CLINICAL MANAGEMENT UPDATE

Eastern Association for the Surgery of Trauma Practice
Management Guidelines for Hemorrhage in Pelvic
Fracture—Update and Systematic Review

Daniel C. Cullinane, MD, Henry J. Schiller, MD, Martin D. Zielinski, MD, Jaroslaw W. Bilaniuk, MD,
Bryan R. Collier, DO, John Como, MD, Michelle Holevar, MD, Enrique A. Sabater, MD, S. Andrew Sems, MD,
W. Matthew Vassy, MD, and Julie L. Wynne, MD

Background: Hemorrhage from pelvic fracture is common in victims of
blunt traumatic injury. In 2001, the Eastern Association for the Surgery of
Trauma (EAST) published practice management guidelines for the manage-
ment of hemorrhage in pelvic trauma. Since that time there have been new
practice patterns and larger experiences with older techniques. The Practice
Guidelines Committee of EAST decided to replace the 2001 guidelines with
an updated guideline and systematic review reflecting current practice.
Methods: Building on the previous systematic literature review in the 2001
EAST guidelines, a systematic literature review was performed to include
references from 1999 to 2010. Prospective and retrospective studies were
included. Reviews and case reports were excluded. Of the 1,432 articles
identified, 50 were selected as meeting criteria. Nine Trauma Surgeons, an
Interventional Radiologist, and an Orthopedic Surgeon reviewed the articles.
The EAST primer was used to grade the evidence.

Results: Six questions regarding hemorrhage from pelvic fracture were
addressed: (1) Which patients with hemodynamically unstable pelvic frac-
tures warrant early external mechanical stabilization? (2) Which patients
require emergent angiography? (3) What is the best test to exclude extrapel-
vic bleeding? (4) Are there radiologic findings which predict hemorrhage?
(5) What is the role of noninvasive temporary external fixation devices? and
(6) Which patients warrant preperitoneal packing?

Conclusions: Hemorrhage due to pelvic fracture remains a major cause of
morbidity and mortality in the trauma patient. Strong recommendations were made
regarding questions 1 to 4. Further study is needed to answer questions 5 and 6.
Key Words: Pelvic fracture, Hemorrhage, Angiography, Embolization,
External fixator, C-clamp, Temporary pelvic binder, Pelvic packing, Trauma,
Intravenous contrast extravasation, Blush, PASG, Pelvic hematoma, FAST,
CT scan, Fracture pattern.
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STATEMENT OF THE PROBLEM

Hemorrhage from pelvic fracture is common in victims of
blunt traumatic injury. In 2001, the Eastern Association for the
Surgery of Trauma (EAST) published practice management
guidelines for the management of hemorrhage in pelvic
trauma.! Since that time there have been a number of new
practice patterns and larger experiences with older tech-
niques. The Practice Guidelines Committee of EAST decided
to update the 2001 EAST guidelines and systematic review
for hemorrhage due to pelvic fracture. The design of the
project was to update the previous guideline as well as to
evaluate new treatment methods and techniques. Six specific
questions are addressed regarding the management of pelvic
fracture hemorrhage:

1. Which patients with hemodynamically unstable pelvic
fractures warrant early external mechanical stabilization?
Which patients require emergent angiography?

What is the best test to exclude extrapelvic bleeding?
Are there radiologic findings which predict hemorrhage?
What is the role of noninvasive temporary external fixa-
tion devices?

Which patients warrant preperitoneal packing (PPP)?

kAN

a

PROCESS

The Practice Management Guidelines Committee of
the EAST (www.east.org) developed the process used by
this committee for review and development of practice
management guidelines. A computerized search of the
National Library of Medicine MEDLINE database was
undertaken using the OVID interface. English language
citations were included for the period of 1999 through
2010 using the primary search strategy: pelvis, fracture
hemorrhage, trauma, and retroperitoneal hematoma. The
dates were selected to allow comprehensive review of
articles published since the prior systematic review with
minimal overlap.

Review articles and case reports were excluded.
Moreover, studies not directly addressing hemorrhage with
pelvic fracture were excluded. The PubMed Related Arti-
cles algorithm was also used to identify additional articles
similar to the items retrieved by the primary strategy. Of
the 1,432 articles identified by these two techniques, those

The Journal of TRAUMA® Injury, Infection, and Critical Care » Volume 71, Number 6, December 2011

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://guide.medlive.cn/
http://guide.medlive.cn/

The Journal of TRAUMA® Injury, Infection, and Critical Care * Volume 71, Number 6, December 2011

EAST Pelvic Fracture Guidelines

dealing with prospective or retrospective studies were
selected, comprising 50 studies specifically evaluating
hemorrhage associated with pelvic fracture in adult or
pediatric patients.

The EAST, “Utilizing evidence based outcome mea-
sures to develop practice management guidelines: a primer,”
was used as a quality assessment instrument applied to
develop this guideline.?

The workgroup for the Practice Management Guide-
lines for Hemorrhage in Pelvic Trauma consisted of nine
Trauma Surgeons, an Orthopedic Surgeon specializing in
trauma (S.A.S.), and an Interventional Radiologist (E.A.S.)
(Table 1). Articles were compiled by the committee chair
(D.C.C.) and were distributed among committee members for
formal review. Each article was entered into a review data
sheet with detailed summaries of the articles. Deficiencies
and conclusions not validated by the data were also noted.
The reviewers correlated the references with the method-
ology established by the Agency for Health policy and
Research of the US Department of Health and Human
Service. Each reference was classified as class I, class II,
or class III data. There was no class I data found for the
search period. Fifteen class II articles and 35 class III
articles were included in the review. All references were
reviewed by at least two committee members for purposes
of cross-validation. An evidentiary table was constructed
using the 50 references (Table 2).

Level I

This recommendation is convincingly justifiable based
on the available scientific information alone. It is generally
based on class I data or strong class II evidence may form the
basis for a Level I recommendation. Conversely, weak or
contradictory class I data may not be able to support a Level
I recommendation.

Level 1T

This recommendation is reasonably justifiable by avail-
able scientific evidence and strongly supported by expert
opinion. It is usually supported by class II data or a prepon-
derance of class III evidence.

Level III

This recommendation is supported by available data,
but adequate scientific evidence is lacking. It is generally
supported by class III data. This type of recommendation
is useful for educational purposes and in guiding future
studies.

Although there were not any class I references avail-
able, four Level I recommendations were made due to the
strong class II data (large retrospective and nonrandomized
prospective data) available for specific questions. Level II
recommendations were supported by class II data and are
justified by available scientific evidence and strongly sup-
ported by expert opinion. Nine Level II recommendations
were made from the available data. Level III recommenda-
tions were based on class III data, where adequate scientific
evidence is lacking. Twelve Level III recommendations are
included in these recommendations.

RECOMMENDATIONS

Which Patients With Hemodynamically
Unstable Pelvic Fractures Warrant Early
External Mechanical Stabilization?

1. The use of a pelvic orthotic device (POD) does not seem
to limit blood loss in patients with pelvic hemorrhage.
Level III recommendation

2. The use of a POD effectively reduces fracture displacement and
decreases pelvic volume. Level ITII recommendation

Scientific Foundation: Early External Stabilization
It is well known that the volume of the pelvis increases
after a mechanically unstable pelvic fracture (Tile B/C; Table
3). This increased pelvic volume in complex pelvic fractures
is thought to reduce the tamponade effect of the retroperito-
neal tissues and intrapelvic organs, leading to further bleed-
ing into the pelvic space. Baque et al.> demonstrated a 20%
increase in the volume of the pelvis with a 5-cm pubic
diastasis in a cadaver pelvic-fracture model. The iliolumbar
vein was noted to be disrupted in 60% of the pelvic fractures
created, accounting for the venous hemorrhage seen with
fractures of the sacroiliac portion of the pelvis. Using com-

TABLE 1.

Members of the EAST Hemorrhage in Pelvic Fracture Workgroup

Name

Organization/Place

Email

Daniel C. Cullinane, MD—Chair
Henry J. Schiller, MD
Jaroslaw W. Bilaniuk, MD
Bryan R. Collier, DO
John Como, MD

Michelle Holevar, MD
Enrique A. Sabater, MD
S. Andrew Sems, MD

W. Matthew Vassy, MD
Julie L. Wynn, MD
Martin D. Zielinski, MD

Mayo Clinic, Rochester, MN

Mayo Clinic, Rochester, MN

Morristown Memorial Hospital, Morristown, NJ
Vanderbilt University Medical Center, Nashville, TN
MetroHealth Medical Center, Cleveland, OH
Mount Sinai Hospital, Chicago, IL

HIMA-San Pablo Hospital, Bayamon, PR
Mayo Clinic, Rochester, MN

Evansville Surgical Associates, Newburgh, IN
University of Arizona, Tucson, AZ

Mayo Clinic, Rochester, MN

cullinane.daniel@mayo.edu
schiller.henry@mayo.edu
jwbil@hotmail.com
bryan.collier@vanderbilt.edu
jcomo@metrohealth.org
michellehmail-career@yahoo.com
easabater@gmail.com
sems.andrew(@mayo.edu
thevassys@yahoo.com
jwynne@surgery.arizona.edu
zielinski.martin@mayo.edu
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TABLE 3. Tile Classification

Type A Stable pelvic ring injury
Type B Partially stable pelvic ring injury
B1: Open book injury (anteroposterior compression,
external rotation)

B2: Lateral compression (internal rotation)
B3: Bilateral injuries

Type C Completely unstable (allows all degrees of translational
displacement)

Reference
Ann Surg. 2001;233:843—
850

puted tomography (CT) scanning with mathematical model-
ing, Stover et al.* demonstrated an increase in pelvic volume
of 35% to 40% with a large 10-cm pubic diastasis, again in a
cadaver model.

Pelvic stabilization has been practiced for a number of
years in an attempt to control pelvic bleeding by decreasing
the pelvis volume, leading to earlier tamponade. Methods that
close the pelvic ring are thought to tamponade bleeding by
diminishing the pelvic volume, hastening clotting of the
pelvic hematoma.’ Initially, the pneumatic antishock gar-
ments (PASG) was used to stabilize the pelvis and decrease
the pelvic volume. In retrospective studies, Flint et al. and
others have demonstrated less blood loss when the PASG was
applied.°~8 Other studies have questioned the ability of
PASG to limit hemorrhage from pelvic fracture.>-1° PASG
have largely fallen out of favor due to concerns about ab-
dominal compartment syndrome and fluid and electrolyte
complications and because they are bulky, difficult to apply,
and interfere with physical examination.

External pelvic fixation (EPF) and the pelvic C-clamp
have been used more recently in an attempt to reduce pelvic
volume and control hemorrhage associated with pelvic frac-
ture. In a study of 14 hemodynamically unstable patients with
pelvic fractures, Sadri et al.!! found that blood loss was not

Synopsis
vs. 73 “late group” which was defined as before and

after the time when 2 ortho trauma staff were in the
improved mortality (31% vs. 15%). There were no
fresh-frozen plasma units transfused. There were no
significant differences between the 2 groups in terms
of the overall complication rate or the occurrence of
acute respiratory distress syndrome, multiple organ
failure, or pneumonia

trauma bay for decision making upon patient arrival.
Lower rate of hypotension, increased use of PB, and
differences in the number of packed red cells or

Retrospective review of 143 patients in “early group”

Question
Addressed
1,2,3,5

Level of
Evidence
2
ISS, injury severity score; RTS, revised trauma score; CE, contrast extravasation; PRBC, packed red blood cells; OTA, Orthopedic Trauma Association; APC, anteroposterior compression; LC, lateral compression; DIC,

disseminated intravascular coagulopathy; MRI, magnetic resonance imaging; 1&D, incision and drainage; APACHE, acute physiology and chronic health evaluation; BP, blood pressure; PCCD, pelvic circumferential compression
Questions: (1) Which patients warrant early external mechanical stabilization? (2) Which patients require emergent angiography? (3) What is the best test to exclude extra-pelvic bleeding? (4) Are there radiographic findings

which predict hemorrhage? (5) What is the role of non-invasive temporary external fixation devices? and (6) Which patients warrant pre-peritoneal packing?

device; BMI, body mass index; Fx, fracture; CT, computed tomography; PPV, positive predictive value; NPV, negative predictive value; SBP, systolic blood pressure; ED, emergency department; VS, vertical shear; MLD, major

ligamentous disruption; SFP, stable fracture pattern; UFP, unstable fracture pattern; AISS, abbreviated injury severity score; PB, pelvic binding; PG, practice guideline; OF, operative pelvic fixation; TX, transfusion.

3

g

S ? statistically different before/after placement of the pelvic
_ g é% C-clamp. Angiography was requireq ir} many of thes§ pa-
b % S & tients to control hemorrhage. Appll(;atlon of the pelvic C-
E 2|ZE% Clamp is generally done quickly (5 minutes)!2although others
2| £|Z E @ have reported that it can take longer, averaging 64 minutes to
S E€5 apply (range, 10-240 minutes).!> When EPF is compared
o " i § . with a temporary pelvic binder (TPB) in patients with sacro-
4 8§55 & iliac fractures, EPF was found to have higher blood transfu-
- 2 g% & sion needs at 24 hours and 48 hours compared with the TPB.
S\ 3 The reduced blood loss has been attributed to the ease and
o 5 rapidity of TPB application compared with EPF.!4
2 ERRS Placement of a C-Clamp or EPF decreases the pelvic
R volume by 10% to 20% and reduces pelvic fractures.?-1415
g Whether this leads to less blood loss and better outcomes has
§ yet to be shown in the literature. The standard use of external
) fixation in the initial treatment algorithms of patients with
& unstable pelvic injuries is common and remains a useful tool
nN| |2 in the initial management of these patients.!>!® However,
w| EIE because of their ease of use and fast application, TPBs have
| S| o .
2l zlg largely .replaceq .the. pelv1g C-Clamp and EPF for early
=l <lB mechanical stability in pelvic fracture.
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Which Patients Require Emergent
Angiography?

1. Patients with pelvic fractures and hemodynamic instability or
signs of ongoing bleeding after nonpelvic sources of blood
loss have been ruled out should be considered for pelvic
angiography/embolization. Level I recommendation

2. Patients with evidence of arterial intravenous contrast
extravasation (ICE) in the pelvis by CT may require pelvic
angiography and embolization regardless of hemodynamic
status. Level I recommendation

3. Patients with pelvic fractures who have undergone pelvic
angiography with or without embolization, who have
signs of ongoing bleeding after nonpelvic sources of
blood loss have been ruled out, should be considered for
repeat pelvic angiography and possible embolization.
Level II recommendation

4. Patients older than 60 years with major pelvic fracture
(open book, butterfly segment, or vertical shear) should be
considered for pelvic angiography without regard for he-
modynamic status. Level II recommendation

5. Although fracture pattern or type does not predict arterial
injury or need for angiography, anterior fractures are more
highly associated with anterior vascular injuries, whereas
posterior fractures are more highly associated with poste-
rior vascular injuries. Level III recommendation

6. Pelvic angiography with bilateral embolization seems to
be safe with few major complications. Gluteal muscle
ischemia/necrosis has been reported in patients with he-
modynamic instability and prolonged immobilization or
primary trauma to the gluteal region as the possible cause,
rather than a direct complication of angioembolization.
Level III recommendation

7. Sexual function in males does not seem to be impaired
after bilateral internal iliac arterial embolization. Level I11
recommendation

Scientific Foundation: Emergent Angiography

Pelvic angiography is useful control of arterial hemor-
rhage associated with pelvic fractures. In many pelvic frac-
tures, much of the bleeding is venous in nature, generally
from bone fracture edges or the iliolumbar vein. Angiography
with embolization only controls arterial hemorrhage and
therefore is beneficial in only a minority of patients. Indeed,
it seems that pelvic angiography is indicated in only 3% to
10% of patients with pelvic fracture.!’2*> Hemodynamic in-
stability associated with pelvic fractures without another
significant source of bleeding is an indication for pelvic
angiography.!8-20.24.25 In a retrospective study of 325 patients
at a Level I trauma center, Starr et al. found that Revised
Trauma Score alone was predictive of the need for angiog-
raphy. Age, shock on admission, and fracture pattern did not
predict need for angiography.?!

There are several predictors to help determine which
patients will need angiography. The presence of ICE seen on
CT scan has a sensitivity of 60% to 84% and specificity of
85% to 98% for the need for pelvic embolization.'s ICE is a
strong predictor of need for angioembolization. Fracture
pattern alone has not been predictive of who will or will not

1862

require angiography.2!-242¢ The combination of age >60 and
major pelvic fracture is highly associated with need for
angiography with embolization (odds ratio, 15) regardless of
the patient’s hemodynamic status. Indeed, 62% of patients
older than 60 years requiring angiographic embolization had
normal vital signs on hospital admission.?” Although hemor-
rhage from major pelvic fractures is common, several retro-
spective studies contain patients with arterial bleeding from
isolated sacral or acetabular fractures.!” Although fracture
type does not predict need for angiography, in general,
anterior fractures are associated with anterior vascular inju-
ries, whereas posterior fractures are associated with posterior
vascular injuries.?3

Pelvic angiography with embolization seems to be 85%
to 97% effective in controlling bleeding. Some patients will
continue to bleed and require repeat embolization to control
hemorrhage.?2-23:2930 4.6% to 24.3% of patients with either no
bleeding seen on the initial angiogram or initially successful
pelvic embolization will require repeat pelvic angiography
with repeat embolization. Independent risk factors for recur-
rent pelvic bleeding include transfusing greater than two units
packed red blood cells per hour before angiography, finding
more than two injured vessels requiring embolization,??
repeated hypotension after initial angiography, absence of
intra-abdominal injury, and persistent base deficit.3° The
standard embolization technique for an unstable patient
bleeding from an internal iliac artery source is to nonselec-
tively embolize both internal iliac arteries. In more stable
patients, some operators may attempt more selective embo-
lization. However, a study by Fang et al.2> demonstrated that
recurrent pelvic bleeding also seems to be more common
after selective embolization than after nonselective treatment,
suggesting this practice should be limited.

The safety of pelvic angiography/embolization seems
to be well established in several series.?®3! There are occa-
sional reports of femoral artery injury requiring repair and
transient increases in serum creatinine in older patients.?”
Cases of gluteal necrosis associated with embolizations seem
to be related to primary trauma to the gluteal region along
with protracted hypotension rather than a direct complication
of embolization.!”>2 In one report, six of eight pelvic fracture
patients undergoing bilateral angioembolization for shock
showed magnetic resonance imaging changes consistent with
soft tissue infection or necrosis®?® without primary gluteal
trauma, suggesting that gluteal muscle ischemia may be
subclinical. Ramirez et al.?* examined sexual dysfunction in
males undergoing bilateral internal iliac embolization and
found no difference compared with case-matched pelvic frac-
ture patients not undergoing embolization.

What Is the Best Test to Exclude
Intra-Abdominal Bleeding?

1. Focused Assessment with Sonography for Trauma
(FAST) is not sensitive enough to exclude intraperito-
neal bleeding in the presence of pelvic fracture. Level I
recommendation

© 2011 Lippincott Williams & Wilkins
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2. FAST has adequate specificity in patients with unstable
vital signs and pelvis fracture to recommend laparotomy
to control hemorrhage. Level I recommendation

3. Diagnostic peritoneal tap (DP)/Diagnostic peritoneal la-
vage (DPL) is the best test to exclude intra-abdominal
bleeding in the hemodynamically unstable patient. Level
IT recommendation

4. In the hemodynamically stable patient with a pelvic fracture,
CT of the abdomen and pelvis with intravenous contrast is
recommended to evaluate for intra-abdominal bleeding re-
gardless of FAST results. Level II recommendation

Scientific Foundation: Tests to Exclude
Intra-Abdominal Bleeding With Pelvic Fracture

Early detection of hemoperitoneum after blunt abdom-
inal injury allows for rapid implementation of decision-
making algorithms and decreasing the time to abdominal
exploration in patients at high risk for intraperitoneal hemor-
rhage. The indications for laparotomy in the patient with a
pelvic fracture are the same for all trauma patients. With
concomitant pelvic fracture, differentiating between pelvic-
bleeding and intra-abdominal hemorrhage is critical to the
initial decision-making and management of the patient.

Four methods are commonly used to help exclude
intra-abdominal bleeding: DPL, ultrasound (FAST), DP, and
CT.! Each test has advantages and disadvantages specific to
their use in patients with pelvic fracture. DPL has been shown
to have a high rate of false positives in patients with pelvic
fractures.”-35-3¢ This is thought to be due to a high rate of
red cell diapedesis across the peritoneum. DP without
lavage performed in the supraumbilical region seems to
offer similar sensitivity as DPL with a lower rate of
false-negative examinations.”-36-37

The FAST has been an effective tool for the evaluation
of patients with intra-abdominal injuries and hypoten-
sion.?8-42 Patients with pelvic fractures are at high risk to
have other associated intra-abdominal injuries as a source of
bleeding.*344 Although the specificity of the FAST in patients
who have pelvic fractures examination is reasonable as an
initial screening tool (87—-100%), the sensitivity of the exam-
ination in the presence of a mechanically unstable pelvic
fracture (Tile B/C) is unacceptably low.#5-48 Ruchholz et al.#>
reported 75% sensitivity with concomitant pelvic fracture in
a series of patients with type B/C pelvic fractures. This
finding was consistent with other reports in the literature.*-43
In a more recent report from a high volume trauma center,
Freise et al.4” reported a very low sensitivity of 26% in
patients with pelvic fracture.

Because of the low sensitivity and low negative pre-
dictive value of FAST when pelvic fracture is present, CT of
the abdomen and pelvis with intravenous contrast is recom-
mended in patients with pelvic fracture and a negative FAST
examination who are hemodynamically stable. A negative
FAST examination in a patient with pelvic fracture does not
aid in determining whether a laparotomy or angiography is
warranted.*°—4® Hemodynamically unstable patients with pel-
vic fracture and a positive FAST should undergo emergent
laparotomy, whereas hemodynamically normal patients with

© 2011 Lippincott Williams & Wilkins

pelvic fracture and a positive FAST should receive an ab-
dominal/pelvic CT scan.

Are There Radiologic Findings Which Predict
Hemorrhage?

1. Fracture pattern on pelvic X-ray does not single-handedly
predict mortality, hemorrhage, or the need for angiogra-
phy. Level II recommendation

2. Presence/location of hematoma does not predict or ex-
clude the need for angiography and possible embolization.
Level II recommendation

3. CT of the pelvis is an excellent screening tool to exclude
pelvic hemorrhage. Level II recommendation

4. Absence of contrast extravasation on CT does not always
exclude active hemorrhage. Level II recommendation

5. Pelvic hematoma >500 cm® in size has an increased
incidence of arterial injury and need for angiography.
Level II recommendation

6. Isolated acetabular fractures are as likely to require angiography
as pelvic rim fractures. Level III recommendation

7. If a retrograde urethrocystogram is required, it should be
performed after CT with intravenous contrast. Level III
recommendation

Scientific Foundation: Radiographic Predictors of
Hemorrhage

Two radiographic modalities have the potential to pro-
vide clinically useful information during the evaluation of
traumatic pelvic fractures in the acute setting: pelvic X-ray
and CT scan. Several recent studies attempt to correlate
radiographic findings to clinical outcomes and specifically the
need for angiography.

The Young-Burgess classification system*® (Table 4)
divides pelvic fractures by vector; anteroposterior, lateral
compression, vertical shear, and combined mechanical. Each
type of fracture is also graded by severity (I, II, and III).
Correlating the fracture pattern to the need for angiography
has shown mixed results. Niwa et al.>* was able to show an
association. This study was unable to define the cause of
death in 20% of their population. Posterior bleeding sources
seem to correlate with anteroposterior type fractures, whereas
lateral compression fractures are more likely to have an
anterior (iliac) source of bleeding.2®

In an effort to determine whether patients should un-
dergo laparotomy or angiography in hemodynamically unsta-
ble patients with pelvic fractures, Eastridge et al.>° found that
those with higher grade or rotationally unstable pelvic frac-
tures were more likely to have a pelvic source of bleeding.
Patients with rotationally stable fractures were more likely to
have an abdominal source of hemorrhage and therefore
should have a laparotomy performed as the primary proce-
dure. Two studies were able to show a relationship between
major ligamentous disruption and the need for pelvic embo-
lization.>'->2 The authors concede that, although positive, the
correlation was too weak to assist in clinical decision-mak-
ing. When looking at pelvic fractures outside the pelvic ring,
isolated acetabular fractures were shown to have the same
blood transfusion requirements and presumably the need for
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TABLE 4. Young-Burgess Classification System

Fracture Type Common Characteristic

Differentiating Characteristic

Lateral compression 1 Transverse pubic rami fracture

Lateral compression 2 Transverse pubic rami fracture
Lateral compression 3

Anterior-posterior
compression 1

Transverse pubic rami fracture
Symphyseal diastasis (1-2 cm)

Anterior-posterior
compression 2

Anterior-posterior
compression 3

Vertical shear

Combined mechanism Vertical or transverse pubic rami fractures

Symphyseal diastasis or vertical pubic rami fracture
Symphyseal diastasis or vertical pubic rami fracture

Symphyseal diastasis or vertical pubic rami fracture

Sacral Compression on side of impact

Crescent (iliac wing) fracture

Contralateral open-book (anteroposterior compression) injury

Slight widening of symphysis and/or sacroiliac (SI) joint,
stretched but intact anterior and posterior SI joint ligaments

Widened SI joint, disrupted anterior SI ligaments with
intact posterior SI ligaments

Complete hemipelvis separation but no vertical displacement,
anterior and posterior SI joint ligaments ruptured

Vertical hemipelvis displacement, usually through SI joint,
occasionally through iliac wing or sacrum

Combination of patterns; lateral compression with vertical
shear or lateral compression with anterior-posterior compression

SI, sacroiliac.

angiography.>® Two other studies concluded that injury se-
verity score was a better predictor of pelvic hemorrhage than
fracture pattern.5%->4 Blackmore et al.>> developed a multiple
logistic regression model that was able to predict the proba-
bility of pelvic arterial hemorrhage.5> The model included the
following factors: initial hematocrit 30 or less, heart rate 130
or greater, and pelvic fracture patterns including obturator
ring fracture greater than 1 ¢cm or pubic symphysis diastasis
of at least 1 cm. The presence of three or four of these risk
factors was only able to predict pelvic hemorrhage in 66% of
patients. The remaining studies were unable to correlate
pelvic fracture pattern with need for angioemboliza-
tion.21-36:57 The available literature suggests that pelvic frac-
ture pattern alone is insufficient to predict the need for
angioembolization.

CT scanning has become a valuable asset in the acute
management of pelvic trauma. Two factors have been studied
to determine the need for angioembolization: ICE and the
pelvic hematoma size. The absence of ICE on the admission
CT is an excellent screening test to exclude the presence of
active arterial hemorrhage and therefore the need for angio-
embolization, with the negative predictive values ranging
from 98.0% to 99.8%.58-90 The presence of ICE, however,
has shown varied results. Stephen et al.'® showed that the
positive predictive value of ICE needing angioembolization
was 80%. The negative predictive value was 98%. They
concluded that the presence of ICE was an indication for
angiography, regardless of hemodynamic status. Pereira et
al.>8 demonstrated a lower positive predictive value of 69.2%
with ICE. Four of five patients who were hemodynamically
stable with a blush did not require embolization. They rec-
ommend angiography only in hemodynamically unstable pa-
tients with ICE. Ryan et al.>® reported their experience with
18 patients with mechanically unstable pelvic fractures and
ICE. Nine of these patients underwent angiography for he-
modynamic instability of which seven required embolization.
The presence of ICE on CT was predicted the site of bleeding
found angiographically in all patients. They concluded that
ICE on CT scan with a major pelvic fracture mandates
angiography regardless of hemodynamics. There were no
complications from angiography reported in these studies.

1864

Other studies have demonstrated a higher mortality rate
from a delay in angiography.®® Brasel et al.°! retrospectively
examined CT scans with ICE and found 90% sensitivity for
needing angiography. They noted, however, that 33% of
patients without ICE who were hemodynamically unstable
also required angiography. The data suggest that any hemo-
dynamically unstable patient with pelvic fractures and ICE
requires angiography in the absence of other bleeding
sources. When patients are hemodynamically stable, the ev-
idence is mixed. In a patient with stable hemodynamics, the
data suggest that angiography may be useful to prevent
further bleeding but may not be required in all patients.®!
Need for angiography in hemodynamically stable patients
with ICE from pelvic trauma requires further study to deter-
mine its usefulness.

Attempts at correlating the presence and size of a pelvic
hematoma seen on CT with the need for angiography have
been undertaken. Brown et al.%? retrospectively studied 37
patients who underwent CT and angiography. Contrast ex-
travasation during angiography was noted in 83% of patients
without hematoma (67% of patients with small hematoma
and 73% of patients with significant hematoma). Blackmore
et al.>5 found that hematomas >500 cm® had a significant
increased risk ratio of 4.8 for arterial injury at angiography. In
general, the presence of pelvic hematoma is insufficient to
alter the indications for angiography and is not a predictor of
need for transfusion or ongoing blood loss. Large hematomas
with volumes over 500 cm® may have an increased risk of
arterial injury requiring angiography.

The presence of bladder and urethral injuries with
concomitant pelvic fractures is common. Retrograde urethro-
gram (RUG) should be performed before placement of a
urinary catheter; however, the sequencing of RUG and CT
has been controversial.® Netto et al.** was able to show a
higher rate of indeterminate and false-negative CT if RUG
was performed first. This was due to contrast from the RUG
interfering with determining if ICE was present. The detec-
tion of hemorrhage needs to take priority over detecting
urologic injuries, and therefore CT scan with contrast should
be performed before the evaluation of the genitourinary tract
in most settings.

© 2011 Lippincott Williams & Wilkins
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What Is the Role of Noninvasive Temporary
External Fixation Devices?

1. TPBs effectively reduce unstable pelvic fractures as well
as definitive stabilization and decrease pelvic volume.
Level III recommendation

2. TPBs may limit pelvic hemorrhage but do not seem to
affect mortality. Level III recommendation

3. TPBs work as well or better than emergent EPF in con-
trolling hemorrhage. Level III recommendation

Scientific Foundation: Temporary External
Fixation Devices

Temporary binders have been used to control hemor-
rhage from pelvic fractures for many years. Pneumatic anti-
shock trousers were one of the early attempts to decrease the
pelvic volume and limit hemorrhage. Sheets have been used
for this task more recently.®>-¢7 Commercial devices have
recently evolved to provide consistent compression in a
convenient prepackaged device. Results from studies of these
commercial binders have been mixed. In a large study per-
formed at Parkland Hospital, the use of a commercial binder
had no effect on transfusion requirements, need for angio-
graphic embolization, or mortality when compared with his-
torical controls.®® Croce et al. compared the use of EPF
placed in the operation room with TPB placed in the emer-
gency department in a series of patients with hemodynami-
cally instability and structurally unstable fractures. The use of
the T-POD (Cybertech Medical, La Verne, CA) reduced
blood transfusion needs at 24 hours and 48 hours compared
with historical controls. Both the groups were in similar
degree of shock. The authors attributed the reduced blood
loss to the rapidity of T-POD placement compared with EPF.
No differences in mortality were found.®®

Evidence suggests temporary binders decrease pelvic
volume with a pelvic fracture and may improve biomechani-
cal stability. Bottlang et al.77! noted fracture reduction and
55% to 61% improvement in biomechanical stability of
pelvic fractures in seven nonembalmed cadavers after appli-
cation of an external compression device. In a study of 16
patients with mechanically unstable pelvic fractures, Kreig et
al.'* demonstrated a 9.9% decrease in pelvic width using a
TPB with no complications related to the binder. The data
confirming efficacy of pelvic binders in controlling hemor-
rhage from pelvic fracture remain unclear because of con-
flicting studies in the literature.!4.68-72

The use of pelvic binders may predispose to skin
breakdown with prolonged use due to high pressure at bony
prominences.” Shearing force applied when tightening the
binder might result in tissue trauma. Users of these devices
need to be aware of the risk of pressure induced ischemic
wounds. Because of the ease of application, relatively inex-
pensive cost, low potential for complications, and benefit to
pelvic stability, temporary external stabilization devices
should be considered for emergent application to all hemo-
dynamically unstable patients with pelvic injuries.

© 2011 Lippincott Williams & Wilkins
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Which Patients Warrant Retroperitoneal
(Preperitoneal) Packing?

1. Retroperitoneal pelvic packing is effective in controlling
hemorrhage when used as a salvage technique after an-
giographic embolization. Level 111 recommendation

2. Retroperitoneal pelvic packing is effective in controlling
hemorrhage when used as part of a multidisciplinary
clinical pathway including a POD/C-clamp. Level III
recommendation

Scientific Foundation: Retroperitoneal Packing

Emergent PPP is a newer technique in the trauma
surgeon’s armamentarium. Its use is currently evolving. Orig-
inally described in the European literature,”® several Euro-
pean centers have described using PPP in combination with
external mechanical fixation of the pelvis.”*—77 Some trauma
centers in the United States have adopted this technique and
published on its use as a first-line therapy in-lieu of angiog-
raphy.”® It is reportedly easy to learn.”®

The technique involves creating a midline incision 8 cm
in length just above the pubis extending toward the umbili-
cus.80-81 Skin and subcutaneous tissue is opened in the mid-
line, as is the fascia. The bladder is retracted away from the
fracture and three laparotomy pads are placed in the retro-
peritoneal space on each side toward the iliac vessels. The
procedure is repeated on the opposite side and the fascia and
skin are closed. The procedure can be performed in 20
minutes by experienced surgeons.3%-8!

Cothren et al.”® reported using PPP as part of a clinical
pathway in treating hemorrhage from pelvic fracture. In this
group of severely injured patients (injury severity score =
55), PPP was performed immediately after placement of a
TPB in-lieu of angiography. There were no deaths attributed
to hemorrhage after packing along with significantly fewer
blood transfusions. This study reported an 83% success rate
in controlling hemorrhage in hemodynamically unstable pa-
tients who underwent PPP. The other 17% required angiog-
raphy. In a follow-up study at their institution, pelvic packing
was found to occur faster than with angiography (45 minutes
vs. 130 minutes). There was also a decrease need for trans-
fusion. The results of the study are difficult to interpret
because time to control hemorrhage was significantly differ-
ent between the groups.8!

PPP seems to have some advantage in controlling
hemorrhage, particularly when angiography is unavailable or
would result in significant delay. Future comparative studies
will be needed to directly compare PPP with angiography for
the control of pelvic hemorrhage.

SUMMARY

Hemorrhage from pelvic fracture remains a difficult
problem facing the trauma surgeon. Today, there have been
many changes in practice pattern that have been shown to
predict and limit hemorrhage in the patient with a pelvic
fracture. Biffl et al.8? found that a multidisciplinary team,
including an Orthopedic Surgeon, improved outcomes com-
pared with historical controls. Institutional guidelines also
have been shown to improve outcomes and their use is
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encouraged to limit variability in care.3>-8¢ Emergent external
fixation and the pelvic C-clamp used to control hemorrhage is
not supported by the available literature. Although they do
reduce fractures effectively, they do not seem to limit hem-
orrhage based on the available literature. Angiography for
control of hemorrhage has come of age and has an important
role in the treatment of patients with pelvic fracture and is
supported by the highest level of evidence. Pelvic angiogra-
phy with embolization can be performed bilaterally if needed
and even repeated to control bleeding without undo conse-
quence. The data on using the FAST examination to exclude
intra-abdominal hemorrhage are clear. FAST examination,
although highly specific, does not have the sensitivity to rule
out an extrapelvic (abdominal) source of hemorrhage with
major pelvic fracture. Although X-ray patterns of injury do
not seem to predict hemorrhage, the use of CT scan with a
finding of ICE is highly predictive of active bleeding and
supported by the literature. The use of pelvic external
fixation and C-Clamps has largely given way to TPBs. The
hope with these devices is that by stabilizing the fracture,
bleeding will be limited. Although the data are limited,
early studies seem promising. Further studies will be
needed to asses the ability of temporary abdominal binders
to minimize hemorrhage from pelvic fracture. Finally,
retroperitoneal packing is an effective tool to limit hem-
orrhage in the small studies that have investigated the
technique. Its role in the management of pelvic hemor-
rhage at this time remains unclear and will need direct
comparison with angiography in future studies.
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