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PURPOSE

To evaluate the effectiveness of percutaneous transar-
terial embolization for the treatment of renal arterial
bleeding in patients with renovascular injury.

MATERIALS AND METHODS

The archives of our angiography suite were retrospec-
tively reviewed, and 15 patients who had undergone
renal embolization due to renal artery bleeding were
included in the study. The site, number, and type of
bleeding lesions, and the result of the embolization
procedure were recorded. The technical and medical
success, and technical and medical complications of
the procedure were noted.

RESULTS

On renal digital subtraction angiography (DSA) 18 le-
sions were detected in 15 patients. In 13 cases bleed-
ing was effectively controlled with embolization in a
single session. In one case bleeding was controlled on
the second attempt. One case underwent nephrec-
tomy. Nontarget embolization was seen in two pa-
tients, one treated with polyvinyl alcohol (PVA), the
other with n-butyl cyanoacrylate (NBCA) mixture. la-
trogenic dissection of the segmental branch was seen
in one patient. Puncture-site bleeding, postemboliza-
tion syndrome, perirenal abscess or renal abscess, and
arterial hypertension were not detected in any of the
patients.

CONCLUSION
Percutaneous transarterial embolization is an effective,
minimally invasive, and a tissue preserving treatment
method for renovascular injuries. Therefore, endovas-
cular embolization should be the first preferred treat-
ment modality.
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ma, iatrogenic injuries during a procedure or spontaneously with or
without underlying pathology (1). In most cases renal injuries are
self-limiting and do not need any intervention (2). Presence of massive
hemorrhage or continuous hematuria may necessitate aggressive therapy.
Control of bleeding can be achieved either by open surgical procedures or
minimally invasive transarterial embolization (3). Transarterial renal em-
bolization was introduced in 1964, and since that time the devices used
in interventional radiology have evolved. It is now possible to perform
superselective embolization with minimal tissue loss (4).
The aim of this study was to present the radiological and clinical re-
sults in patients with renal vascular lesions treated with endovascular
embolization.

R enal vascular lesions may be secondary to blunt or penetrating trau-

Materials and methods

The archives of our angiography suite were retrospectively reviewed to
identify patients who had undergone renal embolization for renal vascu-
lar lesions between 1998 and 2007. Fifteen patients were included in the
study. All patients were examined and treated as a part of routine care
and gave informed consent. The symptoms of the patients at the time
of embolization, and type of injury and pre- and postembolization renal
function tests and delayed onset of renal insufficiency or hypertension
were obtained from the medical records. Pre- and postembolization an-
giographic findings were reviewed and the site, number, and type of le-
sions, and the result of the embolization procedure were recorded.

The indications for renal digital subtraction angiography (DSA) were
gross renal hemorrhage persisting for more than 72 hours and neces-
sitating blood transfusion in 13 patients, and perirenal hemorrhage and
deterioration of renal function in 2 patients.

Eleven patients underwent DSA as the first imaging modality. Four
patients underwent ultrasound (US) (2 patients) or computed tomog-
raphy (CT) (2 patients) as the first imaging modality. Embolization was
performed when free extravasation, aneurysm, pseudoaneurysm, arte-
riocalyceal fistula (ACF), or arteriovenous fistula (AVF) was detected.

For the DSA procedure, the femoral artery was punctured and a 6F
sheath was inserted. An abdominal aortography was obtained with a
SF omniflush or pigtail (AngioDynamics, Queensbury, New York, USA)
and thereafter a selective renal DSA was performed with a SF catheter.
All catheter advances were performed over a 0.035-inch guidewire. For
selective catheterization and embolization we used a 4F catheter (when
the lesion was at or near a segmental branch) or a microcatheter sys-
tem (when it was at a subsegmental branch). In 5 patients, emboliza-
tion of the arterial lesion was feasible using a 4F catheter; while in the
remaining 10 patients the distal location or the presence of vessel tortu-
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osity necessitated the use of a coaxially
placed microcatheter (Tracker, Boston
Scientific, Natick, Massachusetts, USA).
The catheters were inserted as near as
possible to the lesion, and the emboli-
zing agent inserted. Embolizing agents
consisted VortX 18 and 35 vascular oc-
clusion coils (Boston Scientific, Target
vascular) (7 patients) (Fig. 1), polyvinyl
alcohol particles (350-550 mp) (PVA)
(3 patients) (Fig. 2), a combination of
coils and PVA particles (1 patient) or
n-butyl cyanoacrylate (NBCA) (4 pa-
tients) (Braun, Melsungen, Germany)
iodized oil (Lipiodol, Andre Guerbe
Lab, France) (Figs. 3, 4) mixture. The
NBCA-iodized oil mixture was prepared
by hand. For rapid polymerization we
choose a 66% mixture, which was ob-
tained by mixing NBCA and iodized oil
at a 1:2 ratio. For slow polymerization
the mixture was obtained at a 1:4 ratio.
The procedure was completed when
total occlusion of the lesion and ces-
sation of the hemorrhage on control
angiogram was seen.

When the lesion was superselectively
catheterized we used coils or NBCA-
iodized oil mixture. When the lesion
could not be superselectively catheter-
ized, we used PVA particles or NBCA-
iodized oil mixture.

The technical and medical success,
and technical and medical complica-
tions of the procedure were extracted
from the radiological records and pa-
tient charts. Complete cessation of ren-
ovascular bleeding after the emboliza-
tion procedure was defined as technical
success. Resolution of gross hematuria,
absence of recurrent hematuria, no re-
current need for blood transfusion, no
recurrent decrease of hemoglobin, and
no need for angiographic reemboliza-
tion or subsequent renal surgery were
regarded as medical success. Nontarget
embolization of vascular territories,
iatrogenic vascular damage, and punc-
ture-site bleeding were accepted as
technical complications. Medical com-
plications included postembolization
syndrome (back pain and fever not
otherwise accounted for), perirenal ab-
scess or renal abscess, decrease in renal
function, and arterial hypertension.

Results

Table shows the distribution, type,
performed intervention and results of
the lesions. The lesions were secondary
to iatrogenic trauma (5 biopsy, 3 opera-
tion, 4 percutaneous nephrolithotomy,

presented with bleeding after percutaneous nephrolithotomy. DSA revealed a pseudoaneurysm
at the lower pole of left kidney (a). After superselective catheterization with a microcatheter, the
aneurysm (short arrow) and the tip of the microcatheter (long arrow) are seen (a). A coil (arrow,
b) was inserted, and on postembolization DSA, no filling of the pseudoaneurysm is seen (b).

Figure 2. a-c. DSA images of a 45-
year-old woman who presented
with bleeding after percutaneous
nephrolithotomy. DSA showed a
pseudoaneurysm (arrow) at the
upper pole subsegmental artery

of the left kidney (a). The lesion
was superselectively catheterized
with a microcatheter system (long
arrow) and embolized with polyvinyl
alcohol particles (short arrows)

(b). On postembolization control
angiogram (c), no filling of the
lesion is seen; however, a dissection
(short arrows) is seen. Also note that
the subsegmental branch of the
lower pole shows no filling because
of inadvertent embolization (long
arrow) (c).
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Figure 3. a, b. Pre- (a) and postembolization (b) DSA images of a 48-year-old man who

presented with hypertension and deterioration of renal function. An aneurysm (arrow) at the
upper pole subsegmental artery and extrinsic compression of the parenchyma (arrowheads) are
seen on preembolization DSA (a). The lesion was selectively catheterized with a microcatheter
and embolized with n-butyl cyanoacrylate (b). Minimal tissue loss is seen on control

angiogram (arrow) (b).

Figure 4. a, b. Pre- (a) and postembolization (b) DSA images of a 35-year-old man who
presented with bleeding after percutaneous nephrolithotomy. Preembolization DSA shows a
pseudoaneurysm (arrow) at the lower pole subsegmental artery of the right kidney (a). The
lesion was selectively catheterized and embolized with n-butyl cyanoacrylate (arrow, b). On
postembolization control angiogram, there is no filling of the lesion (b).

1 nephrostomy), penetrating trauma
(one stabbing case) and spontaneous
(one polyarteritis nodosa case). Four pa-
tients underwent US or CT examination
prior to the embolization procedure.
US was performed in two patients. It
provided information about the lesion
site and flow pattern of the lesion. CT,
which also was performed in two pa-
tients, showed the location and type of
the lesion. Both modalities showed the
condition of both kidneys.

Volume 15 ¢ Issue 2

Eighteen lesions (13 pseudoaneu-
rysms, 2 free extravasations, one AVF,
one ACF, and one aneurysm) were de-
tected in 15 patients. One patient had 3
pseudoaneurysms, and one had a pseu-
doaneurysm and free extravasation. In
the patient with 3 pseudoaneurysms,
they were filling from different subseg-
mental arteries; therefore, all the feed-
ing arteries were selectively catheter-
ized with a microcatheter system and
occluded with coils. In the patient with

a pseudoaneurysm and free extravasa-
tion, the lesions were filling from dif-
ferent subsegmental arteries; the feed-
ing arteries were selectively catheterized
with a microcatheter system, the pseu-
doaneurysm was occluded with a coil,
and free extravasation was occluded
with PVA particles. One patient with a
transplant kidney had hematuria after
percutaneous biopsy, which was suc-
cessfully embolized with a 0.035-inch
coil. But two months later, after ureteral
catheter extraction procedure, a urino-
ma emerged; therefore, a nephrostomy
catheter was inserted. But after the pro-
cedure, her renal function decreased,
and an AVF was detected on Doppler
US. This lesion was also successfully oc-
cluded with a 0.035-inch coil. All other
lesions were solitary.

Technical success was achieved in
all patients, and medical success was
achieved in 13 (87%) patients. In one
patient, a second bleeding site was de-
tected and embolized. In the second
patient, the bleeding ceased after em-
bolization but subsequently recurred,
and nephrectomy was performed.

Nontarget embolization of vascular
territories was seen in two patients
(13%), one treated with PVA, the other
with NBCA mixture. Extensive renal
branch embolization or extrarenal em-
bolization was not detected. latrogenic
dissection of the segmental branch was
seen in one patient (7%). Puncture-site
bleeding, postembolization syndrome,
perirenal abscess or renal abscess, de-
crease in renal function, and arterial
hypertension were not detected in any
of the patients.

Discussion

latrogenic injuries are the most com-
mon (>50%) cause of renal vascular le-
sions; they may present as AVF, ACF,
pseudoaneurysm (PA), or perinephric
hematoma (4, 5). Associated findings
may include continuous abdominal
bruit, palpable thrill, high output car-
diac failure, thromboembolic phenom-
ena, reduced renal function, severe hy-
pertension, intermittent or persistent
hematuria, urinary obstruction, and
perirenal hemorrhage (6). In our study,
13 (87%) lesions were iatrogenic, and
5 of them (33%) were secondary to bi-
opsy. Persistent hematuria, perirenal
hemorrhage, and reduced renal func-
tion were the presenting findings.

An early and accurate diagnosis is the
key to avoid unnecessary nephrectomy.
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CT, US, and magnetic resonance angiog-
raphy (MRA) may be helpful for the de-
tection of vascular renal lesions, but an-
giography remains the diagnostic stand-
ard (7-10). It not only demonstrates the
lesion but also provides the opportunity
of endovascular treatment during the
same imaging session (10). In this study,
4 patients underwent US or CT; all oth-
er patients were evaluated with DSA as
the first imaging method because they
needed emergent intervention. We
think that the patients with ongoing
hematuria should be transferred to the
angiography unit as soon as possible. US
and CT may provide important clues for
the diagnosis in patients with renal de-
terioration, but the risk of drug-induced
nephropathy in patients with decreased
kidney function should be taken into
account (11). It has been proposed that
MRI is superior to CT in these patients,
but the increasing number of cases of
nephrogenic fibrosis in patients with
decreased kidney function makes this
suggestion doubtful (12).

Most vascular injuries heal spontane-
ously; therefore, most patients are fol-
lowed up with conservative treatment.
Surgical or percutaneous treatment
of vascular lesions has been recom-
mended when there is massive bleed-
ing, renal hemorrhage persisting for
more than 72 hours, or progressively
deteriorating renal functions (13, 14).
Percutaneous transarterial emboliza-
tion may be used for all types of injury
(even shattered or avulsed kidney) be-
cause the alternative treatment method
is emergent nephrectomy or clamping
of the renal artery which results in the
loss of kidney (1, 3). All the patients
in this study would have undergone
surgery if embolization could not be
performed. With the use of percutane-
ous techniques, nephrectomy was per-
formed in only one patient.

The efficacy of percutaneous tran-
scatheter embolization depends on the
appropriate choice of the emboliza-
tion material; the material should be
chosen according to the site, size and

Table. Distribution and types of lesions, interventions, and results

the flow pattern of the vessels to be
occluded, the availability of the mate-
rial, and the knowledge of the radiolo-
gist who will perform the procedure.
The speed and reliability of delivery,
duration of occlusive effect, and pres-
ervation of normal tissue should also
be considered (10, 15-18). Various em-
bolic agents including gel-foam, coils,
PVA, and NBCA are available for the
percutaneous treatment of renal vas-
cular lesions; coils are the most com-
monly used embolic agents. The use of
coaxial technique with microcatheters
and microcoils permits precise localiza-
tion and catheterization of the bleed-
ing arterial branches, which reduces
tissue loss (19). Therefore, most of the
tissue loss is limited to that caused by
the original trauma itself (3). The main
disadvantage of coils is that usually
more than one coil is required for ad-
equate occlusion which increases the
cost and procedure time (10). We also
used more then one coil when total oc-
clusion could not be achieved, but the

Age/Sex Lesion type/Number  Site Cause Catheter/Embolizing agent ~ Complication Result
63/M  Pseudoaneurysm + Right subsegmental artery Biopsy Microcatheter/Coil + PVA None Technical success,
extravasations/2 particles medical failure
56/M  Pseudoaneurysm/1 Right subsegmental artery Biopsy Microcatheter/PVA particles None Success
44/M  Pseudoaneurysm/1 Right subsegmental artery Biopsy 4F catheter/Coil None Success
76/M  Pseudoaneurysm/1 Left subsegmental artery Biopsy 4 F catheter/Coil None Success
56/M  Extravasation/1 Right segmental artery Partial nephrectomy Microcatheter/PVA None Success
30/M  Pseudoaneurysm/1 Left subsegmental artery Partial nephrectomy Microcatheter/Coil None Success
61/F Pseudoaneurysm/1 Left subsegmental artery PNL Microcatheter/Coil None Success
19/F ACF/1 Transplant renal segmental artery Biopsy 4F catheter/Coil None Success
19/F AVF/1 Transplant renal segmental artery Nephrostomy 4F catheter/Coil None Success
45/F Pseudoaneurysm/1 Left subsegmental artery PNL Microcatheter/PVA Reflux Success
Dissection
38/M  Pseudoaneurysm/3 Right segmental and Stab wound 4F catheter/Coil None Medical failure,
subsegmental arteries reintervention
48/M  Aneurysm/1 Right subsegmental artery Spontaneous Microcatheter/Glue None Success
35/M  Pseudoaneurysm/1 Right subsegmental artery PNL Microcatheter/Glue Reflux Success
61/M  Pseudoaneurysm/1 Left segmental Partial nephrectomy Microcatheter/Glue None Success
78/M  Pseudoaneurysm/1 Left subsegmental PNL Microcatheter/Glue None Success
F, female; M, male; ACF, arteriocalyceal fistula; AVF, arteriovenous fistula; PNL, percutaneous nephrolithotomy; PVA, polyvinyl alcohol.
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coil was the most effective tool, par-
ticularly in patients with small arteries,
which make control of reflux difficult.

PVA is biocompatible and inert and
provides fast occlusion of the arteries.
Although previously accepted as a per-
manent embolic agent, according to
histological examination, most large
vessels containing PVA were incom-
pletely occluded, with particles becom-
ing embedded in the walls (20, 21). But
the control of PVA during injection is
difficult, and inadvertent emboliza-
tion, as seen in one of our cases, may
occur. Therefore we reserve this alter-
native for lesions that are difficult to
reach and cannot be superselectively
catheterized.

The use of NBCA in renal arteries has
been reported by Yamakado et al. (17)
and Parildar et al. (18). Cantasdemir
et al (10) reported five cases and con-
cluded that NBCA provides a perma-
nent and accurate embolization in a
cost-effective manner. We also used
NBCA mixture successfully in 4 pa-
tients. We preferred NBCA because it
offers the advantages of low viscosity
for easy injection through small or tor-
tuous catheters, and it provides quick
and stable thrombosis (15). Although it
was fast and cost-effective, inadvertent
embolization, which is the major con-
cern while using liquid embolic agents,
occurred in one patient. Reflux may be
caused by a volume of glue that is too
large and/or an inappropriate speed
of injection of the glue (this might be
avoidable with information obtained
from test injection). Gluing of NBCA to
the catheter tip and causing inadvert-
ent embolization during retrieval of the
microcatheter may also occur. Adding
iodized oil delays the polymerization
time and gives radiopacity to the mix-
ture, which enables observing the exact
site of occlusion and thereby prevent
nontarget embolization (22).

Complications related to interven-
tional embolization procedures are rare
(5, 23). Additional renal arterial trauma,
such as dissection, which was seen in
one of our patients, has been reported
in a small percentage of patients (24).
Inadvertent or nonselective emboliza-
tion of the main renal artery or occlu-
sion of more than one branch of the
renal artery may lead to post-emboliza-
tion syndrome, systemic hypertension,
and functional impairment. Even when
embolization is limited to the target
branch, post-embolization syndrome
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may occur, particularly if it is a large
branch and has to be occluded near its
origin, and further, hypertension may
also occur without main renal artery or
multiple branch embolization. Partial
recanalization of any occluded branch
can also produce stenosis, leading to
hypertension (5, 19, 23). These compli-
cations have not been noted in recent
reports using superselective emboliza-
tion. We did not encounter this com-
plication, either. We, like others, think
that this was related to the superselec-
tive technique, which preserved the
functioning renal tissue (3, 5, 13, 23,
24). Therefore we prefer superselective
catheterization whenever possible.

In conclusion, percutaneous transar-
terial embolization in renal vascular
lesions is a reasonable and effective
therapeutic technique. Selective cath-
eterization is the most critical step
for preserving maximum renal tissue,
preventing additional renal trauma by
minimizing the occlusion of addition-
al proximal branches, and eliminating
the potential risk of nephrectomy. PVA
and NBCA mixtures are fast, cost-effec-
tive, and easy to use, but the potential
risk of retrograde nontarget emboliza-
tion, particularly for lesions with slow
flow, should be taken into account.
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