison.

Interpretation of results

As described previously, the differences in outcomes 
between the two treatment modalities found in the present 
review should be viewed from a distinct perspective. Factors 
such as ISS score, flail chest, number of rib fractures are 
known to influence both treatment choice and development 
of morbidity and mortality. As these factors differed between 
both treatment groups in the present study, it is difficult to 
distillate how much each factor contributed to the reported 
outcomes and, as a result, the causal inference of conserva-
tive and operative treatment.

For example, ILOS and HLOS indeed were shorter 
among conservatively treated patients. It is likely that the 
lower ISS score, lower number of rib fractures and flail chest 
among conservatively treated patients played a vital role in 
the observed difference. We tried to stratify for the differ-
ences in baseline characteristics, however, this was not pos-
sible with the available data.

Interestingly, the inverse applies to mortality. Despite the 
high ISS score, number of rib fractures and flail chest among 
operatively treated patients, mortality was lower after opera-
tive treatment. Acute trauma and intensive care management 
have drastically improved in the last decades, which has 
resulted in an overall decline in mortality in trauma patients 
[1, 18, 19]. It might very well be possible that the reduced 
mortality rates found among operatively treated patients are 
a result of these developments. To what extent the opera-
tive rib fracture treatment itself contributes to this reduction 
remains unknown.

All in all, based on the results found in this study it is 
difficult to determine which treatment is superior. Since it 
remains unknown which patients benefit from operative 
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treatment, especially in elderly patients, a multidisciplinary 
approach is advisable [20]. The clinical outcome of patients 
is dependent on multiple factors including the severity of 
trauma and concomitant injuries, number of rib fractures, 
type and timing of treatment and adequacy of polytrauma 
care [1–3, 5, 21]. To distillate the pure contribution of 
conservative and operative treatment in this multifactorial 
causal relation, all these factors should be taken into account 
in future studies and analyses.

Limitations

As mentioned previously, important confounders (number 
of rib fractures and incidence of flail chest) were not bal-
anced equally across treatment groups, and since the defi-
nition for flail chest differed between studies, or in some 
cases, was even absent, the pooling of data and performing 
a meta-analysis was not feasible. Furthermore, the overall 
methodological quality of included studies was poor (Online 
resources Table 4). There were no randomised clinical trials 
and the comparative observational studies that were included 
frequently lacked clear definitions of outcomes and correc-
tion for confounders. Finally, the results are applicable to 
the entire spectrum of elderly patients with rib fractures; 
they give an impression of what may be expected in general 
of both treatment regimes. Results cannot be used on an 
individual patient level as there is much to be investigated 
before hard statements can be made about whom to operate.

Conclusion

It remains unknown to what extent conservative and opera-
tive treatment contribute individually in reducing morbidity 
and mortality in the elderly with multiple rib fractures. To 
date quality of evidence is rather low and well-performed 
comparative observational studies or randomised con-
trolled trials taking into account all described confounders 
are needed to determine whether operative treatment can 
improve patient outcomes. The indication for surgical treat-
ment of multiple rib fractures remains elusive in current 
trauma surgery.
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