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9.1  Background

Pelvic ring injuries are responsible for significant 
morbidity and mortality in trauma patients. The 
majority of injuries are due to high energy blunt 
trauma including falls, motor vehicle collisions, 
and auto-pedestrian mechanisms, and can be life 
threatening, with mortality rates up over 30% in 
modern series [1–5]. Patients with pelvic ring 

injury who present with hemodynamic compro-
mise have a significantly higher rate of mortality, 
nearly four-fold higher than those without hemo-
dynamic instability [6]. In severely injured 
patients with pelvic fractures and hemodynamic 
compromise, the primary cause of early death is 
due to hemorrhage, whereas late mortality is 
driven by traumatic brain injury and multiorgan 
failure [7]. Factors predictive of mortality include 
hemodynamic instability, lactic acidosis, age 
>65 years, female sex, and injury severity, spe-
cifically concomitant chest and bowel injuries [8, 
9]. Despite ongoing evolutions in trauma care, 
the mortality rate has remained high [10, 11], 
highlighting potential for improvement in the 
current approach to pelvic fracture management.

As noted in modern series, there is a signifi-
cant variation in the diagnostic and therapeutic 
approach to patients with pelvic fractures and 
hemodynamic compromise. An option for pri-
mary hemorrhage control for pelvic fracture- 
related bleeding that has become more widely 
accepted in the past decade is preperitoneal pel-
vic packing (PPP). Rationale for PPP includes 
more rapid hemorrhage control compared to 
angioembolization by addressing the primary 
source of hemorrhage [12]. The objective of this 
book chapter is to describe the initial manage-
ment of patients with complex pelvic ring injury, 
as well as the indications, operative technique, 
and outcomes of PPP.

Learning Objectives
• Describe the morbidity and mortality 

associated with pelvic ring injuries and 
hemodynamic compromise.

• Outline the principles of initial manage-
ment of patients with pelvic ring inju-
ries, in particular those who present in 
hemorrhagic shock.

• Define indications and operative tech-
nique for preperitoneal pelvic packing 
(PPP).

• Describe scenarios in which angiogra-
phy and angioembolization are indi-
cated after external fixation and PPP.
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9.2  Initial Evaluation 
and Management 
of the Pelvic Fracture Patient

Initial evaluation and management of patients 
with pelvic fractures should be approached with 
attention to the primary survey and ATLS proto-
col [13]. In any patients with blunt mechanism 
and hypotension (systolic blood pressure [SBP] 
<90 mmHg), a pelvic binder or pelvic  stabilization 
with a sheet should be placed at the level of the 
greater trochanters; pelvic binding in of itself can 
significantly reduce pelvic volume, prevent shift-
ing of bony elements, and improve hemorrhage 
control [4, 14–16]. As part of the initial assess-
ment, Focused Assessment with Sonography for 
Trauma (FAST) exam and chest radiograph 
(CXR) should be performed to rule out intraperi-
toneal or intrathoracic sources of hemorrhage. 
The FAST exam reliably identifies clinically sig-
nificant hemoperitoneum in life- threatening pel-
vic fracture-related hemorrhage, with a 
false-negative rate as low as 2% [17].

In patients with hypotension unresponsive to 
resuscitation (persistent SBP <80 mmHg), inser-
tion of a resuscitative endovascular balloon 
occlusion of the aorta (REBOA) catheter should 
be considered for Zone III (infra-renal) inflation 
[18]. REBOA ultimately allows for temporary 
and/or partial occlusion as a bridge to further 
resuscitation, imaging, and transport to the oper-
ating room; preliminary data of patients with 
concomitant REBOA and PPP suggest that this 
combination provides life-saving hemorrhage 
control in otherwise devastating injuries [19]. 
Notably, while Zone III REBOA has been shown 
to decrease pelvic hemorrhage, it does not gener-
ate as much pelvic pressure as preperitoneal 
packing, an essential factor of venous hemostasis 
[20]. Further, when comparing isolated REBOA 
to isolated PPP for pelvic hemorrhage control, 
patients who receive REBOA spend longer time 
in the emergency department with greater mortal-
ity rates than with PPP [21]. However, in con-
junction, REBOA and PPP result in expeditious 
time to hemorrhage control [19, 22].

In conjunction initial ATLS-driven care, 
FAST, CXR, and REBOA, particular attention 

should be paid to concomitant injures, specifi-
cally chest wall, extremity, spine, and genitouri-
nary injuries [23–28]. Over two-thirds of severely 
injured patients with pelvic fractures have con-
comitant injuries which merit surgical interven-
tion at some point during their hospitalization, 
and nearly one-fourth have a concomitant injury 
identified on initial trauma work up that merits 
urgent intervention altering the initial acute oper-
ative plan [29]. Lastly, in the trauma bay, labs 
should be drawn, including lactate and base defi-
cit, to assess degree of physiologic insult, and 
when available viscoelastic hemostatic assays 
should be acquired to guide precision transfusion 
[30]. Data suggests that trending serial lactate 
measurements in the early window after pelvic 
ring injury are a rapid and reliable estimation of 
true severity of hemorrhage rather than routinely 
used hematologic measurements [31]. Ultimately, 
if the patient remains hemodynamically unstable 
despite the aforementioned resuscitation mea-
sures and 2  units of packed red blood cells 
(PRBCs), the patient should be taken to the oper-
ating room emergently for external fixation and 
PPP.

9.3  Indications for Preperitoneal 
Pelvic Packing

Packing for retroperitoneal hemorrhage from pel-
vic fracture was first described in 1994 in Europe 
in the setting of complex pelvic fractures [32]. 
This technique was later modified to an anterior, 
preperitoneal approach [33]. In conjunction with 
external fixation, which closes down the pelvic 
space, PPP is an optimal strategy to address pel-
vic hemorrhage. PPP rapidly and effectively 
addresses venous (presacral and paravesical 
venous plexuses) and bony sources of pelvic 
hemorrhage by tamponade, while external fixa-
tion reduces the available volume of the retro-
peritoneal space in both open and closed ring 
pelvic fractures [34]. Indications for PPP are the 
same historical indications for angioemboliza-
tion and are described in our institutional proto-
col (Fig. 9.1). Specifically, blunt trauma patients 
with hemodynamic instability in the ED despite 
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transfusion of 2  units of PRBCs with a known 
pelvic fracture. Alternatively, patients undergo-
ing laparotomy for intraabdominal hemorrhage 
that have an associated pelvic hematoma may 
require PPP if they remain hemodynamically 
unstable despite control of intraabdominal bleed-
ing. If a patient is being transferred to the operat-
ing room for hemorrhage in the chest or abdomen, 
PPP can be performed simultaneously if concom-
itant pelvic hemorrhage is suspected or  discovered 
intraoperatively. While PPP has predominantly 

been described in adults, there are also reports of 
its use and effectiveness in pediatric trauma 
patients as well [35, 36].

9.4  Operative Approach

In anticipation of PPP, a multidisciplinary 
approach should be taken, with fastidious 
involvement of the orthopedic team for external 
fixation, as well as other specialty teams for rel-
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Fig. 9.1 Algorithm for the evaluation and management 
of unstable pelvic fractures

REBOA should be employed in centers with expertise 
and is typically deployed in Zone III for patients with per-
sistent hypotension despite red cell transfusion with SBP 
<80 mmHg
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endovascular balloon occlusion of the aorta, FAST 
Focused assessment with sonography in trauma, PRBCs 
Packed red blood cells, PPP Preperitoneal pelvic packing, 
SICU Surgical intensive care unit, CT Computed tomog-
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evant concomitant injury repair such as urology 
in the setting of a genitourinary injury or neuro-
surgery in the setting of intracranial hemorrhage 
requiring craniotomy. A benefit of PPP is that it 
can be performed simultaneously in conjunction 
with other operative procedures. According to a 
review of 42,122 patients with pelvic fractures 
from the National Trauma Data Bank, 10% of 
pelvic fracture patients have a common or exter-
nal iliac vascular injury, 26% have a concomitant 
bladder injury, and 17% have an intraperitoneal 
bowel injury [37], and as such, it is not surprising 
that nearly 90% of patients with severe pelvic 
fractures require more than one procedure 
(beyond external fixation/PPP) [38].

The technique for PPP has been previously 
described [39, 40] and in experienced hands, can 
be completed in less than 5–10  min [40]. The 
patient should be positioned supine on a table 
compatible with fluoroscopy and prepped in the 
standard fashion from neck to knees. PPP should 
be preceded by external fixation to stabilize the 
bony pelvis, create a smaller pelvic volume, and 
provide a stable counter-pressure for the pelvic 
packing. For unstable anterior-posterior com-
pression and lateral compression injuries, ante-
rior frames can be placed via the faster but 

potentially less stable iliac crest route or the more 
stable but fluoroscopy-dependent supra- 
acetabular approach; in contrast, vertical shear 
injuries are best stabilized with a posterior 
C-clamp [41]. It is important that the trauma 
team is present in the operating room for place-
ment of the external fixation to ensure that the 
anterior fixation bar is positioned such that access 
for the suprapubic PPP incision is not obstructed.

After external fixation, a 6–8 cm vertical mid-
line incision is sharply made from the pubic sym-
physis cephalad, sharply cutting the subcutaneous 
tissue and using bovie cautery to divide the fascia 
(Fig. 9.2a). This step requires special attention to 
ensure that the incision is distinct from the inci-
sion for exploratory laparotomy; the peritoneal 
pelvic space boundary should not be violated, 
preventing the tamponade effect of PPP.  After 
dissection through the midline fascia, the pelvic 
space can be entered, leaving the peritoneum 
intact; at this time, it is often apparent that the 
pelvic hematoma has performed a majority of the 
pelvic space dissection, which extends around 
the bladder down to presacral plane (Fig. 9.2b). 
Once the paravesicular pelvic space is entered, 
packing can be performed by retracting the blad-
der to the contralateral side and inserting a lapa-
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Fig. 9.2 Intraoperative pictures of preperitoneal pelvic packing technique
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rotomy pad into the pelvic space (Fig. 9.2c). The 
laparotomy pads should be inserted deep towards 
the sacrum down to the presacral space using a 
ringed forceps or Cobb elevator to place them 
deeply into this space (Fig.  9.2d). The second 
laparotomy pad is placed laterally along the wall 
of the bladder, and the third laparotomy pad is 
placed anteriorly along the pubic rami bilaterally. 
A total of six laparotomy pads is most commonly 
used. While laparotomy pads are consistent with 
the traditional description of PPP, there are newer 
reports of using hemostatic gauze for packing to 
optimize hemorrhage control and decrease trans-
fusion requirement [42].

Rarely, in the cases of vertical shear injuries, 
only one hemipelvis is affected and unilateral 
packing can be performed to avoid dissecting the 
pelvic space contralaterally. Once packing has 
been completed, suprapubic tubes for urethral or 
bladder injuries may be placed through separate 
stab incisions just lateral to the vertical PPP inci-
sion; it is essential at the end of the procedure that 
there is a mechanism in place to drain the blad-
der. The fascia is closed with a running 0-PDS 
suture, and the skin is closed with staples. Upon 
completion of PPP, remarkable increases in sys-
tolic blood pressure may be observed, with near 
doubling of the SBP after packing [43]. Once 
PPP and other operative procedures are per-
formed during the index surgery, transfer to the 
ICU should be arranged and CT imaging 
performed.

After PPP, packs are left in place until the 
patient’s physiologic derangements, including 
coagulopathy, have resolved, usually within 
24–36 h. When removing the pelvic packs, hemo-
static interventions including suture, electrocau-
tery, and topical agents should be used 
preferentially over the option of repacking the pel-
vis. Repacking of the pelvic space is associated 
with a marked increase in infections complica-
tions; with almost 50% of repacked patients devel-
oping pelvic space infections, repeat packing 
should be avoided [38]. While the optimal timing 
of definitive internal fixation of pelvic fractures 
remains debated, internal fixation at the time of 
preperitoneal pack removal has been described; in 
a retrospective review of patients with hemody-

namically unstable pelvic fractures who under-
went PPP, internal fixation at the time of pack 
removal resulted in shorter length of stay in the 
intensive care unit, faster time to definitive pelvic 
fixation, and less infectious complications [44].

9.5  Role of Angiography

Angiography and angioembolization are reserved 
for patients who have persistent hemodynamic 
instability present after external fixation and PPP 
[38, 45–47]. The trigger for diagnostic angiogra-
phy after external fixation/PPP is transfusion of 
more than four units of red blood cells (RBC) in 
the 12 h post-packing after normalization of coag-
ulation indices. Diagnostic angiography may 
identify arterial sources for angioembolization, 
but as previously noted, an arterial source of pel-
vic hemorrhage only occurs in approximately 
15% of patients and is usually from internal iliac 
artery branches, gluteal artery branches, obturator 
artery, or pudendal artery [38, 48]. Even in 
patients with an arterial source, the likelihood of 
concomitant venous bleeding is nearly 100% 
[45]. In the small percentage of patients who ulti-
mately undergo angiography after PPP, 80% have 
positive findings for arterial injury which can be 
localized and targeted [49]. Empiric embolization 
should not be pursued given the risk of perineal 
necrosis, infection, impotence, and persistent 
hemorrhage [50, 51]. While research has explored 
the predictors of angioembolization need in 
patients with pelvic injuries, it remains difficult to 
predict in the first hour of admission which 
patients will require angioembolization after PPP; 
the only predictor in external fixation/PPP series 
described thus far is post-packing PRBCs [2].

9.6  PPP Outcomes

Since its first description in Europe in the 1990s, 
PPP has shown promise in reducing morbidity 
and mortality in patients with severe pelvic frac-
tures and pelvic hemorrhage, with both decreased 
transfusion rates and decreased mortality from 
exsanguination [12, 31, 52–54]. Adoption of PPP 
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into institutional protocols for management of 
patients with pelvic fractures and related hemor-
rhage has been shown to decrease mortality by up 
to 30% post-PPP adoption [43, 55, 56]. In a retro-
spective cohort of patients, outcomes after pro-
gressive protocolized implementation of 
angiography and then PPP, overall 30-day mor-
tality decreased from 63% to 42% after imple-
mentation of angiography and then even further 
to 30% in PPP, suggesting that PPP had a greater 
impact on overall survival than angiography [55]. 
A comparison of several modern day series finds 
similar findings. There was a 32% mortality rate 
for modern management of complex pelvic frac-
ture patients in shock [6], 41% mortality for those 
managed with angioembolization alone [57], 
35% mortality for an algorithm guided proto-
colized care using angiography [4], and 37% 
mortality in a study that prioritizes hemostatic 
resuscitation [5]. Patient managed with PPP/EF 
followed by complementary angioembolization 
demonstrated a 21% mortality [39, 48], and when 
REBOA was added to PPP/EF mortality which 
was only 14% with no deaths due to pelvic frac-
ture bleeding [19].

While PPP has been associated with improved 
morbidity and mortality in treatment of pelvic 
hemorrhage, there are a few notable complica-
tions which occur infrequently. Surgical site 
infections have been described at a particularly 
high rate in patients who undergo repeating pack-
ing (47% versus 6% in patients with single pack-
ing) [38, 54]. Infectious complications are also 
more common in patients with open fractures, 
acetabular fractures, and associated perineal 
wounds (bladder injuries) [48, 58]. In addition to 
infectious complications, a case report of lower 
extremity abdominal compartment syndrome 
with PPP has been described [36]. Recently, a 
case series described a high rate of venous throm-
boembolism (VTE) in PPP patients, with a deep 
venous thrombosis incidence of 23% and pulmo-
nary embolism incidence of 8% [59]. With such a 
high incidence of VTE in this patient population, 
patients should undergo bilateral lower extremity 
surveillance duplex ultrasounds following PPP.

9.7  Conclusion

Pelvic ring injuries continue to pose a great clini-
cal challenge to trauma providers, as the addition 
of physiologic insult can drastically increase 
mortality risk. Despite advances in trauma care, 
the mortality rates of pelvic fractures patients in 
many modern series have failed to decrease in a 
corresponding manner and remain high [1–5, 10, 
11]. Adoption of targeted protocols for patients 
with pelvic fractures and hemodynamic instabil-
ity can drastically improve outcomes in these 
high-risk patients [56, 60, 61]. The addition of 
PPP with complementary angioembolization 
appears to result in the lowest mortality rate for 
hemodynamically unstable patients with pelvic 
fracture.

Key Concepts
• The primary cause of early death in 

severely injured patients with pelvic 
fractures and hemodynamic compro-
mise is hemorrhage.

• In the ED, a pelvic binder or pelvic stabi-
lization with a sheet should be placed at 
the level of the greater trochanters for 
patients with hypotension (systolic blood 
pressure [SBP] <90 mmHg); pelvic stabi-
lization significantly reduces pelvic vol-
ume, prevents shifting of bony elements, 
and improves hemorrhage control.

• Intraperitoneal or intrathoracic sources 
of hemorrhage should be excluded; the 
FAST exam reliably identifies clinically 
significant hemoperitoneum in life- 
threatening pelvic fracture-related hem-
orrhage, with a false-negative rate as 
low as 2%.

• External fixation and PPP are performed 
if a patient remains hemodynamically 
unstable despite initial resuscitation 
with 2 units of packed red blood cells.

• REBOA catheter should be considered 
for Zone III inflation in patients with 
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Take Home Messages
• Patient managed with PPP/EF followed 

by complementary angioembolization 
demonstrated a 21% mortality, and 
when REBOA was added to PPP/EF 
mortality was only 14% with no deaths 
due to pelvic fracture bleeding.

• The addition of PPP with complemen-
tary angioembolization appears to result 
in the lowest mortality rate for hemody-
namically unstable pelvic fracture 
patients.

hypotension unresponsive to resuscita-
tion (persistent SBP <80 mmHg).

• Patients undergoing laparotomy for 
intraabdominal hemorrhage that have an 
associated pelvic hematoma may require 
PPP if they remain hemodynamically 
unstable despite control of intraabdomi-
nal bleeding.

• PPP should be preceded by external fix-
ation to stabilize the bony pelvis, create 
a smaller pelvic volume, and provide a 
stable counter-pressure for the pelvic 
packing.

• PPP can be completed in less than 
10 min.

• PPP is effective in pediatric trauma 
patients.

• Patients who require transfusion of 
more than four units of PRBCs in the 
12 hours post-packing after normaliza-
tion of coagulation indices should also 
undergo diagnostic angiography.

• Repacking of the pelvic space should be 
avoided, with almost 50% of repacked 
patients developing pelvic space 
infections.
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