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Early intramedullary nailing of 
femoral shaft fracture on outcomes 
in patients with severe chest injury: 
A meta-analysis
Meng Jiang1,*, Changli Li2,*, Chengla Yi3,* & Shaotao Tang1

Early intramedullary nailing (IMN) within the first 24 hours for multiply injured patients with femoral 
fracture and concomitant severe chest injury is still controversial. This review aimed to investigate 
the association between early IMN and pulmonary complications in such patients. We searched 
the literature up to Jan 2016 in the main electronic databases (PubMed, Web of Science, Cochrane 
library databases) to identify eligible studies. Data were extracted and analyzed using a Mantel–
Haenszel method with random-effects model to estimate pooled odds ratio (OR) and 95% confidence 
intervals (CIs). Seven retrospective cohort studies were identified eventually. The pooled estimates 
demonstrated that the application of early IMN did not significantly increase the risk of adult 
respiratory distress syndrome (ARDS) (OR, 0.65; 95% CI: 0.38–1.13), mortality (OR, 0.79; 95% CI: 
0.43–1.47), pneumonia (OR, 0.92; 95% CI: 0.55–1.54), multiple organ failure (MOF) (OR, 0.87; 95% CI: 
0.45–1.71) and pulmonary embolism (OR, 1.81; 95% CI: 0.28–11.83). In subgroup analysis according to 
the type of IMN (reamed or undreamed), we did not find any significant difference either. Our results 
indicated that early IMN of femoral shaft fracture was not associated with increased rates of pulmonary 
complications in severe chest-injured patients.

Femoral fracture combined with severe chest injury has become increasing common in orthopedic practice 
due to high-energy trauma. It was used to be treated with skeletal traction until patients were considered stable 
enough to undergo surgery for internal fixation1. However, during this procedure patients often developed adult 
respiratory distress syndrome (ARDS), infection, pneumonia, or even died, especially for those with a high Injury 
Severity Score (ISS)2,3. Several studies have explored how to decrease these severe complications and found that 
early surgical stabilization of the bone fracture could efficiently reduce the mortality and morbidity of multiply 
injured patients4–7.

In a recent study that comparing the efficient of different treatment options for femoral shaft fractures, the 
authors stated that femoral nailing was associated with the lowest complication rates compared with plating strat-
egies and external fixation8. Actually, as a kind of biological internal fixation, intramedullary nailing (IMN) has 
been recommended as the golden standard in dealing with femoral shaft fractures9. However, for those multiply 
injured patients that have femoral fracture combined with severe chest injury, the use and timing of IMN is still 
controversial. In some investigator’s opinion the increased intramedullary pressure caused by IMN could release 
bone marrow and fat into the venous blood system, which may dramatically raise the incidence of ARDS and 
multiple organ failure (MOF)10. On the contrary, Carlson et al.11 reported that reamed intramedullary femoral 
fixation did not increase the pulmonary complication in severe chest injured patients. Thus, we conducted a 
meta-analysis to assess the safety of early IMN in patients with femoral shaft fracture and concurrent severe chest 
injury.
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Results
We identified 721 potentially relevant citations according to our search strategy. After detailed screening and 
examination, 7 eligible studies were included in the final meta-analysis11–17. The selection process is shown in 
Fig. 1. All the 7 articles were retrospective cohort study. Across these studies, 1170 cases were included, with 277 
patients underwent an early IMN stabilization.

Table 1 shows a summary of the characteristics of all studies included in our meta-analysis. The scores of the 
quality assessment are shown in Table 2. The kappa value in article selection and quality assessment were 0.89 and 
0.84, respectively, both of which showed satisfactory agreement.

Major Outcome: ARDS. Six studies (1152 patients) have reported the incidence of ARDS between the two 
cohorts of patients11–13,17. These studies included 1,152 patients (sample size range, 18–371). The meta-analysis of 
the six studies showed no different incidence of ARDS among patients with and without early IMN stabilization 
(OR, 0.65; 95% CI: 0.38–1.13; I2 =  11%) (Fig. 2A). The trial sequential analysis for ARDS showed that the cumula-
tive Z-curve crossed the Futility boundary and it entered into the Futility area, which means we can get sufficient 
and conclusive evidence that IMN was not involved with higher rate of ARDS (Fig. 3).

Mortality. All included trials (1170 patients) reported the related mortality data11–17. Pooled analysis revealed 
that early IMN did not significantly increase the mortality in the multiply injured patients with femoral fracture 
and concomitant severe chest injury (OR, 0.79; 95% CI: 0.43–1.47; I2 =  0%) (Fig. 2B).

Pneumonia. Four studies (1030 patients) reported the incidence of pneumonia between the two cohorts of 
patients11–13,15. The pooled results indicated no significant difference between the two groups (OR, 0.92; 95% CI: 
0.55–1.54; I2 =  25%) (Fig. 2C).

MOF. Four studies (627 patients) assessed the MOF rate in a total of 627 patients12,13,15,16. There were 210 
patients who were treated by early IMN, in contrast to 253 patients who did not receive the surgery. Statistical 
analysis showed no difference between these patients (OR, 0.87; 95% CI: 0.45–1.71; I2 =  0%) (Fig. 2D).

Pulmonary embolism. Pulmonary embolism was examined in two studies (432 patients)13,15. By pooling 
the studies, we did not find a markedly increased incidence of pulmonary embolism in the treatment group (OR, 
1.81; 95% CI: 0.28–11.83); I2 =  20%) (Fig. 2E).

Subgroup analysis and publication bias. In the subgroup analysis according to the type of IMN, we did 
not find statistical difference between outcomes of the treatment group and control group (Table 3). In addition, 
Begg’s funnel plot did not identify substantial asymmetry in the meta-analysis of total 7 studies (Fig. 4). The 
Begg’s rank correlation test and Egger’s linear regression test also showed no evidence of publication bias (Begg’s 
rank correlation test, P =  0.76; Egger’s linear regression test, P =  0.25).

Discussion
Our meta-analysis identified seven retrospective cohort studies that investigating the safety of early IMN in 
patients with femoral fracture and coexisting severe chest injury. The systematic review did not demonstrate 
any additional respiratory complications and deaths caused by this treatment strategy. On the contrary, early 

Figure 1. Flow chart of publication selection procedure. 
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stabilization of femoral fracture with intramedullary nail in these patients shows a trend (statistically insignifi-
cant) toward lower risk of ARDS.

IMN fixation is a minimally invasive and effective way to promote femoral fracture healing. It has become 
the structural method for most patients with femoral fractures9. Nevertheless, the surgical procedure can also 
release bone marrow and fat into the venous blood system and may exacerbate pulmonary function for multiply 
injured patients with severe chest injury. Concerns have been expressed about the potential adverse effect and 
many trauma surgeons have advocated the alternative of external fixation or skeletal traction in this context10,18. 
Pape et al.19 reported that primary IMN for femoral fracture could contribute to additional respiratory damage 
and may trigger ARDS in the presence of chest injury. In this study, patients with femoral fracture (ISS> 18) 
treated by early IMN were grouped according to whether they have severe chest trauma. The results showed 
higher incidence of ARDS and mortality in the group who have severe chest injury. Basing on the data the authors 
concluded that it was the early IMN that account for the pulmonary dysfunction. However, the conclusion may 
provoke people to question that maybe it’s the presence of severe chest injury rather than IMN that lead to the 
worse outcomes.

Due to the abovementioned problem, many better designed studies were initiated to resolve this debate. 
Shortly afterward, Bone and colleagues17 performed a retrospective study to address this problem. In their study, 
the participants were divided into three groups: patients with femoral fractures and severe chest trauma under-
going early reamed IMN (group1), the similar injured patients who were stabilized with plate fixation (group2) 
and the patients with only severe chest injury (group3). The investigators found that there was a 33% ARDS rate 
in group2, a 27% rate in group3, and a 0% rate in group1. This study indicated that in the presence of severe chest 
trauma, early IMN will not increase the mortality and morbidity. This was confirmed by followed studies15,16.

In a latter research Pape and colleagues20 conducted a series of investigations including retrospective review, 
animal experiment, and prospective clinical study to explore the influence of chest injury and IMN on the inci-
dence of ARDS in multiple-trauma patients. They found that unreamed early IMN was safe in patients with severe 
lung contusion. In an animal study in sheep, Gray et al.21 found that IMN indeed resulted in a significantly high 
initial pulmonary embolic load, however, there was no detectable effect on coagulation, pulmonary inflammation 
or animal mortality over the first 24 hours after injury. The pathophysiologic changes induced by IMN was not 
clinically significant to cause symptoms. This is consistent with the view of Bone et al.22, who deemed that the 
pulmonary complications seem to be secondary to the chest injury itself, but not the method of treatment for 
the femoral fracture fixation. By pooling all the illegible publications, our meta-analysis has contributed to the 

study Country Severity of illness Study design

No. Patients Mean Age, y Male Sex, %

outcomes
Type of 

IMNSC CC SC CC SC CC

Weninger12 2007 Austria Need for mechanical ventilation; 
Thoracic AIS≥ 3; ISS≥ 18 Retrospective cohort 45 107 33.4 32.2 69 67 Pneumonia, ARDS, 

MOF, Mortality Unreamed

Handolin13 2004 Finland
Unilateral or bilateral pulmonary 
contusion; Need for mechanical 
ventilation; Thoracic AIS≥ 3

Retrospective cohort 27 34 39 38 70 62
Pneumonia, ARDS, 
MOF, Mortality, 
Pulmonary embolism

NR

F.Kutscha14 2001 Germany Thoracic AIS≥ 3; ISS≥ 18 Retrospective cohort 13 5 28.6 38.2 NR NR Mortality Unreamed

Bone17 1995 America
Thoracic AIS≥ 3 (hemopneumothorax, 
multiple rib fractures, or pulmonary 
contusion); ISS≥ 18

Retrospective cohort 24 55 36.6 47.3 NR NR ARDS, Mortality Reamed

Carlson11 1998 America Thoracic AIS≥ 3 Retrospective cohort 30 416 29 39 NR NR Pneumonia, ARDS 
Mortality Reamed

Bosse15 1997 America ISS≥ 18; Thoracic AIS≥ 3 Retrospective cohort 117 254 28 29 79 69
Pneumonia, ARDS, 
MOF, Mortality, 
Pulmonary, embolism

Reamed

van der Made16 1996 Netherlands ISS> 25; no mortality< 24 h; rHTI≥ 3 Retrospective cohort 21 22 36.1 36 NR NR ARDS, MOF, Mortality Reamed

Table 1. Characteristics of seven studies included in this meta-analysis. ISS: Injury Severity Score; SC: 
study cohort; CC: control cohort; NR: not reported; IMN: intramedullary nailing; rHTI: respiratory of 
hospital trauma index; ARDS: Acute Respiratory Distress Syndrome; MOF: Multiple Organ Failure; AIS: 
Abbreviated Injury Scale.

Included study Selection Comparability Outcome Size Cohort design

Weninger12 1 2 2 1 1

Handolin13 1 2 2 1 1

F.Kutscha14 1 1 1 1 1

Bone17 1 0 2 1 1

Carlson11 1 2 2 1 1

Bosse15 1 2 2 2 1

van der Made16 1 2 2 1 1

Table 2. Quality scores of included studies.
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growing evidence that primary intramedullary femoral nailing did not cause additional pulmonary damage in 
the presence of severe chest injury.

Compared with unreamed IMN, the reamed type is associated with increased liberation of growth factors, and 
this is essential for fracture healing23. Despite four studies11,15–17 in our meta-analysis have confirmed the safety 
of reamed IMN in treating patients with severe chest injury, and subgroup analysis did not show any increased 
incidence of ARDS and mortality, the potential adverse effects from high intramedullary pressure during reaming 
procedure still warrants close attention. Streubel et al.24 had reported an application of reamer irrigator aspirator 
to reduce the pulmonary complications resulted from the reaming of the intramedullary cavity. Besides, in an 
animal study, Smith et al.25 developed an alternative approach that used an intramedullary suction system with 
multiple evacuation ports combined with a computerized monitoring system to control intramedullary pressure 
and prevent secondary fat embolization resulted from IMN. Both of these techniques can effectively reduce the 
potential risks during the reaming procedure.

It is important to emphasize that immediate and definitive fixation of fractures may not be beneficial for 
patients who are hemodynamically unstable or hypothermic, have poor oxygenation, or have coagulation abnor-
malities26. For these patients a “damage control orthopedic surgery” strategy has been advocated and is now 
widely accepted27. As long as no general contraindications for anesthesia and surgery present, early IMN should 
be initiated9.

Figure 2. Forest plot for association between early IMN and clinical outcomes. (A) ARDS; (B) Mortality; 
(C) Pneumonia; (D) MOF; (E) pulmonary embolism.
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The limitations of our meta-analysis should be acknowledged. First, in four publications11,14,16,17, the sex dis-
tribution were not reported. Thus a potential imbalance in sex between the groups may exist. Second, a major 
limitation of this literature is the lack of RCTs. Given that all included studies used retrospective designs, some of 
the outcomes (e.g. multi-organ failure) are “soft” and might be subject to coding differences. Third, some unmeas-
ured confounding is still possible, particularly as all measures trended towards better outcomes in the early IMN 
group. This difference may be explained as sicker patients underwent delayed fixation because of concerns about 
exacerbating their chest injuries. Finally, although there were 1,170 patients (277 in the intervention group), some 
outcomes were very rare, e.g. only one pulmonary embolus recorded across the whole cohort. The confidence 
intervals for all outcomes were wide and it is possible that significant differences would have become apparent 

Figure 3. Trial sequential analysis of 6 trials for the association between early IMN and ARDS. The trial 
sequential analysis illustrating that the cumulative Z-curve crossed the Futility boundary and entered the 
Futility area, establishing sufficient and firm evidence that early IMN was not associated with higher risk of 
ARDS. The required optimal information size of 1,327 patients was calculated using α  =  0.05 (two sided), 
β  =  0.20 and a 25% control event rate (the rate of ARDS in the control group).

Stratification
No. of patients 

(studies)

No. of events/No. in group

OR (95% CI)
P value for 

heterogeneity I2, %Treatment Control

Mortality 

 Reamed IMN 939(4) 5/192 63/747 0.62(0.22–1.70) 0.4 0

 Unreamed IMN 170(2) 11/58 22/112 1.03(0.44–2.38) 0.59 0

ARDS

 Reamed IMN 939(4) 14/192 152/747 0.55(0.21–1.44) 0.14 45

 Unreamed IMN 152(1) 9/45 26/107 0.78(0.33–1.83) 0.57 —

Pneumonia

 Reamed IMN 817(2) 16/147 81/670 0.85(0.30–2.36) 0.11 61

 Unreamed IMN 152(1) 13/45 32/107 0.95(0.44–2.05) 0.9 —

MOF

 Reamed IMN 414(2) 5/138 10/276 1.01(0.33–3.06) 0.45 0

 Unreamed IMN 152(1) 8/45 19/107 1.00(0.40–2.49) 1 —

Pulmonary 

embolism

 Reamed IMN 61(1) 0/27 1/34 0.41(0.02–10.37) 0.59 —

 Unreamed IMN — — — — — —

Table 3. Subgroup analysis according to the type of IMN (by Mantel–Haenszel method with randomized 
effects model). ARDS: Acute Respiratory Distress Syndrome; MOF: Multiple Organ Failure; IMN: 
intramedullary nailing.
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had more patients been available for analysis. Thus more RCTs would be required to evaluate these relationships 
and the part of our results should be explained with caution.

Taken together, our meta-analysis revealed that early intramedullary femoral nailing in multiply injured 
patients with severe chest injury is a safe treatment strategy, and it is not associated with higher risk of deteriora-
tion of lung function and mortality.

Patients and Methods. This meta-analysis was performed and reported in line with the PRISMA and 
MOOSE guidelines28,29.

Search strategy. We performed the systematic literature searches through PubMed, Web of Science and 
Cochrane library databases (Last search was updated on Jan 2016). Additionally, the reference lists of all identified 
publications and relevant reviews were searched manually for some other potential studies. The search strategy 
included the key words: (‘thoracic injury’ or ‘chest injury’ or ‘thoracic trauma’ or ‘chest trauma’) and (“femoral 
fracture” or “femur fracture”). No other restrictions such as language or primary objectives were inserted into the 
search strategy. The detailed search procedure is shown in the Fig. 1.

Study Selection. Our inclusion criteria for choosing the eligible studies were listed as follows:

1. Population: multiply injured patients with the combination of a diaphyseal femoral fracture and severe 
chest trauma (Abbreviated Injury Scale [AIS] score ≥ 3), and the Injury Severity Score (ISS) ≥ 18.

2. Intervention: reamed or unreamed intramedullary fixation that performed less than 24 hours after injured.
3. Comparator: severe chest trauma without any lower extremity fracture.
4. Outcomes: the major outcome was acute respiratory distress syndrome (ARDS). Mortality, pneumonia, 

multiple organ failure (MOF) and pulmonary embolism were measured as the secondary outcomes.
5. Study design: randomized controlled trial, case-control study, prospective or retrospective cohort study.

Data collection. Potential articles were assessed by screening titles or abstracts at first, followed by full-text 
review. Two investigators independently reviewed the identified full manuscripts for eligibility. The relevant data 
extracted from these articles included the name of the first author, country, severity of illness, study design, 
number of patients in each cohort, mean age, gender ratio, outcomes and the type of IMN. Any discrepancy was 
resolved by discussion or determined by a third author. Authors of the included studies were contacted if addi-
tional details were needed.

Descriptive case reports and reviews without comparative data were excluded. In the case of different articles 
related to the same patient population, only the reports with the longest time of follow-up and most number of 
cases were included.

As to studies included in this review compared early IMN fixation with a range of different control groups 
(ranging from lower limb non-femoral fractures to delayed treatment to plate fixation), we extracted the informa-
tion from the original data of these studies to rebuild the intervention and comparator group.

Study quality assessment. We assessed the quality of the included studies with a checklist adapted from 
Duckitt et al.30 and Taggart et al.31, which was based on the Newcastle Ottawa scale (NOS)32. The checklist con-
tained 5 aspects: patient selection, comparability of groups at baseline, how the diagnosis of related outcomes 
were made, and group size as well as study design. Details of each item were outlined in Table 4. Studies without 
score in any item were excluded.

Statistical analysis. The Cochrane Rev-Man software version 5.3 (Nordic Cochrane Center, Copenhagen, 
Denmark) and STATA 11.0 software (Stata Corporation, College Station, TX) were used for the statistical analysis. 
To measure the agreement between 2 investigators in study selection and quality assessment, a kappa statistic was 
performed. Heterogeneity among the included studies was assessed by I2 statistic using the heterogeneity Q sta-
tistic test. The heterogeneity was classified into low (I2 ≤  25%), moderate (25% < I2 ≤  50%), and high (I2 >  50%). 

Figure 4. Begg’s funnel plot did not identify substantial asymmetry in the meta-analysis of total 7 studies. 
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The pooled effects of ARDS, mortality, pneumonia, MOF and pulmonary embolism syndrome were evaluated as 
odds ratio (OR) with 95% confidence intervals (CIs). In the quantitative synthesis, Mantel–Haenszel method with 
random-effects model was selected in consideration of the inherent clinical heterogeneity33. Subgroup analysis 
was conducted according to the type of surgical procedure (reamed or unreamed) to evaluate its influence on the 
outcomes. The funnel plot was performed by Begg’s rank correlation test to assess potential publication bias34. 
We also carried out the Egger’s linear regression test to assess the publication bias35. Any values of P <  0.05 was 
considered statistically significant.

Trial Sequential Analysis. In a single randomized trial, monitoring boundaries are always used to decide 
whether it could be terminated early because the P value was sufficiently small to get a definitive conclusion. 
That means, we must calculate the sample size to ensure sufficient number of events and patients be included 
to allow for reliable statistical inference36. A similar “sample size” (optimal information size) is also essential 
for a meta-analysis, since we need to know if a meta-analysis at a given time could provide conclusive evidence 
of efficacy of a specific intervention37. So we did a trial sequential analysis to calculate the information size and 
monitoring boundaries to evaluate our meta-analysis38. Based on the results of the trial sequential analysis, we 
may be able to know whether further clinic trials should be performed and thus avoid spending resources on 
unnecessary further investigations.

For our trial sequential analysis of ARDS, we estimated the optimal information size using α  =  0.05 (two 
sided), β  =  0.20 and a 25% control event rate (the rate of ARDS in the control group). The software TSA version 
0.9 beta (http://www.ctu.dk/tsa) was applied for this analysis.
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