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a b s t r a c t

Purpose: Hemodynamically unstable patients with pelvic fractures still represent a challenge to trauma
surgeons and have a very high mortality. This study was designed to explore the effect of the in-
terventions of direct preperitoneal pelvic packing for the hemodynamically unstable pelvic fractures.
Methods: This retrospective study enrolled 67 cases of severe pelvic fractures with unstable hemody-
namics from October 2011 to December 2019. All patients presented in our emergency center and
received preperitoneal pelvic packing were included in this study. The indication was persistent systolic
blood pressure �90 mmHg during initial resuscitation and after transfusion of two units of red blood
cells. Patients with hemodynamic stability who need no preperitoneal pelvic packing to control bleeding
were excluded. Their demographic characteristics, clinical features, laboratory results, therapeutic in-
terventions, adverse events, and prognostic outcomes were collected from digital information system of
electronic medical records. Statistics were described as mean ± standard deviation or medium and
analyzed using pair sample t-test or Mann-Whitney U-test.
Results: The patients’ average age was 41.6 years, ranging from 10 to 88 years. Among them, 45 cases
were male (67.2%) and 22 cases were female (32.8%). Significant difference was found regarding the
systolic blood pressure (mmHg) in the emergency department (78.4 ± 13.9) and after preperitoneal
pelvic packing in the surgery intensive care unit (100.1 ± 17.6) (p < 0.05). Simultaneously, the arterial
base deficit (mmol/L) were significantly lower in the surgery intensive care unit (median -6, interquartile
range -8 to -2) than in the emergency department (median -10, interquartile range -14 to -8) (p < 0.05).
After preperitoneal pelvic packing, 15 patients (22.4%) underwent pelvic angiography for persistent
hypotension or suspected ongoing haemorrhage. The overall mortality rate was 29.5% (20 of 67).
Conclusions: Preperitoneal pelvic packing, as a useful surgical technique, is less invasive and can be very
efficient in early intra-pelvic bleed control.
© 2021 Production and hosting by Elsevier B.V. on behalf of Chinese Medical Association. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Nearly 9.3% of all blunt skeletal fractures were pelvic fractures,
which usually were the result of high-energy injury.1 The incidence
of unstable hemodynamic in pelvic fractures can be as high as 10%.2

Until now, a useful treatment to stop bleeding is very crucial,
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because the loss of blood components is the major concerns for the
cause of death in patients with severe pelvic fracture.3e6

Many previous studies suggested that angiography with sub-
sequent embolization and immediate external fixation should be
performed to control the bleeding of pelvic fracture.2,7,8 But the
incidence of pelvic fracture patients who need the embolization
treatment is estimated to be less than 10%,2,9 and the application of
embolization under the guidance of angiography is only efficacious
in addressing arterial haemorrhage which only presents in 15% of
lethal pelvic fractures.10 Moreover, the procedures of embolization
under the guidance of angiography can be time-consuming and the
treatment for other associated injuries would be delayed.
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Almost 85% of the unstable pelvic fractures were combined with
bleeding, which comes from pelvic venous plexus and fractures
surface. We performed the technique of preperitoneal pelvic
packing according to the damage control theory and investigate its
effect on outcomes of pelvic fracture patients.
Methods

In this retrospective study, clinical data of pelvic fracture pa-
tients admitted in our emergency center, from October 2011 to
September 2019, were collected from the system of medical re-
cords. Altogether 67 cases received preperitoneal pelvic packing
due to unstable hemodynamics. The indication for preperitoneal
pelvic packing was persistent SBP �90 mmHg during initial
resuscitation and after transfusion of two units of red blood cells. In
combined injury cases with abdominal haemorrhage, thoracic
haemorrhage, etc., patients should be taken to the operating center
to address the bleeding source following preperitoneal pelvic
packing. External fixation or C-clamp of pelvis was applied during
the initial operating room encounter.

Surgical technique of preperitoneal pelvic packing were
mentioned in some previous studies.11e14 Patients were placed in
the supine position for anterior external fixator or posterior pelvic
C-clamp to stabilize the ring before preperitoneal pelvic packing.
We made an about 8 cmmidline incision from the pubic symphysis
cephalad. Skin and the linea alba were sharply incised and the
peritoneumwas bluntly dissected free from pelvic ring. Three large
pieces of opaque strip gauze were placed to each side of the
bladder, into the true pelvis between the bony pelvic ring and the
peritoneum. Packing procedures were finished within 20 min. If a
laparotomy was performed, another incision was needed. Before
then, preperitoneal fascia should be closed to protect the integrity
of anatomy. After the admission to surgical intensive care unit
(SICU), a careful judgment of the hemodynamic status should be
made. To patients that presented symptoms with suspected
ongoing haemorrhage, angiography must be applied. Packing
should be changed or removed between 24 - 48 h after injury
(Fig. 1).

For cases without laparotomy, orthopedic team performed the
external fixation and preperitoneal pelvic packing. All these pelvic
fracture patients with unstable hemodynamics were managed by
the same multidisciplinary team. Additional surgeries, such as
abdominal or thoracic related surgical procedure, craniotomy etc.,
would be performed by the multidisciplinary team in the first
instant. And all angiographies were performed by professional ra-
diologists qualified with national certificate.
Fig. 1. (A) An anterior external fixation of pelvis and preperitoneal pelvic packing were
radioopaque swabs were placed on both sides of bladder. (C) Pelvic angiography was perfo
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In this study, related data of the enrolled cases were collected
from the digital information system of electronic medical records.
Baseline information includes demographic characteristics, mech-
anism of injury, type of fracture, vital signs, laboratory results and
initial radiographs. Interventions and prognosis included trans-
fusion requirements, need for angiography, surgical intervention,
complications and mortality. Physical signs during hospitalization
were including the lowest SBP and the worst laboratory results,
which were chosen for statistical analysis.

In this study, related data for preperitoneal pelvic packing
intervention were analyzed by SPSS program (the 20th edition) on
windows system. These parameters were described by
mean ± standard deviation or medium (interquartile
range) according to their distributions. Continuous variables were
compared and analyzed using pair sample t-test and Mann-
Whitney U test. Only variables with a p value <0.05 in the final
model were considered as significant. All p values were two-sided.
Results

In this study, 67 cases were analyzed, including 45males (67.2%)
and 22 females (32.8%), with the age ranging from 10 to 88 years
(average of 41.6 years). Their injuries were mainly due to high-
energy mechanism, respectively 23 cases caused by car crashes,
19 related with electric bicycle, 13 of motorcycle collision, 6 of fall
from height, 2 of crushed, and 4 of other causes. Analysis of these
unstable pelvic fractures showed 7 lateral compression (LC) I, 12 LC
II, 9 LC III, 1 anteroposterior compression (APC) I, 9 APC II, 17 APC III,
5 vertical shear and 7 combined mechanism fractures according to
the Young and Burgess fracture classification.9 The majority of
these patients were multiple injured, with a mean injury severity
score of (46.7 ± 13.3). The overall mortality rate was 29.5% (20 of
67).

Statistical analyses found that after preperitoneal pelvic packing
there was a significant difference between SBP (mmHg) in the SICU
(100.1 ± 17.6) and that in the emergency department (ED)
(78.4 ± 13.9) (p < 0.05). Similarly, a significant decrease of arterial
base deficit (mmol/L) was detected in the SICU (median -6, inter-
quartile range -8 to -2) than that in the ED (median -10, inter-
quartile range -14 to -8) (p < 0.05). Hematocrit level of patients was
markedly decreased by 5.1% after pelvic packing (28.6% ± 4.0%)
compared with at admission (33.7% ± 7.0%) (p < 0.05). In contrast,
heart rate (beats/min) (ED (111.7 ± 22.1) vs. SICU (106.4 ± 24.0),
p ¼ 0.20) and lactate levels (mmol/L) (ED (5.1 ± 2.3) vs. SICU
(4.9 ± 2.5), p ¼ 0.54) were similar in both groups. We also
confirmed that there was a significant reduction in packed red
blood cells (units) transfusion requirements in the postoperative
performed in operation room. (B) Pelvic anteroposterior view showed that bilateral
rmed after preperitoneal pelvic packing.
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24 h (4.3 ± 2.4) compared with the pre-SICU period (10.3 ± 5.2)
(p < 0.05).

Pelvic angiography was performed in 15 patients (22.4%) sec-
ondary to preperitoneal pelvic packing for persistent hypotension
or suspected ongoing haemorrhage. Among the 15 patients, 13
were treated with subsequent embolization. The 2 remaining cases
were found no active bleeding and thus did not undergo pre-
emptive embolization. They were successfully resuscitated. The
average time to pelvic angiography was (9.5 ± 2.3) h after admis-
sion. All patients were sent to the SICU after operative procedures.
The mean length of SICU stay of all the patients was 12 days. The
overall length of hospital stay was (23.3 ± 7.5) days.

Twenty patients (29.5%) in this study died in the hospital, as a
result of multiple organ failure in 5, traumatic brain injury in 4,
aspiration and progressive pulmonary failure in 3, pulseless elec-
trical activity arrest in 2, sepsis/necrotizing fascitis in 2, acute renal
failure in 1 and severe facial injury in 1. The remaining 2 deaths
were due to acute blood loss, uncontrolled haemorrhage from a
thoracic aorta rupture and a liver laceration. There was no death of
exsanguination from pelvic haemorrhage. Time of death indicated
that 8 non-survivors (40.0%) died within the first 24 h after hospital
admission and 3 (15.0%) died within the next 24 h, whereas only 4
non-survivors (20.0%) died after 1 week.
Discussion

Pelvic fracture with hemodynamic instability continues to
remain a significant challenge in its management in terms of
mortality andmorbidity. Nearly 90% of the unstable pelvic fractures
are associated with other injuries and the sources of major hae-
morrhage in almost half of them are not a pelvic fractures, which
makes the patient condition more complicated.8,15,16 Different
strategies have been put forward bymany previous studies, to solve
the problem of unstable hemodynamics in some pelvic fracture
patients.4,17e22 Unfortunately, the ideal resuscitation has high
reliance on the presented symptoms, so as to their treatment op-
tions can be varied from individuals.23 Our purpose was to observe
efficacy of preperitoneal pelvic packing in early intrapelvic bleed
control.

In the current study, all patients with unstable pelvic fractures
were performed by standard anterior external fixation or C-clamp,
which was consistent with previous studies.2,9,16,24,25 The reduction
and stabilization of the pelvic ring resulted in spontaneous hemo-
stasis of retroperitoneal bleeding by decreasing pelvic volume and
exerting self-tamponade effect. In addition, external fixation
decreased bony motion to facilitating stable clot formation at the
fractured bone surfaces. Therefore, the external fixation was
applied before other resuscitation procedures and completed
within 30 min by an orthopaedic surgeon.

Since it is difficult to accurately identify the major source of
pelvic haemorrhage during initial resuscitation and arterial
bleeding only accounts for 15% of the haemorrhage. We performed
preperitoneal pelvic packing as the main intervention to address
pelvic bleeding in hemodynamically unstable patients with pelvic
fractures. The concept of this technique was advocated by several
European trauma surgeons.26,27 They suggested that most of hae-
morrhages with complex pelvic trauma were well controlled by
localized packing of the pelvis after an exploratory laparotomy.
However, exploratory laparotomy may disrupt the intact perito-
neum and increase pelvic volume, which disrupting the tamponade
effect of the preperitoneal space.28 Therefore, we performed pelvic
packing through the transabdominal approach into the preper-
itoneal approach, as mentioned above. This procedure leaves the
peritoneum intact to help develop a tamponade effect and more
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rapidly and directly access to the primary source of bleeding with
pelvic fractures, with minimal blood loss.

We observed that after packing there was a significant increase
in SBP in the SICU compared with that in the ED, which was also
consistent with results of previous studies.12 Correspondingly,
blood transfusion requirements in the postoperative 24 h markedly
declined compared with the period before completion of pelvic
packing. These favorable outcomes may be attributed to the effec-
tive control of torrential venous bleeding and reduction of the
overall potential space required to tamponade bleeding from the
pelvic. In previous reports, the amount of blood transfusion is often
associated with ICU length of stay, the development of multiple
organ failure, and mortality.4,29,30 Obviously, the reduction of blood
product requirements should be considered during the initial
resuscitation.

The levels of arterial base deficit and lactate are sensitive pa-
rameters to estimate response to resusitation and thus were used in
our study to evaluate tissue oxygenation. The result showed that
after packing the level of arterial base deficit (mmol/L) decreased
from (median -10, interquartile range -14 to -8) to (median -6,
interquartile range -8 to -2). Blood lactate level in the EDwas higher
(5.1 ± 2.3) compared to that in the SICU (4.9 ± 2.5), but this dif-
ference was not statistically significant. In the current study, we
found that the lactate level in non-survivors increased continually
until death and we only compared the level before and after
packing, rather than survivors and non-survivors. This article also
showed that there was no difference between heart rates in the
SICU and ED. The reason might be the patients still under the
condition of hypoxia and ischemia after pelvic packing. Addition-
ally, hematocrit level have not yet been completely reversed during
primary resuscitation.

Preperitoneal packing may contribute to controlling pelvic
arterial haemorrhage, and may help to select those individuals who
might benefit most from pelvic angiography.6,23,31,32 In our study,
pelvic angiography was performed in 15 patients (22.4%) and 13
patients required subsequent embolization after preperitoneal
packing and other additional necessary procedures, such as
external fixation of fractures, craniotomy, thoracotomy, laparotomy,
fasciotomy, or debridement of openwounds. For the pelvic fracture
patients with hemodynamic instability, the rate of pelvic angiog-
raphy and subsequent embolization in this study (22.4%) was
apparently less than those without pelvic packing in previous
studies, which were reported as high as 50%e75%.2,31,33,34 Besides,
most of the patients with pelvic fractures die due to blood loss
instead of major arterial injury.10,15,35 This may explain why the
mortality rate of such cases is still high up to 50%, even though
successful control of arterial bleeding has been achieved by angi-
ography guidance embolization.17,20,21 In 2016, Chiara et al.29 re-
ported a mortality rate up to 52% in hemodynamically unstable
patients who did not receive extraperitoneal packing. In the pre-
sent study, we noted that the preperitoneal packing provided direct
benefit on the rate of mortality, which was decreased to 29.5%.

There were some limitations in our study. As a retrospective
study, the quality of the data relied on the accuracy and
completeness of the electronic medical records. Another important
limitation is related to the follow-up period of patients. Since the
preperitoneal packing is an aggressive haemostatic procedure
during the initial resuscitation, we only reviewed the medial re-
cords during their hospital course and in-hospital mortality.

Though different techniques have been used in treatment for
persistent hemodynamic instability along with pelvic fracture, no
definitive evidence can demonstrate the effectiveness of any single
technique. The technique of direct preperitoneal packing is simple
and easy to perform. Moreover, this surgical procedure is appro-
priate for patients with various severity levels of hemodynamic
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instability. Therefore, it is reasonable that the direct preperitoneal
packing followed by angiography may represent a feasible man-
agement strategy for hemodynamically unstable patients with
pelvic fractures.
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