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Abstract 

Background:  In 2017, a novel classification for pelvic injuries was established by the World Society of Emergency 
Surgery (WSES). We validated its effectiveness using nationwide real-world data. The roles of associated vascular injury 
and open fracture in this system were also evaluated.

Methods:  Patients with pelvic fractures in the National Trauma Data Bank 2015 dataset were retrospectively studied. 
First, the mortality rates were compared by WSES classification. Second, independent predictors of mortality were 
evaluated using a multivariate logistic regression model. Patients with and without associated vascular injuries and 
the same hemodynamic and pelvic ring stability statuses were compared. Patients with associated vascular injuries 
were compared to the proportion of nonsurvivors and survivors with unstable pelvic ring injuries. Third, the outcomes 
were compared between patients with open pelvic fracture and closed pelvic fracture in the mild, moderate and 
severe WSES classes.

Results:  During the 12-month study period, 44,163 blunt pelvic fracture patients were included. The mortality rates 
were 1.8%, 3.8% and 10.6% for the mild, moderate and severe WSES classes, respectively (p < 0.001). MLR analysis 
showed that unstable pelvic ring injury did not significantly affect mortality (p = 0.549), whereas open pelvic fracture 
and associated vascular injury were independent predictors of mortality (odds of mortality: open pelvic fracture 1.630, 
p < 0.001; associated vascular injury 1.602, p < 0.001). Patients with associated vascular injuries showed that there was 
no significant difference in the proportion of patients with unstable pelvic ring injuries between survivors and non‑
survivors (37.2% vs. 32.7%, p = 0.323). In all three classes, patients with open pelvic fractures had significantly higher 
mortality rates and infection rates than patients with closed fractures (mortality rates: minor 3.5% vs. 1.8%, p = 0.009, 
moderate 11.2% vs. 3.3%, p < 0.001, severe 23.8% vs. 9.8%, p < 0.001; infection rates: minor 3.3% vs. 0.7%, p < 0.001, 
moderate 6.7% vs. 2.1%, p < 0.001, severe 7.9% vs. 2.8%, p < 0.001).

Conclusions:  Based on this nationwide study, the WSES guideline provides an accurate and reproducible classifica‑
tion of pelvic fractures. It is recommended that open/closed fractures and associated vascular injuries be evaluated as 
supplements of the WSES classification.
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Background
Pelvic fracture is often a result of high-energy blunt 
trauma and accounts for approximately 3% of all skel-
etal injuries [1–3]. In addition to bony injury, which may 
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result in pain and disability, the associated vascular injury 
could be life-threatening, with an overall mortality rate 
of 10–26% [4, 5]. Previously, pelvic fracture was classified 
using two classification systems, the Young and Burgess 
classification and the Tile classification, which are based 
only on anatomical injuries [6, 7]. In 2017, a novel clas-
sification and guideline were established by the World 
Society of Emergency Surgery (WSES), which includes 
surgeons from around the world [8]. This classification 
considered both physiological status and mechanical sta-
bility to enable more effective critical decision making.

In the current study, the effectiveness of the WSES clas-
sification for pelvic injuries was validated using nation-
wide real-world data. Although pelvic ring stability was 
evaluated by the WSES classification, associated vascular 
injury was not. It has been reported that the severity of 
vascular injury is a more significant factor in determin-
ing patient outcomes than the fracture pattern in patients 
with pelvic fracture [9]. Therefore, the role of vascular 
injury in this system was also analyzed. Finally, a subco-
hort stratification for patients with open pelvic fracture 
was performed. We tried to examine whether the out-
comes of open and closed pelvic fracture patients with 
the same WSES injury severity are different.

Methods
A priori hypothesis
In the current study, we hypothesized that the WSES 
classification is accurate and reliable in the prediction of 
outcomes of patients with pelvic injuries.

Dataset and time‑window
Research Datasets of the National Trauma Data Bank 
(NTDB) 2015 were retrospectively queried.

Inclusion/exclusion criteria
The inclusion criteria of the current study were patients 
with blunt pelvic fractures [International Classification of 
Diseases (ICD)-9-CM codes: 808.xx]. The exclusion crite-
ria were patients with (1) penetrating trauma, (2) burns, 
(3) other or unknown trauma mechanisms or (4) severe 
head injuries [abbreviated injury scale (AIS) of the head 
score ≥ 3] that could affect trauma outcomes [10].

Study setting
The data recorded in the NTDB, including age, sex, sys-
tolic blood pressure (SBP) in the emergency department 
(ED), pulse in the ED, respiratory rate (RR) in the ED, 
oxygen saturation in the ED, Glasgow Coma Scale (GCS) 
in the ED and injury severity score (ISS), were collected 
and evaluated. The covariates analyzed in the current 
study included (1) open (ICD-9-CM: 808.1, 808.3, 808.5, 
808.5x, 808.9) and closed pelvic fracture, (2) unstable 

(ICD-9-CM: 808.43, 808.53) and stable pelvic ring inju-
ries and (3) the presence and absence of associated vas-
cular injuries (ICD-9-CM: 902.xx).

Unstable hemodynamics was defined as 
SBP < 90  mmHg, pulse > 120 or use of vasopressor. Pel-
vic fracture patients were classified based on the WSES 
guidelines (minor pelvic injuries: patients with stable 
hemodynamics and stable pelvic ring injuries; moderate 
pelvic injuries: patients with stable hemodynamics and 
unstable pelvic ring injuries; severe pelvic injuries: any 
patients with unstable hemodynamics) [8].

Outcome measurements
Mortality was the primary outcome of the current study. 
Secondary outcomes included complications defined in 
the glossary of the NTDB [infection was present if any 
of the following were reported: severe sepsis (key = 32), 
superficial surgical site infection (key = 23), deep surgi-
cal site infection (key = 12), organ/space surgical site 
(key = 19) or osteomyelitis (key = 29); acute kidney injury 
(AKI), which is often related to sepsis or shock (key = 4)], 
hospital length of stay (LOS) and intensive care unit 
(ICU) LOS [11].

Study design
Mortality rates were compared by WSES classification 
to validate the effectiveness of the classification system. 
The odds for mortality were then calculated using logis-
tic regression analysis for all pelvic injury patients and 
patients with isolated pelvic injuries.

The characteristics of nonsurvivors and survivors were 
compared in all patients. Statistically significant vari-
ables in the univariate analysis were included in a multi-
variate logistic regression (MLR) model using the “enter 
method” for evaluation of independent predictors of 
mortality. Patients with and without associated vascular 
injuries and the same hemodynamic and pelvic ring sta-
bility statuses were also compared according to WSES 
classification. In patients with associated vascular inju-
ries, the proportions of unstable pelvic ring injuries were 
compared between nonsurvivors and survivors. Finally, 
the outcomes (mortality, infection, AKI, hospital LOS 
and ICU LOS) were compared between patients with 
open pelvic fracture and closed pelvic fracture by mild, 
moderate and severe WSES class. Patients were then 
divided into open and closed pelvic fracture groups, and 
the mortality rates were compared by WSES classifica-
tions with linear trend analysis.

Statistical analysis
All original files from the NTDB were merged and ana-
lyzed with R software, version 3.5.0 from R Core Team (R 
Foundation for Statistical Computing, Vienna, Austria, 
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2018) and R Studio software, version 1.1.453 from R 
Studio: Integrated Development for R (R Studio, Inc., 
Boston, Massachusetts, 2016) [12]. Nominal data are pre-
sented as numbers and percentages and were compared 
using chi-square tests, and numerical data are presented 
as the means with standard deviations and were com-
pared using Student’s t tests. A value of p < 0.05 was con-
sidered statistically significant.

Results
During the 12-month study period, 55,588 pelvic fracture 
patients from the NTDB were evaluated. A total of 11,425 
patients had concomitant severe head injuries (AIS of the 
head score ≥ 3) or nonblunt trauma mechanisms (pen-
etrating trauma, burn, other or unknown trauma mecha-
nism) and were excluded. Therefore, 44,163 blunt pelvic 
fracture patients were included in the current study. The 
number of patients and proportion of WSES minor pelvic 
injuries, moderate pelvic injuries and severe pelvic inju-
ries were 37,785 (75.6%), 3,638 (8.2%) and 2,740 (6.2%), 
respectively. Among all studied patients, 830 (1.9%) 
patients had open pelvic fractures, 4,184 (9.5%) patients 
had unstable pelvic ring injuries, and 975 (2.2%) patients 
had associated vascular injuries. The overall mortality 
rate was 2.5% (N = 1108).

Table  1 shows that the mortality rates and associated 
odds of mortality increased significantly as the class of 
injury increased from minor injury to severe injury in 
all pelvic injury patients (N = 44,163) and patients with 
isolated pelvic injuries (N = 30,863) (all patients: mortal-
ity rate: 1.8% in minor injuries, 3.8% in moderate injuries 
and 10.6% in severe injuries, p < 0.001; odds of mortality: 
2.194 in moderate injuries and 6.513 in severe injuries 
with minor injuries as the baseline, p < 0.001) (patients 
with isolated pelvic injuries: mortality rate: 1.4% in minor 
injuries, 3.1% in moderate injuries and 8.1% in severe 

injuries, p < 0.001; odds of mortality: 2.215 in moderate 
injuries and 6.170 in severe injuries with minor injuries 
as the baseline, p < 0.001).

In the univariate analyses, a significantly higher pro-
portion of open pelvic fracture (7.5% vs. 1.7%, p < 0.001), 
unstable pelvic ring injury (20.9% vs. 9.2%, p < 0.001) and 
associated vascular injury (10.9% vs. 2.0%, p < 0.001) was 
present in nonsurvivors (N = 1108) than in survivors 
(N = 43,055) (Table  2). However, the subsequent MLR 
analysis showed that unstable pelvic ring injury did not 
significantly affect mortality (p = 0.549) after adjusting 
for other covariates. Open pelvic fracture and associated 

Table 1  Comparison of mortality rates and associated odds of mortality among different WSES classes of pelvic injuries in the NTDB 
2015

Mortality rate: N (percentage), odds of mortality: odds (95% confidence interval)

WSES = World Society of Emergency Surgery, NTDB = National Trauma Data Bank

*Chi-square test, †Logistic regression

Outcomes Minor (N = 37,785) Moderate (N = 3638) Severe (N = 2740) p value

All pelvic injury patients (N = 44,163)

 Mortality rate (N, %) 677 (1.8%) 140 (3.8%) 291 (10.6%) < 0.001*

 Odds of mortality (Baseline) 2.194 (1.823–2.640) 6.513 (5.643–7.517) < 0.001†

Outcomes Minor (N = 25,046) Moderate (N = 2074) Severe (N = 3743) p value

Patients with isolated pelvic injuries (N = 30,863)

 Mortality rate (N, %) 355 (1.4%) 64 (3.1%) 305 (8.1%) < 0.001*

 Odds of mortality (Baseline) 2.215 (1.691–2.901) 6.170 (5.273–7.220) < 0.001†

Table 2  Comparisons between nonsurvivors and survivors in all 
patients with pelvic fractures (N = 44,163)

Numerical data: mean (standard deviation); Nominal data: N (percentage)

SBP = systolic blood pressure, GCS = Glasgow Coma Scale, ISS = injury severity 
score

*Student t test, †Chi-square test

Variables Nonsurvivors
(N = 1108)

Survivors
(N = 43,055)

p value

Age 42.0 ± 57.4 40.4 ± 45.4 0.242*

Age ≥ 65 (N, %) 514 (46.4%) 13,687 (31.8%) < 0.001†

Male (N, %) 673 (60.7%) 21,762 (50.5%) < 0.001†

SBP (mmHg) 109.1 ± 46.4 131.1 ± 33.2 < 0.001*

Pulse (/min) 93.1 ± 36.0 87.6 ± 24.3 < 0.001*

Respiratory rate (/min) 18.2 ± 9.5 18.3 ± 5.9 0.748*

Oxygen saturation (%) 81.3 ± 33.7 90.6 ± 24.0 < 0.001*

GCS 10.8 ± 5.6 13.6 ± 4.2 < 0.001*

ISS 21.7 ± 15.8 10.8 ± 8.8 < 0.001*

Open pelvic fracture (N, %) 83 (7.5%) 747 (1.7%) < 0.001†

Unstable pelvic ring injury 
(N, %)

232 (20.9%) 3,952 (9.2%) < 0.001†

Associated vascular injury 
(N, %)

121 (10.9%) 854 (2.0%) < 0.001†
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vascular injury were independent predictors of mortality 
(odds of mortality: open pelvic fracture 1.630, p < 0.001; 
associated vascular injury 1.602, p < 0.001) (Table 3).

Furthermore, in patients with the same hemodynamic 
and pelvic ring stability statuses, patients with associ-
ated vascular injuries had significantly worse outcomes 
(higher mortality rates, longer hospital LOS and longer 
ICU LOS) than patients without associated vascular inju-
ries (WSES minor injury: stable pelvic ring; WSES mod-
erate injury: unstable pelvic ring) (Table  4). In contrast, 
a subgroup analysis of patients with associated vascular 
injuries showed that there was no significant difference 
in the proportion of unstable pelvic ring injuries between 
survivors and nonsurvivors (37.2% vs. 32.7%, p = 0.323) 
(Table 5).

Table  6 shows comparisons of open and closed pel-
vic fractures according to minor, moderate and severe 
classes of the WSES classification. In all three classes, 
patients with open pelvic fractures had significantly 
higher mortality rates and infection rates than patients 
with closed fractures (mortality rates: minor 3.5% vs. 
1.8%, p = 0.009, moderate 11.2% vs. 3.3%, p < 0.001, 
severe 23.8% vs. 9.8%, p < 0.001; infection rates: minor 
3.3% vs. 0.7%, p < 0.001, moderate 6.7% vs. 2.1%, 
p < 0.001, severe 7.9% vs. 2.8%, p < 0.001). In the moder-
ate and severe classes, the proportion of patients with 
AKI in patients with open fractures was significantly 
higher than that in patients with closed fractures (mod-
erate 1.5% vs. 0.4%, p = 0.022, severe 2.4% vs. 0.5%, 
p = 0.004). The hospital LOS and ICU LOS associated 
with open pelvic fractures were also significantly longer 
than those associated with closed pelvic fractures in all 

three classes. When patients were divided into open 
fracture and closed fracture groups, the mortality rates 
increased significantly with WSES classification in both 
groups. However, the R square from the linear trend 
analysis was larger in the open pelvic fracture group 
(R2 = 0.9809) than in the closed pelvic fracture group 
(R2 = 0.8848) (Fig. 1).

Table 3  Multivariate logistic regression analysis for the 
evaluation of independent risk factors for mortality in all pelvic 
fracture patients (N = 44,163)

SBP = systolic blood pressure, GCS = Glasgow Coma Scale, ISS = injury severity 
score, CI = confidence interval

*Multivariate logistic regression

Variables p value* Odds of 
mortality

95% CI

Lower Upper

Age ≥ 65 < 0.001 4.045 3.519 4.650

Male < 0.001 1.374 1.205 1.567

SBP (mmHg) < 0.001 0.991 0.989 0.993

Pulse (/min) < 0.001 1.012 1.100 1.014

Oxygen saturation (%) < 0.001 0.996 0.993 0.998

GCS < 0.001 0.936 0.926 0.947

ISS < 0.001 1.062 1.057 1.068

Open pelvic fracture < 0.001 1.639 1.242 2.163

Unstable pelvic ring injury 0.549 – – –

Associated vascular injury < 0.001 1.602 1.269 2.022

Table 4  Comparisons between patients with and without 
associated vascular injuries in patients with the same 
hemodynamic and pelvic ring stability statuses (minor WSES 
class: stable hemodynamics and stable pelvic ring injury; 
moderate WSES class: stable hemodynamics and unstable pelvic 
ring injury)

Numerical data: mean (standard deviation); Nominal data: N (percentage)

WSES = World Society of Emergency Surgery, LOS = length of stay, 
ICU = intensive care unit

*Student t test, †Chi-square test

Outcomes Vascular injury 
(+)

Vascular injury 
(−)

p value

Minor (N = 37,785) N = 508 N = 37,277

 Mortality (N, %) 50 (9.8%) 627 (1.7%) < 0.001†

 LOS (day) 13.7 ± 13.8 7.0 ± 7.8 < 0.001*

 ICU LOS (day) 6.6 ± 9.3 0.7 ± 4.7 < 0.001*

Moderate 
(N = 3638)

N = 219 N = 3,419

 Mortality (N, %) 29 (13.2%) 111 (3.2%) < 0.001†

 LOS (day) 19.9 ± 23.3 11.1 ± 12.2 < 0.001*

 ICU LOS (day) 9.7 ± 13.3 3.1 ± 7.2 < 0.001*

Table 5  Comparisons between nonsurvivors and survivors in 
pelvic fracture patients with associated vascular injuries (N = 752)

Numerical data: mean (standard deviation); Nominal data: N (percentage)

SBP = systolic blood pressure, GCS = Glasgow Coma Scale, ISS = injury severity 
score

*Student t test, †Chi-square test

Variables Nonsurvivors
(N = 121)

Survivors
(N = 854)

p value

Age 42.8 ± 44.4 42.2 ± 34.2 0.864*

Age ≥ 65 (N, %) 36 (29.8%) 193 (22.6%) 0.082†

Male (N, %) 93 (76.9%) 557 (65.2%) 0.011†

SBP (mmHg) 103.8 ± 42.1 109.2 ± 38.7 0.156*

Pulse (/min) 109.9 ± 36.5 96.9 ± 31.4 < 0.001*

Respiratory rate (/min) 19.8 ± 10.5 19.0 ± 8.1 0.332*

Oxygen saturation (%) 81.2 ± 34.3 88.5 ± 27.4 0.008*

GCS 9.9 ± 5.6 12.9 ± 4.3 < 0.001*

ISS 35.3 ± 13.5 26.2 ± 12.7 < 0.001*

Open pelvic fracture (N, %) 19 (15.7%) 73 (8.5%) 0.012†

Unstable pelvic ring injury 
(N, %)

45 (37.2%) 279 (32.7%) 0.323†



Page 5 of 8Wang et al. World J Emerg Surg           (2021) 16:54 	

Discussion
Validation of the WSES classification using nationwide 
real‑world data
In 2017, a novel classification of pelvic fracture that con-
sidered both the anatomy of the injury and physiologi-
cal status was published by the WSES [8]. Different from 
previous classifications based only on mechanical frac-
ture patterns, this classification also considered hemody-
namic stability. With these guidelines, the evaluation of 
outcomes became more accurate, and critical decisions 
could be made more effectively. The results of the cur-
rent nationwide study validated the reliability and feasi-
bility of the 2017 WSES classification system (Table  1). 
Furthermore, two points (associated vascular injury and 
open fracture) that could potentially reinforce this guide-
line were also observed.

The association of vascular injury and pelvic ring stability 
in the WSES classification
Per the WSES classification, minor and moderate inju-
ries were distinguished using mechanical stability. It has 
been suggested that unstable pelvic fractures are associ-
ated with a higher probability of retroperitoneal hem-
orrhage because they tend to be associated with higher 
energy. It was reported that the incidence of major liga-
ment disruption-related vascular injury ranged from 18 
to 62.5% [13–15]. Therefore, unstable pelvic fracture is 
usually thought to be a more severe pelvic injury. How-
ever, vascular injury was also found in 7–10% of stable 
pelvic fractures, which have often been considered minor 
injuries and are normally treated conservatively [14, 15]. 

Table 6  Comparisons between open and closed pelvic 
fracture for the minor, moderate and severe WSES classifications 
(N = 44,163)

Numerical data: mean (standard deviation); Nominal data: N (percentage)

WSES = World Society of Emergency Surgery, AKI = acute kidney injury, 
LOS = length of stay, ICU = intensive care unit

Minor = WSES Grade I, Moderate = WSES Grade II or III, Severe = WSES Grade IV

*Student t test, †Chi-square test

Outcomes Open fracture Closed fracture p value

Minor (N = 37,785) N = 398 N = 37,387

 Mortality (N, %) 14 (3.5%) 663 (1.8%) 0.009†

 Infection (N, %) 13 (3.3%) 273 (0.7%) < 0.001†

 AKI (N, %) 2 (0.5%) 127 (0.3%) 0.580†

 LOS (day) 11.8 ± 14.6 7.0 ± 7.9 < 0.001*

 ICU LOS (day) 3.3 ± 7.3 0.7 ± 4.8 < 0.001*

Moderate (N = 3638) N = 268 N = 3370

 Mortality (N, %) 30 (11.2%) 110 (3.3%) < 0.001†

 Infection (N, %) 18 (6.7%) 70 (2.1%) < 0.001†

 AKI (N, %) 4 (1.5%) 15 (0.4%) 0.022†

 LOS (day) 16.6 ± 24.0 11.2 ± 12.0 < 0.001*

 ICU LOS (day) 6.8 ± 11.6 3.2 ± 7.5 < 0.001*

 Severe (N = 2740) N = 164 N = 2,576

Mortality (N, %) 39 (23.8%) 252 (9.8%) < 0.001†

 Infection (N, %) 13 (7.9%) 72 (2.8%) < 0.001†

 AKI (N, %) 4 (2.4%) 14 (0.5%) 0.004†

 LOS (day) 15.5 ± 18.9 10.8 ± 13.4 < 0.001*

 ICU LOS (day) 6.3 ± 9.7 4.1 ± 9.4 < 0.001*

Fig. 1  Mortality rates by WSES classes in open and closed pelvic fractures
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Some of these fractures even require angioembolization 
to achieve hemostasis [9, 14, 16]. Not only mechani-
cal stability but also associated vascular injury should 
be evaluated in the management of pelvic fracture. Wu 
et al. reported that vascular injury severity is more closely 
correlated with the outcome than the type of anatomi-
cal fracture of the pelvis [9]. Our previous study, which 
was based on a single institution experience, also showed 
that the role of pelvic stability is not significant when 
evaluating associated hemorrhage in the management of 
patients with pelvic fracture [17].

In the univariate analysis of the current study, nonsur-
vivors had a significantly higher proportion of unstable 
pelvic fractures than survivors (Table  2). MLR analysis 
revealed that the effect of pelvic stability on the mortal-
ity of pelvic fracture was nonsignificant (Table 3). How-
ever, associated vascular injury served as an independent 
risk factor for mortality after adjusting for other covari-
ates. Furthermore, even though patients were classified 
as having the same WSES class, patients with vascular 
injuries had significantly worse outcomes than patients 
without vascular injuries (Table  4). A subgroup analy-
sis of pelvic fracture patients with vascular injuries was 
performed. In these patients, there was no significant 
difference in pelvic stability between survivors and non-
survivors (Table  5). The above results showed that the 
association between pelvic stability and mortality could 
not be observed in the current study. In other words, it 
is not enough to evaluate the outcomes of pelvic fracture 
classified only in terms of mechanical stability. Associ-
ated vascular injury needs to be considered in the evalua-
tion of pelvic fractures.

Per the NTDB dictionary, some patients with vascular 
injuries may not be extracted. Most patients with pel-
vic ring injuries (80–90%) with hemodynamic instability 
show venous bleeding, especially derived from the presa-
cral venous plexus. Only approximately 10% of patients 
have bleeding from the arterial origin that might be 
recorded by the ICD-CM classification as vascular inju-
ries (the most often identified sources of arterial bleed-
ing are the internal iliac artery and its branches) [18, 19]. 
Therefore, although vascular injury plays an important 
role in the evaluation of pelvic injury, it only presents in 
the minority of cases. However, most venous bleeding 
can be managed conservatively, whereas arterial bleeding 
usually needs hemostasis procedures such as angioem-
bolization or preperitoneal packing. In other words, it 
makes sense that patients with vascular injuries that were 
recorded in the NTDB had a poorer outcome.

Open/closed pelvic fracture in the WSES classification
In contrast to closed fractures, open pelvic fractures 
can lead to concomitant external hemorrhage, internal 

hemorrhage, associated anorectal or urogenital inju-
ries and contaminated wound-related infection [3, 20, 
21]. Several complications, such as septicemia, AKI and 
multiple organ dysfunction, may occur because of an 
uncontrolled infection [22]. A review article by Grotz and 
coworkers concluded that urethral and vaginal injuries 
were the most common urogenital injuries in open pel-
vic fracture, present in 24–57% of patients [3]. Song et al. 
reported a study of twenty open pelvic fracture patients 
with rectal injuries, 50% of whom had pelvic infection 
[23]. Thus, the high mortality rate of open pelvic frac-
ture, which is related to septicemia and multiple organ 
dysfunction, has been reported by several studies. Frane 
et al. observed an in-hospital mortality rate of 11.6% in a 
total of 19,834 open pelvic fracture patients [24]. Tseng 
et  al. showed a 21.6% mortality rate in 37 open pelvic 
patients [21]. However, although it is an easily identified 
but life-threatening lesion in the ED, open pelvic frac-
ture was not evaluated and discussed in the 2017 WSES 
classification.

In the current study, open pelvic fracture patients had 
significantly worse outcomes (higher mortality rate, 
higher infection rate, longer hospital LOS and longer ICU 
LOS) than closed pelvic fracture patients for all WSES 
classes (minor, moderate and severe) (Table 2). The pro-
portion of patients with AKI, which is usually associated 
with severe infection and sepsis, was also significantly 
higher in the moderate and severe classes. Moreover, the 
role of the WSES classification appears to be different in 
patients with closed and open pelvic fractures (Fig. 1: R2 
of closed fracture = 0.8848, R2 of open fracture = 0.9809). 
Therefore, it is better not to mix closed and open frac-
tures in the same classification system. Open fractures 
should be evaluated independently.

Limitations of the current study
The NTDB data are retrospective, incomplete and 
possibly inaccurate. Without detailed records regard-
ing resuscitation and imaging findings, associated 
vascular injury and unstable pelvic ring injury could 
only be defined based on the coding system. In addi-
tion, the WSES classification uses multiple param-
eters to determine hemodynamic instability, including 
SBP < 90  mmHg, pulse > 120/min, evidence of skin 
vasoconstriction (cool, clammy, decreased capillary 
refill), altered level of consciousness and/or short-
ness of breath. However, there was no record of physi-
cal examination or blood transfusion amount in the 
NTDB 2015. Some parameters that were used to deter-
mine hemodynamic instability could not be analyzed. 
We understand that it is insufficient to define unsta-
ble hemodynamics using parameters in the NTDB. 
This is a potential weak point of nationwide big data. 
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We tried our best to find patients who fulfilled defini-
tions of unstable hemodynamics (SBP, pulse or use of 
vasopressor from the PCODE). However, there may be 
some patients with missed coding or classification. We 
believe that a trend toward accurate outcome predic-
tion by the WSES classification could be observed using 
a real-world database. Furthermore, to evaluate out-
comes, it is better to design a study with isolated pelvic 
fracture patients only. These patients were analyzed for 
the validation of WSES classification (Table  1). How-
ever, pelvic ring injury patients with vascular injuries 
or open pelvic fracture usually have other extrapelvis-
associated injuries [1–3]. For other analyses, the patient 
number would be small, and statistically significant 
results would not be achieved. Therefore, we excluded 
severe head injuries that usually affect outcomes and 
included the ISS in the MLR model to eliminate the 
effect of other nonpelvic injuries. Finally, the research 
datasets were not updated. Several techniques have 
been developed in the management of pelvic injuries, 
such as preperitoneal packing and resuscitative endo-
vascular balloon occlusion of the aorta [25, 26]. How-
ever, the treatment was not discussed in the current 
study. The clinical evaluation has not changed much. 
We believe that the data from 2015 are applicable to 
current trauma patients.

Conclusion
The WSES guideline provides an accurate and reproduc-
ible classification of pelvic fractures according to this 
nationwide study. It is recommended that open/closed 
fractures and associated vascular injuries be evaluated as 
supplements of the WSES classification.

Abbreviations
WSES: World Society of Emergency Surgery; AKI: Acute kidney injury; ED: 
Emergency department; NTDB: National Trauma Data Bank; ICD: International 
Classification of Diseases; AIS: Abbreviated injury scale; SBP: Systolic blood 
pressure; RR: Respiratory rate; GCS: Glasgow Coma Scale; ISS: Injury severity 
score; LOS: Length of stay; ICU: Intensive care unit; MLR: Multivariate logistic 
regression.

Acknowledgements
Not applicable.

Authors’ contributions
S-ZW, C-YF and FB contributed to study conception and design. C-YF acquired 
the data. S-ZW and S-ZW analyzed and interpreted the data. S-ZW and C-YF 
drafted the manuscript. MB, JM, SP and FB critically revised the manuscript. All 
authors read and approved the final manuscript.

Funding
No commercial associations with or sources of support from any funding 
agency.

Availability of data and materials
The data and material were from a public databank (National Trauma Data 
Bank).

Declarations

Ethical approval and consent to participate
This retrospective study was approved by the Institutional Review Board.

Consent for publication
All authors agree with the publication of this article.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Trauma and Emergency Surgery, Chang Gung Memorial Hos‑
pital, Chang Gung University, Taipei, Taiwan. 2 Department of Trauma and Burn 
Surgery, Stroger Hospital of Cook County, Rush University, 8th Floor, 1950 West 
Polk Street, Chicago, IL 60612, USA. 

Received: 16 July 2021   Accepted: 5 October 2021

References
	1.	 Balogh Z, King KL, Mackay P, McDougall D, Mackenzie S, Evans JA, et al. 

The epidemiology of pelvic ring fractures: a population-based study. J 
Trauma. 2007;63(5):1066–73 (discussion 72–3).

	2.	 Durkin A, Sagi HC, Durham R, Flint L. Contemporary management of 
pelvic fractures. Am J Surg. 2006;192(2):211–23.

	3.	 Grotz MR, Allami MK, Harwood P, Pape HC, Krettek C, Giannoudis PV. 
Open pelvic fractures: epidemiology, current concepts of management 
and outcome. Injury. 2005;36(1):1–13.

	4.	 Blackmore CC, Cummings P, Jurkovich GJ, Linnau KF, Hoffer EK, Rivara FP. 
Predicting major hemorrhage in patients with pelvic fracture. J Trauma. 
2006;61:346–52.

	5.	 Eastridge BJ, Starr A, Minei JP, O’Keefe GE, Scalea TM. The importance of 
fracture pattern in guiding therapeutic decision-making in patients with 
hemorrhagic shock and pelvic ring disruptions. J Trauma. 2002;53(3):446–
50 (discussion 450–1).

	6.	 Pennal GF, Tile M, Waddell JP, Garside H. Pelvic disruption: assessment and 
classification. Clin Orthop Relat Res. 1980. https://​doi.​org/​10.​1097/​00003​
086-​19800​9000-​00004.

	7.	 Burgess AR, Eastridge BJ, Young JW, Ellison TS, Ellison PS Jr, Poka A, et al. 
Pelvic ring disruptions: effective classification system and treatment 
protocols. J Trauma. 1990;30(7):848–56.

	8.	 Coccolini F, Stahel PF, Montori G, Biffl W, Horer TM, Catena F, et al. 
Pelvic trauma: WSES classification and guidelines. World J Emerg Surg. 
2017;12:5.

	9.	 Wu YT, Cheng CT, Tee YS, Fu CY, Liao CH, Hsieh CH. Pelvic injury prognosis 
is more closely related to vascular injury severity than anatomical fracture 
complexity: the WSES classification for pelvic trauma makes sense. World 
J Emerg Surg. 2020;15(1):48.

	10.	 Byrne JP, Mason SA, Gomez D, Hoeft C, Subacius H, Xiong W, et al. Timing 
of pharmacologic venous thromboembolism prophylaxis in severe trau‑
matic brain injury: a propensity-matched cohort study. J Am Coll Surg. 
2016;223(4):621–31.

	11.	 https://​www.​facs.​org/​quali​ty-​progr​ams/​trauma/​tqp/​center-​progr​ams/​
ntdb/​ntds. Accessed July 16 2021.

	12.	 R Core Team (2014). R: A language and environment for statistical com‑
puting. Vienna: R Foundation for Statistical Computing. http://​www.R-​
proje​ct.​org/. Accessed 16 July 2021.

	13.	 Cryer HM, Miller FB, Evers BM, Rouben LR, Seligson DL. Pelvic fracture 
classification: correlation with hemorrhage. J Trauma. 1988;28(7):973–80.

	14.	 Fu CY, Wu SC, Chen RJ, Wang YC, Chung PK, Yeh CC, et al. Evaluation 
of pelvic fracture stability and the need for angioembolization: pelvic 
instabilities on plain film have an increased probability of requiring angi‑
oembolization. Am J Emerg Med. 2009;27(7):792–6.

https://doi.org/10.1097/00003086-198009000-00004
https://doi.org/10.1097/00003086-198009000-00004
https://www.facs.org/quality-programs/trauma/tqp/center-programs/ntdb/ntds
https://www.facs.org/quality-programs/trauma/tqp/center-programs/ntdb/ntds
http://www.R-project.org/
http://www.R-project.org/


Page 8 of 8Wang et al. World J Emerg Surg           (2021) 16:54 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	15.	 Brian JE, Adam S, Joseph PM, O’Keefe GE. The importance of fracture 
pattern in guiding therapeutic decision-making in patients with hemor‑
rhagic shock and pelvic ring disruptions. J Trauma. 2002;53(3):446–51.

	16.	 Fu CY, Chan SY, Wang SY, Hsieh CH, Liao CH, Huang JF, et al. The effect of 
angioembolization for life-threatening retroperitoneal hemorrhage in 
patients with pelvic fracture. Am J Emerg Med. 2019;37(4):603–7.

	17.	 Fu CY, Teng LH, Liao CH, Hsu YP, Wang SY, Kuo LW, et al. The diminishing 
role of pelvic stability evaluation in the era of computed tomographic 
scanning. Medicine (Baltimore). 2016;95(16):e3421.

	18.	 White CE, Hsu JR, Holcomb JB. Haemodynamically unstable pelvic frac‑
tures. Injury. 2009;40(10):1023–30.

	19.	 Gänsslen A, Giannoudis P, Pape HC. Hemorrhage in pelvic fracture: who 
needs angiography? Curr Opin Crit Care. 2003;9(6):515–23.

	20.	 Fu CY, Huang RY, Wang SY, Liao CH, Huang JF, Hsu YP, et al. Concomitant 
external and internal hemorrhage: challenges to managing patients with 
open pelvic fracture. Am J Emerg Med. 2018;36(11):1937–42.

	21.	 Tseng IC, Chen IJ, Chou YC, Hsu YH, Yu YH. Predictors of acute mortal‑
ity after open pelvic fracture: experience from 37 patients from a level I 
trauma center. World J Surg. 2020;44(11):3737–42.

	22.	 Lee CW, Kou HW, Chou HS, Chou HH, Huang SF, Chang CH, et al. A com‑
bination of SOFA score and biomarkers gives a better prediction of septic 
AKI and in-hospital mortality in critically ill surgical patients: a pilot study. 
World J Emerg Surg. 2018;13:41.

	23.	 Song W, Zhou D, Xu W, Zhang G, Wang C, Qiu D, et al. Factors of pelvic 
infection and death in patients with open pelvic fractures and rectal 
injuries. Surg Infect (Larchmt). 2017;18(6):711–5.

	24.	 Frane N, Iturriaga C, Bub C, Regala P, Katsigiorgis G, Linn M. Risk factors for 
complications and in-hospital mortality: an analysis of 19,834 open pelvic 
ring fractures. J Clin Orthop Trauma. 2020;11(6):1110–6.

	25.	 Magnone S, Coccolini F, Manfredi R, Piazzalunga D, Agazzi R, Arici C, et al. 
Management of hemodynamically unstable pelvic trauma: results of the 
first Italian consensus conference (cooperative guidelines of the Italian 
Society of Surgery, the Italian Association of Hospital Surgeons, the Multi-
specialist Italian Society of Young Surgeons, the Italian Society of Emer‑
gency Surgery and Trauma, the Italian Society of Anesthesia, Analgesia, 
Resuscitation and Intensive Care, the Italian Society of Orthopaedics and 
Traumatology, the Italian Society of Emergency Medicine, the Italian 
Society of Medical Radiology -Section of Vascular and Interventional 
Radiology- and the World Society of Emergency Surgery). World J Emerg 
Surg. 2014;9(1):18.

	26.	 Otsuka H, Sato T, Sakurai K, Aoki H, Yamagiwa T, Iizuka S, et al. Effect of 
resuscitative endovascular balloon occlusion of the aorta in hemo‑
dynamically unstable patients with multiple severe torso trauma: a 
retrospective study. World J Emerg Surg. 2018;13:49.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Accuracy of the WSES classification system for pelvic ring disruptions: an international validation study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	A priori hypothesis
	Dataset and time-window
	Inclusionexclusion criteria
	Study setting
	Outcome measurements
	Study design
	Statistical analysis

	Results
	Discussion
	Validation of the WSES classification using nationwide real-world data
	The association of vascular injury and pelvic ring stability in the WSES classification
	Openclosed pelvic fracture in the WSES classification
	Limitations of the current study

	Conclusion
	Acknowledgements
	References


