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PURPOSE
We aimed to study the technical and clinical outcome of urgent transcatheter arterial embolization (TAE) for postoperative arterial complications after pelvic or hip surgery, and to accumulate
additional experience about the role of embolization for these injuries.
METHODS
Patients who received TAE procedure for arterial complications after pelvic or hip surgery between September 1st, 2002 and December 1st, 2014 were screened on medical records and included in the analysis. Angiographic findings included active contrast agent extravasation,
pseudoaneurysm formation, arteriovenous fistula, and other suspicious signs such as sighting
of coarse margin or distortion of vessels. Embolic agents consisted of coils, gelatin sponge,
and polyvinyl alcohol. Technical success was defined as complete occlusion of targeted artery
through angiography, and clinical success as sustained resolution of symptoms.
RESULTS
A total of 22 patients (15 males, 19–76 years old) were enrolled. Prior to TAE, 12 patients developed hemorrhagic shock and the remaining 10 patients had hemorrhage-related pain, hematoma, or anemia. Contrast agent extravasation occurred in 12 cases, pseudoaneurysm formation in
5 cases, and other suspicious signs in 5 cases. Injury occurred in the internal iliac artery stem in 6
cases, inferior gluteal artery in 6 cases and superior gluteal artery in 6 cases. Multiple vascular lesions appeared in 5 cases. After TAE, technical success occurred in 22 patients and clinical success
in 21 patients (95.5%). A 36-year-old woman died of irreversible multiple organ failure; no other
severe procedure-related complications were recorded.
CONCLUSION
TAE is safe and effective for postoperative arterial complications after pelvic or hip surgery.
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rterial complication after pelvic or hip surgery is a rare condition, with an incidence
less than 0.5% (1). The probable mechanisms of arterial injury include invasive surgery, prosthesis implantation, and coagulation disorder (2). Arterial complication
could be life-threatening because of rapid progress of hemodynamic instability (3); therefore seeking an urgent and effective countermeasure of definite bleeding control is essential for clinicians.
Compared with traditional surgical intervention, TAE procedure has several significant
advantages, such as minimal invasiveness, earlier recovery of physical activity, and no need
of general anesthesia (4, 5). However, the current literature evaluating TAE outcome as remedial measure for surgical complication is predominantly composed of case reports or
series on multimodal endovascular treatments (6–9). Moreover, the awareness of and the
willingness to try this treatment among orthopedic surgeons seems poor, because many
orthopedic surgeons have not encountered any such cases and TAE procedures are usually
performed by interventional radiologists (10). Therefore, a case series with better homogeneity would help to enrich the related clinical experience.
TAE is often applied as the primary strategy for iatrogenic arterial injury in our hospital.
Herein, we aimed to evaluate the safety and effectiveness of TAE for arterial complications
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after pelvic or hip surgery and to accumulate additional experience about the role of
embolization for these injuries.

Methods
Patients
Patients who received TAE procedure for
postoperative arterial complications after
pelvic or hip surgery were investigated. Imaging data of all TAE procedures were prospectively preserved and classified according to bleeding site. We further reviewed
medical records through image ID instead
of keyword retrieval. The criteria for inclusion in the study were as follows: pelvic or
hip surgery, complicated with suspected
massive bleeding through local or systemic signs (paresthesia, a nonhealing wound,
hematoma, anemia or hemorrhagic shock);
arterial injuries (active contrast agent extravasation, pseudoaneurysm formation,
arteriovenous fistula, and other suspicious
signs) confirmed by angiography and followed by TAE surgery. The present study
does not include patients who received
treatments other than embolization. The
study has been approved by the hospital
ethics committee. All conscious patients
signed informed consent for TAE treatment.
All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and national research committee and
with the 1964 Helsinki declaration and its
later amendments or comparable ethical
standards.
A total of 362 patients received interventional embolization between September 1st, 2002 and December 1st, 2014. Of
them, 96 patients received embolization
for arterial injuries in the pelvic or hip
zone. Excluding 74 cases of traumatic pel-

Main points

•

Arterial complication after orthopedic surgery
is rare (less than 0.5%) and occurs mostly after
pelvic or hip surgeries.

•

The current literature evaluating transarterial
embolization (TAE) outcome as a remedial
measure for surgical complication is infrequent, and the awareness of and willingness
for trying this treatment among orthopedic
surgeons seems poor.

•

TAE is a safe, feasible, and lifesaving strategy
for postoperative arterial complications after
pelvic or hip surgery and should be considered
as the first option because of its minimal invasiveness and lack of complications.

vic bleeding or preoperative prophylactic
embolization, 22 patients (15 males, 19
to 76 years old) receiving TAE procedure
for arterial complications after pelvic or
hip surgery were included in the present
study. Prior to TAE, 12 patients developed
hemorrhagic shock and the remaining 10
suffered from hemorrhage-related pain,
hematoma, or anemia.
TAE procedure
After local anesthesia, 13 cases of ipsilateral femoral artery access were routinely performed, and the other 9 cases were
performed via contralateral femoral artery
access. After placing 5 French sheath (Terumo), access to the ipsilateral common
iliac artery was gained using 0.035-inch
hydrophilic guidewires and 4 French catheters (Terumo). Nonselective and selective
diagnostic angiography of iliac artery and
branches was performed using Ultravist
300 contrast agent. The arterial and delayed phases (8–10 cardiac cycles) were
observed. Abnormal angiographic findings included active contrast agent extravasation, pseudoaneurysm formation,
arteriovenous fistula (11), and other suspicious signs (sighting of coarse margin or
distortion of vessels).
Embolization was performed by an interventional radiologist with 25 years of
clinical experience in endovascular intervention. For definite hemorrhagic lesions,
superselective embolization was performed
in proximity to the culprit artery branch. For
suspected hemorrhagic lesions, target vessel or proximity trunk artery were embolized to avoid occult bleeding. Coils, gelatin
sponge, or polyvinyl alcohol was selected
depending on the site of injury, vessel size,
and therapeutic purpose. For the purpose
of temporary blocking active extravasation
of small sized arteries, gelatin sponge or
polyvinyl alcohol was selected. For trunk arteries with large blood flow, coils followed
by gelatin sponge or polyvinyl alcohol were
preferred the most. The success of procedure was confirmed by angiography and repeated TAE was carried out when necessary.
Additionally, contralateral angiography was
performed to confirm no collateral vessels
to injured artery. For patients undergoing
arterial embolization, such as the unilateral
external iliac artery, the femoral artery, or
the bilateral internal iliac artery, ischemia of
limbs or organs were closely monitored and
readied for bypass surgery.
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Outcome assessment
During hospitalization, continuous monitoring of symptoms was performed after
the endovascular procedure, any related
abnormity was recorded in detail. Thirty-day follow-up of symptoms and complications (early or delayed recurrence of
hematoma or bleeding, functional organ
deficits, coils migration and backwash, inherent symptoms like pain and infection,
nontarget embolization, and skin or periarticular tissue necrosis) was completed by
outpatient visits or telephone interviews.
Technical success was defined as complete occlusion of targeted artery through
angiography at the end of intervention.
Clinical success was defined as the sustained resolution of symptoms (without
repeated endovascular treatments or subsequent surgical intervention) from 24
hours after procedure to discharge (range,
7–28 days). Short-term complication was
classified according to in-hospital medical
records and 30-day follow-up results.

Results
Demographics and procedural details are
summarized in Table 1, and a typical case
is shown in Fig. Angiography examination
revealed 12 patients with contrast agent
extravasation, 5 patients with pseudoaneurysm formation and 5 patients with other
suspicious signs. Contrast agent extravasation accounted for most of the hemodynamically instable cases (66.6%, 8/12). The
most commonly injured vessels were the
internal iliac artery stem in 6 cases, inferior
gluteal artery in 6 cases, and superior gluteal artery in 6 cases. Multiple vascular lesions appeared in 5 cases.
TAE was the only endovascular treatment
used. Embolic materials included coils, gelatin sponge, and polyvinyl alcohol. As soon
as the embolic procedure was over, active
bleeding signs were no longer detected
in any of the patients, yielding a technical
success rate of 100%. Within 24 hours of
endovascular procedure, 21 of 22 patients
achieved sustained resolution of symptoms,
yielding a clinical success rate of 95.5%.
A 36-year-old woman received a technically successful embolization of internal
iliac artery trunk, but the hemodynamic
instability persisted. Five hours after embolization, repeated angiography was carried
out in order to find out the source of bleeding. However, no signs of arterial injury
were found and previous embolization was
Wang et al.
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Figure. a–d. A 51-year-old man with gluteal hematoma after pelvic internal fixation. Angiography
of internal iliac artery (a) shows pseudoaneurysm of superior gluteal artery and agent extravasation
from iliolumbar artery. Panel (b) shows embolization of distal internal iliac artery using coils followed
by gelatin sponge through 3-F PROGREAT microcatheter. Postembolization selective angiogram
demonstrated no contrast agent filling in pseudoaneurysm. After selective embolization for branches
of iliolumbar artery using gelatin sponge (c), contrast agent extravasation is no longer detected from
angiography. Aorta angiography (d) further demonstrates technical success of the procedure.

reliable through angiography, therefore
repeat embolization was not carried out.
Unfortunately the patient finally died of irreversible multiple organ failure.
No other severe procedure-related complications were recorded.

Discussion
The diagnostic and therapeutic role of
endovascular treatment has been shown
by several previous case reports and series
(8, 12–16). However, the satisfying outcome
of especially TAE for iatrogenic arterial complications is patchy, and the awareness of
and willingness for that treatment among
orthopedic surgeons seems poor, because
relevant studies were infrequently reported (10, 17). Additional single-center experience with high homogeneity is valuable
for expanding clinical experience. Herein,
through retrospective analysis of 22 un-

common clinical cases in a single center, we
found TAE to be a safe, feasible, and lifesaving strategy for postoperative arterial complications after pelvic or hip surgery, with a
technical success rate of 100% and a clinical
success rate of 95.5%. Our results, together
with the previously published results (summarized in Table 2) (10, 17–20), contributes
to the recommendation of TAE for postoperative arterial complications after pelvic or
hip surgery.
With the improvement of embolization
techniques and the experience accumulated by interventional radiologists, clinicians
pay more and more attention to endovascular therapy of iatrogenic arterial injury.
Traditionally, surgical vascular intervention
was considered as the primary choice (13).
However, some disadvantages of traditional vascular surgery cannot be ignored:
surgical exploration may not be effective,

because the source of the bleeding is not
always easy to clarify (21); re-operation will
increase the risk of complications such as
deep infection or anatomic distortion from
a pseudoaneurysm (22). Nowadays, from
the view point of the interventional radiologists, TAE is worth trying as long as the
patient’s hemodynamics tend to be stable
and can tolerate minimally invasive surgery.
Only in patients with malignant hemodynamic instability, damage control surgery
(e.g., pelvic packing) remains as the first
choice (23).
Early recognition of postoperative bleeding is important because of the possibility
to develop serious sequelae. Contrast-enhanced computed tomography (CT) or CT
angiography is a useful noninvasive technique for identifying ongoing arterial hemorrhage. However, only a small portion of
the 22 patients actually received a CT examination (CT angiography is not available for
emergency). First, metal artifact of implants
would interfere the CT image and we usually failed to draw a conclusion. Second, even
if abnormal density was detected, it was difficult to differentiate active bleeding with
intraoperative blood accumulation. Third,
especially in hypotensive state, noninvasive tests usually fail to reveal any abnormality of the major vessels. Angiography
provides direct identification of sources of
bleeding and could bridge to embolotherapy quickly. Angiographic findings of active
contrast agent extravasation, pseudoaneurysm formation, and arteriovenous fistula
were observed in most patients with massive bleeding (24). However, according to
the above signs, it was not easy to detect
occult hemorrhage of small arteries, especially when patient was hypotensive or vasopressor drugs were used (25). Therefore,
any sighting of coarse margin or distortion
of vessels should be noted and superselective angiography is recommended to avoid
misdiagnosis of occult hemorrhage.
Previous results suggested that angiographic finding and time phases was relevant, that earlier postoperative phase tend
to exhibit extravasation of contrast agent
and later phase pseudoaneurysm or arteriovenous fistula (20). In the present study,
the biphasic angiographic finding was not
always observable and 7 of 8 hemodynamically instable patients exhibited contrast
agent extravasation during angiography.
The angiographic findings may directly reflect the severity of vascular injury. Contrast
TAE for postoperative arterial complications •
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Table 1. Demographic data, treatment information, and results
Age/Sex Diagnosis

Orthopedic
surgery

Main symptoms Hemodynamic Angiographic
post surgery
condition
findings

Criminal artery

Material

Technical Clinical
success success

60/F

Coxarthrosis

Total hip
prothesis

BP↓, HR↑

Unstable

Pseudoaneurysm

Superior gluteal Gelfoam
and PVA

Success

Recovery

21/M

Femoral
carcinoma

Complete thigh BP↓, HR↑
amputation

Unstable

Contrast agent
extravasation

Inferior gluteal,
obturator

Success

Recovery

28/M

Acetabular
fracture

Acetabular
reconstruction

BP↓, HR↑

Unstable

Contrast agent
extravasation

Superior gluteal Coils

Success

Recovery

20/F

Acetabular
fracture

Acetabular
reconstruction

BP↓, HR↑, HGB↓ Unstable

Contrast agent
extravasation

Deep circumflex Gelfoam
iliac

Success

Recovery

36/F

Pelvic fracture Internal fixation BP↓, HR↑

Unstable

Contrast agent
extravasation

Internal iliac

Coils

Success

Died of
shock

38/M

Acetabular
fracture/
sinuses

Unstable

Contrast agent
extravasation

Deep femoral

Coils

Success

Recovery

54/M

Hip villonodu- Total hip
lar synovitis
prothesis

Pain, hematoma Stable

Pseudoaneurysm

Inferior gluteal,
obturator

Coils and
gelfoam

Success

Recovery

19/F

Acetabular
carcinoma

Tumor
resection/Total
hip prothesis

Pain, hematoma Stable

Pseudoaneurysm

Inferior gluteal, Coils
superior gluteal

Success

Recovery

44/M

Sacrum
carcinoma

Tumor resection HGB↓

Stable

Other abnormal
vascularities

Inferior gluteal,
obturator

Coils and
gelfoam

Success

Recovery

50/M

Pelvic fracture Internal fixation Hematoma

Stable

Pseudoaneurysm

Internal iliac

Gelfoam
and PVA

Success

Recovery

20/F

Acetabular
fracture

Acetabular
reconstruction

HGB↓

Stable

Contrast agent
extravasation

Deep circumflex iliac, deep
femoral

PVA

Success

Recovery

72/F

Femural neck
fracture

Hip prothesis

Pain, hematoma Stable

Other abnormal
vascularities

Superior gluteal PVA

Success

Recovery

74/F

Femur head
necrosis

Total hip
prothesis

Pain, hematoma Stable

Contrast agent
extravasation

Lateral circumflex femoral

Success

Recovery

44/M

Acetabular
fracture

Acetabular
reconstruction

BP↓, HR↑

Contrast agent
extravasation

Superior gluteal Coils
Success
followed by
gelfoam

Recovery

63/F

Iliac
carcinoma

Tumor resection BP↓, HR↑, HGB↓ Unstable

Pseudoaneurysm

Internal iliac

Recovery

45/M

Acetabular
fracture

Acetabular
reconstruction

Contrast agent
extravasation

Superior gluteal Gelfoam

59/M

Pelvic
fracture

Internal fixation Hematoma

Other abnormal
vascularities

34/M

Pelvic
fracture

Internal fixation Pain, hematoma Stable

23/M

Pelvic
fracture

Internal fixation HGB↓

43/M

Pelvic
fracture

55/F

76/M

Debridement

BP↓

Unstable

BP↓, HR↑, HGB↓ Unstable

Gelfoam
and PVA

Gelfoam

Coils
Success
followed by
gelfoam
Success

Recovery

Internal iliac

Coils
Success
followed by
gelfoam

Recovery

Contrast agent
extravasation

Inferior gluteal

Coils
Success
followed by
PVA

Recovery

Contrast agent
extravasation

Internal iliac

Coils
Success
followed by
gelfoam

Recovery

Internal fixation BP↓, HR↑, HGB↓ Unstable

Contrast agent
extravasation

Inferior gluteal

Coils
Success
followed by
PVA

Recovery

Acetabular
fracture

Acetabular
reconstruction

BP↓,HR↑, HGB↓

Unstable

Other abnormal
vascularities

Internal iliac

Coils
Success
followed by
gelfoam

Recovery

Femoral neck
fracture

Hip prothesis

BP↓, HR↑, HGB↓ Unstable

Other abnormal
vascularities

Femoral

Coils
Success
followed by
gelfoam

Recovery

Stable

Stable

F, female; M, male; BP, blood pressure; HR, heart rate; HGB, hemoglobin; PVA, polyvinyl alcohol.
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Table 2. Findings of the literature review
Author (year)

Country

Patients, n

Mean age, yrs

Treatment

Technical success
% (n/N)

Clinical success
% (n/N)

Procedure-related
complications

Kickuth (2006)

Switzerland

11

62

TAE

100% (11/11)

90.9% (10/11)

Pulmonary embolism
(n=1)

Mavrogenis (2011)

Italy

25

48

TAE

100% (25/25)

100% (25/25)

None

Carrafiello (2012)

Italy

9

75

TAE

100% (9/9)

100% (9/9)

None

Cheng (2013)

Korea

12

68

TAE

91.7% (11/12)

66.7% (8/12)

None

Erschbamer (2015)

Switzerland

13

67

TAE

100% (13/13)

84.6% (11/13)

None

The present study

China

22

44

TAE

100% (22/22)

95.5% (21/22)

None

92

57

TAE

98.9% (91/92)

91.3% (84/92)

Pulmonary embolism
(n=1)

Total
TAE, transcatheter arterial embolization.

agent extravasation exhibited a continuous
process during patients with severe arterial
injury or impaired local hemostatic function.
In contrast, sighting of coarse margin or distortion usually meant moderate bleeding.
Techniques and materials used during
embolization are critical factors determining the treatment prognosis. Although direct identification of bleeding source could
be detected by angiography, the selection
of vessels for embolization was not always
easy to determine. For hemodynamic instability condition or multiple branches hemorrhage, we usually recommend blocking
of proximal larger diameter arteries. For
exact hemorrhage of certain small culprit
vessel, embolization of target vessel is the
reasonable choice, avoiding large areas of
ischemia. Another situation often encountered in practice is embolization of proximal
larger diameter artery followed by embolization of downstream branch vessels with
the purpose of complete hemostasis. Type
of vascular lesion, size of the feeding artery,
and preferences of operator are determinants in the choice of embolic materials.
Generally speaking, for temporary embolization of distal, small culprit vessels, gelatin
sponge or polyvinyl alcohol may be selected; for trunk arteries with large blood flow,
coils followed by gelatin sponge or polyvinyl alcohol are the preferred embolics.
Time-effect is a critical factor that directly affects the outcome of TAE. Early use
of TAE for definite hemostasis in the early
therapeutic window usually results in good
prognosis, especially for patients with hemodynamic instability (26). Although the
embolization was technically successful, a

36-year-old woman in our case series died.
The patient received internal fixation operation because of traumatic pelvic fracture
and quickly progressed to hemodynamic
instability. Considering high blood loss in
previous operation, the doctor-in-charge
preferred transfusion therapy and observation as the first choice. However, several
hours later, the patient underwent hemorrhagic shock with loss of consciousness
and was transported to the ICU. Considering the possibility of persistent vessel
bleeding and intolerance to surgery, orthopedic surgeon sought consultation and
angioembolization was finally performed
2 days later. The irreversible pathophysiological changes due to 2 days of latency might be responsible for this patients
eventual death. A quick in-hospital algorithm and a 24-hour interventional team
should be recommended to shorten the
time for hemostasis in critical patients. Additionally, considering the high accuracy
and low invasiveness of angiography, this
examination should be carried out more
actively for suspected bleeding.
TAE is a safe treatment technique with
rare occurrence of severe complications,
but a few related defects should not be ignored (9, 15, 17). Potential complications after TAE include early or delayed recurrence
of hematoma or bleeding, functional organ
deficits, coil migration and backwash, inherent symptoms like pain and infection, nontarget embolization, and skin or periarticular tissue necrosis (27–29). In our patients,
no severe procedure-related complications
were recorded, indicating that the blocking
effect of TAE on local blood vessels can be

well compensated by delayed collateral
branch, and individualized embolic agent
selection and experienced operators can
help avoid complications.
There are several limitations in our study.
First, our study was small-sized and lacked
a control group, which can be attributed
to the rarity of these iatrogenic arterial
complications. Second, due to the lack of
long-term follow-up, we have not been
able to further evaluate the durability of the
technology. Third, because it is difficult to
carry out prospective randomized trials for
life-threatening situations, we could only
perform a retrospective study. In future,
we will further complete a multicenter case
collection and include patients who underwent surgical therapy as controls.
In conclusion, TAE is a safe, feasible, and
lifesaving strategy for postoperative arterial complications after pelvic or hip surgery,
and should be considered as the first option
because of minimal invasiveness and lack of
complications.
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