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a b s t r a c t
Introduction: High-energy blunt pelvic ring injuries with hemodynamic instability are complicated by
a high mortality rate (up to 32%). There is no consensus on the best management strategy for these
injuries. The aim of this study was to evaluate the high-energy blunt pelvic ring injury management
protocol implemented in the authors’ institution.
Patients and Methods: This retrospective cohort study was performed in an academic level I trauma center. The institutional protocol incorporates urgent pelvic mechanical stabilization of hemodynamically unstable patients not responding to a pelvic belt, ﬂuids, and transfusions. If hemodynamic instability persists, angiography ± embolization is performed. Adult patients sustaining a high-energy blunt pelvic ring
injury between 2014.01.01 and 2019.12.31 were included in the study. The primary outcome was mortality at 1, 2, 30 and 60 days. The secondary outcomes were the number of packed red blood cell units
transfused during the ﬁrst 24 h, intensive care unit stay, and total hospitalization length of stay.
Results: 192 high-energy blunt pelvic ring injury patients were analyzed. Of these, 71 (37%) were hemodynamically unstable, and 121 (63%) were stable. The overall in-hospital mortality of the hemodynamically unstable and stable groups was 20/71 (28.2%) and 4/121 (3.3%) respectively (p<0.001). Cumulative
mortality rates for hemodynamically unstable patients were 15.5% at day 1, 16.9% at day 2, 26.8% at day
30 and 28.2% at day 60, and for hemodynamically stable patients, rates were 0% at day 1 and 2, 2.5% at
day 30 and 3.3% at day 60. Unstable patients required a higher number of packed red blood cell units
than stable patients during the ﬁrst 24 h (5.1 vs. 0.1; p<0.001). Intensive care unit length of stay and total
hospitalization duration was 11.25 and 37.4 days for unstable patients and 1.9 and 20.9 days for stable
patients (p<0.001).
Conclusions: For both hemodynamically unstable and stable patients, the institutional protocol showed
favorable mortality rates when compared to available literature. Comparative studies are needed to determine the management strategies with the best clinical outcome and survival.
© 2022 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction
The management of high-energy trauma patients with pelvic
ring injury (PRI) is a challenge in trauma care, as this condition
can be associated with multiple systemic lesions and hemodynamic instability, and complicated by high mortality and morbidity [1]. Patients admitted to the Emergency Department (ED) in
shock have the poorest prognosis, with reported mortality rates
reaching 32% [2–5]. Therefore, one of the main goals in trauma
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care is to reduce mortality in hemodynamically unstable PRI
patients.
Current literature shows a remarkable evolution of hemodynamically unstable PRI management protocols in the last decades,
with historical milestones represented by the introduction of angioembolization in the 1970s [6], followed by pelvic packing techniques in the 1980s [7,8], and ﬁnally resuscitative endovascular
ballooning of the aorta (REBOA) for in extremis management of
hemodynamically unstable PRI patients [9]. This evolution was
supported by research on the origin of pelvic sources of bleeding
- in 80–90% of hemodynamically unstable PRI, the main sources
of bleeding are the presacral and paravesical venous plexi, and the
bone [10]. In the remaining 10–20%, the source of bleeding is ar-
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Fig. 1. Description of the institutional high-energy blunt PRI management protocol.ATLS: advanced trauma life support; HD: hemodynamically/hemodynamic; ICU: intensive
care unit; PRI: pelvic ring injury.

terial, mainly from the branches of the internal iliac artery [10,11].
Due to the multiple possible sites of bleeding in hemodynamically
unstable polytrauma patients, radiological signs of pelvic bleeding such as free liquid in the abdominal cavity on Focused Assessment with Sonography for Trauma (FAST), or pelvic hematoma
and blush sign on computed tomography (CT) scan are relevant to
guide resuscitative management [12,13]. Evidence of the blush sign
is an indication for angiography and therapeutic embolization in
both hemodynamically stable and unstable patients in many centers [4]. Since arterial bleeding is often accompanied by major venous bleeding, some algorithms approach pelvic hematoma with
pelvic packing in addition to, or as an alternative to, temporary
mechanical ﬁxation, resorting to angioembolization only in cases
of persistent hemodynamic instability [4,14,15]. Despite the vast
literature on the management of hemodynamically unstable highenergy trauma patients with PRI, there is no consensus on the best
strategy to decrease mortality and morbidity [1,16]. A contributing
factor to this heterogeneity is the variable availability and stewardship of resources in each trauma center [4,16].
In the authors’ institution, a standardized management protocol
for high-energy blunt PRI, differentiating hemodynamically stable
and unstable patients, has been implemented since 20 0 0 [17,18].
The aim of the present study is to evaluate the outcome of this
management protocol.

was no external source of funding or ﬁnancial support for this
study.
Institutional high-energy blunt PRI management protocol
(Fig. 1)
In the case of a suspected PRI, a pelvic belt [21] is applied at
the accident site (sometimes later in the ED), and crystalloid resuscitation is started simultenaously by the prehospital team. Upon
ED admission, Advanced Trauma Life Support (ATLS) [22] primary
survey is performed with FAST, and, when the patient’s condition
allows, with an additional total-body CT scan including vascular
(arterial and venous) sequences. Blood transfusion is started when
necessary, following the institutional hemorrhage protocol, consisting of 5 PRBC, 5 fresh-frozen plasma units and 5 platelet concentrates. Further blood product transfusion may be administered according to the patient’s needs. Hemodynamically unstable patients
(deﬁned by systolic blood pressure <90 mmHg and/or heart rate
>100 bpm) not responding to a pelvic belt, ﬂuids and transfusions,
with a mechanically unstable PRI justifying stabilization, undergo
urgent pelvic mechanical stabilization in the operative room (OR),
using either external ﬁxation [23–25] or pelvic C-clamp [26] according to the injury pattern. The analysis of pelvic mechanical
stability and the decision to perform urgent pelvic mechanical stabilization are made by the attending orthopedic trauma surgeon
on the basis of an intra-pelvic volume increase due to a type B or
C PRI according to AO/OTA classiﬁcation [27]. Plain pelvis anteroposterior radiographs and pelvic CT-scan images are used for this
purpose. The rationale for making this step ﬁrst is to rapidly restore the pelvic volume by means of mechanical stabilization, increasing the intra-pelvic pressure above the central venous pressure and controlling the low-pressure venous and osseous bleeding
[18,26,28]. If hemodynamic instability persists, and if there is no
other extra-pelvic source of bleeding (such as hemothorax, intraabdominal bleeding, external bleeding), angiography is performed
to look for potential associated arterial bleeding, and selective em-

Materials and methods
Study design
This retrospective cohort study was performed in a tertiary center meeting all the requirements of a level I trauma center as deﬁned by international and national medical authorities [19,20]. The
local research ethics committee approved the study protocol. There
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bolization is eventually carried out. Non-responders to ﬂuid resuscitation with a mechanically stable pelvic fracture undergo angiography to diagnose the potential source of bleeding and eventually
embolization. Of note, angioembolization is available within one
hour in the authors’ institution, on a 24/7 basis, in a dedicated
suite separated from the operating theater: thus, patients need to
be moved to the angioembolization suite after pelvic mechanical
stabilization in the OR. Also, pelvic packing is not performed in
our institution. This protocol is applied to every high-energy PRI
patient, irrespectively of other concomitant injuries. For example,
patients with an associated life-threatening traumatic brain injury
are managed concomitantly, in parallel to the PRI management
(intra-cranial pressure monitoring, trepanation and drainage, partial craniectomy).
Hemodynamically stable patients undergo a secondary ATLS
survey and diagnostic work-up, and emergency or delayed pelvic
stabilization when needed as indicated by the injury pattern. Finally, hemodynamically stable patients may be brought to angioembolization if their CT scan shows a blush sign.

deﬁnition of early mortality [35]. In addition to day 1 (early) mortality, cumulative day 2, 30 and 60 mortality rates were also considered. Secondary outcomes were the number of PRBC transfused
during the ﬁrst 24 h, as well as ICU stay and total hospitalization
length of stay.
Statistical analysis
Continuous variables were expressed as means ± standard deviations, medians and interquartiles 1–3 (IQ 1–3). Categorical variables were expressed as absolute counts and relative proportions.
The ISS was expressed as mean ± standard deviation and range.
For each variable, the p-value was calculated when feasible. Comparisons of continuous variables were conducted using the Welch
t-test. Comparisons of categorical variables were conducted using
Chi squared, or Fisher’s exact test when appropriate. Only complete
case analyses were performed (there were no missing data imputations). Data analyses were conducted using R 4.0.2 (The R Foundation for Statistical Computing, Vienna, Austria. URL https://www.Rproject.org). Statistical signiﬁcance was deﬁned as p<0.05.

Study population

Results

High-energy trauma patients’ data are prospectively recorded
since mid-2013 in the institutional severely injured patients’ registry
(SIPR). The SIPR was screened for high-energy blunt PRI patients
meeting the following inclusion criteria: 1) high-energy blunt PRI,
deﬁned as closed fracture of the pelvic ring following road trafﬁc accidents, sport injuries, crush, farm and industrial injuries and
falls from a height >1 m, as reported by the prehospital team;
2) admissions between 2014.01.01 and 2019.12.31; and 3) age ≥16
years at admission. Exclusion criteria were: 1) death before ED admission; 2) secondary transfer after initial treatment in another institution; and 3) institutional protocol not followed.

A consecutive series of 195 high-energy blunt PRI patients was
identiﬁed from the SIPR. Among these patients, 192 met the eligibility criteria and 3 were excluded. In two of them the initial management was performed in another hospital. In the third patient,
mechanical pelvic stabilization and angio-embolization were performed in the opposite sequence for an unknown reason. Patients’
demographic and injury characteristics are available in a dedicated
repository and described in a separate publication [36].
Among the 192 patients included in the ﬁnal analysis, 71 (37%)
were hemodynamically unstable and 121 (63%) were stable. Table 1
compares the clinical and radiological data of the hemodynamically unstable and stable patients.
Early (day 1) mortality was signiﬁcantly higher for hemodynamically unstable patients (15.5% vs. 0% for stable patients), as
well as cumulative day 2 (16.9% vs. 0%), day 30 (26.8% vs. 2.5%)
and day 60 (28.2% vs. 3.3%) mortality (Table 1). Fig. 2 shows the
detailed results of each step of management of the institutional
high-energy blunt PRI protocol in terms of mortality. Of note, no
embolization, nor urgent pelvic stabilization was performed within
the 121 hemodynamically stable patients. In the hemodynamically
unstable group, 26/71 (37%) responded to ﬂuid resuscitation and
45/71 (63%) were still hemodynamically unstable. Among these 45
patients, 10 died before any procedure could be performed. Of the
remaining 35 patients, angioembolization alone was performed on
3 initially hemodynamically unstable patients with a fracture not
requiring urgent stabilization (described in Table 2), with success
on achieving hemodynamical stability. Hemodynamically unstable
patients presenting an unstable fracture not responding to ﬂuid resuscitation (32/35) underwent urgent pelvic stabilization by external ﬁxation in 23 cases and pelvic C-clamp in nine cases, achieving hemodynamic stabilization in 28/32 (88%) and requiring further angioembolization in 4/32 (12%).
Time to urgent pelvic mechanical stabilization is presented
for the 32 hemodynamically unstable patients in Fig. 2 and
Table 2: mean time was 216 +/- 116 min (range 60- 652). Time to
angioembolization (seven cases) is presented in Table 2: the four
hemodynamically unstable patients requiring both urgent pelvic
stabilization and angioembolization underwent embolization 50
+/- 47 min after the end of surgery (minimum 20, maximum 120).
Table 2 also presents the fracture patterns and embolized arteries of the seven hemodynamically unstable patients requiring angioembolization. Among the 32 patients who underwent urgent
ﬁxation, 27 underwent deﬁnitive pelvic ﬁxation after urgent pelvic

Variables of interest
Demographic data (age, gender, mechanism of injury), clinical
data (pre-hospital and ED systolic blood pressure and heart rate),
therapeutic data (total number of packed red blood cells (PRBC)
transfused during the ﬁrst 24 h), outcome data (survival or death,
complications, intensive care unit (ICU) and total hospitalization
length of stay excluding rehabilitation) and injury severity scores
(ISS) [29,30] were retrospectively extracted from the SIPR. Three
board-certiﬁed orthopedic surgeons consensually performed complete AO/OTA [27] and Young and Burgess [31] classiﬁcations.
For analysis purpose, PRI classiﬁcations were simpliﬁed to the
main types (AO/OTA type A, B or C and Young and Burgess type
lateral compression, anteroposterior compression, vertical shear
or combined mechanism). Patients were considered hemodynamically unstable when pre-hospital or ED systolic blood pressure was
<90 mmHg and/or heart rate was >100 bpm; they were otherwise
considered hemodynamically stable. ‘Complication’ was deﬁned as
any condition appearing during hospitalization and worsening the
outcome, such as wound issues, acute compartment syndrome, infection, decubitus ulcer, thrombo-embolism, organ failure, myocardial infarct, stroke, and cardiorespiratory arrest [32]. Current literature deﬁnes polytrauma by an ISS ≥16 [33,34] whereas studies on
high-energy PRI often show a related ISS ≥25 [1]. For this reason,
ISS was stratiﬁed into three categories: ISS ≤15, 16≤ ISS ≤24, and
ISS ≥25.
Outcomes
The primary outcome was mortality. The literature reports that
most early deaths occur at day 1, marking the threshold for the
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Table 1
Description of the 192 study patients.
Variables

Hemodynamically stable
patients (n = 121, 63.0%)

Hemodynamically unstable patients
(n = 71, 37.0%)

p-value

Age in years
Male sex, n (%)
Injury mechanism, n (%)
Car crash
Motorbike crash
Bicycle crash
Pedestrian traﬃc accident
Fall from height >1 m
Crush, farm, industrial accident
Sports accident
Unknown
AO/OTA classiﬁcation, n (%)
Type A
Type B
Type C
Young and Burgess classiﬁcation, n (%)
Lateral compression
Anteroposterior compression
Vertical shear
Combined mechanism
Not classiﬁable
ISS, mean (±SD, range)
ISS categorized, n (%)
≤15
16≤ ISS ≤24
≥25
Patients needing PRBC within ﬁrst 24 h, n (%)
PRBC units received within ﬁrst 24 h
Patients needing ICU, n (%)
ICU length of stay in days
Total hospitalization duration in days
Patients presenting complications, n (%)
Overall mortality at Day 60, n (%)
Cumulative mortality, n (%)
Day 1 (early mortality)
Day 2
Day 30
Day 60
Day 2 to 60 (late mortality)
Time to death in days, mean (±SD)
Overall mortality in the whole population, n (%)

44.2 (±18.8, 42, 27–55)
63 (52.1)

46.6 (±19.1, 48, 29–62)
43 (60.6)

0.390
0.321
0.2931

5 (4.1)
21 (17.4)
7 (5.8)
29 (24)
53 (43.8)
4 (3.3)
2 (1.7)
0 (0)

8 (11.3)
16 (22.5)
2 (2.8)
12 (16.9)
30 (42.3)
2 (2.8)
0 (0)
1 (1.4)

30 (24.8)
84 (69.4)
7 (5.8)

8 (11.3)
39 (54.9)
24 (33.8)

78 (64.5)
6 (5)
1 (0.8)
7 (5.8)
29 (24)
20.2 (±9.0, 4–45)

34 (47.9)
17 (23.9)
1 (1.4)
12 (16.9)
7 (9.9)
35.3 (±14.4, 9–66)

34 (28.1)
56 (46.3)
31 (25.6)
6 (5.0)
0.1 (±0.5, 0, 0–0)
48 (39.7)
1.9 (±3.5, 0, 0–2)
21.0 (±24.5, 14, 8–23)
27 (22.3)
4 (3.3)

2 (2.8)
17 (23.9)
52 (73.2)
48 (67.6)
5.1 (±8.5, 2.5, 0–6)
54 (76.1)
11.2 (±14.1, 7, 1–14.5)
39.9 (±40.6, 26, 9–56)
31 (43.7)
20 (28.2)

0 (0)
0 (0)
3 (2.5)
4 (3.3)
4 (3.3)
22.3 (±20. 6)
24 (12.5)

11 (15.5)
12 (16.9)
19 (26.8)
20 (28.2)
9 (12.7)
8.5 (±12.9)

<0.001

<0.0011

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
0.003
<0.001
–

0.0981
0.275

Continuous variables are expressed as mean (±SD, median, IQ1–3), unless notiﬁed otherwise. P-values were obtained using Welch t-test
and Chi squared, or 1 Fischer’s exact test.
PRI classiﬁcations were simpliﬁed to the main types: AO/OTA type A, B and C, and Young and Burgess type lateral compression, anteroposterior compression, vertical shear and combined mechanism.
ICU: intensive care unit. IQ1–3: interquartile 1–3. ISS: injury severity score. PRBC: packed red blood cells. SD: standard deviation.

ﬁxation at mean 7 days (range 2–22 days), and 5 died before any
deﬁnitive ﬁxation could be done (Fig. 2).
Table 3 explores factors associated with mortality in hemodynamically unstable patients. Except for higher ISS, higher number
of PRBC transfused within the ﬁrst 24 h and shorter total hospitalization duration, non-survivors did not differ from survivors.
Hemodynamically unstable patients required PRBC transfusion
more often (67.6% vs. 5%), and in larger amounts (5.1 vs. 0.1 units)
than hemodynamically stable patients (Table 1). Hemodynamically
unstable patients needed ICU management more often (76.1% vs.
39.7%), and for a longer time (11.2 vs. 1.9 day) than hemodynamically stable patients, and they also had a longer total hospitalization duration (39.9 vs. 21.0 days) (Table 1).

tive 60-day mortality 3.3%), global in-hospital mortality was 12.5%
for high-energy blunt PRI patients.
Comparable mortality rates were reported in a study using a
management protocol similar to ours: Jeske et al. found a 76% survival rate within the ﬁrst 24 h and an overall 67% in-hospital survival rate amongst 45 hemodynamically unstable PRI patients [37].
Similarly, Metsemakers et al. found an overall in-hospital mortality of 20% on a sample of 15 hemodynamically unstable patients
treated with emergent pelvic ﬁxation, followed by angioembolization for persistent hemodynamical instability [38]. By contrast, recent multi-center studies performed in the USA including different management protocols reported a mortality rate reaching 32%
among high-energy blunt PRI patients with hemodynamic instability [4,39,40]. Among the evaluated protocols, mortality was higher
for those who underwent REBOA ± other treatment (69% of 13
patients). Most patients (97) only received a pelvic binder with a
mortality of 26%, and there was no mortality in the patients stabilized with external ﬁxation (8 patients) [40]. In comparison, the
results of the protocol in use at our institution are encouraging,
with 15.5% early and 12.7% delayed mortality in hemodynamically
unstable patients, however, the small sample size of both our study
and aforementioned studies by Jeske et al. and Metsemakers et al.

Discussion
We evaluated the outcomes of our institutional management
protocol for high-energy blunt PRI patients. Early (day 1) mortality in hemodynamically unstable patients was 15.5%, day 2 to day
60 mortality was 12.7% and cumulative 60-day mortality 28.2%.
When also considering hemodynamically stable patients (cumula4057
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Fig. 2. Detailed results of each step of management of the institutional high-energy blunt PRI protocol in terms of mortality.No embolization was performed within the 121
hemodynamically stable patients’ group. There was no occurrence of embolization on initially hemodynamically unstable patients which were stabilized with either PRBC
transfusion or PRI stabilization.∗ Among the 45 non-responders to ﬂuid resuscitation, nine immediately died and 1 was not suitable for surgery due to very severe lesions
and died at day 2.D: day; ED: emergency department; HD: hemodynamically/hemodynamic; min.: minutes; PRBC: packed red blood cells; PRI: pelvic ring injury; TUMS:
time to urgent pelvic mechanical stabilization expressed in minutes, mean +/-SD.

Table 2
Description of pelvic ring injury, management timing, embolization and outcome of hemodynamically unstable patients requiring angioembolization.
Patient
number

Pelvic ring injury
classiﬁcation

Time to pelvic
stabilization

Time to angioembolization

AO/OTA

Young and
Burgess

Start

End

After pelvic
stabilization

From admission

6

C1

CM

72

59

27

158

41

C3

CM

148

20

34

142

113

C2

APC3

182

75

20

277

119

B2

APC2

129

81

120

330

9

B1

LC1

–

–

–

1625

98

C3

CM

–

–

–

146

160

B2

LC1

–

–

–

74

Angioembolization description

Survival

Selective
(Rt cystic a.)
Selective & non-selective
(Lt superior gluteal a. & Rt internal
iliac a.)
Selective
(Rt pudendal, lateral sacral, iliolumbar
and superior gluteal aa.)
Selective
(Rt obturator a.)
Selective
(Rt superior gluteal a.)
Selective
(anterior trunk of Lt internal iliac a.)
Selective
(Lt superior gluteal a.)

No
Yes

No

Yes
Yes
Yes
Yes

Patients number 6, 41, 113 and 119 had urgent pelvic mechanical stabilization prior to angioembolization.
Patients number 9, 98 and 160 had pelvic injuries not requiring urgent mechanical stabilization and had angioembolization followed by either delayed pelvic stabilization
or conservative treatment.
Patient 9: 68-year-old female with a PRI AO/OTA 61B1.1, Young & Burgess LC1 and concomitant vertebral lesions. Pelvic deﬁnitive treatment was conservative.
Patient 98: 52-year-old female with a PRI AO/OTA 61C3.3, Young & Burgess CM corresponding to a spinopelvic dissociation. Deﬁnitive spinopelvic ﬁxation was performed
on day 1.
Patient 160: 49-year-old female with a PRI AO/OTA 61B2.1b,e, Young & Burgess LC1, and left acetabular fracture. Deﬁnitive PRI and acetabular fracture ﬁxation were
performed on day 4, by supra-pectineal plate and sacroiliac screw.
AO/OTA classiﬁcations are described up to the group level, and Young and Burgess classiﬁcations are fully described.
Times are expressed in minutes.
Time to start urgent pelvic mechanical stabilization is obtained from admission.
Time to end of urgent pelvic mechanical stabilization is obtained from the start of the procedure and may include other urgent surgeries.
Time to angioembolization is obtained from the end of pelvic stabilization when applicable, and from admission.
CM: combined mechanism. APC: anteroposterior compression. LC: lateral compression. Rt: right. Lt: left. a: artery. aa: arteries.

4058

S. Valisena, A.-E. Abboud, E. Andereggen et al.

Injury 53 (2022) 4054–4061

Table 3
Comparison between hemodynamically unstable patients who did and did not survive.
Variables

Non-survivors(n = 20, 28.2%)

Survivors(n = 51, 71.8%)

p-value

Age in years
Male sex, n (%)
Injury mechanism, n (%)
Car crash
Motorbike crash
Bicycle crash
Pedestrian traﬃc accident
Fall from height >1 m
Crush, farm, industrial accident
Unknown
AO/OTA classiﬁcation, n (%)
Type A
Type B
Type C
Young and Burgess classiﬁcation, n (%)
Lateral compression
Anteroposterior compression
Vertical shear
Combined mechanism
Not classiﬁable
ISS, mean (±SD, range)
ISS categorized, n (%)
≤15
16≤ ISS ≤24
≥25
Patients needing PRBC within ﬁrst 24 h, n (%)
PRBC units received within ﬁrst 24 h
Patients needing ICU, n (%)
ICU length of stay in days
Total hospitalization duration in days
Patients presenting complications, n (%)

48.5 (±21.5, 51, 29–68)
12 (60)

45.9 (±18.3, 48, 29–57)
31 (60.8)

0.631
0.999
0.2211

1
3
1
6
8
0
1

(5)
(15)
(5)
(30)
(40)
(0)
(5)

7 (13.7)
13 (25.5)
1 (2)
6 (11.8)
22 (43.1)
2 (3.9)
0 (0)

5 (25)
11 (55)
4 (20)

3 (5.9)
28 (54.9)
20 (39.2)

11 (55)
2 (10)
0 (0)
2 (10)
5 (25)
45.5 (±14.6, 17–66)

23 (45.1)
15 (29.4)
1 (2)
10 (19.6)
2 (3.9)
31.3 (±12.3, 9–66)

0 (0)
1 (5)
19 (95)
16 (80)
8.7 (±10.4, 6, 2.5–8)
13 (65)
6.9 (±11.8, 1, 0–7)
8.1 (±12.6, 1, 1–9)
9 (45)

2 (3.9)
16 (31.4)
33 (64.7)
32 (62.7)
3.8 (±7.4, 2, 0–4.5)
41 (80.4)
12.9 (±14.6, 8, 2.5–18.5)
52.4 (±41, 35, 21.5–77.5)
22 (43.1)

0.0471

0.3851

0.001
0.0211

0.265
0.072
0.2191
0.079
<0.001
0.999

Continuous variables are expressed as mean (±SD, median, IQ1–3), unless notiﬁed otherwise. P-values were obtained using
Welch t-test and Chi squared, or 1 Fischer’s exact test.
PRI classiﬁcations were simpliﬁed to the main types: AO/OTA type A, B and C, and Young and Burgess type lateral compression, anteroposterior compression, vertical shear and combined mechanism.
ICU: intensive care unit. IQ1–3: interquartile 1–3. ISS: injury severity score. PRBC: packed red blood cells. SD: standard deviation.

could carry the risk of a small study effect [37,38]. As a result, the
data must be conﬁrmed in studies with a larger population.
Urgent pelvic stabilization has been combined with other treatment strategies in management protocols used in the USA and
Europe. The Denver protocol has shown that replacing angioembolization and temporary pelvic ﬁxation by pelvic packing and external ﬁxation in 2004 improved in-hospital mortality from 26% to
21% in hemodynamically unstable blunt PRI patients, with percentage of deaths attributed to hemorrhage decreasing from 71% to 11%
despite an increase of the mean ISS from 32 to 48 [5,13,14]. In
Europe, the Hannover protocol showed a drop of mortality from
46% to 25% with the introduction of pelvic packing by persisting
hemodynamic instability 15 min after urgent pelvic C-clamp application [7]. The Grenoble protocol used a pelvic C-clamp followed
by angioembolization and occasionally laparotomy in the case of
persisting hemodynamic instability [41]: mortality was 9% in patients stabilized by pelvic C-clamp alone, and 42% in those needing
angioembolization. In response to the variety of protocols available
in the literature, the World Society of Emergency Surgery (WSES)
published a guideline as the ﬁrst attempt to provide a standard of
care for high-energy blunt PRI patients, classifying them into minor, moderate and severe PRI, according to both mechanical and
hemodynamical stability criteria [1]. In the case of mechanical instability, the ﬁrst recommended management step is temporary
pelvic stabilization, followed by pelvic packing and eventually angioembolization for hemodynamically unstable patients. Angioembolization is indicated in both hemodynamically stable and unstable patients if there is a blush sign on a CT scan. Furthermore,
REBOA is considered for in extremis hemodynamic stabilization. To
date, there is no available study to evaluate the performance of the

WSES guideline for ﬁnal validation. Additionally, comparative studies assessing different protocols in equivalent class-of-risk patients
(following the WSES classiﬁcation, for instance) are lacking. Such
studies would be of great interest for determining the treatment
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Conclusions
The institutional high-energy blunt PRI management protocol
described in this study takes advantage of urgent surgical stabilization of the pelvis when mechanical instability is present, followed by timely angioembolization if persisting hemodynamic instability. Its outcome is encouraging: the mortality rate is comparable to centers using a similar protocol, and lower than protocols
using non-surgical pelvic stabilization and alternative techniques
of hemorrhage control (REBOA, pelvic packing). Further studies are
needed to conﬁrm these results in a larger population, as well as
comparative studies to evaluate the performance of different management protocols in equivalent class-of-risk patients.
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