Angiography and Embolization in
the Management of Bleeding Pelvic
Fractures

Abstract

The use, timing, and priority of angioembolization in the management of
bleeding pelvic fractures remain ambiguous. The most common vessels
for angioembolization are, in decreasing order, the internal iliac artery and
its branches, the superior gluteal artery, the obturator artery, and the
internal pudendal artery. Technical success rates for this treatment option
range from 74% to 100%. The fracture patterns most commonly requiring
angioembolization are the Young and Burgess lateral compression and
anterior-posterior compression types and Tile type C. Mortality rates after
angioembolization of 16% to 50% have been reported, but deaths are
usually related to concomitant injuries. The sensitivity and specificity of
contrast-enhanced CT in detecting the need for angioembolization range
from 60% to 90% and 92% to 100%, respectively. Angioembolization can
be effective in the management of bleeding pelvic fractures, but as with
any treatment, the risks of complications must be considered. Availability
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of angioembolization and institutional expertise/preference for the
alternative strategy of pelvic packing influence its use.

Pelvic fractures in trauma patients
can be associated with substantial
hemorrhage, leading to mortality rates
as high as 50%." Several methods,
such as external fixation, pelvic
packing, placement of pelvic binders,
and circumferential sheet wrapping,
can be used to stabilize bleeding from
pelvic fractures.>* Although approxi-
mately 85% of bleeding associated
with pelvic fractures is from veins or
bones,!» arterial injury also poses an
immediate threat.® Ligation of the
internal iliac artery during laparotomy
was previously used to control pelvic
arterial hemorrhage. However, this
method has proven ineffective because
of the rich collateral blood supply to
the pelvis.” Because of the need for an
effective means of controlling arterial
hemorrhage and in response to tech-
nologic advancement, the use of an-
gioembolization has increased.

Despite the publication of research
on angioembolization for the man-
agement of pelvic hemorrhage as early
as 1972, ambiguity persists regarding
its use.” We reviewed the available
literature on angioembolization for
the management of hemorrhage
associated with pelvic fracture to
assess indications for the procedure,
including relationship to fracture type
and CT findings; utilization, success,
and mortality rates; the most com-
monly embolized vessels; effects of the
time from injury to embolization; and
complications. We found 26 studies,
published from 1989 to 2013, con-
cerning pelvic fracture and angiogra-
phy. 237930 Of these, 24 studies
reported on 15,633 patients with
pelvic trauma admitted to treating
hospitals. Appendix 1 (Supplemental
Digital Content 1, Utilization, Success
Rates, and Mortality Rates of
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Angiography and Embolization in
Pelvic Fracture Patients, http:/links.
Iww.com/JAAOS/A75) provides data
from these studies. Because the studies
had different research aims, not all of
the desired data elements were clearly
stated in each article. Therefore, we
organized the data with the aim of
obtaining accurate representations of
overall patient populations and ratios.

Anatomy of the Pelvic
Arterial System

The common iliac arteries begin at the
terminus of the aorta. The external
iliac artery forms when the common
iliac artery bifurcates and continues as
the femoral artery at the inguinal lig-
ament. The other branch is the inter-
nal iliac artery, which supplies the
walls and viscera of the pelvis, the
buttocks, the reproductive organs,
and the medial compartment of the
thigh. Itis a short, thick vessel, smaller
than the external iliac artery, and is
approximately 3 to 4 cm in length. As
it passes downward to the upper
margin of the greater sciatic foramen,
it divides into two large trunks,
the anterior and posterior divisions.
The posterior division gives rise to the
superior gluteal, iliolumbar, and lat-
eral sacral arteries. The anterior divi-
sion gives rise to the obturator,
inferior gluteal, umbilical, uterine (in
women), vaginal (in women), inferior
vesical, medial rectal, and internal
pudendal arteries. These branches
have some variability (Figure 1).

Indication for Angiography
and Embolization

The use of angiography depends on
several factors, including the

Diagram depicting the pelvic arterial system, overlaid on a pelvic angiogram.
The common iliac artery is shown in aqua; the external iliac artery, in yellow;
the internal iliac artery, in green; the posterior branch of the internal iliac artery,
in red; and the anterior branch of the internal iliac artery, in blue. Smaller
vessels include the superior gluteal artery (1), iliolumbar artery (2), lateral
sacral artery (3), inferior gluteal artery (4), umbilical artery (5), obturator artery
(6), internal pudendal artery (7), medial rectal artery (8), uterine artery or ductus
deferens (9), and superior vesical artery (10).

patient’s clinical scenario, vital signs,
and continued need for resuscitation;
angiographer availability; and phy-
sician experience.3! Although many
institutions have similar algorithms
and guidelines for the use of angi-
ography, no standard protocol has
been established.

The basic indication for angiography
is the suspicion of an injured pelvic
artery that is actively bleeding. How-
ever, complex clinical situations can
lead to a dilemma in assessing whether
a patient has pelvic arterial bleeding.
For example, hemodynamic instability
has been shown to be present in up
to 25% of patients admitted with
anterior-posterior compression (APC)
type I and II pelvic fractures, making

the source of blood loss less clear.
Screening of a patient with pelvic
trauma on arrival to the emergency
department involves assessing vital
signs to determine whether the patient
is experiencing hemorrhagic shock
without obvious bleeding from other
sources. These patients have often
sustained high-impact trauma and can
have associated injuries that could be a
source of bleeding.” In multiple stud-
ies, the indication for angiography was
not specifically mentioned or was
stated simply as clinical suspicion of
bleeding.3-%10:11,31-33 Ag in the treat-
ment of any patient showing signs of
shock, immediate actions are to secure
the airway and start resuscitation. A
patient’s failure to respond to the use
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of resuscitative fluids is an indication
for investigation of possible hemor-
rhage.”123* Miller et al'3 found that
an inadequate response to initial
resuscitation is 100% sensitive and
30% specific in predicting the presence
of arterial bleeding on angiography.

Some surgeons use hemodynamic
instability on presentation (defined
as systolic arterial pressure <90 mm
Hg after an infusion of 2 L of lac-
tated Ringer solution and the initi-
ation of transfusion of packed red
blood cells) as an indication to
immediately perform angiography
with embolization.' Other sur-
geons attempt to stabilize the pelvic
fracture with an external fixator,
sheets, or a pelvic binder to reduce
pelvic volume and stabilize clot
formation.!%-31 A study of pressure-
volume relationships in cadavers by
Grimm et al3> showed that pres-
sures of only 10 mm Hg are required
for tamponade of venous bleeding
in the pelvis. They showed that
sufficient retroperitoneal pressures
would be reached without the use of
external fixation. Even with exter-
nal fixation, the pelvis is not a
closed space, especially when it has
been violated by trauma, allowing
the bleeding to extend beyond its
normal boundaries within the pel-
vis.'® Miller et al'3 recommended
sending patients directly to angiog-
raphy, stating that external fixation
would have delayed effective con-
trol of arterial hemorrhage in 7 of
16 patients (44%) in their study.
However, this opinion is not uni-
versally accepted.

Patients who are nonresponsive to
resuscitation are usually investigated
with Focused Assessment with Sonog-
raphy for Trauma (FAST),!3:17:18
diagnostic peritoneal lavage (DPL), or
CT and are treated with a binder,
laparotomy, external fixation, or pel-
vic packing before the decision to
perform angiography is made. A pos-
itive FAST or DPL examination should
be followed by laparotomy when

indicated for further investigation of
abdominal injury and hemorrhage.
When laparotomy is indicated, several
authors prefer to stabilize the pelvis
with an external fixator or a C-clamp
and then proceed to pelvic pack-
ing.2+3638 This strategy has been
shown to reduce the need for angiog-
raphy, reduce the need for blood
transfusion, and possibly decrease
mortality >+36-38

Negative FAST and DPL examina-
tions draw suspicion to the pelvis as
the source of bleeding. The current
controversy regarding treatment in
patients with pelvic hemorrhage and
negative DPL or FAST results is
whether to stabilize the pelvis with a
binder or sheet and proceed to angi-
ography®10:17:20 or to stabilize the
pelvis surgically with external fixa-
tion or a C-clamp and use pelvic
packing.3¢37  Pelvic  stabilization
using binders or sheets is quick and
effective, and it reduces the time to
angiography. Depending on institu-
tional preferences and resources, the
order of angiography versus pelvic
fixation or stabilization and pelvic
packing after negative FAST or DPL
results may vary.2? Pelvic packing can
reduce the need for angiography and
embolization, and it may improve
survival.'’ Compared with angiog-
raphy, pelvic packing is a relatively
invasive procedure that requires spe-
cific expertise, may not be completely
effective in controlling bleeding from
large-bore arteries, and requires an
additional surgical procedure for
removal of the packs 24 to 48 hours
after the initial procedure.

A well-accepted indication for
embolization after angiography is the
presence of active arterial bleeding,
seen as a contrast blush on angiog-
raphy.> Hak et al3® recommend
embolization if visual evidence of
arterial injury is observed to avoid
the risk of delayed hemorrhage,
which can result in pseudoaneurysm,
arteriovenous fistula, pelvic hema-
toma, and vessel truncation.1820

Pelvic Fracture Type as an
Indication for Angiography

The Pennal as well as the Young and
Burgess classifications of pelvic frac-
tures are based on the mechanism of
injury.3* The main fracture types are
APC, lateral compression (LC), ver-
tical shear (VS), and combined
mechanism (CM). The LC and APC
types are subdivided into three
grades of increasing severity. Pattern
types APC II and III, LC III, VS, and
CM, which are indicative of major
ligamentous disruption, are associ-
ated with  higher transfusion
requirements, the presence of pelvic
arterial injury, and the incidence of
pelvic  hemorrhage.6-%-11,20,21,33-35
El-Haj et al® found that patients with
fracture types APC II and III, fol-
lowed by LC II and III, were most
likely to have major arterial bleeding
requiring embolization, but they
found no statistically significant dif-
ference between pelvic fracture types
in terms of bleeding observed on
angiography. Other studies also did
not demonstrate a notable correla-
tion between this classification and
arterial bleeding.?>-%-1417:20  Con-
versely, Costantini et al”> showed that
APC injuries were least likely to have
a positive angiogram, compared
with other fracture types.

The Tile classification for pelvic frac-
tures includes type A (stable), type B
(rotationally unstable, vertically stable),
and type C (rotationally and vertically
unstable). Hauschild et al® showed no
statistically ~ significant  correlation
between embolization and Tile classi-
fication. Although Takahira et al?3
found that 60% of their patients with
embolization had Tile type C fractures,
this study focused only on emboliza-
tion resulting in gluteal necrosis, for
which the authors had a small sample
size (five patients). Barentsz et al?!
showed that 14 of 19 of their patients
(74%) with type C fractures required
embolization, and all 3 of the patients

who died in their study had Tile type C
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fractures. Other authors concluded
that severe pelvic bleeding with dam-
age to the trunk of the internal iliac
artery is more likely in patients with
high-energy type C fractures than in
patients with other fracture types.'8

Fractures through the sciatic notch
are thought to be associated with a high
rate of arterial injury because of the
proximity of the superior gluteal artery
(SGA)'3:25 (Figure 2). Diastasis of the
pubic symphysis may also indicate an
increased likelihood of arterial dam-
age.' However, multiple studies of
patients with unspecified fracture
types have shown discrepancies in
findings of association between pelvic
fracture and hemorrhage.>*'73° Ex-
sanguinating hemorrhage can occur in
patients with seemingly low-risk pat-
terns, such as APC type I. Hemorrhage
from the SGA has been described in
the absence of pelvic fracture.!’
Hence, obtaining an arteriogram on
the basis of pelvic fracture alone
would result in a low yield of vessels
requiring embolization.!%1¢

In the compiled data from 16
studies, 478 fractures in patients
who underwent angiography were
classified by fracture type according
to the Young and Burgess classifi-
cation2-5:6:9.10,13,14,16,17,20,21,23-27
(Appendix 2, Supplemental Digital
Content 2, Pelvic Fracture Types
Associated With Angiography or
Angioembolization, http:/links.lww.
com/JAAQOS/A76). Of these, the
most common fracture type was LC,
with 228 fractures (47.7%), followed
by APC (159 fractures [33.3%]), CM
(59 fractures [12.3%]), and VS (32
fractures [6.7%]). Among the 86
fractures classified according to the
Tile classification, type C was the
most common, with 64 fractures
(74.4%), followed by type B (15
fractures [17.4%]) and type A (7
fractures [8.1%]). Among the 76
patients who underwent embolization
and were classified using the Young
and Burgess classification, type LC
was the most common fracture pat-

A, Angiogram showing posterior branch/superior gluteal artery extravasation
(circled) in a 47-year-old woman who sustained a Young and Burgess lateral
compression type lll pelvic injury in a motor vehicle accident. B, Angiogram
showing successful embolization (circled).

tern, with 42 fractures (55.3%), fol-
lowed by APC (22 fractures [28.9%]),
VS (7 fractures [9.2%]), and CM (5
fractures [6.6%]). Among the 81
fractures classified according to the
Tile classification, type C was the
most common pattern (61 fractures
[75.3%]), followed by type B (14
fractures [17.3%]) and type A (6
fractures [7.4%]). Select studies clas-
sifying patients who underwent pelvic
angiography or angioembolization by
fracture type are shown in Appendix
2 (Supplemental Digital Content 2,
Pelvic Fracture Types Associated
With Angiography or Angioemboli-
zation, http:/links.lww.com/JAAOS/
A76). Although basing the decision
to perform angiography on pelvic
fracture type alone is not recom-
mended, these data show that the
Young and Burgess LC and APC and
the Tile type C fracture types most
often required angioembolization,
compared with other fracture types.

Use of CT to Predict the Need
for Angiography

Contrast-enhanced CT can be useful
in predicting the need for angiogra-
phy.3! The indication to proceed to

angiography can be either extravasa-
tion of contrast from vessels or the
presence of pelvic hematoma in a
patient who is hemodynamically
unstable and has a pelvic injury. The
sensitivity and specificity of CT in
predicting the need for angioemboli-
zation range from 60% to 90% and
from 92% to 100%, respec-
tively.13:1421.26,35  However, in a
study by Costantini et al,” only 4 of
17 patients with positive angiography
findings had positive findings on
contrast-enhanced CT, vyielding a
sensitivity of 23.5%. A positive find-
ing of contrast extravasation on CT
has been shown to have enormous
value in management, whereas a
negative test likelihood ratio is con-
sidered intermediate in magnitude.?’
Using the patient’s hemodynamic
status and response to resuscitation in
addition to the results of contrast-
enhanced CT is helpful in predicting
the need for angiography.!3 Patients
with a positive blush on CT in the
clinical context of hemodynamic
instability and a pelvic injury are
likely to require embolization. How-
ever, care must be taken to avoid
delaying angiography when the sus-
picion of hemorrhage is high. Thus,
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A, Pelvic angiogram showing extravasation resulting from a Young and Burgess
anterior-posterior compression type Il pelvic injury in a 41-year-old man who
was crushed by a forklift. B, The patient underwent laparotomy, external fixation
with a femoral distractor, pelvic packing, and angiography with gel foam
embolization of both internal iliac artery arteries.

the utilization of CT, as with many
techniques in trauma management,
depends on its availability.'3

Angiography and
Embolization Utilization,
Success, and Mortality
Rates

In 24 studies that we reviewed,
accounting for a total of 15,633
patients with pelvic fractures, the need
for angiography ranged from 0.34% to
48.6%.257:918,2029 T these studies,
13.1% to 100% of the patients who
had an angiogram proceeded to
embolization. Despite the wide range
of angioembolization rates in these
studies, a common finding is a high
success rate of embolization, ranging
from 74% to 100%. However, the
studies did not all use the same defi-
nition of success. In one study, tech-
nical success was defined as a
procedure that went as planned and in
which a flow of contrast was no longer
visualized distal to the embolized seg-
ment.?! The 74% success rate referred
to the authors’ definition of treatment
success, meaning that the patient was
no longer hemodynamically unstable
after the procedure, despite 100%
technical success. In that study, treat-
ment failed in five patients:
two required additional surgeries for

other injuries, two died from hypo-
volemic shock, and one died from
cerebral herniation.?! The treatment
success rate, although still high, was
lower than the 93% treatment success
rate reported by Velmahos et al.??
The need for repeat angiography is
described in three studies, with rates
ranging from 2.2% to 34%.10-16:22 The
need for repeat embolization ranged
from 11.3% to 40.0%.%-16-22 Gourlay
et al'® reported that the source of
bleeding on repeat angiogram oc-
curred at a new bleeding site in 68 % of
patients, at a previously embolized site
in 18%, and at both new and pre-
viously embolized sites in 14%. Hamill
et al'® reported that the source of
bleeding on repeat angiogram was
from a new site in all patients. One
explanation is distal dislodgement of
gelatin sponge material, leaving the
bleeding site unoccluded. However,
one study showed no significant
association between the type of mate-
rial used and the need for repeat
embolization.*®  Dislodgement  of
material would not explain bleeding at
a new site, as reported in most cases.
Bleeding from a new site may be
attributable to insufficient resuscita-
tion or a transient vasospasm during
the initial angiogram.* Patients with
repeat positive angiographies were
more likely to have multiple injuries
with more severe hemorrhage, com-

pared with those who did not have
repeated positive angiographies.*0
Gourlay et al'® identified hypotension,
pubic symphysis disruption, a trans-
fusion rate >2 U of blood per hour,
and the presence of more than two
pelvic arterial injuries on initial
angiogram as statistically significant
predictors of recurrent arterial hem-
orrhage. They recommended that the
arterial sheath be left in these patients
for 48 to 72 hours. Close surveillance
of these patients is necessary, and the
threshold for repeat angiography
should be low.3!

In patients who underwent emboli-
zation, mortality rates were as high as
88.9%.” However, determining the
presence of a statistically significant
correlation between embolization and
mortality is difficult because of the
high rate of additional life-threatening
injuries.'® Takahira et al?® reported a
mortality rate of 60%, but their study
included only patients who had gluteal
muscle necrosis, all of whom had
substantial high-energy trauma with
multiple injuries. Evers et al” reported
a mortality rate of 88.9%, relating it
to a long mean time to embolization
(>4 hours), which can lead to a pro-
longed low flow state, multisystem
organ failure, and sepsis.

The highest mortality rates are also
from the earliest reports, suggesting
improvement in outcomes with more
modern resources, technology, and
awareness of the indications for an-
gioembolization. Despite the reports
showing high mortality rates, success
rates remain high, showing that an-
gioembolization is an effective strat-
egy for controlling hemorrhage,
although these patients often have
other complex injuries that affect
morbidity and mortality.

Selection of Vessels for
Embolization

The most commonly reported ves-
sels for embolization, in decreasing
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A

A and B, Angiograms showing extravasation (circled in panel A) from the anterior division of the internal iliac artery in a 41-
year-old patient who sustained a Young and Burgess anterior-posterior compression type Il pelvic injury as a result of a
motor vehicle accident. The patient was treated initially with a binder. C, Angiogram showing successful embolization with a

coil (circled).

Figure 5

Axial pelvic CT (A) and aortopelvic angiogram (B) showing bleeding off the posterior division of the right internal iliac artery in
an 81-year-old man who sustained a hemodynamically unstable Young and Burgess lateral compression type Il pelvic
injury in a fall from a roof. The patient was treated initially with a pelvic binder. C, Angiogram showing successful coil
embolization (circled).

order, are the internal iliac artery, at
67.2%; unnamed branches of the
internal iliac artery, at 17.0%; the
SGA, at 4.4%; the obturator artery,

at 4.1%; and the internal pudendal
artery, at 3.2%. Additional embol-
ized vessels included the lateral
sacral artery, iliolumbar artery,

branches of the external iliac artery,
the inferior gluteal artery, the gluteal
branch of the internal iliac artery,
the inferior rectal artery, and the
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Table 1

Complications and Complication Rates Associated With Pelvic Angioembolization

Study Complication Rate Complications

Matityahu et al®* 11% Gluteal muscle necrosis (6), surgical wound
breakdown (5), deep infections (4), superficial
infection (1), impotence (2), bladder necrosis (1)

Hauschild et al® 35.3% Adult respiratory distress syndrome (4), multiple
organ failure (4), infection (1), neurologic deficit
(3), bleeding/hematoma (4)

Lindahl et al® 4% Unilateral gluteal muscle necrosis (1), puncture
site hemorrhage (1)

Travis et al®® 11.4% short term (<30 d), 20.8% Short term: pelvic or perineal infection (13), nerve

long term (>30 d)

Takahira et al®®

El-Haj et al®
Tanizaki et a
Barentsz et al®’
Perez et al*®

|14

Velmahos et al??

Wong et al'®

Not available

damage (2), skin sloughing (5)

Long term: buttock, thigh, or perineal pain (10);
buttock, thigh, or perineal paresthesia (9); skin
ulceration (3); thigh or buttock claudication (1);
impotence (2)

3.3%

None
None
63%

Bilateral gluteal muscle necrosis (5)2
Infection (6), nerve injury (3)

Sciatic palsy (2), deep sepsis (3), fatal pulmonary

embolism (1), colonic infarction (1), ureteral
infarction (1), ileal infarction (1)

None
None

2 No other complications were assessed in the study.

external iliac artery (Figures 2
through 5). Of the vessels listed in
Appendix 3 (Supplemental Digital
Content 3, Vessels Embolized in
Patients Undergoing Pelvic An-
gioembolization, http:/links.lww.
com/JAAQOS/A77), bilateral embo-
lization occurred in 58 patients
with the internal iliac artery (Figure 3),
in 3 patients with unnamed
branches of the internal iliac artery,
and in 2 patients with the inter-
nal pudendal artery (Supplemental
Digital Content 3, Vessels Embol-
ized in Patients Undergoing Pelvic
Angioembolization).

Although their article did not specif-
ically mention which vessels were em-
bolized and thus is not included in
Table 1, Matityahu et al** reported
that 79 of the 98 patients in their study
required bilateral embolization. In that
study, 53 embolizations were selective
(ie, a specific branch was embolized),

and 42 embolizations were non-
selective (ie, a proximal branch was
embolized; Figure 3). Velmahos et al>?
reported that 32% of their patients
required bilateral internal iliac artery
embolization.

The indication for nonselective
(proximal) embolization is usually an
angiogram showing multiple bleed-
ing arteries, or a high suspicion of
multiple-vessel injury in a patient
with  substantial ~ hemodynamic
instability.1-22 Selective embolization
is preferred because it can decrease
the incidence of potential complica-
tions, such as gluteal muscle ischemia,
especially if surgical intervention is
planned.33

Time to Embolization

A consistent finding regarding an-
gioembolization for the management

of pelvic hemorrhage is the impor-
tance of the time to angiography and
embolization. Early angiography
with embolization, when needed, has
been shown to improve patient out-
comes. Agolini et al>” demonstrated
that survival substantially improves
when embolization is performed
within 3 hours of arrival. In another
study, mortality in embolized
patients was 36.4% for those who
arrived for angiography within 3
hours and 75% for patients arriving
after 3 hours.?” Hak et al33 noted
that angiography within 90 minutes
of admission improved survival
rates. Using even stricter time con-
straints, Tanizaki et al'* found that
mortality in patients arriving for
angiography within 60 minutes was
16%, with the rate increasing to
64% when angiography was de-
layed. In the study with the highest
mortality rate after embolization (8
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of 9 patients), Evers et al” reported
that the mean time from admission
to angiography was >4 hours. Thus,
time to angiography is an important
factor to consider when treating a
patient with  suspected pelvic
hemorrhage.?

Complications

Pelvic angioembolization has potential
complications that are important to
consider because they can affect the
patient’s outcome. Complication rates
were specifically stated in 11 articles
that we reviewed; these rates ranged
from zero to 63%:3:6.9:14,18,21-24,28,.29
(Table 1). The complications re-
ported include surgical wound
breakdown/deep infection (men-
tioned in five articles), gluteal
muscle necrosis (four articles),
nerve injury (four articles), bladder
or ureteral infarction (two arti-
cles), bleeding or hemorrhage
(two articles), bowel infarction
(one article), thigh or buttock
claudication (one article), and
impotence (one article). This wide
range of complications creates a
confusing picture of what should
be expected after the procedure.
Nonselective embolization of the
internal iliac artery, especially bilat-
eral embolization, has been suggested
to have higher complication
rates.>1422.24.28,29,32 Travis et al?8
reported a statistically significant
association between bilateral inter-
nal iliac artery embolization and
buttock, thigh, or perineal pares-
thesia. However, they found no sta-
tistically significant associations with
any other complications. In another
study, every patient with a reported
complication had undergone bilat-
eral embolization.>* Several other
studies reported no complications
overall or no complications associ-
ated with bilateral nonselective
embolization.!%21:22 Tanizaki et al'*
attributed the absence of compli-

cations in their study to the use of a
larger-than-average gelatin sponge
for embolization, suggesting that
smaller distal blood vessels should
be left open to collateral blood flow
to avoid substantial tissue ischemia.
A similar theory was proposed but
not proven by Takahira et al.?3
They used steel coils and, in one
patient, a large gelatin sponge to
ensure proximal embolization in
the vessel; however, five patients
still experienced gluteal muscle
necrosis. The authors theorized
that this complication may have
been the result of the initial
trauma rather than a result of the
embolization.

The etiology of complications
after angioembolization is a mixed
scenario involving the direct effects
of embolization and the results of
the often substantial initial trauma.
Regardless of the cause, the physi-
cian must be vigilant in the detec-
tion of complications because they
affect outcomes and can complicate
surgical management. The high
success rates and potentially life-
saving effect of emergent internal
iliac artery embolization outweigh
the marginal and uncertain risks of
complications of the procedure.?®

Summary

Pelvic angioembolization is an effec-
tive treatment for bleeding pelvic
injuries. The importance of minimiz-
ing the time to embolization in
patients with a true arterial hemor-
rhage cannot be overstated, and the
patient must undergo angiography
quickly when appropriate. The use of
DPL, FAST examinations, and CT
can help physicians locate the site
of bleeding. Retroperitoneal pelvic
packing with external fixation is used
before angiography in many centers.
This technique has shown promising
results in terms of reducing mortality
rates and the use of angiography.

Although complications after retro-
peritoneal pelvic packing are difficult
to predict, the clinician must
be mindful of the potential compli-
cations that can affect patient mor-
bidity and mortality and can further
complicate treatment.
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