Turk ] Med Sci

(2017) 47: 1144-1151

© TUBITAK
doi:10.3906/sag-1603-154

Turkish Journal of Medical Sciences

http://journals.tubitak.gov.tr/medical/

Research Article

TUBITAK

Endovascular embolization in the management of traumatic and
postoperative abdominopelvic bleeding: a single-center experience

Dilek SAGLAM"*, Hasan DINC?, Abdulkadir GONDUZ’, Aysegiil CANSU’, Mehmet Halil 0ZTURK’
'Department of Radiology, Faculty of Medicine, Ondokuz Mayis University, Samsun, Turkey
*Department of Radiology, Faculty of Medicine, Karadeniz Technical University, Trabzon, Turkey
*Department of Emergency, Faculty of Medicine, Karadeniz Technical University, Trabzon, Turkey

Received: 31.03.2016 ®  Accepted/Published Online: 05.05.2017 ®  Final Version: 23.08.2017

Background/aim: Endovascular embolization is widely used instead of surgery in the treatment of traumatic and postoperative
abdominopelvic bleeding. The objective of this study is to evaluate the efficiency of computed tomography in the determination of active
bleeding and the efficiency of endovascular embolization in traumatic and postoperative abdominopelvic bleeding.

Materials and methods: Thirty-one patients admitted to our hospital with traumatic and postoperative abdominopelvic bleeding
between January 2006 and September 2012 and treated with endovascular embolization were retrospectively enrolled in the study. In
15 hemodynamically stable patients, abdominal computed tomography was performed to detect the presence and/or localization of the
hemorrhage. All 31 patients underwent digital subtraction angiography (DSA) and endovascular embolization.

Results: Active hemorrhage was detected in all patients evaluated by computed tomography. Thirty-two embolization procedures were
performed in 31 patients. Embolization was successful in all procedures. Two patients needed retreatment because of recurrent bleeding.
One patient died 2 days after embolization as a result of concomitant multiorgan injury.

Conclusion: Computed tomography is able to detect active bleeding, allowing it to take the place of diagnostic DSA. If careful patient

selection is carried out, endovascular embolization may be the final treatment, despite high-grade visceral organ injury.
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1. Introduction
Trauma is the most common reason for death among the
young population. Uncontrolled bleeding is a major factor
in early mortality after trauma and is responsible for 30%-
40% of trauma-related deaths (1). In cases of postoperative
bleeding, surgery may be difficult and life-threatening,
especially in hemodynamically unstable patients (2).
Endovascular techniques are widely used in the treatment
of trauma patients to stop active bleeding of visceral
organ injuries and pelvic fractures (3,4). Endovascular
embolization is the intentional and controlled occlusion of
a vessel. It represents a rapid method that is less harmful
to the tissues than operative surgery, allowing the control
of bleeding with a minimally invasive technique. Digital
subtraction angiography (DSA) localizes bleeding and
enables embolization within the same procedure.

Timely manipulation of active bleeding is an important
issue in the management of traumatic and postoperative
bleeding. The improved technology in multidetector

* Correspondence: dilekuzman@hotmail.com

1144

computed tomography (MDCT) enables the rapid
evaluation of active hemorrhage. Early determination of
an active hemorrhage site allows faster treatment planning
and endovascular embolization if necessary (5).

The aim of this study is to evaluate the efficiency of
endovascular embolization in patients with traumatic and
postoperative abdominopelvic hemorrhage.

2. Materials and methods
This study was carried out during routine procedures at
our hospital with the approval of the institutional review
board. All patients provided written informed consent
for MDCT and endovascular embolization procedures,
which were performed within the medical standard of
care for diagnosis and treatment of active abdominopelvic
hemorrhage under suitable conditions.

Between January 2006 and September 2012, patients
who were admitted to the Department of Radiology with
traumatic or postoperative abdominopelvic hemorrhage
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and underwent endovascular embolization were included
in the study. The patients were presented to our clinic for
evaluation of vascular injury and probable endovascular
treatment. A total of 31 patients were included in this
study. Demographic data for the patients are shown in
Table 1.

Fifteen patients who were hemodynamically
stable underwent abdominal MDCT examination for
determination of the existence and localization of active
bleeding. All these patients were examined using MDCT
(Somatom Sensation 16, Siemens Medical Systems,
Erlangen, Germany). Examinations were performed
according to the bleeding protocol, in which 3-mm
axial sections were evaluated in four phases: one before
intravenous contrast administration and three after
intravenous contrast administration in the arterial (25 s),
venous (75 s), and late venous (150 s) phases. These images
were evaluated at a workstation in the axial plane and
three-dimensional (3D) multiplanar reformatted images
were used as needed. All patients with active bleeding
underwent DSA and endovascular embolization.

Patients with high clinical suspicion with a decrease
in hemoglobin levels and ultrasonography findings
suggesting active hemorrhage, including the presence of
massive abdominal free fluid, underwent direct diagnostic
DSA and endovascular embolization in the same
procedure.

For DSA and endovascular embolization procedures,
a monoplane was used until 2009 (Advantex, GE Medical
Systems, Milwaukee, WI, USA), whereas a biplane with 3D
reconstruction was used after 2009 (Neurostar, Siemens
Medical Solutions, Erlangen, Germany).

All patients were sedated during the procedures,
which included cardiac and respiratory monitoring. The
procedure consisted of navigating a 4-F to 5-F introducer
sheath through the femoral artery. A 0.889-mm hydrophilic
guide wire was then used, and a catheter suitable for the
localization and structure of the target vessel was inserted.
Angiograms were obtained to determine the existence
and localization of bleeding. Selective catheterization of
actively bleeding vessels was carried out. If possible, 2.6-F
to 3-F microcatheters (Rapid Transid, Excel SL-10, Rebar
14-18, Renegate, Progreade) were used for superselective
catheterization. Various embolizing agents, including

Table 1. Demographic data of the patients.

NBCA (Histoacryl; B. Braun Medical Ltd., Melsungen,
Germany) with iodized oil (Lipiodol, Laboratoire Guerbet,
Roissy, France), polyvinyl alcohol (PVA) particles, coils,
and autologous blood clots, were used for embolization
according to the flow characteristics and localization of
active bleeding. If the organ fed by the target vessel had
well-developed collaterals and permanent embolization
was necessary, coils were used. PVA particles were used for
the permanent occlusion of small-sized vessels. Moreover,
due to low viscosity and rapid, stable embolization
properties, cyanoacrylate was used when stable small-
vessel embolization was needed. When temporary
embolization was required, as in the case of major pelvic
vascular injury, autologous blood clotting was used.
Hemostasis was achieved by compression of the puncture
site of the femoral artery following embolization.

In the evaluation of the MDCT and DSA images,
shapeless extravasation of contrast media was accepted as
active extravasation, a saccular protrusion of the contrast
media from the related vessel as a pseudoaneurysm, and
direct communication between the artery and vein as an
arteriovenous fistula.

Angiograms were used immediately after the procedure
to evaluate the efficiency of embolization. If these
angiograms showed no active bleeding, this was defined
as early technical success. The patients were invited back
1 month after the process, when a clinical examination
was performed and hemoglobin levels were determined.
Absence of any clinical findings and normal levels of
hemoglobin were considered adequate for the acceptance
of cessation of the bleeding. Imaging techniques were
not performed. If recurrent hemorrhage was not seen at
the 1-month follow-up, this was defined as late technical
success.

3. Results

Thirty-one patients underwent 32 embolization sessions.
The etiology of bleeding was surgery in 16 patients and
trauma in 15 patients. Detailed etiologies of bleeding are
shown in Table 2.

Fifteen patients were evaluated by CT. Of these
patients, active extravasation was detected in nine,
pseudoaneurysm in three, arteriovenous fistula (AVF) in
one, and both active extravasation and pseudoaneurysm

Number of patients % Age distribution, years Median age, years
Total 31 100 4-74 47.6
Female 6 19.3 22-57 47.8
Male 25 80.7 4-74 47.6
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Table 2. Etiologies of abdominopelvic bleeding.

Etiology of bleeding Number of patients %
Vehicle accident 11 35.48
Gunshot wound 1 3.23
Stabbing injury 3 9.68
Percutaneous nephrolithotomy 13 41.94
Stomach surgery 1 3.23
Cholecystectomy 1 3.23
Trauma surgery 1 3.23

in two. These patients underwent DSA and endovascular
embolization. In all patients examined by MDCT (15
patients), MDCT and DSA findings were relevant, both of
which showed active hemorrhage. MDCT examinations
showed that one patient with bleeding from the left hepatic
artery, caused by a stabbing injury, had Grade 3 hepatic
injury; one patient with bleeding from the splenic artery
showed Grade 3 splenic injury; two patients with bleeding
from the renal artery had Grade 2 renal injury; and one
patient with bleeding from the renal artery had Grade 3
renal injury, according to the American Association for
the Surgery of Trauma injury scoring scale.

Sixteen patients with highly suspect clinical
or ultrasonography findings strongly suggesting
intraabdominal hemorrhage underwent DSA directly, and
endovascular embolization was performed in the same
session. DSA showed active extravasation in 14 patients
(Figure 1), pseudoaneurysm in 11, AVF in 3 (Figure 2),
active extravasation and pseudoaneurysm in 1 (Figure 3),
and active extravasation, pseudoaneurysm, and AVF in 2
patients. The embolizing agents used in the embolization
procedures are given in Table 3.

Early technical success was identified when angiograms
did not show active bleeding following embolization. All
procedures achieved 100% early technical success. No
complications were noted during or after the procedures.
On follow-up, one patient who had embolization for
renal artery bleeding after percutaneous nephrolithotomy
(PNL) had recurrent bleeding 3 days after endovascular
embolization; consequently, embolization was performed
a second time. Another patient, bleeding from the renal
artery because of PNL, had recurrent bleeding and
underwent surgery. One trauma patient died from an
accompanying multiorgan injury 2 days after embolization
(3.2% mortality rate). Other patients showed no recurrent
bleeding on follow-up (93.3% late technical success).
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4. Discussion

Physical examination is not often sufficient for evaluating
trauma patients. Diagnostic imaging is an accepted
standard and a necessity in cases of multiple trauma.
Ultrasonography is used as a first-step diagnostic tool.
However, if the patient is hemodynamically stable, solid
organ injury should be confirmed with CT (6). It may also
be useful in selected hemodynamically unstable patients
(7).

With recent innovations in CT technology, active
bleeding is easier to detect. Short acquisition time,
multidetector technology, and contrast agent pumps are
helpful (8). Active contrast extravasation and localization
can be determined with contrast-enhanced CT (9). If active
extravasation can be diagnosed by CT, catheter angiography
may only be needed for therapeutic purposes. Arterial
extravasation is surrounded with low attenuation clots and
its density is close to that of adjacent major arteries. Active
extravasation is observed as 85-350 Hounsfield units
(HU) on CT, whereas clotted blood is between 40 and 70
HU (10). Detecting arterial embolization on CT enables
timely endovascular embolization, whereas defining the
localization of bleeding provides selective practice on DSA.
Previous studies have reported that contrast-enhanced
CT has 66%-90% sensitivity, 85%-95% specificity, and
87%-98% accuracy in detecting active bleeding (11).
An in vitro study showed that 16-detector MDCT is
comparable with DSA in detecting active bleeding (12). In
the present study, active bleeding was shown on MDCT
for all patients evaluated (15 patients), and active bleeding
was confirmed with DSA. Cases with active bleeding were
detected by CT examination, but that could not be shown
on DSA performed immediately thereafter, as reported
previously (13,14). In the present study, there were no
cases of active bleeding detected by MDCT that could not
be demonstrated by DSA.

Contrast extravasation is the classic angiographic
finding of active bleeding. Extravasation shows the
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Figure 1. 61-year-old male patient with hematuria after percutaneous nephrolithotomy: a) CT showed hyperdense focus with active
extravasation (black arrow) in left kidney; b, c) on DSA, active extravasation (white arrows) was detected; d) NBCA-Lipiodol was used
to embolize the bleeding vessel. Postembolization angiograms showed no extravasation. The patient underwent surgery because of

rebleeding 3 days after embolization.

rupture of a vessel so that it is shapeless, whereas the other
finding of active bleeding, pseudoaneurysm, is a saccular
protrusion isodense to the adjacent vessel (15).

In previous studies, the bleeding rate detectable by
percutaneous visceral angiography was reported to be 0.5
mL/min in dogs (16). Nuclear medicine studies can detect
rates of bleeding as low as 0.1 mL/min (17). The detectable
bleeding rate by helical CT was reported as 0.35 mL/min
in an in vitro study carried out by Roy-Choudhury et al.
(18). More recently, with improvements in technology,
MDCT is preferred over diagnostic DSA in the detection
of abdominopelvic bleeding.

Arterial embolization is a more efficient and reliable
method in intra- and retroperitoneal bleeding control,

especially in patients with high anesthetic and surgical
risk. In addition, compared to surgical ligation, the
catheter can be more distally located in endovascular
embolization, which enables more selective embolization.
Hemodynamically unstable trauma patients may also be
candidates for endovascular embolization as a treatment
modality (19).

Success rates of up to 100% for endovascular
embolization in traumatic and postoperative bleeding
from hepatic vasculature have been reported in previous
studies. Monnin et al. (20) additionally reported successful
endovascular embolization in hemodynamically unstable
patients. In the present study, a patient with Grade 3
hepatic injury and active extravasation from the left

1147



SAGLAM et al. / Turk ] Med Sci

Figure 2. a,b) CT showed left renal arteriovenous fistula (black arrows) in a 43-year-old male after percutaneous
nephrolithotomy; ¢, d) DSA showed AVF (white arrows), and AVF was closed with NBCA-Lipiodol mixture; e)
angiograms showed no pathologic picture immediately after embolization.
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Figure 3. Abdominal CT showed a) hyperdense focus relevant to active extravasation (black arrow) and b) surrounding giant hematoma
(curved arrow) due to a stabbing wound in a 33-year-old male; c) DSA showed left hepatic artery distal branch pseudoaneurysm (white
arrow); d) coil embolization was performed to stop the hemorrhage.

Table 3. Embolizing agents used in embolization procedures.

Embolizing agent

Number of patients

%

NBCA-Lipiodol 18 58.06
Autologous blood clot 3 9.68
Colil 3 9.68
PVA particles 6 19.35
Coil and NBCA-Lipiodol 1 3.23

NBCA: N-Butyl cyanoacrylate, PVA: polyvinyl alcohol.
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hepatic artery, caused by stabbing, was successfully treated
with endovascular embolization. Two other patients with
postoperative bleeding, one from the right hepatic artery
and the other from the gastroduodenal artery, were also
treated with endovascular embolization in a single session.

Grade 1 and 2 splenic injuries are mostly managed by
observation. Active contrast extravasation on CT, splenic
vascular injury, and Grade 3 or 4 injury are indications
for DSA and endovascular embolization. In their study,
Haan et al. (21) reported 80% success of endovascular
embolization for Grade 4 and 5 injuries in 132 patients
with splenic injury. Grade of injury, hemodynamic
stability of the patient, and amount of hemoperitoneum
are several factors affecting the success of nonoperative
management. In the present study, Grade 3 splenic injury
was successfully treated with endovascular embolization.

Previous studies on the treatment of renal vascular
injuries have reported success rates of endovascular
embolization of 80%-95% (22). In our study, endovascular
embolization was performed in 13 patients with active
bleeding due to PNL. One patient had recurrent bleeding
that required a second endovascular embolization session.
Another patient with recurrent bleeding underwent
operative surgery. Except for these two patients, a single
session of endovascular embolization was the final
treatment for all patients. The overall late technical success
calculated was 84.6%. Selective endovascular embolization
is an efficient technique for the treatment of renal vascular
lesions caused by PNL.

In previous studies (23), endovascular embolization
for pelvic arterial hemorrhage was reported to have a
76%-100% success rate, whereas mortality rates were
33%-55% (24). In the present study, a total of 10 patients
with pelvic arterial hemorrhage, eight with hemorrhage
from trauma, one from stabbing, and one from a gunshot
injury were treated with endovascular embolization. Nine
of the patients were hemodynamically stable. One (Case 4)
was successfully treated despite hemodynamic instability.
Bleeding was stopped in all patients. However, the patient
exhibiting hemodynamic instability died 2 days after the
procedure as a result of multiorgan injury.

Mesenteric hematoma is rare after a blunt injury.
In the case of mesenteric artery pseudoaneurysm, the
technique of embolization and embolizing agent used
becomes important. The sandwich technique is used,
which involves coiling or injecting a high concentration
of embolizing agent proximal and distal to the rupture. In
the present study, a patient with superior mesenteric artery
pseudoaneurysm after surgery for multiorgan trauma was
successfully treated with endovascular embolization, using
an NBCA-Lipiodol mixture.

Hematoma at the puncture site, pseudoaneurysm,
arteriovenous fistula, perforation, thrombosis, and
unwanted embolization are the most common general
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complications of endovascular embolization. Biloma,
hepatic necrosis, and peripancreatic abscess are some
complications in hepatic arterial embolization. In previous
studies, complication rates were reported to be between
5% and 42% (25). Two patients had hepatic arterial
embolization in the present study. No complications
occurred during follow-up. Dissection of the renal
artery, renovascular hypertension, pseudoaneurysm,
and arteriovenous fistula are complications of renal
arterial embolization. Further renal insufficiency may
be a contraindication for contrast agent usage; therefore,
surgery is a choice of treatment. Previous studies reported
complication rates of renal artery embolization of up
to 63.4% (26). Splenic abscess and splenic infarcts can
occur in endovascular embolization of the splenic artery.
Various studies have reported complication rates between
6% and 53% (27). Gluteal necrosis, groin hematoma,
and urogenital dysfunction are complications related to
pelvic embolization. In our study, complications related
to endovascular embolization were not observed in any of
the patients.

The present study has certain limitations. The patients
were referred to the department of radiology by other
departments; however, several patients who were potential
candidates for endovascular embolization may have been
directly referred to surgery. In addition, patients with
high clinical suspicion of active bleeding underwent DSA
directly; thus, we were not able to evaluate all patients with
MDCT. Although patients were followed for a month, this
period did not include a complete clinical follow-up.

In conclusion, MDCT is able to detect lower rates of
active bleeding, taking the place of diagnostic DSA. Thus,
DSA may only be used for therapeutic purposes. In the
present study, active bleeding was shown by MDCT in
all the patients evaluated. Endovascular embolization is
an efficient and reliable method in cases of traumatic and
postoperative bleeding. From a total of 31 patients, active
bleeding was stopped in 29 patients via a single session
of endovascular embolization; only two patients needed
retreatment. No complications were seen in our study
during or after the embolization procedures, supporting
the low morbidity rates of endovascular embolization
reported in previous studies. Patient selection is an
important issue in the treatment of active bleeding in
postoperative and traumatic patients. In the past, it was
only used in low-grade visceral organ injury; nowadays,
patients with high-grade visceral organ injury may also
be candidates for endovascular embolization in selected
cases. We stopped bleeding in a patient with pelvic arterial
injury despite hemodynamic instability. In terms of high-
grade injury, three patients, one with Grade 3 hepatic
injury, another with Grade 3 splenic injury, and another
with Grade 3 renal injuries, were also successfully treated
with endovascular embolization.



SAGLAM et al. / Turk ] Med Sci

References

1.

10.

11.

12.

13.

Lopera JE. Embolization in trauma: principles and techniques.
Semin Intervent Rad 2010; 27: 14-28.

Hibner M. The place of angiographic arterial embolization in
managing postoperative bleeding. CME 2004; 9: 53-58.

Goffette PP, Laterre PF. Traumatic injuries: imaging and
intervention in post-traumatic complications (delayed
intervention). Eur Radiol 2002; 12: 994-1021.

Mayglothling JA, Haan JM, Scalea TM. Blunt splenic injuries in
the adolescent trauma population: the role of angiography and
embolization. ] Emerg Med 2011; 41: 21-28.

Hamilton JD, Kumaravel M, Censullo ML, Cohen AM,
Kievlan DS, West OC. Multidetector CT evaluation of active
extravasation in blunt abdominal and pelvic trauma patients.
Radiographics 2008; 28: 1603-1616.

Poletti PA, Wintermark M, Schnyder P, Becker CD. Traumatic
injuries: role of imaging in the management of the polytrauma
victim (conservative expectation). Eur Radiol 2002; 12: 969-
978.

Yoon W, Kim JK, Jeong YY, Seo JJ, Park JG, Kang HK. Pelvic
arterial hemorrhage in patients with pelvic fractures: detection
with contrast-enhanced CT. Radiographics 2004; 24: 1591-
1605.

Maturen KE, Adusumilli S, Blane CE, Arbabi S, Williams DM,
Fitzgerald JT, Vine AA. Contrast-enhanced CT accurately
detects hemorrhage in torso trauma: direct comparison with
angiography. ] Trauma 2007; 62: 740-745.

Willmann JK, Roos JE, Platz A, Pfammatter T, Hilfiker PR,
Marincek B, Weishaupt D. Multidetector CT: detection of
active hemorrhage in patients with blunt abdominal trauma.
AJR Am ] Roentgenol 2002; 179: 437-444.

Shanmuganathan K, Mirvis SE, Sover ER. Value of contrast-
enhanced CT in detecting active hemorrhage in patients with
blunt abdominal or pelvic trauma. AJR Am J Roentgenol 1993;
161: 65-69.

Hagiwara A, Minakawa K, Fukushima H, Murata A, Masuda
H, Shimazaki S. Predictors of death in patients with life-
threatening pelvic hemorrhage after successful transcatheter
arterial embolization. ] Trauma Acute Care 2003; 55: 696-703.

Roy-Choudhury S, Gallacher D, Rankin S, Woodburn P, Steers
J, Adam A. Multislice CT (MSCT) versus digital subtraction
angiography (DSA): sensitivity and lower limit of detection of
active bleeding in a phantom. In: Radiological Society of North
America 2005 Scientific Assembly and Annual Meeting; 27
November-2 December 2005; Chicago, IL, USA. Oak Brook,
IL, USA: Radiological Society of North America.

Schiirmann K, Biicker A, Jansen M, Tacke J, Schmitz-Rode
T, Giinther RW. Selective CT mesentericography in the
diagnostics of obscure overt intestinal bleeding: preliminary
results. Fortschr Rontgenstr 2002; 174: 444-451 (in German
with abstract in English).

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Dondelinger R, Trotteur G, Ghaye B, Szapiro D. Traumatic
injuries: radiological hemostatic intervention at admission.
Eur Radiol 2002; 12: 979-993.

Walker TG, Salazar GM, Waltman AC. Angiographic evaluation
and management of acute gastrointestinal hemorrhage. World
] Gastroenterol 2012; 18: 1191-201.

Nusbaum M, Baum S. Radiographic demonstration of
unknown sites of gastrointestinal bleeding. Surg Forum 1963;
14: 374-375.

Gupta S, Luna E, Kingsley S, Prince M, Herrera N. Detection
of gastrointestinal bleeding by radionuclide scintigraphy. Am J
Gastroenterol 1984; 79: 26-31.

Roy-Choudhury SH, Gallacher DJ, Pilmer ], Rankin S, Fowler
G, Steers J, Adam A. Relative threshold of detection of active
arterial bleeding: in vitro comparison of MDCT and digital
subtraction angiography. Am ] Roentgenol 2007; 189: 238-246.

Matsumoto ], Lohman B, Morimoto K, Ichinose Y, Hattori T,
Taira Y. Damage control interventional radiology (DCIR) in
prompt and rapid endovascular strategies in trauma occasions
(PRESTO): a new paradigm. Diag Interv Imag 2015; 96: 687-
691.

Monnin V, Sengel C, Thony F, Bricault I, Voirin D, Letoublon
C, Ferretti G. Place of arterial embolization in severe blunt
hepatic trauma: a multidisciplinary approach. Cardiovasc Inter
Rad 2008; 31: 875-882.

Haan JM, Bochicchio GV, Kramer N, Scalea TM. Nonoperative
management of blunt splenic injury: a 5-year experience. ]
Trauma 2005; 58: 492-498.

Soyer P, Desgrippes A, Vallee JN, Rymer R. Intrarenal
pseudoaneurysm after percutaneous nephrostolithotomy:
endovascular treatment with N-butyl-2-cyanoacrylate. Eur
Radiol 2000; 10: 1358.

Sugahara T, Saito R, Murakami R, Miyazaki T. Clinical
evaluation of transcatheter arterial embolization for the
management of retroperitoneal bleeding in cases of pelvic
fracture. Nihon Igaku Hoshasen Gakkai Zasshi 2004; 64: 197-
203.

Holting T, Buhr HJ, Richter GM, Roeren T, Friedl W, Herfarth
C. Diagnosis and treatment of retroperitoneal hematoma in
multiple trauma patients. Arch Orthop Trauma Surg 1992; 111:
323-326.

Mohr A, Lavery R, Barone A, Bahramipour P, Magnotti L,
Osband A, Livingston DH. Angiographic embolization for
liver injuries: low mortality, high morbidity. ] Trauma 2003; 55:
1077-1082.

Dinkel HP, Danuser H, Triller J. Blunt renal trauma: minimally

invasive management with microcatheter embolization

experience in nine patients. Radiology 2002; 223: 723-730.

Ekeh AP, McCarthy MC, Woods R], Haley E. Complications
arising from splenic embolization after blunt splenic trauma.
Am ] Surg 2005; 189: 335-339.

1151


http://dx.doi.org/10.1055/s-0030-1247885
http://dx.doi.org/10.1055/s-0030-1247885
http://dx.doi.org/10.1007/s00330-002-1396-0
http://dx.doi.org/10.1007/s00330-002-1396-0
http://dx.doi.org/10.1007/s00330-002-1396-0
http://dx.doi.org/10.1016/j.jemermed.2008.10.012
http://dx.doi.org/10.1016/j.jemermed.2008.10.012
http://dx.doi.org/10.1016/j.jemermed.2008.10.012
http://dx.doi.org/10.1148/rg.286085522
http://dx.doi.org/10.1148/rg.286085522
http://dx.doi.org/10.1148/rg.286085522
http://dx.doi.org/10.1148/rg.286085522
http://dx.doi.org/10.1007/s00330-002-1353-y
http://dx.doi.org/10.1007/s00330-002-1353-y
http://dx.doi.org/10.1007/s00330-002-1353-y
http://dx.doi.org/10.1007/s00330-002-1353-y
http://dx.doi.org/10.1148/rg.246045028
http://dx.doi.org/10.1148/rg.246045028
http://dx.doi.org/10.1148/rg.246045028
http://dx.doi.org/10.1148/rg.246045028
http://dx.doi.org/10.1097/01.ta.0000235508.11442.a8
http://dx.doi.org/10.1097/01.ta.0000235508.11442.a8
http://dx.doi.org/10.1097/01.ta.0000235508.11442.a8
http://dx.doi.org/10.1097/01.ta.0000235508.11442.a8
http://dx.doi.org/10.2214/ajr.179.2.1790437
http://dx.doi.org/10.2214/ajr.179.2.1790437
http://dx.doi.org/10.2214/ajr.179.2.1790437
http://dx.doi.org/10.2214/ajr.179.2.1790437
http://dx.doi.org/10.2214/ajr.161.1.8517323
http://dx.doi.org/10.2214/ajr.161.1.8517323
http://dx.doi.org/10.2214/ajr.161.1.8517323
http://dx.doi.org/10.2214/ajr.161.1.8517323
http://dx.doi.org/10.1097/01.TA.0000053384.85091.C6
http://dx.doi.org/10.1097/01.TA.0000053384.85091.C6
http://dx.doi.org/10.1097/01.TA.0000053384.85091.C6
http://dx.doi.org/10.1097/01.TA.0000053384.85091.C6
http://dx.doi.org/10.1055/s-2002-25120
http://dx.doi.org/10.1055/s-2002-25120
http://dx.doi.org/10.1055/s-2002-25120
http://dx.doi.org/10.1055/s-2002-25120
http://dx.doi.org/10.1055/s-2002-25120
http://dx.doi.org/10.1007/s00330-002-1427-x
http://dx.doi.org/10.1007/s00330-002-1427-x
http://dx.doi.org/10.1007/s00330-002-1427-x
http://dx.doi.org/10.3748/wjg.v18.i11.1191
http://dx.doi.org/10.3748/wjg.v18.i11.1191
http://dx.doi.org/10.3748/wjg.v18.i11.1191
http://dx.doi.org/10.2214/AJR.07.2290
http://dx.doi.org/10.2214/AJR.07.2290
http://dx.doi.org/10.2214/AJR.07.2290
http://dx.doi.org/10.2214/AJR.07.2290
http://dx.doi.org/10.1016/j.diii.2015.06.001
http://dx.doi.org/10.1016/j.diii.2015.06.001
http://dx.doi.org/10.1016/j.diii.2015.06.001
http://dx.doi.org/10.1016/j.diii.2015.06.001
http://dx.doi.org/10.1016/j.diii.2015.06.001
http://dx.doi.org/10.1007/s00270-007-9277-1
http://dx.doi.org/10.1007/s00270-007-9277-1
http://dx.doi.org/10.1007/s00270-007-9277-1
http://dx.doi.org/10.1007/s00270-007-9277-1
http://dx.doi.org/10.1097/01.TA.0000154575.49388.74
http://dx.doi.org/10.1097/01.TA.0000154575.49388.74
http://dx.doi.org/10.1097/01.TA.0000154575.49388.74
http://dx.doi.org/10.1007/s003300000317
http://dx.doi.org/10.1007/s003300000317
http://dx.doi.org/10.1007/s003300000317
http://dx.doi.org/10.1007/s003300000317
http://dx.doi.org/10.1007/BF00420059
http://dx.doi.org/10.1007/BF00420059
http://dx.doi.org/10.1007/BF00420059
http://dx.doi.org/10.1007/BF00420059
http://dx.doi.org/10.1097/01.TA.0000100219.02085.AB
http://dx.doi.org/10.1097/01.TA.0000100219.02085.AB
http://dx.doi.org/10.1097/01.TA.0000100219.02085.AB
http://dx.doi.org/10.1097/01.TA.0000100219.02085.AB
http://dx.doi.org/10.1148/radiol.2233011216
http://dx.doi.org/10.1148/radiol.2233011216
http://dx.doi.org/10.1148/radiol.2233011216
http://dx.doi.org/10.1016/j.amjsurg.2004.11.033
http://dx.doi.org/10.1016/j.amjsurg.2004.11.033
http://dx.doi.org/10.1016/j.amjsurg.2004.11.033

