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Abstract

Introduction: While transcatheter arterial embolization (TAE) is an effective way to control arterial bleeding associated
with pelvic fracture, delayed TAE may increase mortality risk. The purpose of the current study was to determine how
time to TAE affects outcomes in patients with pelvic fracture in the emergency department.

Methods: From January 2014 to December 2016, the trauma registry and medical records of patients with pelvic fracture
who underwent TAE were retrospectively reviewed. The relationship between the time to TAE and patient outcomes was
evaluated. The characteristics of surviving and deceased patients were also compared to search for prognostic
factors affecting survival.

Results: Eighty-four patients were enrolled in the current study. Among patients with pelvic fracture who underwent
TAE, the overall mortality rate was 16.7%. There were positive relationships between the time to TAE and the requirement
for blood transfusion and between the time to TAE and intensive care unit (ICU) length of stay (LOS). Nonsurviving
patients were significantly older (57.4 ± 23.3 vs. 42.7 ± 19.3 years old, p = 0.014) and had higher injury severity scores (ISSs)
(36.4 ± 11.9 vs. 23.9 ± 10.9, p < 0.001) than were observed in surviving patients. There was no significant difference in the
time to TAE between nonsurviving and surviving patients (76.9 ± 47.9 vs. 59.0 ± 29.3 min, p = 0.068). The multivariate
logistic regression analysis showed that ISS and age served as independent risk factors for mortality. Every one
unit increase in ISS or age resulted in a 1.154- or 1.140-fold increase in mortality, respectively (p = 0.033 and 0.005,
respectively). However, the time to TAE serves as an independent factor for ICU LOS (p = 0.015).

Conclusion: In pelvic fracture patients who require TAE for hemostasis, longer time to TAE may cause harm. An
early hemorrhage control is suggested.
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Introduction
According to previously published statistics, pelvic fractures
constitute approximately 3% of skeletal injuries, and the
most common causes of pelvic fractures include motor ve-
hicle collisions, motorcycle collisions, auto-pedestrian colli-
sions, and falls from heights [1–3]. Due to hemorrhage, 5%
to 20% of patients have unstable hemodynamics, and
hemorrhage-related mortality rates as high as 40% have
been reported [4]. Resuscitation with blood product

transfusion and temporary mechanical stabilization are
necessary to combat pelvic fracture hemorrhage [5–8].
However, pelvic arterial bleeding accounts for up to 15% of
bleeding associated with pelvic fractures; this type of bleed-
ing is more threatening than venous bleeding [2, 9, 10].
The most often identified sources of arterial bleeding are
the internal iliac artery (IIA) and its branches; patients with
pelvic arterial bleeding usually present with systolic blood
pressure (SBP) less than 90 mmHg, need more than
2000 mL of fluid resuscitation, and receive more than
4 units of blood transfusion within 24 h [2, 11–13]. Trans-
catheter arterial embolization (TAE) is an effective way to
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aggressively manage arterial bleeding and has a success rate
higher than 85% [5, 10, 14–21].
Unfortunately, although the success rate of TAE is high,

the mortality rates reported in patients receiving TAE
range from 16% to 50% among previous studies [11, 22].
Deaths usually result from associated injuries and delayed
TAE [7, 19, 22]. While a patient waits for TAE, ongoing
hemorrhage may increase his or her mortality risk over
time. Performing TAE less than 3 h after admission leads
to better outcomes, but many previous studies have shown
that it is difficult to achieve this goal [6, 7, 19, 22–25].
We hypothesize that even when the time from emer-

gency department (ED) admission to TAE is significantly
less than 3 h, earlier TAE can still result in better out-
comes. The purpose of the current study was to determine
how time to TAE affects outcomes in patients with pelvic
fracture in the ED.

Materials and methods
As a level-I trauma center in Taiwan, in our institution,
the attending-level trauma surgeons are responsible for
the initial survey and treatment of patients with pelvic
injuries in the ED. Adequate and timely evaluation and
management are provided for all traumatized patients.
Patients with multiple traumas or hemodynamic instabi-
lity have higher priority, and patients with pelvic fracture
who need TAE are promptly identified. In our institution,
interventional radiologists and the equipment required for

TAE are available 24 h a day, 7 days a week. Thus, the
time from ED admission to TAE can be less than 1 h.
During the angiographic examination, the abdominal
aorta, lumbar arteries, bilateral common iliac arteries,
bilateral external iliac arteries, and bilateral internal iliac
arteries were routinely evaluated. Embolization would be
performed proximal to sites of arterial extravasation. To
prevent long-term complications related to embolization,
the application of Gelfoam® slurry, a temporary embolic
agent that is likely biodegraded in 7–21 days and allows
recanalization, was used for the distal blind embolization
[26]. However, in certain rare patients whose hemorrhage
could not be controlled with Gelfoam embolization, a coil
would be utilized for permanent embolization.
Patients with pelvic fractures without other extrapelvic

injuries requiring emergent treatment are treated accor-
ding to a previously published algorithm (Fig. 1) [27].
Patients with pelvic fractures received airway protection,
fluid resuscitation, a pelvic circumferential compression
device for unstable pelvic fracture, external hemorrhage
control, and other necessary evaluation before TAE based
on the Advanced Trauma Life Support (ATLS) guidelines
[28]. According to the algorithm, TAE is indicated for
patients with intrapelvic contrast extravasation on com-
puted tomographic (CT) scan or unstable hemodynamics
without other cavitary or external bleeding. The trauma
registry and medical records of patients with pelvic frac-
ture (International Classification of Diseases-9 code: 808)

Fig. 1 Pelvic fracture management algorithm
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who were admitted to our institution and underwent TAE
from January 2014 to December 2016 were retrospectively
reviewed. Patients with pelvic fractures who were sent to
TAE directly from the ED were enrolled in the current
study. Patients who were younger than 18 years old, had
out-of-hospital cardiac arrest (OHCA) without a response
to resuscitation, died in the ED, or received TAE after
treatment of other injuries [ex., thoracotomy, laparotomy,
delayed hemorrhage during intensive care unit (ICU)
observation] were excluded.
In this study, the characteristics of pelvic fracture

patients who received TAE are described. The relationship
between the time to TAE and patient outcomes was evalu-
ated with regard for different aspects. The characteristics
of surviving and deceased patients were also compared to
search for the prognostic factors affecting survival.

Statistics
Numerical data are presented as the means and standard
deviations, and categorical data are reported as percent-
ages. Student’s t test was used to compare numerical
data, and the chi-square test was used to compare cat-
egorical data. Covariables with significance in univariate
analysis were analyzed in a multivariate regression
model. Multivariable logistic regression was used to
evaluate independent risk factors for mortality in the pa-
tients in our study, and multivariable linear regression
was used to evaluate factors that affected the ICU length

of stay (LOS). All analyses were performed using IBM
SPSS software (version 22.0, Chicago, IL, USA).

Results
According to the trauma registry databank maintained by
our institution, a total of 609 patients with pelvic fractures
who were admitted to our ED from January 2014 to De-
cember 2016 were evaluated. A total of 89 (14.6%) of these
patients received TAE of the IIA system or external iliac
artery (EIA) and its branches. Eighty-four of them met the
inclusion criteria of the current study. The mean patient
age was 45.2 ± 20.6 years old, and 43 were male (51.2%),
while 41 were female (48.8%). The physical data of these
patients showed that they had a mean SBP of 102.8 ±
34.9 mmHg, a mean Glasgow Coma Scale (GCS) of
12.1 ± 4.4, a mean base deficit (BD) of 9.8 ± 6.0 mm/L, and
a mean lactate level of 51.4 ± 34.0 mg/dL. The mean injury
severity score (ISS) was 26.0 ± 12.0, and the mean blood
transfusion volume was 1047.6 ± 949.4 mL. Of these 84
patients, 62 (73.8%) received TAE because of contrast
extravasation on CT scans, and the other 22 (26.2%)
patients received TAE because of unstable hemodynamics
without other cavitary or external bleeding (Fig. 2). The
mean time to TAE was 62.0 ± 33.4 min, and the mean
procedure time was 50 min (ranging from 30 to 140 min).
Forty-seven patients (56.0%) received TAE less than or
equal to 1 h after admission, and 37 patients (44.0%) re-
ceived TAE more than 1 h after admission. The mean ICU
LOS was 5.9 ± 5.9 days, and the mean hospital LOS was

Fig. 2 Indications for TAE and the characteristics of patients with different indications for TAE
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22.2 ± 14.0 days. Fourteen patients died in the ICU or an
ordinary ward, and the overall mortality rate was 16.7%
(Table 1). Four (28.6%) of the 14 patients died of pelvic
fracture-related hemorrhage, and ten (71.4%) died of
other associated injuries, including respiratory failure,
traumatic brain injury, sepsis, and traumatic pulmo-
nary hemorrhage. Patients whose deaths were related
to pelvic fracture-related hemorrhage died earlier than
patients whose deaths were related to other associated
injuries (2.7 ± 4.4 days vs. 22.9 ± 14.8 days).
The comparison between nonsurviving and surviving

patients revealed that the nonsurviving patients were
significantly older (57.4 ± 23.3 vs. 42.7 ± 19.3 years old,
p = 0.014), had lower GCS scores upon arrival (7.6 ± 5.0
vs. 13.0 ± 3.7, p = 0.002), had a greater BD (13.5 ± 4.5 vs.
8.8 ± 6.1 mm/L, p = 0.005), had higher abbreviated injury
scale (AIS) scores for the head/neck (2.1 ± 2.1 vs. 0.9 ±
1.5, p = 0.006), had higher AIS scores for the chest
(2.8 ± 2.0 vs. 1.7 ± 1.7, p = 0.017), and had higher ISSs
(36.4 ± 11.9 vs. 23.9 ± 10.9, p < 0.001). However, no sig-
nificant differences in sex, blood transfusion volume,
or the time to TAE (76.9 ± 47.9 vs. 59.0 ± 29.3 min,
p = 0.068) were found between the nonsurviving and
surviving patients (Table 2).
A multivariate logistic regression analysis was per-

formed to evaluate the independent risk factors for

mortality. Although AIS of the head/neck and chest
were significantly different between the nonsurviving
and surviving patients in univariate analysis, AIS was
not included in the multivariate logistic regression
model due to high multicollinearity between AIS and
ISS (the variance inflation factor value was over 10) [29].
After adjustments with physical data, age, and ISS, the
time to TAE did not significantly affect mortality,
whereas ISS and age served as independent risk factors
for mortality. An increase of one unit in ISS or age re-
sulted in 1.154- and 1.140-fold increases in mortality, re-
spectively (p = 0.033 and 0.005, respectively; Table 3). In
addition, a multivariate linear regression analysis was
performed to evaluate the effects of age, SBP, GCS, BD,
lactate, ISS, and time to TAE on ICU LOS. The results
showed that time to TAE was an independent indicator
of ICU LOS (p = 0.015; Table 4). Figure 3 also demon-
strates the positive relationship between the time to
TAE and ICU LOS. In addition, Fig. 4 demonstrates the
positive relationship between the time to TAE and the
requirement for blood transfusion.

Discussion
Pelvic fractures mainly occur as a result of high-energy
blunt trauma, such as traffic accidents and falling accidents
[1, 2]. Subsequent substantial hemorrhage can significantly
increase mortality, and the management of this type of
hemorrhage can be challenging [2]. A total of 1339 patients
with pelvic fracture were enrolled from 11 level-I trauma
centers across the USA, 30 of whom (16.9%) were treated

Table 1 General demographics of the pelvic fracture patients
who received angioembolization (N = 84)

Factors No. (%) or Mean ± SD
(N = 84)

Age (y/o) 45.2 ± 20.6

Sex

Male 43 (51.2%)

Female 41 (48.8%)

SBP upon ED arrival (mmHg) 102.8 ± 34.9

GCS upon ED arrival 12.1 ± 4.4

ISS (score) 26.0 ± 12.0

Total blood transfusion (mL) in ED 1047.6 ± 949.4

Indications for TAE

1. Contrast extravasation on CT scan (N, %) 62 (73.8%)

2. Unstable hemodynamics without other
cavitary or external bleeding (N, %)

22 (26.2%)

Time to TAE 62.0 ± 33.4 min

≦ 1 h 47 (56.0%)

> 1 h 37 (44.0%)

Mean hospital length of stay (LOS) 22.2 ± 14.0 days

Mean ICU LOS 5.9 ± 5.9 days

Outcomes

Survival 70 (83.3%)

Mortality 14 (16.7%)

Table 2 Comparison of the characteristics between
nonsurviving and surviving pelvic fracture patients who
received angioembolization (N = 84)

Nonsurvivors
(N = 14)

Survivors
(N = 70)

p value

Age (y/o) 57.4 ± 23.3 42.7 ± 19.3 0.014a

Male (%) 7 (50.0%) 36 (51.4%) 0.702b

ISS 36.4 ± 11.9 23.9 ± 10.9 < 0.001a

Blood transfusion (mL) 1214.3 ± 1086.9 1014.3 ± 924.6 0.475a

Time to TAE (min) 76.9 ± 47.9 59.0 ± 29.3 0.068a

aStudent’s T test
bChi-square test

Table 3 Logistic regression analysis of the independent risk
factors of mortality in pelvic fracture patients who received TAE

p value Odds
ratio to
mortality

95% CI

Lower Upper

ISS 0.002 1.120 1.044 1.202

Age (y/o) 0.015 1.048 1.009 1.088

Sex (male) 0.384 0.526 0.124 2.235

Time to TAE (min) 0.126 1.015 0.996 1.034
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with therapeutic TAE. No consensus is available regarding
the optimal treatment paradigm for patients presenting
with hemorrhage from severe pelvic fracture, and signifi-
cant variation exists across institutions [30]. Four options
for severe lesions resulting from pelvic trauma have been
suggested by the World Society of Emergency Sur-
gery, including pre-peritoneal packing (PPP), temporary
mechanical stabilization, resuscitative endovascular bal-
loon occlusion of the aorta (REBOA), and TAE [31]. The
recent evolution of these four procedures has significantly
decreased the mortality rates of devastating pelvic injuries
[32].
Approximately 85% of pelvic fracture hemorrhage results

from bone or venous bleeding [2, 10]. In these cases, to
control bleeding, temporary mechanical stabilization
methods, such as circumferential sheet wrapping and
pelvic packing, can be used [11, 33–35]. Nevertheless,
arterial bleeding due to pelvic fractures that is not con-
trolled by only mechanical stabilization methods is more
troublesome and should be treated more aggressively and
promptly [9]. TAE is the most effective intervention for
the management of hemorrhage associated with pelvic
fracture in both hemodynamically stable and unstable
patients and can be used as the primary definitive inter-
vention or in conjunction with operative management in
the setting of concomitant intra-abdominal injury [36].

This procedure is increasingly used to control arterial
bleeding and is successful in 85% to 100% of cases with
regard for bleeding control and reducing the requirement
for blood transfusion [5, 10, 14–21]. Cooperative guidelines
from Italy showed that after non-pelvic sources of blood
loss have been excluded, patients with pelvic fractures and
hemodynamic instability or signs of ongoing bleeding
should be considered for TAE. Patients with CT scans
demonstrating arterial intravenous contrast extravasation
in the pelvis may require TAE regardless of hemodynamic
status. Furthermore, repeat TAE should be considered in
patients with pelvic fracture who have undergone TAE but
have persisting signs of ongoing bleeding [37]. For patients
with unstable pelvic fractures, early transfer to trauma
centers was suggested because of their increasing tendency
of requiring TAE [38]. On the other hand, PPP is a more
rapid treatment method for severe pelvic trauma than TAE
and is suitable for patients with hemodynamic instability at
centers without an in-house interventional radiology staff
available at all times [39]. PPP may be useful as a bridge
for time-consuming procedures, such as TAE [40].
In the current study, we hypothesized that earlier TAE

would result in better outcomes. In a previous study, the
mortality rate in patients who received TAE less than 3 h
after ED admission was 36.4%, whereas the mortality rate
was 75% in patients who received TAE more than 3 h after

Table 4 Linear regression analysis of the factors affecting ICU LOS

p value Unstandardized Coefficients Standardized Coefficients T

B Std. Error Beta

ISS 0.042 0.111 0.054 0.225 2.069

Age (y/o) 0.777 − 0.009 0.031 − 0.31 − 0.284

Time to TAE (min) 0.412 0.016 0.019 0.090 0.824

Fig. 3 The relationship between the time to TAE and ICU length of stay
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ED admission [19]. Balogh further noted that patients with
pelvic fractures and unstable hemodynamics should receive
TAE within 90 min after ED admission, as this reduced
blood transfusion volumes and mortality [7]. Another
retrospective study by Tanizaki et al. reported that in
hemodynamically unstable patients with pelvic fractures,
between nonsurvivors and survivors, the average time from
hospital arrival to angiography was 89.9 ± 28.6 vs. 63.1 ±
23.5 min, respectively [22]. In contrast, a larger case num-
ber was included in the current study (84 vs. 24), and we
found that there was no significant difference in the time
to TAE between nonsurvivors and survivors (76.9 ± 47.9
vs. 59.0 ± 29.3 min, p = 0.068). Although an association
between mortality and the time to TAE was not observed
in the current study. However, it is arbitrary to conclude
that the time to TAE did not affect outcomes of pelvic
fractures based on the above results. There is still a trend
to increased mortality with longer time to TAE, but it does
not establish a standard 0.05 p value. In our institution, the
mean time to TAE was 62.0 ± 33.4 min, indicating that the
majority of patients underwent TAE within approximately
90 min after admission. TAE is uniformly urgent and is
performed within a very short time-frame; thus, it would
be difficult to make an impact in difference in outcomes. It
is possible that this difference would be significant in a
larger sample size.
In the current study, we further analyzed how the time

to TAE affected the requirement for blood transfusion
and ICU LOS, and we found that there were trends in
which longer waiting times to TAE resulted in both a
higher requirement for blood transfusion and longer ICU
LOS. Figure 3 demonstrates that there was a positive rela-
tionship between the time to TAE and ICU LOS. Table 4

also demonstrates that the time to TAE was an indepen-
dent indicator of ICU LOS. In addition to ICU LOS, a
positive relationship between time to TAE and require-
ment for blood transfusion was also observed (Fig. 4).
Previous studies also reported that delayed hemorrhage
was a risk factor for massive blood transfusion, and
massive blood transfusion was associated with increased
ICU LOS [4, 6, 41–43]. Although a negative effect of the
time to TAE on mortality among pelvic fracture patients
who required TAE for hemostasis was not observed, a
longer waiting time for TAE may increase the morbidity
of such patients.
The other concerns are physical data and injury severity

of patients with pelvic fractures. We agree that the worse
outcomes of pelvic fracture patients who required TAE
could be explained simply by longer time to TAE. The
roles of poor physical data and more severe overall injuries
should also be considered. It is reasonable that older
age (odds ratio = 1.140, p = 0.005) and higher ISS (odds
ratio = 1.154, p = 0.033) may result in more mortality
(Table 3). Furthermore, lower GCS upon arrival and
higher lactate also increase the ICU LOS independently
(Table 4). Previous studies also reported that lower
GCS, higher lactate level, and higher ISS are associated
with massive blood transfusion [44].
The major limitations of this study are that this was

a retrospective analysis and that a small patient sam-
ple size was drawn from a single institution. There-
fore, a type II error was inevitable, which may account
for the lack of a statistically significant association be-
tween the time to TAE and outcomes. In addition, this
study only included a 3-year follow-up and therefore
lacks long-term follow-up, which may also have

Fig. 4 The relationship between the time to TAE and the requirement for blood transfusion
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influenced our results. Therefore, a prospective study
with a larger patient sample size should be designed to
analyze the relationship between the time to TAE and
patient outcomes.

Conclusion
In pelvic fracture patients who require TAE for hemostasis,
longer time to TAE may cause harm. An early hemorrhage
control is suggested.

Abbreviations
AIS: Abbreviated injury scale; ATLS: Advanced Trauma Life Support; BD: Base
deficit; ED: Emergency department; EIA: External iliac artery; GCS: Glasgow
Coma Scale; ICU: Intensive care unit; IIA: Internal iliac artery; ISS: Injury severity
score; LOS: Length of stay; OHCA: Out-of-hospital cardiac arrest; SBP: Systolic
blood pressure; TAE: Transcatheter arterial embolization

Acknowledgements
Not applicable.

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

Availability of data and materials
Not applicable.

Authors’ contributions
Study conception and design: C-CH, W-YT, and F-CY. Acquisition of the data:
C-CH, W-YT, F-CY, L-CH, W-SY, and H-CH. Analysis and interpretation of the
data: C-CH and F-CY. Drafting of the manuscript: C-CH. Critical revision: F-CY
and FB. All authors read and approved the final manuscript.

Ethics approval and consent to participate
This retrospective study was approved by the Institutional of Review Board of
Chang Gung Memorial Hospital.

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

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

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

Received: 16 April 2019 Accepted: 3 June 2019

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

5. Tesoriero RB, Bruns BR, Narayan M, Dubose J, Guliani SS, Brenner ML, et al.
Angiographic embolization for hemorrhage following pelvic fracture: is it
“time” for a paradigm shift. J Trauma Acute Care Surg. 2017;82(1):18–26.

6. Cothren CC, Osborn PM, Moore EE, Morgan SJ, Johnson JL, Smith WR.
Preperitonal pelvic packing for hemodynamically unstable pelvic fractures: a
paradigm shift. J Trauma. 2007;62(4):834–9. discussion 9-42

7. Balogh Z, Caldwell E, Heetveld M, D’Amours S, Schlaphoff G, Harris I, et
al. Institutional practice guidelines on management of pelvic fracture-

related hemodynamic instability: do they make a difference? J Trauma.
2005;58(4):778–82.

8. Biffl WL, Smith WR, Moore EE, Gonzalez RJ, Morgan SJ, Hennessey T, et al.
Evolution of a multidisciplinary clinical pathway for the management of
unstable patients with pelvic fractures. Ann Surg. 2001;233(6):843–50.

9. Lindahl J, Handolin L, Soderlund T, Porras M, Hirvensalo E. Angiographic
embolization in the treatment of arterial pelvic hemorrhage: evaluation
of prognostic mortality-related factors. Eur J Trauma Emerg Surg. 2013;
39(1):57–63.

10. El-Haj M, Bloom A, Mosheiff R, Liebergall M, Weil YA. Outcome of
angiographic embolisation for unstable pelvic ring injuries: factors
predicting success. Injury. 2013;44(12):1750–5.

11. Vaidya R, Waldron J, Scott A, Nasr K. Angiography and embolization in
the management of bleeding pelvic fractures. J Am Acad Orthop Surg.
2018;26(4):e68–76.

12. Verbeek DO, Sugrue M, Balogh Z, Cass D, Civil I, Harris I, et al. Acute
management of hemodynamically unstable pelvic trauma patients:
time for a change? Multicenter review of recent practice. World J
Surg. 2008;32(8):1874–82.

13. Sarin EL, Moore JB, Moore EE, Shannon MR, Ray CE, Morgan SJ, et al. Pelvic
fracture pattern does not always predict the need for urgent embolization.
J Trauma. 2005;58(5):973–7.

14. Thorson CM, Ryan ML, Otero CA, Vu T, Borja MJ, Jose J, et al. Operating
room or angiography suite for hemodynamically unstable pelvic fractures? J
Trauma Acute Care Surg. 2012;72(2):364–70. discussion 71-2

15. Cullinane DC, Schiller HJ, Zielinski MD, Bilaniuk JW, Collier BR, Como J, et al.
Eastern Association for the Surgery of trauma practice management
guidelines for hemorrhage in pelvic fracture—update and systematic
review. J Trauma. 2011;71(6):1850–68.

16. Fang JF, Shih LY, Wong YC, Lin BC, Hsu YP. Repeat transcatheter arterial
embolization for the management of pelvic arterial hemorrhage. J Trauma.
2009;66(2):429–35.

17. Totterman A, Madsen JE, Skaga NO, Roise O. Extraperitoneal pelvic packing:
a salvage procedure to control massive traumatic pelvic hemorrhage. J
Trauma. 2007;62(4):843–52.

18. 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 50-1.

19. Agolini SF, Shah K, Jaffe J, Newcomb J, Rhodes M, Reed JF 3rd. Arterial
embolization is a rapid and effective technique for controlling pelvic
fracture hemorrhage. J Trauma. 1997;43(3):395–9.

20. Panetta T, Sclafani SJ, Goldstein AS, Phillips TF, Shaftan GW. Percutaneous
transcatheter embolization for massive bleeding from pelvic fractures. J
Trauma. 1985;25(11):1021–9.

21. Margolies MN, Ring EJ, Waltman AC, Kerr WS Jr, Baum S. Arteriography
in the management of hemorrhage from pelvic fractures. N Engl J
Med. 1972;287(7):317–21.

22. Tanizaki S, Maeda S, Matano H, Sera M, Nagai H, Ishida H. Time to pelvic
embolization for hemodynamically unstable pelvic fractures may affect the
survival for delays up to 60 min. Injury. 2014;45(4):738–41.

23. Schwartz DA, Medina M, Cotton BA, Rahbar E, Wade CE, Cohen AM, et al.
Are we delivering two standards of care for pelvic trauma? Availability of
angioembolization after hours and on weekends increases time to
therapeutic intervention. J Trauma Acute Care Surg. 2014;76(1):134–9.

24. Morozumi J, Homma H, Ohta S, Noda M, Oda J, Mishima S, et al. Impact of
mobile angiography in the emergency department for controlling pelvic
fracture hemorrhage with hemodynamic instability. J Trauma. 2010;68(1):90–5.

25. Osborn PM, Smith WR, Moore EE, Cothren CC, Morgan SJ, Williams AE, et al.
Direct retroperitoneal pelvic packing versus pelvic angiography: a
comparison of two management protocols for haemodynamically unstable
pelvic fractures. Injury. 2009;40(1):54–60.

26. Suzuki T, Shindo M, Kataoka Y, Kobayashi I, Nishimaki H, Yamamoto S, et al.
Clinical characteristics of pelvic fracture patients with gluteal necrosis
resulting from transcatheter arterial embolization. Arch Orthop Trauma Surg.
2005;125(7):448–52.

27. 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.

28. American College of Surgeons CoT. Advanced trauma life support. 10th ed.
Chicago: American college of Surgeons; 2018.

Chou et al. World Journal of Emergency Surgery           (2019) 14:28 Page 7 of 8



29. Kutner MH, Nachtsheim C, Neter J. Applied linear regression models:
McGraw-Hill/Irwin; 2004.

30. Costantini TW, Coimbra R, Holcomb JB, Podbielski JM, Catalano R,
Blackburn A, et al. Current management of hemorrhage from severe
pelvic fractures: results of an American Association for the Surgery of
trauma multi-institutional trial. J Trauma Acute Care Surg. 2016;80(5):
717–23. discussion 723-5

31. 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;18(12):5.

32. Kim MJ, Lee JG, Lee SH. Factors predicting the need for hemorrhage control
intervention in patients with blunt pelvic trauma: a retrospective study. BMC
Surg. 2018;18(1):101.

33. Costantini TW, Bosarge PL, Fortlage D, Bansal V, Coimbra R. Arterial
embolization for pelvic fractures after blunt trauma: are we all talk? Am J
Surg. 2010;200(6):752–7. discussion 7-8

34. Jeroukhimov I, Ashkenazi I, Kessel B, Gaziants V, Peer A, Altshuler A, et al.
Selection of patients with severe pelvic fracture for early angiography
remains controversial. Scand J Trauma Resusc Emerg Med. 2009;17:62.

35. Magnussen RA, Tressler MA, Obremskey WT, Kregor PJ. Predicting blood
loss in isolated pelvic and acetabular high-energy trauma. J Orthop
Trauma. 2007;21(9):603–7.

36. Salcedo ES, Brown IE, Corwin MT, Galante JM. Pelvic angioembolization in
trauma—indications and outcomes. Int J Surg. 2016;33(Pt B):231–6.

37. 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 Emergency 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.

38. Fu CY, Yang SJ, Liao CH, Lin BC, Kang SC, Wang SY, et al. The selection of
diagnostic modalities in the management of pelvic fracture patients
requiring transfers. World J Emerg Surg. 2015;10:33.

39. Li Q, Dong J, Yang Y, Wang G, Wang Y, Liu P, et al. Retroperitoneal packing
or angioembolization for haemorrhage control of pelvic fractures—quasi-
randomized clinical trial of 56 haemodynamically unstable patients with
injury severity score ≥33. Injury. 2016;47(2):395–401.

40. Chiara O, di Fratta E, Mariani A, Michaela B, Prestini L, Sammartano F, et al.
Efficacy of extra-peritoneal pelvic packing in hemodynamically unstable
pelvic fractures, a propensity score analysis. World J Emerg Surg. 2016;11:22.

41. Hsu JM, Yadev S, Faraj S. Controlling hemorrhage in exsanguinating pelvic
fractures: utility of extraperitoneal pelvic packing as a damage control
procedure. Int J Crit Illn Inj Sci. 2016;6(3):148–52.

42. Ciesla DJ, Moore EE, Johnson JL, Burch JM, Cothren CC, Sauaia A. A 12-year
prospective study of postinjury multiple organ failure: has anything
changed? Arch Surg. 2005;140(5):432–8. discussion 8-40

43. Malone DL, Dunne J, Tracy JK, Putnam AT, Scalea TM, Napolitano LM. Blood
transfusion, independent of shock severity, is associated with worse
outcome in trauma. J Trauma. 2003;54(5):898–905. discussion -7

44. Ohmori T, Matsumoto T, Kitamura T, Tamura R, Tada K, Inoue T, et al.
Scoring system to predict hemorrhage in pelvic ring fracture. Orthop
Traumatol Surg Res. 2016;102(8):1023–8.

Chou et al. World Journal of Emergency Surgery           (2019) 14:28 Page 8 of 8


	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Statistics

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

