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Abstract
Purpose  To evaluate the efficacy and outcome of superselective vesical arterial embolization in the management of severe 
intractable hematuria secondary to hemorrhagic cystitis.
Materials and methods  We retrospectively reviewed the medical records of nine patients with severe intractable hematuria 
treated with superselective vesical artery embolization at our institution between March 2003 and February 2015. There were 
six males and three females with a mean age of 56.1 years. Seven patients had transitional cell carcinoma (TCC) of urinary 
bladder and had undergone transurethral resection of bladder tumor and pelvic radiotherapy. One patient had synchronous 
renal pelvis and bladder TCC. One patient had aortoarteritis and was receiving cyclophosphamide therapy and another patient 
had carcinoma cervix post-pelvic radiotherapy. Following the failure of conservative management, superselective vesical 
artery catheterization and embolization was performed with 300–500-μ PVA particles in all patients. Coil embolization of 
inferior gluteal artery followed by particle embolization of vesical arteries was done in one patient in whom superior, inferior 
vesical and inferior gluteal arteries were arising as a trifurcation.
Results  The technical success rate was 100% with complete cessation of hematuria within 48 h in all patients. No significant 
complications were noted, except for post-embolization syndrome in one patient, which improved on symptomatic treatment. 
During a mean follow-up period of 14.45 months (ranging from 3–28 months), one patient had mild recurrent hematuria (at 
2 months) which resolved spontaneously.
Conclusions  Superselective vesical artery embolization is a safe and effective procedure in controlling intractable life-
threatening hematuria in a select group of patients who have failed conventional treatment protocols. This procedure may be 
considered as the treatment of choice since it usually obviates the need for emergency surgery in these severely ill patients.
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Abbreviations
TCC​	� Transitional cell carcinoma
TURBT	� Transurethral resection of bladder tumor
HC	� Hemorrhagic cystitis
TA	� Takayasu’s arteritis
IV	� Intravenous
IIA	� Internal iliac artery

Introduction

Hemorrhagic cystitis (HC) is defined as acute or insidious 
diffuse vesical bleeding, with many causes, e.g., chemical 
toxins (alkylating agents), immune agents, pelvic irradia-
tion, viruses and idiopathic causes. Most cases of hemor-
rhagic cystitis are secondary to pelvic radiotherapy and 
chemotherapeutic agents. Less commonly, hematuria may 
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be an idiopathic response to steroids and may also be seen 
in children after certain viral infections and in immune-com-
promised states [1]. According to the amount of hematuria, 
HC is graded as mild, moderate or severe. Severe intractable 
hematuria secondary to HC is a potentially life-threatening 
event that raises major therapeutic challenges [1, 2]. In many 
patients, bleeding cannot be adequately controlled by con-
servative measures, such as irrigation with formalin, silver 
nitrate or alum solution, intravesical hydrostatic pressure, 
hyperbaric oxygen or endoscopic diathermy, and radical sur-
gery is not always feasible because of high operative risk and 
associated co-morbidities [3–5]. Angiography with emboli-
zation is emerging as a safe and effective measure to control 
bleeding in this select group of patients. However, only a 
few reports and small case series are available focusing on 
the selective embolization of vesical arteries in the manage-
ment of intractable hematuria secondary to HC [2 ,5–9]. In 
the present study, we report our experience of superselective 
embolization of the vesical arteries in nine patients who had 
severe life-threatening hematuria from HC and evaluate the 
clinical efficacy, safety and outcome of this procedure in 
managing such patients.

Materials and methods

We retrospectively reviewed the medical records of nine 
patients who underwent superselective vesical arterial embo-
lization for severe intractable hematuria secondary to HC, 
in our hospital, between March 2003 and February 2015, 
after obtaining approval of institutional ethics committee 
(Table 1). There were six male and three female patients, 
with a mean age of 56.1 years (range 21–76 years). Seven 
patients had transitional cell carcinoma (TCC) of urinary 
bladder and had undergone transurethral resection of bladder 
tumor (TURBT) and pelvic radiotherapy. One patient had 
synchronous renal pelvis and bladder TCC. One patient was 
diagnosed with Takayasu’s arteritis (TA) (aortoarteritis type-
3) and was receiving cyclophosphamide and steroid therapy, 
and another patient had carcinoma cervix post-pelvic radio-
therapy, as summarized in Table 1.

HC was diagnosed on the basis of clinical history, physi-
cal examination and cystoscopy findings. HC was graded as 
previously reported [10], and all patients in the present series 
had grade 3 or 4 HC. Before embolization, a mean of 9 units 
of packed red blood cells (range 0–24) were transfused. 1 
patient refused transfusion of blood products on religious 
grounds, and plasma expanders were transfused, as needed. 
The mean hemoglobin was 7.1 gm/dl (range 5.2–11.1 gm/dl) 
and the coagulation parameters were normal in our patient 
cohort, at the time of hospital admission.

Cystoscopy was performed prior to embolization in all 
patients. In patients with TCC, there was no recurrence of the 

primary tumor and no discrete bleeding site was observed. 
However, telangiectasias were seen in all patients (Fig. 1). Uri-
nalysis (routine and microscopic) was normal in all patients, 
with sterile culture, and urine cytology was negative for malig-
nant cells.

Technique

All patients were initially managed conservatively with gen-
eral measures such as bladder irrigation with saline, alum 
and formalin, all of which are known to control hematu-
ria—as per urology protocol for such patients. Initial control 
on hematuria was obtained in eight out of nine patients but 
the relief was short term (1–4 days), following which the 
hematuria recurred. These measures were of no relief in one 
patient (case-2), Table 1. Vascular embolization was subse-
quently performed for these patients. All patients were coun-
seled about the potential risks of the procedure and written 
informed consent was obtained. Pre-procedural intravenous 
(IV) antibiotics were administered to all patients. Under all 
aseptic measures and under local anesthesia, right femo-
ral arterial retrograde approach was taken in all patients, 
and a 6 F arterial access sheath was placed. A 5 F pigtail 
catheter (Cook Bloomington, IN, USA) was positioned in 
the lower abdominal aorta and baseline pelvic aortogram 
performed on a monoplane DSA equipment (G.E. Medical 
Systems, Milwaukee, WI, USA). Internal iliac arteries (IIA) 
were then selectively catheterized using 5 F Cobra catheter 
(Cook Bloomington, IN, USA). Ipsilateral IIA catheteriza-
tion was performed using the same catheter by Waltman’s 
loop technique. IIA angiography was then performed to 
identify the abnormal vessels supplying the urinary blad-
der. In two patients, microcatheter, microferret 2.5F (Cook 
Bloomington, IN, USA), mounted over a 0.014-inch micro 
guidewire was used for superselective catheterization of 
vesical arteries. Arteriography was then performed which 
showed hypervascularity and contrast blush in the region 
of urinary bladder (Figs. 2a, b, 3a, b). No discrete bleed-
ing point or contrast extravasation was appreciated. Under 
continuous X-ray fluoroscopy, the embolization was then 
performed. Embolic agents used, arteries embolized and 
other technical details are summarized in Table 2. The goal 
of the procedure was complete embolization of the vesicu-
lar branches not necessarily the entire internal iliac vessel. 
All patients were advised lower limb immobilization for 6 h 
after the procedure.

Results and follow‑up

Post-embolization pelvic angiography revealed pruning of 
the arteries supplying the urinary bladder, with preservation 
of the remaining internal ilac artery branches (Figs. 2c. d, 3c, 



2177World Journal of Urology (2019) 37:2175–2182	

1 3

Ta
bl

e 
1  

S
um

m
ar

y 
of

 d
em

og
ra

ph
ic

s f
or

 p
at

ie
nt

s w
ith

 H
em

or
rh

ag
ic

 C
ys

tit
is

H
C

 h
em

or
rh

ag
ic

 c
ys

tit
is

, M
/M

 m
an

ag
em

en
t, 

B/
L 

bi
la

te
ra

l, 
N

 n
or

m
al

, R
T 

ra
di

at
io

n 
th

er
ap

y,
 T

U
RB

T 
tra

ns
 u

re
th

ra
l r

es
ec

tio
n 

of
 b

la
dd

er
 tu

m
or

, N
.A

. n
ot

 a
pp

lic
ab

le
, T

C
C

​ tr
an

si
tio

na
l c

el
l c

ar
ci

no
m

a

C
as

e
A

ge
/s

ex
Pr

im
ar

y 
di

se
as

e
Tr

ea
tm

en
t g

iv
en

M
ea

n 
ra

di
at

io
n 

do
se

In
te

rv
al

 b
et

w
ee

n 
RT

 
an

d 
on

se
t o

f h
em

a-
tu

ria

H
C

 g
ra

de
C

ys
to

sc
op

y
C

on
se

rv
at

iv
e 

M
/M

1.
37

/F
C

a 
ce

rv
ix

To
ta

l a
bd

om
in

al
 h

ys
te

r-
ec

to
m

y 
&

 R
ad

io
th

er
ap

y
50

 G
y/

25
 fx

 0
.5

 w
ee

ks
 to

 
w

ho
le

 p
el

vi
s +

 6
 G

y 
× 

2 
fx

 to
 v

au
lt 

by
 b

ra
ch

y-
th

er
ap

y

15
 m

on
th

s
3

U
re

th
ra

—
N

B
la

dd
er

 m
uc

os
a—

pa
le

, 
fro

ste
d

B
/L

 u
re

te
ric

 o
rifi

ce
s—

N
 

effl
ux

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 3

 in
tra

ve
si

ca
l 

in
sti

lla
tio

ns
 o

f (
1%

) a
lu

m

2.
76

/M
C

a 
bl

ad
de

r
TU

R
B

T 
tw

ic
e 

&
 R

ad
io

-
th

er
ap

y
RT

 d
et

ai
ls

 n
ot

 av
ai

la
bl

e
24

 m
on

th
s

4
N

o 
ac

tiv
e 

bl
ee

di
ng

, n
o 

gr
ow

th
. D

iff
us

e 
te

la
ng

i-
ec

ta
si

s p
re

se
nt

.

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 1

 in
tra

ve
si

ca
l 

al
um

 (1
%

), 
1 

fo
rm

al
in

 
(1

%
) i

ns
til

la
tio

n
3.

21
/F

Ta
ka

ya
su

’s
 a

rte
rit

is
C

yc
lo

ph
os

ph
am

id
e 

&
 

St
er

oi
ds

N
.A

.
N

.A
.

3
U

re
th

ra
—

N
B

la
dd

er
 m

uc
os

a—
N

B
/L

 u
re

te
ric

 o
rifi

ce
s—

N
 

effl
ux

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 2

 in
tra

ve
si

ca
l 

al
um

 (1
%

), 
2 

fo
rm

al
in

 
(1

%
) i

ns
til

la
tio

ns
4.

53
/M

C
a 

bl
ad

de
r

TU
R

B
T 

&
 R

ad
io

th
er

ap
y

RT
 d

et
ai

ls
 n

ot
 av

ai
la

bl
e

17
 m

on
th

s
3

N
o 

ac
tiv

e 
bl

ee
di

ng
, n

o 
gr

ow
th

. S
ca

tte
re

d 
te

la
n-

gi
ec

ta
si

s

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 3

 in
tra

ve
si

ca
l 

al
um

 (1
%

), 
2 

fo
rm

al
in

 
(1

%
) i

ns
til

la
tio

ns
5.

45
/M

C
a 

bl
ad

de
r

TU
R

B
T 

&
 R

ad
io

th
er

ap
y

(2
 G

y/
d 

× 
5 

da
y)

 ×
 5

 w
ee

ks
 

fo
r a

 to
ta

l o
f 5

0 
G

y
20

 m
on

th
s

3
N

o 
ac

tiv
e 

bl
ee

di
ng

, n
o 

gr
ow

th
. F

ew
 te

la
ng

ie
c-

ta
tic

 sp
ot

s

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 2

 in
tra

ve
si

ca
l 

al
um

 (1
%

), 
2 

fo
rm

al
in

 
(1

%
) i

ns
til

la
tio

ns
6.

76
/M

R
t. 

re
na

l p
el

vi
s &

 u
re

te
ric

 
TC

C
​

R
t. 

ne
ph

ro
ur

et
er

ec
to

m
y 

&
 p

ar
tia

l C
ys

te
ct

om
y,

 
B

C
G

 &
 R

ad
io

th
er

ap
y

(2
 G

y/
d 

× 
5 

da
y)

 ×
 5

 w
ee

ks
 

fo
r a

 to
ta

l o
f 5

0 
G

y
12

 m
on

th
s

4
N

o 
ac

tiv
e 

bl
ee

di
ng

, n
o 

gr
ow

th
, t

el
an

gi
ec

ta
si

s 
hy

pe
re

m
ia

 &
 b

ul
lo

us
 

ed
em

a 
of

 le
ft 

la
te

ra
l 

w
al

l

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 1

 in
tra

ve
si

ca
l 

al
um

 (1
%

), 
2 

A
gN

O
3 

in
sti

lla
tio

ns

7.
67

/M
C

a 
bl

ad
de

r
TU

R
B

T 
&

 R
ad

io
th

er
ap

y
(2

 G
y/

d 
× 

5 
da

y)
 ×

 5
 w

ee
ks

 
fo

r a
 to

ta
l o

f 5
0 

G
y

18
 m

on
th

s
3

N
o 

ac
tiv

e 
bl

ee
di

ng
, n

o 
gr

ow
th

. F
ew

 te
la

ng
ie

c-
ta

tic
 sp

ot
s

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 2

 in
tra

ve
si

ca
l 

al
um

 (1
%

), 
2 

fo
rm

al
in

 
(1

%
) i

ns
til

la
tio

ns
8.

71
/M

C
a 

bl
ad

de
r

TU
R

B
T 

&
 R

ad
io

th
er

ap
y

(2
 G

y/
d 

× 
5 

da
y)

 ×
 5

 w
ee

ks
 

fo
r a

 to
ta

l o
f 5

0 
G

y
14

 m
on

th
s

3
N

o 
ac

tiv
e 

bl
ee

di
ng

, n
o 

gr
ow

th
. F

ew
 te

la
ng

ie
c-

ta
tic

 sp
ot

s

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 2

 in
tra

ve
si

ca
l 

al
um

 (1
%

), 
2 

fo
rm

al
in

 
(1

%
) i

ns
til

la
tio

ns
9.

59
/F

C
a 

bl
ad

de
r

TU
R

B
T 

&
 R

ad
io

th
er

ap
y

(2
 G

y/
d 

× 
5 

da
y)

 ×
 5

 w
ee

ks
 

fo
r a

 to
ta

l o
f 5

0 
G

y
16

 m
on

th
s

3
N

o 
ac

tiv
e 

bl
ee

di
ng

, n
o 

gr
ow

th
. F

ew
 te

la
ng

ie
c-

ta
tic

 sp
ot

s

B
la

dd
er

 ir
rig

at
io

n,
 sa

lin
e 

irr
ig

at
io

n,
 2

 in
tra

ve
si

ca
l 

al
um

 (1
%

), 
2 

fo
rm

al
in

 
(1

%
) i

ns
til

la
tio

ns



2178	 World Journal of Urology (2019) 37:2175–2182

1 3

d). Bladder catheterization was maintained, and once clear 
urine was confirmed catheter was removed in an average 
time of 2.5 days. There was complete control of hematuria 
(macroscopically clear urine) in all nine patients within 48 h 
post-procedure. No patient required blood transfusion after 
the procedure. In case 2, hematuria recurred after 2 months 
of the procedure. Cystoscopy demonstrated no evidence of 
hyperemia, telangiectasias, or bullous edema that was pre-
sent pre-procedure. In this patient, hematuria spontaneously 
resolved without any active intervention.

There were no major complications, with no reported 
bladder or sexual dysfunction. Two patients complained of 
dull deep gluteal pain, which resolved in a few days requir-
ing no medication while one patient had moderate buttock 
and thigh pain which required analgesics. One patient devel-
oped fever 24 h after the procedure. This patient recovered 
fully within 2 days with symptomatic treatment. All patients 
were discharged, in good general condition, with no hema-
turia and with normal hemoglobin values. All patients 
were followed up regularly to verify the absence of mac-
roscopic hematuria, with follow-up period ranging from 3 

Fig. 1   37-Year-old woman with carcinoma cervix and radiation cysti-
tis (case 1). Cystoscopy demonstrating multiple hyperemic telangiec-
tatic areas (black arrows)

Fig. 2   37-Year-old woman with 
carcinoma cervix and radiation 
cystitis (case 1). Superselective 
right (a) and left (b) vesical 
artery angiograms showing 
hypervascularity and contrast 
blush in the region of urinary 
bladder (black arrows), with 
no discrete bleeding point or 
contrast extravasation. Post-
embolization right (c) and left 
(d) vesical artery angiogram 
revealed pruning of the arteries 
supplying the bladder, with 
preservation of the remaining 
internal ilac artery branches
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to 28 months (mean 14.45 months). The longest follow-up 
available was in n = 2 patients (case 2 and case 3), with fol-
low-up period of more than 2 years. In n = 2 patients (case 
4 and case 9), the follow-up period was about 1½ years. 
In n = 3 patients (case 5, case 7 and case 8), the follow-
up period was about 1 year, and in n = 2 patients (case 1 
and case 6) the follow-up period was the shortest, less than 
6 months, as detailed in Table 2. The two patients with short-
est follow-up (case 1 and case 6) did not visit our hospital 
during the follow-up period, as they transferred their care to 
a different institution.

Discussion

Our study demonstrates the safety and efficacy of superselec-
tive vesical artery embolization in nine patients with intrac-
table life-threatening hematuria who have failed prior con-
ventional treatment protocols. There was complete control 

of hematuria in all nine patients within 48 h post-procedure 
with no significant post-procedural complications.

HC is a known complication of pelvic irradiation, 
administration of chemotherapeutic agents, e.g., cyclophos-
phamide, etc., and occurs as an end result of obliterative 
endarteritis, which causes mucosal sloughing, vascular tel-
angiectasis and ulcerations [1,11–13]. The cytology and his-
tology of cyclophosphamide toxicity and irradiated patients 
is the same [1,14,15]. Painless persistent profuse hematuria 
is the common denominator, which at times becomes life 
threatening, may not respond to conservative management 
and require aggressive intervention.

Vela-Ojeda et al. [10] classified HC in four grades. In 
grade 1, there is microscopic hematuria on more than two 
consecutive days; grade 2, macroscopic hematuria; grade 
3, macroscopic hematuria with clots; grade 4, macroscopic 
hematuria with clots and impaired renal function secondary 
to urinary tract obstruction. Clinically, De Vries and Freiha 
divided bladder hemorrhage into three categories: mild, 

Fig. 3   45-Year-old male with 
carcinoma of the urinary blad-
der, post-TURBT and radio-
therapy (case 5). Superselective 
right (a) and left (b) vesical 
artery angiograms showing 
hypervascularity and contrast 
blush in the region of urinary 
bladder (black arrows), with 
no discrete bleeding point or 
contrast extravasation. Post-
embolization right (c) and left 
(d) vesical artery angiogram 
revealed pruning of the arteries 
supplying the bladder, with 
preservation of the remaining 
internal ilac artery branches
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moderate and severe [1]. Mild hematuria does not decrease 
the hematocrit and can be controlled by simple measures 
[16]. Moderate hemorrhage decreases the hematocrit and 
requires 6 units or less of transfused red blood cells. Severe 
hematuria is defined as hemorrhage refractory to simple irri-
gations and instillations, and requires more than 6 units of 
packed red blood cell transfusions. All patients referred for 
angiography and embolization in our series had grade 3 or 
4 HC, with severe hematuria requiring a mean of 9 units of 
packed red blood cells.

Management of intractable hematuria secondary to HC 
requires a rational plan including detailed clinical history, 
physical examination, urinalysis, urine culture and assess-
ment of baseline renal function with serum creatinine and 
cystoscopy. Treatment consists of a series of measures 
beginning with the most conservative and only a minor 
proportion requires aggressive intervention [1,2]. Various 
surgical procedures including cystectomy remain as the final 
treatment option, but are associated with high morbidity and 
mortality [2, 17–19].

Transcatheter arterial embolization is an accepted 
approach for intractable hemorrhage from pelvic organs 
[20] which offers the obvious advantage of a lower rate 
of morbidity over surgery. Non-selective embolization of 
the internal iliac arteries has been described in the past to 
stop bleeding from branches of these arteries in situations 

such as pelvic malignancies, obstetric and gynecological 
emergencies, blunt pelvic trauma, in control of internal 
iliac aneurysms and in the treatment of arterio-venous 
malformations [21, 22], but only a few articles are avail-
able emphasizing the role of selective vesical artery embo-
lization or internal iliac artery embolization in the man-
agement of HC [2, 5–9].

Hald and Mygind were the first to demonstrate a role of 
internal iliac artery embolization in the treatment of such 
patients [23]. Mc Ivor et al. [24] and Gujral et al. [25] have 
also reported the effectiveness of this technique with no side 
effects. Appleton et al. have reported its use in the treatment 
of post-pelvic radiotherapy severe hematuria in patients with 
invasive bladder cancers [21]. Massive bladder hemorrhage 
was successfully treated by selective embolization of vesi-
cal arteries in patients with vesical neoplasms by Kobayashi 
et al. and Ozono et al. [26, 27]. De Berardinis E performed 
superselective embolization of the bladder arteries to control 
severe intractable bleeding in a patient post-bladder irradia-
tion for an infiltrating TCC [6].

Han et al treated ten HC patients with selective vesical 
artery embolization, where all the conservative measures 
for controlling hematuria had failed. Eight of ten patients 
(80%) achieved complete response and no further therapy 
was required in all the patients [2]. No apparent adverse 
effect was observed except transient buttock pain in two 

Table 2   Summary of procedural and other technical details

Case Internal Iliac branches occluded Agent used Complications Post-embolization 
result

Bleed-
ing free 
follow-up 
period

Right Left

1. Superselective vesical 
artery

Superselective vesical 
artery

PVA particles 
300–500 μ

Major- none moderate 
buttock and thigh 
pain

One episode of hema-
turia that cleared 
spontaneously

5 months

2. Superselective vesical 
artery

Superselective vesical 
artery

1-PVA particles 
300–500 μ

Major- none dull deep 
gluteal pain

Complete cessation of 
hematuria

26 months

3. Superselective vesical 
artery feeders

Superselective vesical 
artery

PVA particles 
300–500 μ

None Complete cessation of 
hematuria

28 months

4. Superselective vesical 
artery

Superselective vesical 
artery

PVA particles 
300–500 μ

Major- none mild fever Complete cessation of 
hematuria

17 months

5. Superselective vesical 
artery

Superselective vesical 
artery

PVA particles 
300–500 μ

None Complete cessation of 
hematuria

11 months

6. No feeders Inferior gluteal artery- 
coil embolised

Selective vesical 
artery- PVA particles

1-Coils
2- PVA particles 

300–500 μ

Major- None dull deep 
gluteal pain on the 
left side

Hematuria recurred 
after 2 months, which 
then responded to 
intravesical instilla-
tion of 1% formalin

3 months

7. Superselective vesical 
artery

Superselective vesical 
artery

PVA particles 
300–500 μ

None Complete cessation of 
hematuria

12 months

8. Superselective vesical 
artery

Superselective vesical 
artery

PVA particles 
300–500 μ

Major- None mild pain Complete cessation of 
hematuria

10 months

9. Superselective vesical 
artery

Superselective vesical 
artery

PVA particles 
300–500 μ

None Complete cessation of 
hematuria

18 months
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patients and fever in one patient which was accounted to 
pulmonary infection.

In our study, nine patients with severe life-threatening 
hematuria were treated with superselective embolization 
after all the conservative measures had failed. There was 
complete control of hematuria in all nine patients within 
48 h post-procedure and no patient required blood transfu-
sion thereafter. Han et al. [2] used gelatin sponge particles 
or pledgets as embolic agent, whereas we used 300–500-μ 
PVA particles in all of our patients. Coil embolization of 
inferior gluteal artery followed by particle embolization of 
vesical arteries was done in one patient in whom superior, 
inferior vesical and inferior gluteal arteries were arising as 
a trifurcation. All our procedures were carried out through 
the right femoral route. McIvor et al used the left axillary 
approach thinking a catheter passing down the aorta can 
usually be manipulated into the internal iliac arteries and 
their smaller branches on both sides without difficulty [24].

Complications, such as ischemic pain, bladder necro-
sis, bladder infarction, and even inadvertent occlusion of 
uninvolved vessels by refluxed embolic material have been 
reported [26]. lschemic pain commonly occurs in this pro-
cedure (26), which was probably seen as post-embolization 
syndrome in one patient in our study which was sympto-
matically managed with analgesics. However, two patients 
also complained of dull deep gluteal pain, which resolved in 
a few days requiring no medication. Superselective vesical 
artery embolization was performed and no non-target embo-
lization to any intestinal branches occurred. No ischemic 
sequelae of the embolization procedure were noted with any 
reported bladder or sexual dysfunction in our patients.

Many authors have stated that occlusion of unilateral or 
bilateral IIA is well tolerated without severe complications 
[28, 29]. Urinary bladder has a complex arterial supply with 
many normal variations, and a greater number of arteries 
are found supplying the bladder than usually described in 
the anatomy literature. The complete set of branches con-
sists of the following: (a) one urachal (b) two superior vesi-
cal (c) one middle vesical (d) another one or two superior 
vesical (e) a vesiculo-deferential (f) and one inferior vesical 
[30]. Thus, bladder infarction remains a rare complication 
as urinary bladder has an abundant collateral blood flow 
[28]. This was useful to us as it makes feasible to embolize 
a branch of an IIA in patients with massive bleeding from 
the bladder that is impossible to control by other means. 
Nevertheless, arterial embolization may result in extensive 
occlusion of peripheral vessels, preventing the development 
of collateral circulation and potentially giving rise to tis-
sue infarction or even necrosis [28]. To avoid such hazards, 
we selected the largest vesical artery originating from the 
anterior trunk of the IIA and embolized it, and a similar 
embolization was performed on the opposite side. In one 
patient (case 6, Table 2), no prominent vessel (which could 

be superselectively cannulated), supplying the urinary blad-
der was identified on the right side; hence, no embolization 
was performed on the right side in this patient. No detailed 
angiographic attempts were made to map or to embolize the 
whole arterial supply of the urinary bladder in any patient. 
This may be the reason for having no ischemic complica-
tions in our series, as the remaining arterial supply of the 
urinary bladder was left intact.

Since we did not expect to find any active bleeding, 
based on the pathophysiology of HC as discussed above [1, 
11–13], a clinical decision was made to occlude the most 
prominent arteries supplying the bladder, even prior to the 
diagnostic angiogram. The diagnostic angiogram was used 
to help guide superselective catheterization of the vesical 
arteries.

In all of our patients, complete hemostasis was obtained 
without significant complications by selective embolization 
of the vesical arteries. In case 2, obturator artery was also 
embolized in addition to the selective vesical arteries, and 
in case 6 left inferior gluteal artery was embolized along 
with the vesical artery.

The available literature on endovascular management of 
hematuria from radiation-induced HC is principally retro-
spective and involves small numbers of patients who have 
had several different treatment modalities. In the absence of 
randomized studies comparing treatments, it is impossible 
to set definitive rules about management but some patients 
with this condition may warrant aggressive treatment.

Thus, our series illustrate the value of this procedure in 
managing these patients when all other conservative meas-
ures have failed and hemostasis is proving to be difficult 
to achieve. Our study suggests that embolotherapy can 
minimize total blood loss and thereby avoids the morbidi-
ties associated with multiple blood transfusions. Thus, we 
conclude that superselective vesical artery embolization is 
a safe and effective procedure in controlling hematuria not 
responding to traditional measures, and we propose this 
approach as a valid and viable option in patients of HC. For 
some select cases, this procedure may be considered as the 
treatment of choice since it usually obviates the need for 
emergency surgery in these severely ill patients.

Author’s contribution  SM data collection, manuscript writing. SK 
protocol/project development, manuscript editing. DD data collection, 
manuscript editing. RVP protocol/project development, manuscript 
editing. SSB data collection, manuscript editing. MK protocol/project 
development, data collection, manuscript editing.

Compliance with ethical standards 

Conflicts of interest  All the authors declare that they have no conflict 
of interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the institu-



2182	 World Journal of Urology (2019) 37:2175–2182

1 3

tional and/or national research committee, and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Human and animal rights  This article does not contain any studies with 
animals performed by any of the authors.

Informed consent  For this type of study formal consent is not required.

References

	 1.	 deVries CR, Freiha FS (1990) Hemorrhagic cystitis. J Urol 
143:1–9

	 2.	 Han Y, Wu D, Sun A, Xie Y, Xu J, Zhou J, Zhu X, Wang Z, Ruan 
C (2008) Selective embolization of the internal iliac arteries for 
the treatment of severe hemorrhagic cystitis following hematopoi-
etic SCT. Bone Marrow Transpl 41(10):881–886

	 3.	 Choong S, Walkden M, Kirby R (2000) The management of 
intractable haematuria. BJU Int 86:951

	 4.	 Capelli Schellpfeffer M, Gerber G (1999) The use of hyperbaric 
oxygen in urology. J Urol 162:647

	 5.	 Delgal A, Cercueil JP, Koutlidis N, Michel F, Kermarrec I, 
Mourey E, Cormier L, Krausé D, Loffroy R (2010) Outcome of 
transcatheter arterial embolization for bladder and prostate hemor-
rhage. J Urol 183(5):1947–1953

	 6.	 De Berardinis E, Vicini P, Salvatori F, Sciarra A, Gentile V, Di 
Silverio F (2005) Superselective embolization of bladder arteries 
in the treatment of intractable bladder haemorrhage. Int J Urol 
12(5):503–505

	 7.	 Giné E, Rovira M, Real I, Burrel M, Montaña J, Carreras E, Mont-
serrat E (2003) Successful treatment of severe hemorrhagic cysti-
tis after hemopoietic cell transplantation by selective embolization 
of the vesical arteries. Bone Marrow Transpl 31(10):923–925

	 8.	 Palandri F, Bonifazi F, Rossi C, Falcioni S, Arpinati M, Giannini 
MB, Ansaloni F, Bandini G, Baccarani M (2005) Successful treat-
ment of severe hemorrhagic cystitis with selective vesical artery 
embolization. Bone Marrow Transpl 35(5):529–530

	 9.	 Lang EK, Deutsch JS, Goodman JR et al (1979) Transcatheter 
embolization of hypogastric branch arteries in the management 
of intractable bladder hemorrhage. J Urol 121:30

	10.	 Vela-Ojeda J, Tripp-Villanueva F, Sanchez-Cortes E, Ayala-
Sanchez M, Garcia-Ruiz Esparza MA, Rosas-Cabral A et  al 
(1999) Intravesical rhGM-CSF for the treatment of late onset 
hemorrhagic cystitis after bone marrow transplant. Bone Marrow 
Transpl 24:1307–1310

	11.	 Strickland P (1980) Complications of radiotherapy. Br J Hosp Med 
23:552–565

	12.	 Antonakopoulos GN, Hicks RM, Berry RJ (1984) The subcellular 
basis of damage to the human urinary bladder induced by irradia-
tion. J Pathol 143:103–116

	13.	 Dean ALJ (1927) Ulceration of the urinary bladder as a late effect 
of radium application to the uterus. JAMA 89:1121

	14.	 Pyeritz RE, Droller MJ, Bender WL, Saral R (1978) An approach 
to the control of massive hemorrhage in cyclophosphamide 
induced cystitis by intravenous vasopressin: a case report. J Urol 
120:253

	15.	 Philips FS, Sternberg SS, Cronin AP, Vidal PM (1961) Cyclo-
phosphamide and urinary bladder toxicity. Cancer Res 21:1577

	16.	 Krane DM, Levine LA (1992) Hemorrhagic cystitis. AUA Update 
Ser 11:242

	17.	 Pomer S, Karcher G, Simon W (1983) Cutaneous ureterostomy as 
last resort treatment of intractable hemorrhagic cystitis following 
radiation. Br J Urol 55:392–394

	18.	 Koc S, Hagglund K, Ireton R, Perez-Simon JA, Collins SJ, Appel-
baum FR (2000) Successful treatment of severe hemorrhagic cys-
titis with cystectomy following matched donor allogeneic hemat-
opoietic cell transplantation. Bone Marrow Transpl 26:899–901

	19.	 Tomic R, Gransfors T, Modig H (1996) Morbidity after preopera-
tive radiotherapy and cystectomy in patients with bladder cancer. 
Scand J Urol Nephrol 31:149–154

	20.	 Lang EK (1981) Transcatheter embolization of pelvic vessels for 
control of intractable hemorrhage. Radiology 140:331–339

	21.	 Appleton DS, Sibley GN, Doyle PT (1988) Internal iliac artery 
embolization for the control of severe bladder and prostate haem-
orrhage. Br J Urol 61:45

	22.	 Nabi G, Sheikh N, Greene D et al (2003) Therapeutic transcatheter 
arterial embolization in the management of intractable haemor-
rhage from pelvic urological malignancies: preliminary experi-
ence and long-term follow-up. BJU Int 92:245

	23.	 Hald T, Mygind T (1974) Control of life threatening vesical hem-
orrhage by unilateral hypogastric artery muscle embolization. J 
Urol 112:60–63

	24.	 McIvor J, Williams G, Southcott RD (1982) Control of severe 
vesical hemorrhage by therapeutic embolization. Clin Radiol 
33(5):561–567

	25.	 Gujral S, Bell R, Kabala J, Persad R (1999) Internal iliac artery 
embolization for intractable bladder hemorrhage in the periopera-
tive phase. Post Grad Med J 75:167–168

	26.	 Kobayashi T, Kusano S, Matsubayashi T, Uchida T (1980) Selec-
tive embolization of the vesical artery in the management of mas-
sive bladder hemorrhage. Radiology 136(2):345–348

	27.	 Ozono S, Okajima E, Hirao Y, Babaya K, Komada S, Matsuki H, 
Takahashi S, Ohishi H, Yoshioka T (1988) Transcatheter arterial 
embolization of vesical artery in the treatment of invasive bladder 
cancer. Eur Urol 15(3–4):176–179

	28.	 Nino-Murcia M, Friedland GW (1988) Bladder infarct. Urol 
Radiol 9(4):234–236

	29.	 Prasad V, Sacks BA, Kraus S, Clouse ME (2009) Embolother-
apy for Lower Urinary Tract Hemorrhage. J Vasc Interv Radiol 
20:965–970

	30.	 Ramzy S (1976) The arterial supply of the urinary bladder. Acta 
Anatomica 96:128–134


	Superselective vesical artery embolization in the management of intractable hematuria secondary to hemorrhagic cystitis
	Abstract
	Purpose 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Technique
	Results and follow-up
	Discussion
	References




