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Abstract

Purpose Transcatheter angiographic embolization (TAE)
has been widely accepted as a treatment for hemorrhagic
shock associated with pelvic fracture. Gluteal muscle
necrosis is a rare but potentially fatal complication of TAE.
This study aimed to clarify factors associated with safer
embolization procedures by evaluating relationships
between embolic site and risk of gluteal skin injury.
Methods We classified embolized arteries into six groups:
group A, nonselective embolization from the main internal
iliac artery; group B, selective embolization including the
superior gluteal artery but excluding the inferior gluteal
artery; group C, selective embolization including the
inferior gluteal artery but excluding the superior gluteal
artery; group D, selective embolization including both the
superior and inferior gluteal arteries; group E, selective
embolization excluding both the superior and inferior
gluteal arteries; and group F, no embolization. We assessed
the frequency of gluteal injuries, relationships between
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gluteal injuries and embolized arteries, and the contribu-
tions of selective embolization, conservation of the supe-
rior or inferior gluteal artery, and conservation of both the
superior and inferior gluteal arteries to reducing the risk of
gluteal injury.

Results  Gluteal skin injuries were seen at 15 of 160 sites
(9.4%). A significant difference was noted between the
nonselective embolization group (group A: 10/82, 12.2%)
and selective embolization excluding both the superior and
inferior gluteal arteries (group E: 1/39, 2.6%) (p = 0.042).
Conclusions If possible, we recommend selective embo-
lization avoiding the superior and inferior gluteal arteries.

Keywords Pelvic trauma - Vascular trauma - Hip - Soft
tissue injuries

Introduction

Serious hemorrhage is a well-recognized complication of
unstable pelvic fractures [1-4] and represents a principal
cause of early mortality [4]. Transcatheter angiographic
embolization (TAE) has been widely accepted as a treat-
ment for hemorrhagic shock associated with pelvic fracture
[5-7]. However, complications from embolization of the
internal iliac artery have been described, including skin
necrosis [8], bladder wall necrosis [9, 10], avascular
necrosis of the femoral head [11], and neurological com-
plications such as Brown-Sequard syndrome [12] and
paresis [13, 14].

Gluteal muscle necrosis following TAE for pelvic
fracture is a rare but potentially fatal complication of the
procedure. Due to its rarity, the condition has not been
examined in detail. Suzuki et al. [15] reported that all 12
patients with gluteal necrosis they had encountered had
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undergone TAE of bilateral internal iliac arteries with
gelatin sponge slurries. However, the relationships between
embolized arteries and gluteal injury are yet to be clarified.

The purpose of this study was therefore to evaluate
correlations between embolized arteries and gluteal injury
following TAE for hemorrhage associated with pelvic
fracture.

Materials and methods

Institutional review board exemption was obtained for this
retrospective study. Informed consent for arterial emboli-
zation was obtained for all patients in this study.

From January 2000 to December 2008, a total of 139
hemodynamically unstable pelvic fracture cases were
managed using TAE of the internal iliac arteries to control
retroperitoneal bleeding at our trauma center (fall from
height, n = 60; traffic accident, n = 70; mechanical com-
pression, n = 9). Among these, 41 patients died within the
first 24 h. All 196 internal iliac arteries in the remaining 98
patients (56 men, 42 women) were analyzed for this study.
Mean age was 37.4 years (range 1678 years) and mean
injury severity score (ISS) was 21.2 (range 4-50). Gluteal
skin injuries that had not been observed on admission were
diagnosed in 13 patients (13.3%). Skin injuries localized in
the sacral region were excluded in this study, given the
strong possibility of decubitus ulcer due to pressure from
bony prominences.

Angiography and embolization methods

Intra-arterial digital-subtraction angiography (DSA) (Poly-
star; Siemens Medical System, Munich, Germany) was
performed using a standard technique with a 6-F introducer
sheath with a side connection for arterial pressure
monitoring.

Femoral artery access was conducted through the side
contralateral to the severely injured artery on radiological
examinations [as determined from computed tomography
(CT) and pelvic plain radiography].

A 5-F catheter (Formorcath; Cathex, Tokyo, Japan) was
first inserted into the contralateral internal iliac artery.
Arteriography of the main internal iliac was performed to
detect hemorrhagic arterial branches. In severely hemo-
dynamically unstable patients and in patients with multiple
hemorrhagic arterial branches, immediate embolization of
the main internal iliac artery (nonselective embolization)
was performed using approximately 2 x 2 x 2 mm gela-
tin sponge particles (Gelform; Upjohn, Kalamazoo, MI,
USA) made with a scissor-cutting technique until extrav-
asation of the contrast material completely disappeared on
arteriography. Additional embolization of the main internal
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iliac artery with 5-8 mm steel coils (Cook, Bloomington,
IN, USA) was often performed as a supplementary proce-
dure. In patients who were not severely hemodynamically
unstable, selective catheterization and embolization of the
injured arteries was performed through a coaxial catheter
(selective embolization) with the gelatin sponge particles
(and often steel coils) until extravasation of the contrast
material completely disappeared. Ipsilateral internal iliac
arteriography was then performed using a 5-F pre-shaped
shepherd hook catheter. When embolization successfully
stabilized the hemodynamics and the absence of extrava-
sation was confirmed on angiography of the branches, no
further embolization was performed in the ipsilateral
internal iliac arteries. Hemodynamic condition stabilized
immediately following successful embolization.

Assessment of embolic site and skin injury site

The gluteal skin and internal iliac arteries in the 98 patients
were divided into 196 sites and arteries (right and left).

Embolized arteries were classified into the following six
groups (Fig. 1): group A, nonselective embolization; group
B, selective embolization including the superior gluteal
artery but conserving the inferior gluteal artery; group C,
selective embolization including the inferior gluteal artery
but conserving the superior gluteal artery; group D, selec-
tive embolization including both the superior and inferior
gluteal arteries; group E, selective embolization conserving
both the superior and inferior gluteal arteries; and group F,
no embolization (only from opposite internal iliac arteries).

Severity of skin injuries was classified into the following
four grades: grade 0, no injury; grade I, skin reddish or
swelling; grade II, skin ulcer (Fig. 2); and grade III, skin
and muscle necrosis (Fig. 3).

A

E

Fig. 1 Schema of embolic branches of the internal iliac artery
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Fig. 2 Grade II; skin ulcer without muscle necrosis

Fig. 3 Grade III; skin and gluteal muscle necrosis
Statistical analysis

First, the frequency of gluteal injuries was analyzed. Next,
relationships between gluteal injuries and embolized
arteries were analyzed. Finally, the contributions of selec-
tive embolization and conservation of the superior and/or
inferior gluteal arteries to reducing the risk of gluteal injury
were assessed.

Statistical analysis was performed using the JMS 5.0.1J
software package (SAS Institute, NC, USA). A value of
p < 0.05 was considered significant.

Results

Embolization was performed for 160 of 196 internal iliac
arteries (groups A + B + C + D 4+ E). Gluteal skin
injuries that had not been observed on admission were

Table 1 Relationship between embolized arteries and skin injuries

Group Skin injury (—) Skin injury (4)

A 72 10 12.2%
B 14 0 0%

C 17 3 15.0%
D 4 1 20.0%
E 38 1 2.6%
F 34 2 5.6%

Table 2 Relationship between embolized arteries and injury severity

Group Grade 0 Grade | Grade 11 Grade III
A 72 2 5 3
B 14 0 0 0
C 17 2 0 1
D 4 0 0 1
E 38 0 1 0
F 34 0 1 1

identified in 15 of 160 sites (9.4%). Skin injuries were seen
in 10 of 82 sites (12.2%) in group A, 0 of 14 (0%) in group
B, 3 of 20 (15.0%) in group C, 1 of 5 (20.0%) in group D,
and 1 of 39 (2.6%) in group E (Tables 1, 2).

Our study revealed a higher frequency of gluteal skin
injuries in the nonselective embolization group (group A:
10/82, 12.2%) (Fig.4) than in groups with selective
embolization of hemorrhagic branches (groups B +
C + D + E: 5/78, 6.4%). The odds ratio for gluteal skin
injuries in group A compared to groups B + C + D + E
was 2.03 (95% confidence interval 0.68-6.78; p = 0.205).

No significant difference was seen between groups with
embolization including (groups A + B 4+ D: 11/101,
10.9%) and conserving (groups C + E: 4/59, 6.8%) the
superior gluteal arteries (odds ratio 1.68; 95% confidence
interval 0.54-6.30; p = 0.379).

Statistical analysis of each selective embolization group
compared to the nonselective embolization group is
described below. Odds ratios were 4.200 (95% confidence
interval 0.23-75.77; p = 0.067) in group B, 0.79 (95%
confidence interval 0.21-3.79; p = 0.740) in group C, 0.56
(95% confidence interval 0.07-11.44; p = 0.633) in group
D, and 5.83 (95% confidence interval 1.06-108.92; p =
0.041) in group E.

On the other hand, gluteal skin injuries were also
identified in sites with no embolization (group F: 2/31,
6.5%). Severe gluteal injuries including muscle (grade III)
were noted at 6 sites from 5 cases.

We used gelatin sponge particles alone in 47 and addi-
tional steel coils in 113 internal iliac arteries. Six of 47 sites
(12.8%) in which gelatin sponge particles were used alone
and 11 of 113 sites (9.7%) in which additional steel coils
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Fig. 4 A 40-year-old man injured in a fall from height. Severe
gluteal injury including muscle (grade I1I) was noted on the right side
after nonselective embolization (group A). a Right internal iliac
arteriogram demonstrating multiple foci of extravasation of contrast
medium (arrows). b Extravasation of contrast medium disappeared
after embolization

were used showed gluteal skin injuries. The odds ratio for
additional coils compared to gelatin sponge particles alone
was 0.74 (95% confidence interval 0.26-2.26; p = 0.572)
(Fig. 5).

Discussion

Ischemic necrosis of the buttock muscles following TAE is
rare, because a potentially well-developed network of
arterial collaterals in the hip region is available to maintain
a sufficient blood supply. In our study, 9.4% of the em-
bolized sites showed skin injuries. However, the rate of
severe skin injury requiring clinical care (grade II or III,
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Fig. 5 Group E. The left ileolumbar and lateral sacral arteries were
selectively embolized using gelform particles and microcoils. No
gluteal injuries were noted following embolization in this case

n = 11) was 6.9% among the embolic sites. Soft tissue
injuries extending to deep spaces normally require the use
of skin/muscle flaps for stable wound coverage. Skin grafts
often show unsuccessful results in the presence of such
ischemic injuries.

As serious hemorrhage in pelvic fracture is a life-
threatening complication, nonselective embolization of
bilateral internal iliac arteries with gelatin sponge particles
will be necessary to control multiple bleeding sites and
concealed arterial injuries caused by vasospasm, in order to
preserve life in cases of major hemodynamic instability
that persist despite failure to identify any arterial lesion
[16, 17]. Velmahos et al. [16] noted no severe morbidity in
relation to nonselective embolization of bilateral internal
iliac arteries in the 30 patients in their study. Although
nonselective occlusion of bilateral internal iliac arteries has
not generally been thought to give rise to any complica-
tions [18-20], some disadvantages to TAE of the internal
iliac artery have been reported [15, 21].

The present study revealed a higher frequency of gluteal
skin injuries in cases with nonselective embolization of the
main internal iliac artery compared to selective emboliza-
tion. Nonselective embolized sites showed skin injuries in
12.2%.

Gluteal soft tissue is almost entirely supplied by the
superior and inferior gluteal arteries, so we tried to evaluate
the importance of selective embolization conserving those
arteries. The superior gluteal artery is one of the main
feeding arteries for the gluteal region, and embolization is
easily avoided without wasting time in emergency situa-
tions because of the anatomical position. However, no
significant difference was seen between groups with
embolization including the superior gluteal arteries and
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those conserving the superior gluteal arteries. Statistical
analysis of the groups with each selective embolization
compared to groups with nonselective embolization found
significant differences only in the group with selective
embolization conserving both the superior and inferior
gluteal arteries. As bleeding in muscles is easily stopped
due to the tamponade effect, we suggest avoiding embo-
lization of the superior and inferior gluteal arteries to
reduce the risk of skin injury, if the hemodynamic condi-
tion of the patient is tolerable.

Gelatin sponge particles are appropriate emboli in cases
involving single or multiple injuries of small arteries, and
are also useful when more distal occlusion is needed or when
multiple collateral channels are considered to be present. As
gelatin sponge particles represent temporary occluding
agents, the affected arteries often recanalize within a few
days. However, embolization with small particles reaching
to the capillary level is contraindicated because of the
potential for elimination of collateral flow, resulting in
massive tissue necrosis. Addition of steel coils to reduce
blood flow toward the injured vessels is considered to have
little influence on gluteal skin injuries, because steel coils
only clamp the proximal portion of a vessel without
impairing the development of distal collateral pathways.

Gluteal skin injuries were also shown at three sites in the
nonembolization group. We cannot draw any conclusion
from our study regarding why skin injuries were noted.
Pelvic fracture sometimes accompanies gluteal soft tissue
injuries, although the significance of injuries may not ini-
tially be apparent. Peripheral hypocirculation due to
unstable blood pressure could also potentially interrupt the
development of collateral arteries.

Conclusion

Based on the present findings, we recommend performing
selective embolization while avoiding the superior and
inferior gluteal arteries wherever possible in cases of
hemorrhagic pelvic fracture. If only the superior gluteal
artery is conserved, no decrease in skin injury risk can be
obtained. The possibility of skin injuries in unembolized
gluteal regions must also be recognized.
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