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Abstract

Background Iatrogenic injuries of the renal artery include pseudoaneurysms (PSA) and pseudoaneurysms with arteriovenous
fistula (PSA + AVF). They can cause hematuria, anemization and flank pain. Endovascular treatment is recommended due
to its effectiveness.

Objective To assess the potential difference between the embolization of iatrogenic renal PSA and iatrogenic renal
PSA + AVF, in terms of technical and clinical success rate, procedure complexity and impact on the renal function.
Methods We retrospectively reviewed 30 embolization procedures of iatrogenic renal PSA and renal PSA + AVF in 27
patients in two centers between December 2006 and February 2017, comparing technical and clinical success rate, total
procedural time, creatinine before and after the procedure and parenchymal ischemic area after the procedure. All patients
underwent CT before embolization procedure and different embolization materials were used.

Results We identified 15 iatrogenic renal PSA and 15 iatrogenic renal PSA + AVF (causes: 23 nephron-sparing surgery, 2
nephrostomies, 1 lithotripsy, 1 ureteroscopic pyelolithotomy, 1 renal biopsy). Microcoils were used in 21 cases, microcoils
and Spongostan in 3 cases, microcoils and controlled-release microcoils in 4 cases and controlled-release microcoils in 1
case. No significant statistical differences were found in the comparison of technical and clinical success rate, total procedural
time, creatinine and parenchymal ischemic area after the procedure.

Conclusions Transarterial embolization can be considered as the first-line treatment for renal artery iatrogenic lesions, con-
sidering its effectiveness. No statistical significant differences were found in the comparison of the embolization procedures
of iatrogenic renal PSA and PSA + AVF.

Keywords Iatrogenic pseudoaneurysm - Arteriovenous fistula - Transarterial embolization - Endovascular treatment
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The most common causes of renal hematuria are iatrogenic
(i.e., biopsy, percutaneous nephrolithotomy, percutaneous
nephrostomy, nephron sparing surgery, guide wire induced
arterial perforation) and non-iatrogenic (i.e., angiomyolipo-
mas, cancer, vascular lesions as arteriovenous malformations
and fistulas, trauma, spontaneous bleeding, medical renal
diseases as end-stage renal disease).

Pseudoaneurysm (PSA) and arteriovenous fistula (AVF)
are the most common iatrogenic renal artery lesions that
cause hematuria.

A PSA does not comprise all vessel wall layer and it
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Renal artery PSA are rare and their prevalence is
unknown, but it ranges 2% [1]. Increasing number and vari-
ety of endovascular and surgical procedures and crescent dif-
fusion of cross-sectional imaging studies increase frequency
and incidence of iatrogenic renal PSA even as a result of
early diagnosis.

Often they are associated with an AVF that is defined
as an abnormal communication between an arterial and a
venous renal branch.

Endovascular treatment is recommended as the first-
line treatment of iatrogenic renal PSA and AVF due to its
effectiveness.

The aim of this study was to assess the potential differ-
ence of the technical and clinical success rate between the
percutaneous embolization of iatrogenic renal PSA without
or with AVF in two centers in comparison with the literature
[2—-13], and to compare the renal function and the kidney
ischemia after the treatment in the two groups.

Materials and methods

We retrospectively reviewed 30 embolization procedures
of endovascular treatment of iatrogenic renal PSA without
or with AVF performed from December 2006 to December
2015 in 27 consecutive patients (19 men, 8 women; mean
age, 57 years; age range, 16-78 years) in two centers.

Table 1 shows clinic and procedural characteristics and
treatment modality for each patient.

All patients underwent diagnostic digital subtraction
angiography (DSA) and transarterial embolization after
computed tomography (CT) study (Lightspeed VCT, GE
Healthcare, Milwaukee, USA and Somatom Sensation,
Siemens, Erlangen, Germany) performed before and after
administration of 120-150 mL of 350-400 mgl/mL of
iodinated contrast medium (Omnipaque 350, GE Health-
care, USA; Ultravist 370, Bayer Healthcare, Brussels, Bel-
gium, and Iomeron 400, Bracco, Milan, Italy) at a flow of
3.5-4 mL/s followed by a bolus chase of 30—40 mL of nor-
mal saline solution at the same injection rate with a double
head automatic injector (Stellant D, Medrad, Bayer Health-
care, Whippany, NJ, USA).

The bolus tracking technique was utilized for achieving
an optimal arterial phase placing the region of interest (ROI)
at the suprarenal abdominal aorta with an enhancement
threshold of 100 UH.

A venous phase was performed 70 s after the contrast
medium administration and an urographic phase was per-
formed 8—10 min after contrast medium administration.

CT criterion of arterial renal PSA was defined as a cavity
communicating with a ruptured renal branch.

CT criterion of renal AVF was defined as a direct com-
munication between an arterial and a venous renal branch, or

an early opacification of the renal vein in the arterial phase
of CT scan.

Endovascular procedure

All embolization procedures were performed in the angio-
graphic room and a written informed consent and an anes-
thesiological evaluation were obtained, if possible.

After local anesthesia (lidocaine 2%), the common
femoral artery (CFA) was percutaneously punctured and a
standard 5F sheath (Radifocus, Terumo, Tokyo, Japan) was
inserted.

If the origin of the renal artery was down angulated, an
alternative brachial access was used.

Selective catheterism of the target renal artery was per-
formed by a 5F diagnostic catheter (RDC or Cobra or Sim-
monds, Tempo Aqua, Cordis, Miami, FL, USA or Glidecath,
Terumo, Tokyo, Japan) and superselective catheterism of the
target arterial vessel was performed by coaxial technique
with a 2.7F microcatheter (Progreat, Terumo, Tokyo, Japan).

Whenever stable catheterization of the target renal artery
was not possible by standard diagnostic catheter, a coaxial
technique with a guiding catheter (RDC or HS Vista brite,
7F, Cordis, Miami, FL, USA; Contra, 8F, Boston Scientific,
Natick, MA, USA) was used.

Aim of the embolization was distal as possible to mini-
mize the extent of infarction of the renal parenchyma. Embo-
lization materials were microcoils (Vortx, Boston Scientific,
Natick, MA, USA; Tornado, Cook, Bloomington, IN, USA)
delivered by saline bolus injection or coil pusher device
(Coil pusher, Boston Scientific, Natick, MA, USA), spon-
gostan (Spongostan, Johnson & Johnson Ethicon Inc, New
Brunswick, NJ, USA) and detachable microcoils (Concerto,
ev3, Covidien, Plymouth, MA, USA).

After the treatment, a completion DSA was performed
to confirme no blood extravasion and disappearance of the
PSA sac and/or AVF.

Finally, hemostasis of the puncture site was obtained by
normal compression or a closure device (Angioseal 6 or 8F,
Saint Jude, Minnetonka, MN, USA).

Clinic and laboratory follow-up was performed in all
patients by symptoms and laboratory parameters control,
and a 3-phase CT scan was performed after the procedure to
confirm residual bleeding absence and to evaluate the renal
parenchyma loss.

“Technical success” was defined as complete emboliza-
tion without endoleak or immediate reperfusion signs on
completion angiography.

“Clinical success” was defined as freedom from death,
rebleeding in post-embolization period, continuous anemi-
zation end/or gross haematuria, and stabilization of blood
pressure and haematocrit level.
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All complications were recorded and classified accord-
ing to the Society of Interventional Radiology classification.

“Technical failure” was defined as incomplete emboliza-
tion or endoleak or reperfusion on completion angiography.

“Clinical failure” was defined as event of death, rebleed-
ing in post-embolization period, continuous anemization
end/or gross haematuria, and unstabilization of blood pres-
sure and haematocrit level.

Creatinine serum level was compared before, 1 and 3 days
after transarterial embolization to exclude the transitory mild
worsening of renal function very common after every renal
treatment.

Kidney ischemia was evaluated on final bidimensional
arteriogram as percentage of devascularizated parenchymal
wedge-shaped areas in comparison with the total renal area.

The parenchymal loss was categorized into < 20, 20—40,
40-60, 60-80 and > 80% using DSA.

Methods

For statistical analysis, statistical significance was assumed
at p<0.05.

Statistical analyses were performed with exact Fisher test
for categorial variables and Wilcoxon test for independent
samples for quantitative variables.

All statistical analysis was performed with SAS 9.4 (SAS
Institute Inc., Cary, NC, USA) for Windows.

Results

Thirty transarterial embolization procedures in 27 consecu-
tive patients (19 men, 8 women; mean age, 57 years; age
range, 16-78 years) with iatrogenic renal PSA (group A,
n=15) or PSA with AVF (group B, n=15) were performed
from December 2006 to December 2015 in two Institutions.
In two patients the embolization was repeated 5 and 22
days after the first procedure, respectively, because rebleed-
ing occurred. In one patient a renal artery vasospasm not
allowed to complete the procedure and the successful embo-
lization was performed in the other center.

All kidneys were native and clinical and procedural char-
acteristics of the study population are given in Table 1.

Causes of iatrogenic renal PSA and PSA with AVF were
laparoscopic nephron-sparing surgery (n=23), percutane-
ous nephrostomy (n=2), lithotripsy (n=1), percutaneous
nephrolithotomy (n=1), and percutaneous biopsy (n=1)
(Table 2).

Presentation symptoms and signs were haematuria, flank
pain and anemization in all cases.

All patients were hemodinamically stable at presentation
and underwent multidetector CT study before endovascular
treatment.

@ Springer

Table2 Causes of pseudoaneurysms and of pseudoaneurysms with
arteriovenous fistulas

Causes PSA PSA +AVF
Nephron sparing surgery 11 12
Nephrostomy 2 0
Lithotripsy 0

Renal biopsy 0 1
Pyelolithotomy 0 1

Total 13* 15

PSA pseudoaneurysm, AVF arteriovenous fistula

#Total PSA were 13 because there were 2 rebleeding

Pre-procedural imaging revealed an intraparenchymal
PSA in 15/30 (50.0%) cases (Fig. 1a, b) and a PSA with
AVF in 15/30 (50.0%) cases (Fig. 2a, b).

The mean and median size of the pseudoaneurysmal
sac were, respectively, 12.6 and 10.0 mm in the group A
(range diameter, 4-20 mm) and 17.6 and 15.0 mm in the
group B (range diameter, 7-40 mm) (p =0.12) (Fig. 3).

Embolization materials were microcoils in 21/30
(70.0%) cases, microcoils and Spongostan in 3/30 (10.0%)
cases, microcoils and detachable microcoils in 4/30
(13.3%) cases and detachable microcoils in 1/30 (3.3%)
cases (Table 3).

Embolization results of PSA and PSA with AVF are given
in Table 4.

Overall technical success rate was 27/30 (90.0%), because
in two cases (2/30, 6.7%) only partial pseudoaneurysm
exclusion was obtained after endovascular treatment, but
haematuria spontaneously stopped and no PSA and/or AVF
were observed at 1 week CT study of follow-up; in one case
(1/30, 3,3%) there was a primary technical failure due to
vasospasm that not allowed to complete the embolization.
After the patient was transferred to the other center, the
embolization was successfully performed. Technical success
rate was 86.7% (13/15) in the group A and 93.3% (14/15) in
the group B, respectively, because in two cases of the group
A (2/15, 13.3%) and in one case of the group B (1/15, 6.7%)
only partial PSA exclusion was obtained after endovascular
treatment.

Overall clinic success rate was 88.9% (24/27) because
two (7.4%) patients had rebleeding 5 days and 22 days after
the first successful embolization, respectively, but a second
treatment of the reperfused pseudoaneurysmal sac was suc-
cessful and uneventful (secondary overall clinical success
rate, 26/27, 96.3%). Clinical success rate was 84.6% (11/13
patient) in the group A and 92.9% (13/14 patient) in the
group B, respectively, because in two cases of the group A
(2/13, 15.4%) and in one case of the group B (1/14, 7.1%)
only partial PSA exclusion was obtained after endovascular
treatment (Fig. 4).
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Fig.1 a Axial CT-angiography (arterial phase) in a 24-year-old
female patient after partial nephrectomy for reninoma. The image
shows a renal artery pseudoaneurysm (long white arrow) in the third
medium of the right kidney with simultaneous opacification of the
renal vein (short white arrows) with arteriovenous fistula. b DSA
before the embolization confirming a round-shape pseudoaneurysm
(long black arrow) at the third medium renal with arteriovenous fis-
tula and simultaneous opacification of the renal vein (white arrows)
and of the inferior vena cava (short black arrows)

There were no statistical significant differences of tech-
nical success and clinical success between the two groups
(p>0.05).

No death was observed and no surgical intervention
was necessary for rebleeding in the follow-up period, and
resolution of hematuria and symptoms were observed in
all patients, except the only two patients who underwent
two embolization procedures.

No renal complications were observed, nor puncture
site complications (i.e. hematoma, dissection, arterio-
venous fistula, infection) occurred.

Fig.2 a Coronal multi planar reformatting CT-angiography (arte-
rial phase) in a 56-year-old female patient after partial nephrectomy
for renal cell carcinoma. The image shows a small pseudoaneurysm
at the superior renal third (white arrow) without arteriovenous fistula
signs. b DSA before the embolization confirming an oval-shape pseu-
doaneurysm (white arrow) at the superior renal third without opacifi-
cation of the renal vein nor of the inferior vena cava

Complexity of the procedure was evaluated by the total
procedural time. There were no statistical significant differ-
ences of the total procedural time (mean time 68 min, time
range 14—180 min in group A; mean time 60 min, time range
22-129 min in group B) between the two groups (p > 0.05)
(Fig. 5).

Median serum creatinine before the procedure was
118 pumol/L (58-207 umol/L) in the group A and 92 umol/L
(51-166 umol/L) in the group B; one day after the procedure,

@ Springer
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Fig.3 Box plot showing the comparison between the maximum
diameter of the pseudoaneurysmal sac in the PSA group (blue) and in
the PSA with arteriovenous fistula group (pink) (p=0.12)

Table 3 Embolization materials

Materials No. procedures
Microcoils 21

Microcoils + spongostan 3

Microcoils + detachable microcoils

Detachable microcoils 1

Total 29%

#Total number of the procedures was 29 because there was a primary
technical failure

Table 4 Embolization results of pseudoaneurysms and pseudoaneu-
rysms with arteriovenous fistulas

Variables PSA PSA+AVF p
Technical success (%) 86.7 93.3 1.0000
Clinical success (%) 84.6 92.9 0.5956
Procedural time (min) 68 (14-180) 60 (22-129)  0.5059
Fluoroscopy time (min)* 20 (10-45) 25 (10-30) 0.6251

Creatinine (umol/L)
Pre-procedural
After 1 day

After 3 days

Ischemic area (%)

117.5 (58-207) 91.5 (51-166) 0.3034
105 (60-194)  99.5 (49-194) 0.1222
101 (64-190)  95.5 (54-212) 0.3538

<20 83.3 50
20-40 16.7 214 0.1249
40-60 0 28.6

PSA pseudoaneurysm, AVF arteriovenous fistula

“Fluoroscopy time was available for only 17/30 procedures

@ Springer
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Fig.4 Graphic showing the comparison of the technical success
(p=1.00) and the clinical success (p=0.59) in the PSA group (blue)
and in the PSA with arteriovenous fistula group (orange)
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Fig.5 Box plot showing the comparison of the procedural time in
the PSA group (blue) and in the PSA with arteriovenous fistula group
(pink) (p=0.50)

Procedural time (min)

it was 105 umol/L (60-194 pumol/L) in the group A and
100 pmol/L (49-194 pmol/L) in the group B. Three days
after the procedure, it was 101 umol/L (64-190 umol/L) in
the group A and 96 ymol/L (54-212 umol/L) in the group
B (p>0.05) (Fig. 6).

The post-procedural renal ischemic area was < 20% in
65.4% of cases (17/26 patients), between 20 and 40% in
19.2% of cases (5/26 patients) and between 40 and 60% in
15.4% of cases (4 patients). In group A, the post-procedural
renal ischemic area was <20% in 83.3% of cases (10/12
patients) and between 20 and 40% in 16.7% of cases (2/12
patients). In group B, the post-procedural renal ischemic
area was <20% in 50.0% of cases (7/14 patients), between
20 and 40% in 21.4% of cases (3/14 patients) and between
40 and 60% in 28.6% of cases (4/14 patients). There was no
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Fig.6 Box plot showing the comparison of the pre-procedural (blue),
1 day after (pink) and 3 days after the procedure (green) creatinine
values in the PSA group and in the PSA with arteriovenous fistula
group (p>0.05)
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Fig. 7 Graphic showing the comparison of the ischemic area after the
procedure in the PSA group and in the PSA with arteriovenous fistula
group (p=0.12)

statistical significant difference of the mean post-procedural
renal ischemic area between the two groups (p >0.05), but it
was basically larger in group B (Fig. 7).

Discussion

Iatrogenic renal PSA are uncommon, but their incidence
is increasing because percutaneous urological procedures
(biopsy, nephrostomy, nephrolithotomy) and nephron spar-
ing surgery are increasing in number in last years. PSA can
be associated with AVF, but a comparison of the results of
theirs endovascular treatment is missing in the literature.
To the best of our knowledge, this is the first large study
of comparison of the endovascular treatment of iatrogenic
renal PSA (n=15) and PSA with AVF (n=15), in terms

of the potential difference of technical and clinical success
rate, renal function and kidney ischemia after the treatment.

Most PSA are small and asymptomatic, and spontane-
ously disappeared; in most cases, a conservative manage-
ment is usually preferred. A strategy of treatment is con-
sidered mandatory for all PSA regardless of their size or
symptomatology (anemization, flank pain, renal disfunc-
tion), due to the risk of rupture and bleeding [14]. Endo-
vascular treatment by microcoils or stent graft has become
the first choice of management of the renal PSA because
superselective catheterization enables successfully emboli-
zation with a minimum loss of normal renal parenchyma and
has reduced invasiveness, high success rate and lower risk
of complications.

Iatrogenic renal PSA can be associated with AVF and
this, theoretically, increase technical difficulty of their endo-
vascular embolization due to the risk of distal dislodgement
of the embolization material as coils and particles.

Complications related to endovascular procedures are rare
and the most frequent are nonselective embolization, non-
target occlusion, and additional arterial trauma. These can
lead to a parenchymal loss, hypertension or renal failure.

To the best of our knowledge, this is one of the largest
series reported in the literature today and it was consecu-
tively performed in two different centers, but a team member
and the strategy of treatment were the same (between 2006
and 2012, center A, n=06 cases; between 2012 and 2015,
center B, n=21 cases).

In comparison with Ierardi et al. [4], they had a higher
number of patients, but only 6 were iatrogenic renal PSA.
Sildiroglu et al. [3] had only 8 cases and Spiliopoulus et al.
[2] had 16 renal PSA, but only 12 were iatrogenic.

Larger studies as that of Li et al. [10] and Sam et al. [13]
reported 86/144 cases (69 PSA and 17 PSA + AVF) and
30/50 cases (21 PSA and 9 PSA + AVF), respectively, but
these studies were not targeted for evaluation of the results
of the transarterial embolization.

In our experience, high technical (90.0% overall) and
clinical (88.9% overall) success were possible because of the
fast clinical evaluation and multidisciplinary management of
the symptoms and signs at debut. Gross haematuria, acute
flank pain, anemization and recent history of invasive and/
or mini-invasive renal procedures are crucial for suspicion
of iatrogenic renal vascular injuries.

Doppler ultrasound (US), colour-Doppler US, contrast-
enhanced US (CEUS) and contrast-enhanced CT were evalu-
ated and compared in previous studies to evaluate sensitivity
and specificity. CT has the advantage to image the entire
urinary tract and to exam even the urinary phase of the con-
trast-enhancement enabling to detect eventually an arterial-
urinary fistula (AUF). All of our patients were preliminarily
studied by CT scan and DSA was targeted to treatment.

@ Springer
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In the literature, the reported technical success was until
100.0% [2-5], but in our series the only 2 cases of partial
embolization had a spontaneous complete clinical resolution.

The clinical success reported in literature was until 95.0%
[4, 10] and similar to our study in which the only 2 cases of
rebleeding were successfully treated by a second emboliza-
tion procedure.

Technical (PSA group 86.7%, PSA + AVF group 93.3%)
and clinical (PSA group 84.6%, PSA + AVF group 92.9%)
success rates were not statistically different (p > 0.05),
despite the hypothesis of major complexity of the iatrogenic
renal PSA embolization when associated with an AVF.

An explication can be the same technical procedure of
embolization of a PSA with or without AVF; the only addi-
tional risk factor for the embolization of an AVF is the dis-
tal migration of the embolization material, but the detach-
able microcoils were used in few cases of PSA (2/15 cases)
and PSA + AVF (3/15 cases) with no statistical difference
(p>0.05), and no cases of distal embolization.

In case of iatrogenic vascular renal injuries as PSA or
AVF, there are two options of treatment: surgical or endo-
vascular management. In some cases, PSA spontaneously
heal and no treatment is necessary. If the bleeding is massive
or the renal function progresses to impairment, a medical
treatment is mandatory. In recent years, transarterial emboli-
zation (TAE) is became the first and effective method to con-
trol the hemorrhagic urological emergency; previous studies
have shown that the embolization of iatrogenic renal arterial
injuries is a safe, tissue preserving treatment method, asso-
ciated with high clinical and technical success rate, using
different embolic agents [15-17].

In the endovascular management, the choice of the
embolic material is important for a superselective and
complete embolization of the target lesion and the material
should be chosen according to the its characteristics (size,
flow, material availability, experience of the intervention-
alist and, last but not least, costs). Coils, detachable coils,
vascular plugs, stent grafts or liquid agents are the possible
choices of treatment.

Our treatment preferred material was microcoils that
allow a superselective embolization as distally as possible,
to have a minimal parenchymal loss and are more control-
lable in particular in small vessels [18].

The embolization using coils is not disadvantage-safe;
often more than a coil is required to have a complete embo-
lization, and it is time-consuming.

In two cases, we used Spongostan to complete the sac
embolization, because the coils were not enough to have
a complete embolization; as seen in most recent cases, it
was not needful. In fact in recent years, we used the detach-
able coils, which allow a higher precision to embolize the
target. Using detachable coils, we did not need to use the
Spongostan.
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We obtained high technical and clinical success rate
(90.0 and 88.9%, respectively) with a low complication
rate and minimal sacrifice of renal parenchyma area
(<20%); only in 4/15 cases, we had a loss of 40-60% of
the kidney, all in patients who had extended PSA AVF-
associated (p > 0.05). An explication can be the proximal
site of the AVF when associated with PSA, resulting in a
proximal embolization of a larger renal artery branch and
then in a greater renal parenchyma loss.

In two patients only partial PSA exclusion was
obtained at the first endovascular treatment, but in oneof
these hematuria spontaneously stopped and no PSA was
observed at 1 week CT study of follow up; the other
patient had rebleeding 22 days after the first successful
embolization, but a second TAE of the reperfused PSA sac
was successful and uneventful.

In one case, there was vasospasm during the procedure,
unfortunately followed by a technical problem; because
of that the patient underwent the procedure in another
hospital.

A significantly impairment of the renal function was
not observed; in almost all cases, we observed a transient
increase in the serum creatinine (1 day after the procedure)
[19] followed by a non-significant decrease 3 days after the
procedure, as reported in the literature [20]. Transient ele-
vation of the serum creatinine level is probably due to the
amount of contrast material used during the procedure and
before that in CT diagnosis [21].

Our technical success rate (90.0%) was quite similar and
comparable to that reported by other authors and our com-
plication rate was much better than that reported by Guneyli
et al. [22], who has a higher number of cases, but not as large
as in our study after nephron sparing surgery.

Other complications reported in the literature such as
perirenal hematoma and surgical conversion [23, 24] have
not been noted in our study; this indicates a limited paren-
chymal or renal function loss.

No local complications in the puncture site occurred, even
using mechanical hemostasis devices.

Complexity of the procedure was evaluated by the total
procedural time. This is a surrogate index of the procedural
complexity, because a better index could be the fluoroscopy
time. The fluoroscopy time was not available for the majority
of patients and then we used the total procedural time that
may be affected by other factors (such as vasospasm and
difficult anatomy) that may dilate the procedural time but
not necessarily the fluoroscopy time.

There were no statistical significant differences of the
total procedural time between the two groups but this does
not allow to state no statistical significant differences of the
procedural complexity. Assumption of a greater complex-
ity of the embolization of a PSA with AVF versus a PSA
cannot be confirmed from our study; no study in literature
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evaluated this aspect nor the comparison of the procedural
and fluoroscopy time in the two groups [24-26].

Serum creatinine was assumed as an indicator of the renal
function. We compared the serum creatinine before the pro-
cedure, one day and 3 days after the procedure to evaluate
the renal function injury. The serum creatinine after 3 days
was considered a good index to evaluate the recovery of the
renal function after the procedure because it allows the intra-
vascular volume recovery and the contrast agent elimination.
We noted a transitory increase of the serum creatinine 1 day
after the procedure, due to impairment of the renal function
caused by the contrast agent used during the preliminary
CT study and during embolization procedure [19, 21]. The
serum creatinine 3 days after the procedure was similar to
the base creatinine and there were no statistical significant
differences between the two groups.

The post-procedural renal ischemic area was considered
a good index of the superselectivity of the embolization
because the procedural goal was a peripheral embolization
to minimize the renal parenchymal loss. It is well-known
that the kidney had a terminal vascularization and the occlu-
sion of an arterial branch determine the complete ischemia
of the renal tissue corresponding. Our post-procedural renal
ischemic area was similar to other study in the literature
[3], but we at first tried a stratification of the patients by
the type of iatrogenic lesion. We noted that the mean size
and the mean post-procedural renal ischemic area were basi-
cally larger in PSA + AVF group versus PSA group. Despite
there was no statistical significant difference between the
two groups (p > 0.05), the renal tissue sacrifice seems to be
greater in PSA 4+ AVF group. A possible explication was the
proximal site of the communication between the arterial and
venous renal branches that required a proximal emboliza-
tion procedure. Another study [25] examined the change in
renal parenchymal volume before and after procedure by
quantitative evaluation of the renal volume, but the mean
loss of volume of 25.2% was determined in a small subgroup
(10725, 40%) of the patients.

The main limitations of our study are the small sample
size, the retrospective study nature instead of a randomized
prospective trial, and the absence of a surgical control
group; these are due to the rarity of this type of lesions and
because the nephron sparing surgery is a relative new surgi-
cal approach. Because of that we decided to make a retro-
spective multicenter study to collect a number as large as
possible of cases.

Recently, a larger study in a single center including 27
patients with iatrogenic renal arterial PSA (n=16), AVF
(n="7T) or PSA+ AVF (n=4) was reported [26], but no
comparison between the three subgroups of lesions was
performed.

In conclusion, the percutaneous embolization of the iat-
rogenic renal artery PSA without or with an AVF is safe and

effective; these iatrogenic renal artery injuries can be embo-
lized with coils + spongostan with a minimal renal tissue
loss. PSA with AVF could be most challenging to embolize
in comparison with only PSA and require advanced technical
skills and detachable embolization materials because they
can determine a major renal tissue loss.
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