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Abstract

Background: Ureteroarterial fistula (UAF) is a rare but potentially life threatening disease. The aim of this study was
to evaluate the outcome of endovascular therapy for UAF treatment.

Methods: This retrospective case series evaluates a single center experience of percutaneous stent graft (SG)
angioplasty and/or coil embolization for UAF. Patient follow-up included technical and early clinical success,
complications and revisional procedures. We also conducted a systematic review of the literature reporting on
endovascular UAF management.

Results: We identified 17 UAF in 16 patients (12 male, 4 female, mean age 69.8 + 11.3 years) who underwent
endovascular UAF therapy at our tertiary hospital. All patients presented with hematuria. 5/17 (29.4%) presented
with flank pain, in 7 (41.2%) cases patients were in hypovolemic shock. Risk factors of UAF included chronic
indwelling ureteral stents in all fistulas, major pelvic surgery in 13 cases (76.5%). In 6 cases (35.3%) SG were placed
from the common iliac artery (CIA) to the external iliac artery (EIA) following coil embolization of the proximal
internal iliac artery (IIA). SG placement without previous coil embolization was performed in 10 fistulas (58.8%). In
one case only coil embolization of the IIA was performed. Mean follow-up was 654 (range: 1-3269) days. All
procedures were technically successful and no procedure related deaths occurred during follow-up. During the
initial hospital stay hematuria disappeared in 14/17 cases (82.4%). Overall, four patients suffered recurrent hematuria,
which in three cases resolved after a secondary intervention. One recurrent UAF related death occurred during
follow-up 229 days after initial treatment.

A total of 152 UAF cases were additionally analyzed from our systematic literature review: SG placement with or
without embolization was performed in 140 cases (92.1%) while embolization alone was done in 12 cases (7.9%).
Complications included UAF recurrence (18/152, 11.8%), SG thrombosis (7/140, 5%), and SG infections (5/140, 3.6%)
with an overall complications rate of 13.8%. Five patients died due to UAF (3.3%).

Conclusion: Endovascular therapy offers high technical success rates and rapid bleeding control of UAF. Severe
complications like SG occlusions or SG infections are rare but significant. Antibiotic treatment and single anti-
platelet therapy improve SG durability as well as close and long follow-up to timely perform repeated endovascular
or surgical treatment if necessary.
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Background

Ureteroarterial fistula (UAF) is a rare but potentially life
threatening clinical entity first described in 1908 by
Moschcowitz (Moschcowitz, 1908). UAF is classified into
primary (15%) and secondary (85%) lesions (Pillai et al.,
2015). Primary fistulas are mainly seen in combination
with aortoiliac aneurysmal disease. Secondary fistulas
typically occur after pelvic surgery for malignancy with
or without radiation therapy, or after vascular surgery
with synthetic grafting (Bergqvist et al, 2001; Luther
et al., 2014). The most common risk factor to develop
an UAF is the presence of a chronic indwelling ureteral
stent (Das et al., 2016). This is possibly due to the fact
that mechanical fixation of the ureter triggers inflamma-
tion and fibrosis in the adjacent pulsating artery (Horie
et al., 2019).

The most common location of UAF is the crossing of
the distal left common iliac artery (CIA) and the ureter
(Das et al., 2016; van den Bergh et al., 2009). The leading
symptom is gross hematuria (Bergqvist et al., 2001; Das
et al,, 2016; Krambeck et al., 2005). UAF is a rare condi-
tion; however, since the increase in life expectancy in pa-
tients suffering of pelvic malignancies, this condition is
observed more often (Das et al., 2016; Fox et al., 2011).

Different treatment options including surgery or sur-
gery combined with transarterial embolization have been
described (Fox et al., 2011; Krambeck et al., 2005; van
den Bergh et al,, 2009). More recently, stent graft (SG)
placement has been reported as an effective alternative
treatment; however, only small series using a variety of
different, mostly self-expanding SG or iliac extensions
from aortic bifurcation grafts have been reported (Fox
et al,, 2011; Guntau et al., 2017; Krambeck et al., 2005;
Okada et al., 2013).

Thus, the purpose of the study was to evaluate the
safety and effectiveness of endovascular therapy in UAF
and to establish an interventional radiological therapy
regime for these rare but critical cases.

Methods
IRB approval was obtained on June 25, 2020 by the insti-
tutional review board of the University of Freiburg
(#368/20).

We included all consecutive patients referred for
endovascular therapy for UAF at our institution from
November 2005 to March 2020. We reviewed patient
characteristics, comorbidities, and clinical presentation

from medical records. The clinical diagnosis of an UAF
was based on pulsatile ureteral bleeding from either side
on cystoscopy and/or in retrograde pyelogram by the re-
ferring urologist.

Radiological diagnostic work up included either contrast-
enhanced computed tomography (CECT), unenhanced
computed tomography (UECT) or conventional angiog-
raphy. CT was used to rule out renal hemorrhages and plan
endovascular treatment. All patients underwent conven-
tional catheter angiography. Angiographic procedures were
performed under local anesthesia via a percutaneous trans-
femoral approach. Five French (Fr) angiographic sheaths
were placed using Seldinger’s technique. Angiograms were
obtained with manual contrast injection via a 5 Fr angio-
graphic catheter. For SG placement, the 5 Fr sheath was re-
placed by a larger sheath (7 Fr — 14 Fr) and an additional
stiff wire was used. Most UAF were treated with percutan-
eous covered SG placement into the iliac axis covering the
site of the fistula. In a minority of cases fistulas we per-
formed an additional coil embolization of the internal iliac
artery (IIA). Stent size was chosen to match the individual
patient’s anatomy. In one patient the bleeding site was lo-
calized in the IIA alone. In this case we treated the fistula
by coil embolization of the IAA without SG placement.
The procedure was considered complete and technically
successful after a final angiogram confirmed the correct SG
placement at the target location and/or the sufficient
embolization of the IIA. Early clinical success was defined
as freedom of hematuria in the current hospital stay. Pa-
tients were routinely followed at our outpatients clinic or
by private urologists as all patients carry ureteral stents.
Follow-up examinations are performed according to indi-
vidual requirements (minor bleeding episodes, plugging of
ureteral stents, hydronephrosis; usually 2 to 4 weeks after
ureteral stent placement, followed by routine exams every 3
to 6 months). Follow-up examinations include urinalysis,
urine culture, laboratory tests, and sonography. Periinter-
ventional management included antibiotic treatment based
on urine cultures and resistance profiles. Since all patients
carried ureteral stents, we found no patient without bacter-
ial colonization. Anticoagulation therapy was switched to
low-molecular weight heparin equivalent to the patients‘ba-
seline anticoagulation dosage or prophylactic dosage. The
decision for postinterventional anti-platelet therapy was im-
plemented in consultation with the referring urologists and
intensive care physicians. All but two patients were put on
acetylic salicylic acid 100 mg/day immediately following
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UAF treatment, 6 patients received prolonged dual anti-
platelet regime of additional clopidogrel 75mg/day (12
weeks) and short-term dual antiplatelet therapy (clopidogrel
75 mg/day for 6 weeks) in one case. One patient received
12 weeks of clopidogrel 75 mg/day combined with previ-
ously started oral anticoagulation. The patient with coil
embolization only did not receive any anti platelet therapy.
A descriptive analysis was performed. Continuous data
were summarised by median, arithmetic mean, and range.
Categorical data were summarised by the total number of
patients in each category. Relative frequencies are displayed
as valid percentages.

We performed a literature search of the PubMed data-
base using the following keywords: “ureteroarterial fistula”,
“arterioureteral fistula” and “uretero iliac fistula”. We
identified 55 articles published in English from January
2018 to March 2021. Studies were included if they pre-
sented data of adult patients regarding endovascular ther-
apy, results on technical success, complications, and
outcomes of UAF. Articles were excluded if they reported
nonextractable data, UAF treatments other than endovas-
cular, or were missing data on outcome or management
of UAF. We also excluded systematic reviews, comment
articles, or correspondence.

Results
In the study period, 17 endovascular UAF cases with a
total of 16 patients from the author’s hospital were
analyzed.

Furthermore, we updated the comprehensive review
by Subiela et al. (Subiela et al., 2018), who published a
case series of their own patients and from a systematic
literature review on articles regarding the endovascular
management of UAF between 1990 and 2017. From the
55 identified articles through PubMed database research,
we included only studies which were considered of inter-
est and met the inclusion criteria. Finally, 15 articles
were added to the review by Subiela et al. with a total of
152 UAF cases (Table 1).

Clinical findings

In the study period, 17 UAFs with a total of 16 predom-
inantly male patients were included in the analysis (75%
male, mean age 69.8 + 11.3 years). All patients presented
with hematuria. Approximately one third of patients
(31.3%) exhibited additional flank pain, in seven cases
(41.2%) patients were in hypovolemic shock. In 94.1% of
the cases patients presented with acute urinary retention.
Half of the patients had chronic nephropathy. Risk fac-
tors of UAF included chronic indwelling ureteral stents
in all fistulas, major pelvic surgery in 13 cases (76.5%)
and history of pelvic or genitourinary malignancies in-
cluding colorectal cancer (10 cases), uterine/cervical
cancer (3 cases), bladder cancer (1 case), testicular
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cancer (1 case) and prostate cancer (1 case). One patient
had radiotherapy as primary treatment, one patient was
under active surveillance and the only patient who did
not suffer of a malignancy but of Ormond’s disease had
cortisone therapy as primary treatment. Fourteen of 15
patients with cancer had adjuvant radiation therapy and
chemotherapy. Five patients (31.3%) suffered of vascu-
lopathies, two had severe claudication (Rutherford III),
one had a right critical limb ischemia (Rutherford V),
one had abdominal aortic aneurysmal disease and one
patient had documented peripheral arterial occlusive dis-
ease with aortofemoral bypass. Patient characteristics are
summarized in Table 2.

Imaging

Urologists were able to confirm signs of ureteral bleed-
ing and correctly located the site of bleeding by using
cystoscopy in all patients. In 10 cases the first radio-
logical diagnosis was done by CECT, in 4 cases direct
catheter angiography in readiness to intervene followed
urological diagnosis confirmation, and in 3 cases an
unenhanced CT was performed prior to angiography.
CECT directly identified the fistula only in two cases (of
10 cases who received preinterventional CECT) with ex-
travasation into the ureter. Angiography was positive in
3 of 17 cases. CT or angiography identified the crossing
point between ureter and iliac artery in all patients. In
10 cases, the UAF was located at the CIA, in 3 cases
each the IIA or the external iliac artery (EIA) was com-
promised respectively; in one exceptional case the fistula
was located at the aortofemoral bypass graft.

Procedures

We inserted SG without previous coil embolization in
10 fistulas. In 6 cases we performed coil embolization of
the proximal IIA prior to SG implantation. In one case
the UAF was located solely in the IIA and was therefore
treated by coil embolization alone. In three cases a sec-
ondary procedure was necessary due to recurrent bleed-
ing during the hospital stay: In two cases SG extension
and additional coil embolization of the IIA was needed
and in one fistula IAA coiling alone was sufficient. Unre-
lated to the UAF but because of ongoing aneurysm
growth due to aneurysmosis of the aortoiliac territory a
secondary SG extension into the proximal CIA was re-
quired in one case.

Different types of balloon-expandable and self-ex-
pandable SG were used: Advanta V12 (Atrium Medical,
NH, USA) in 7 cases, Fluency (Bard Peripheral Vascular,
Tempe, AZ, USA) in 5, Gore Excluder endograft (Gore,
Flagstaff, AZ, USA) in 3, Viabahn endograft (W. L. Gore,
Flagstaff, AZ, USA) in 3 and Endurant II endograft (Med-
tronic Vascular, Santa Rosa, CA, USA) in 1. In 16 of 17
cases puncture site was closed by a closure device: In 4



Page 4 of 13

(2021) 4:36

Simon et al. CVIR Endovascular

oS +

13K | |)npuaAsuN ou ou SS9INS [BDIUYDIDY ou UO[BZI|OgqUId 10D V| | (610 “Ie 19 SUOH)
SEEI ssedAq
SYUoW (£€-6) 9 1€ SISOqUIoIY} $5900N$ J9A0SSOID-[RIOUID) ‘anbruydsy
81 :dn-mojjoj ueipawl ou 9S (%02) §/1 [e21UY331 9%00 L -|eJowsy (9%60¢) 6/L |[941eg-9|gnop e ul S S (0Z0T " 1o uuewsse)
JIuow | 1e [naudAuUN ou ou SS9INS [BDIUYDD} ou 5 | (0207 “Ie 19 eizeID IQ)
(0zoz e 19
yuowl | 1e njiusAsun ou ou S$S9IDNS [BDIUYDSY ou oS | elieWIRIURS-1H315RI9g)
uolsiAJ [ed1bins
palinbal Aj21ewnn pue UOUSAIDIUI paleadal
elINRWAY USRI 19)ye skep ¢ uiebe uond3yul UOISUIXD
3/ABY 0} PaNUIIUOD puUE 339M B UIYIM DS pa1dadsns ‘9jLgay $S92DNS [BDIUYDSY DS SoWI OM) oS | (0207 "|e 1@ pnoualiay)
(0coz "eydno
SYIUOW 9 1B |NUSASUN ou ou SS9DNS [BDIUYDDY ou S | pue a9saybieAdn)
(ozoz
SYIUOW 6 1B |NAUSASUN ou ou SS9DNS [BDIUYDDY ou 5 | “|e 19 9||ndopueuia)
syuow DS + UOIIeZI|oquId
L | 18 [nauaAduUN ou ou SS9DNS [BIIUYIDY ou Bnid Jejnosea || | (070T “Ie 19 BYOIYSOA)
(1
UOISUIXd DS ‘(958D
|) uoIsn|20 |ea1bins
-uado |euonippe 95 (9%0%)
(9seD pue UoNez|jogquid G/ 'uolez|joquia
Adesayy 1) JUS3S J3194n Ue Jo $5920NS (duazoqu3) Bnid Jejnosea (9409)
syluow (£'8y—1 :obuel) |eniul Jaye skep 4 abueydxa |esibojoin [BDIUID 9609 $5922NS saJaydsouniw G/€ ‘'uonezijoquis
6€ :dn-m0||04 UBIPIN pue sAep 8 ‘(%0%) S/ e J91e JINS) |BDIUYD3Y 9%00 | pue |103 1103 (%0%) 5/C S (0207 “Ie 19 unsnbny)
4vN 01 paiejaiun
JuSUIIeaI] JaYe S +
SYIUOW USASS palp ou ou SS9DNS [BDIUYDIDY ou UO[BZI|OgqUId (10D V|| | (0207 “Ie 19 o3auey)
sieah gz e uonezioquia 103 (1202
elnjewsay ssolb Jo a3l ou ou SS92NS [BDIUYIDY ou pue Bn|d Jejnasen v|| | “|e 19 1|jedeinAaQ)
(9sed
[%1] 1) uonedipned
quil| pue ‘(sed
[9%1] 1) sisoquioiyy
KI9LE |PUIIXD Dkl
SA1BU ‘(S35eD [961°7]
2) sisdasoln ‘(sased
(S1=0 1D %S6) syauow [91°C] ) ss92sqe
7 :(y1ep paiejal |esuoiiadolial ‘(sased DS + UONeZI|oquId
4vN) [BAIAINS (9'LS [9%C €] €) slsoquioiyy paseaddesip (© VIl (969°70) ¥C
—57€ 1D %S56) SYIUow S ‘(%/1) 918l elinleway ‘ainpadoid Juswade|d og ‘(sased ‘UoNPZIIOqUID (%E°S)
Tt [PAIAINS ||RIDAO (%5°2) S95e2 / uonedl|duwod ||eidno 9U1 JaYe ‘sased ||e U €) Awopaiydau S 'OS (%/¥6) 68 6 (8107 “|e 19 B]2IGNS)
S3W0d}N0 ainpadoid
pue dn-mojjo4 dUANIBI VN suoneddwo) s)nsay |euolsiaay juswieasy 4vn sase) ERIIEYETEN]

2IN1eI}| 3Y) JO MY L d|qeL



Page 5 of 13

(2021) 4:36

Simon et al. CVIR Endovascular

$918|A1520URKD PUE S[10 LIIM UORBZIIOqUI ‘JUS}S UOISNI0 [eI2331N , ‘s3sed [ed16aNs & Buipnpul 4N 9T JO S358d JBNSeAopUS 7T
e|nisly [BLSLIROIDIBIN i) ‘Weub Judls DS ‘A1a1e deljl [eusdlul v)|

(sAep gge pue Gy) ases
-sip bulApspun Jisyy

Yieap paiejai

(S T1)
8/1 ‘uonezijoquia

0} anp palp om} ‘skep SYiuow ¢'9 Jo uesw uondajul -4V Ou ‘ss900NS (L1 os'Id VIl +9S (%STL)
/86 :dn-MoJ|0} ue|paw e 1e (%G°/€) 8/€ S (%STL) 8/1 [ed1uy291 %001 A190INns 195°/€) 8/€ 8/1 'OS (%S/) 8/9 8 (0207 “Ie 19 YON)
@vn
Buiobuo 01 anp palp
2uo) dn-mojjoy Bul
-Inp paip sulu ‘(08-1)
syuow g Jo dn-moj|o4
ue|pauwl e 1e anje ejwiayds| (Ezh) ‘uonezijoquia
2lam 7| ‘dn-mojjo4 01 Je> [edxeyisdr | | ‘ssedAq J9A0-550.10 1103 (%1°6) T
1S0| Sem U0 ‘Uonenys ‘diy [es3e)isdr ur ured uonenis pue uopeby| [ed1bins /7 'OS + uonezijoquia
31NJe Y1 SAIAINS DIWYSI | ‘UodRYUI 31N2E 3y} PAAIAINS 191€|) UOnEZ||OqUId 1102 (%9°€1) 7T
10U pIP (%/°2) 92/C 9t/e OS 1 'SU0Isn|230 OS ¢ (96€°26) 9C/¥T 103 ‘(s9sed 7) OS /€ OS (%ELL) TT/LL oCC (810T “[e 19 SiosH)
syualied |je ul [njiuane
-un ‘'syruow (99-5¢)
61 :dn-mo||0) UBSIN ou ou SS92NS [BDIUYDDY ou 5 ¥ (6107 “Ie 19 duU037)
Buipas|gal
0} anp syuow
G paip | ‘dn-mojjoy
YIuow-/ 1e elnjeway
INOYUM | ‘SyIuow Q|
e |njuSASUN | ‘JUusW
-1} 4y 01 paie| uoIsn|P0 Hg DS + Uolezioquia
-21Un Jeak suo 1e palp (9%07) G/1 ‘suondsyul sliedal K1261ns (9%07) 1102 V|1 (9%0%) 6107
L ‘dn-mojjoj 01150] | (960v) S/T 9S (%0Y) §/C INJSSe0ONS (%08) S/17 G/L OS (%02) §/L /T DS (%09) S/€ S “le 19 spiejeyiloN])
S3W0d1N0 ainpadoid
pue dn-mojjo4 2dUINIBI 4VN suonedidwo) s)nsay |euolsiny juswjeay 4vn sase) ERIIEYETEN]

(panunuo)) ainieiall] ayl JO MIIARY L dqel



Page 6 of 13

(2021) 4:36

Simon et al. CVIR Endovascular

uonualal

uoNezI213Y31ed [eld}ain
Juauewlad ‘Adesayiowayd

- Areunn ‘eunieway ‘ured yuey ‘Adessyy uoneipey UO[1995a) W1y 190Ued [e10aY dlew 69 ¥l vl
uonualal UOI1BZII919Y1eD [esalain
Areupn %poys dlwsjorodAy Juauewlad ‘Adelayrowayd
- ‘elinleway ‘ured yuey ‘Adeiayy uoneipey uondasal plowbis ewoupied plowbis Sew 99 €l €l
uonezLa1aYyIed [eajain
uonualal Jusuewlad ‘Adessayiowayd
- Aseupn ‘eniewsy ‘uled yuey ‘Adeiayy uoneipey AUW0193154D ewiou|DIed [ay1oin 3ew 9/ zl 4!
uoNezLa1aYIed [eldlain
uonulal Jusuewiad ‘Adelsyiowayd
- Areuln ‘eunieway ‘uied yuey ‘Adessyy uoneipey AW01221215AH ewioulnIed sniain EIIVEN oo} Il Il
UONeZI13Y1eD [esa1aun
eluBYdS| uonRul3l 1uauewllad ‘Adesayiowayd
quil] A plojayiny Areupn ‘eniewsy ‘uied yueyy ‘Adeiayy uoneipey Adersylowaydoipey 13DURD XIAIDD Sewsa) 85 o] ol
uonezL3YIed [eld3ain
uonualal Jusuewlad ‘Adessayiowayd
- Aseupn ‘eniewsy ‘uled yueyy ‘Adeiayy uoneipey UoM123531 WN1oay 135Ued |PID3Y 3ew 19 6 6
uonedipnep uonuaI uoNezIa1aYyied
21335 ||| pJopayiny Aseupn ‘enjewsy ‘uled yuey |eJ2124n Jusuewad 9DUB|ISAINS SANDY 195UBD 311501 3ew I/ 8 e
uonual uoNezI13Y31ed [eld}ain
Aleuln %poys d1wajoArodAy Jusuewlad ‘Adesayiowayd
- ‘elinleway ‘uied yueyy ‘Adelayy uoneipey uoM123531 WN1oay JERIVERNAREN] 3ew €8 / /
uonuaI UoNeZ1I213Y31ed [eId}aIn
Aseun %poys dlwsjorodAy Jusuewlad ‘Adelayiowayd
- ‘elinjeway ‘uied yueyy ‘Adeiayy uoneipey UoM123531 WN1OayY JERIVENAREN| dew 09 9 9
uonualal
Areunn poys dlwsjorodAy uolezu1ayied
- ‘elinleway ‘uled yuey |eJ2124n Jusuewlad 2UOSINOD 35eISIP S, PUOWIO 3ew 08 S S
uoNezLa1ayed [elajain
uonual Jusuewiad ‘Adelsyiowayd
- Aseupn ‘eniewsy ‘uled yuey ‘Adeiayy uoneipey UoM123531 WN1oayY JERIVENAREN] 3ew /9 ¥ %
uonuaI UoN1ez1I213Y3ed [eld}ain
uonedipnep Areunn %poys dlwsjorodAy Juauewlad ‘Adelsyrowayd
219A3S ||| pJopayiny ‘elinjeway ‘uied yuey ‘Adeiayy uoneipey aInpadoid s,WIBYLUIA IERISINED) ElJEN 18 € ¢
uonezL3YIed [ela3ain
1uauewlad ‘Adesayiowayd
- elnleway ‘ured yuey ‘Adeiayy uoneipey UoM12353) WN1OaY JERIVCNIAREN| 3ew 18 4 4
uonual uonezLa1aYIed [eldjain
Ateunn poys dlwsjorodAy Juauewlad ‘Adesayiowayd
- ‘elinleway ‘uied yueyy ‘Adelayy uoneipey UoM123531 WN1oay JERIVERNAREN] Sewsay 8¢ | L
aseasip (s4eaKk)
Ayredojnosep swoydwAs s101o8} ysl VN frewnd jo Juswgeaa] aseasip buijzepun PN aby judned ased

sbulpuly [ed1ulD ¢ djqeL



Page 7 of 13

(2021) 4:36

Simon et al. CVIR Endovascular

e[N3sly |el91Ie0IdlaIN 4y

wsAinauedjuoe

uonuolal

UoN1ez1I213Y3ed [eId}aIn
Juauewlad ‘Adesayiowayd

|euILIOpQe Areupn ‘eniewsy ‘uied yueyy ‘Adeiayy uoneipey UoMD3s31 WNY 130URD [PID3Y dew 1/ Sl /1
uonual uonezL3YIed [ela3ain
ENEN]o! Aieupn “poys dlwsjorodAy 1uauewlad ‘Adesayiowayd

SAISNP20 [elayduad ‘elinleway ‘uted yuey ‘Adeiayy uoneipey Awo1d9y2I0 J35UeD JRINDNSS | 3ew /9 91 91
uonezLa1aYIed [eldjain
wisAinaue uonualal Juauewlad ‘Adesayiowayd

d[oe [eujwopge Aseupn ‘eniewsy ‘uled yuey ‘Adelayy uoneipey UoM123531 WN1oay JERIVERNAREN] 3ew I/ Gl Sl

aseasip (s4eaKk)
Ayredojnosep swoydwAs s101o8} ysl VN frewnd jo Juswgeaa] aseasip buijzepun PN aby judned ased

(panunuod) sbuipuy [eoiul> g ajqeL



Simon et al. CVIR Endovascular (2021) 4:36

cases FemoSeal™ (St. Jude Medical, Plymouth, MN, USA)
was used, in 9 cases Perclose ProGlide (Abbott Vascular,
Abbott Park, IL, USA) was applied, StarClose (Abbott
Vascular, Abbott Park, IL, USA) was used twice and in
one case Prostar XL (Abbott Vascular, Santa Clara, CA,
USA) was employed. Diagnostic and technical data are
shown in Table 3.

In our literature review SG placement with or without
embolization was performed in 140 cases (92.1%) while
embolization alone was done in 12 cases (7.9%).

Outcomes

Mean follow-up was 654 (range: 1-3269) days and four
patients (23.5%) were lost to follow-up between day one
and 11 days. Among the remaining cases, no primary
procedure-related deaths occurred during follow-up.
Similarly, 30-day mortality rate was zero. All procedures
were technically successful. During current hospital stay
hematuria disappeared in 14/17 cases (82.4%). After a
more extensive re-do intervention hematuria resolved in
the remaining cases.

Table 3 Technical data and procedures
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Recurrent hematuria happened in four cases, three of
which occurred during the current hospital stay (8, 8
and 13 days after initial treatment). Two could success-
fully be treated via secondary SG extension over the iliac
crossing plus additional coil embolization of the IIA
(case #7 and #11). In case #16 where the fistula was lo-
cated at the ureteral crossing of the aortofemoral bypass
graft secondary coil embolization of the IIA alone was
sufficient. There was one recurrent UAF related death
229 days after initial treatment (case #3). In this patient,
a re-opening of the fistula was found, caused by
attempted interventional thrombectomy for critical limb
ischemia. Periprocedural complications happened in two
cases — in case #3 the SG could not fully be unfolded
and in case #12 the Prostar XL system did not work
after placement of a 14Fr-sheath which led to prolonged
manual compression. SG thrombosis happened in 3
cases (1, 2 and 58 days after initial treatment). Two oc-
clusions could have been managed via interventional
thrombectomy with or without thrombolysis (case #3
and case #14). In case #12 where the failed closure de-
vice led to immediate thrombosis the day after the

Case Patient Primary Fistula location UAF treatment Stent data Revisional procedure Medication
radiological postinterventionally
diagnostics

1 1 CECT EIA SG+ 1A Coil embolization  8/38 mm Advanta V12 - ASS100mg

2 2 CECT EIA SG+ 1A Coil embolization  10/59 mm Advanta V12 - ASS100mg + 12 weeks

Clopidogrel 75 mg
3 3 CECT CIA SG 8/59 mm Advanta V12 Interventional Oral anticoagulation + 12
thrombectomy weeks Clopidogrel 75 mg
4 4 CECT IIA SG+ 1A Coil embolization  16/13/80 Endurant I - ASS100mg + 12 weeks
Clopidogrel 75 mg

5 5 CECT EIA SG+ lIA Coil embolization  13.5/80 mm Fluency - ASS100mg + 12 weeks
Clopidogrel 75 mg

6 6 CECT CIA SG+ lIA Coil embolization  13.5/80 mm Fluency - ASS100mg + 12 weeks
Clopidogrel 75 mg

7 7 CECT Obturator artery/IIA - SG 6/50 mm Viabahn; SG +1IA Coil embolization  ASS100mg + 12 weeks
10/59 mm Advanta V12 due to recurrent bleeding  Clopidogrel 75 mg

8 8 UECT CIA SG+ 1A Coil embolization  10/59 mm Advanta V12 - ASS100mg

9 9 UECT CIA SG 16/12/70 mm Gore excluder; - ASS100mg

10 10 CECT CIA SG 7/50 mm Viabahn - ASS100mg

11 11 UECT CIA SG 10/59 mm Advanta V12; SG + IA Coil embolization  ASS100mg

13.5/80 mm Fluency due to recurrent bleeding

12 12 UECT CIA SG 11/100 mm Viabahn Surgical thrombectomy ASS100mg

13 13 CECT IIA IIA Coil embolization - - -

14 14 CECT CIA SG 6/38 mm Advanta V12 Interventional ASS100mg + 12 weeks
thrombectomy and Clopidogrel 75 mg
thrombolysis

15 15 Angiography  CIA SG 16/12/70 mm Gore Excluder;  SG extension due to ASS100mg

16/14/120 mm Gore Excluder aneurysm growth

16 16 Angiography  Aortofemoral Bypass SG 13.5/80 mm Fluency IIA Coil embolization ASS100mg + 6 weeks
due to recurrent bleeding  Clopidogrel 75 mg

17 15 Angiography  CIA SG 13.5/80 mm Fluency - ASS100mg

CECT contrast-enhanced computed tomography, C/A common iliac artery, IIA internal iliac artery, EIA external iliac artery, SG stent graft, UAF ureteroarterial fistula,

UECT unenhanced computed tomography
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patient was transferred to surgical thrombectomy. Septi-
cemia was found in 5 of 17 cases (29.4%) at the point of
intervention, in follow up there was no history of SG in-
fections detected in those patients. During follow-up,
one patient died of the underlying disease (576 days after
the initial treatment). Early and long-term outcomes are
summarized in Table 4.

Follow-up data varied substantially in our systematic
literature review (Table 1). UAF recurrence (18/152,
11.8%), SG thrombosis (7/140, 5%) and SG infections (5/
140, 3.6%) as main complications were observed (overall
complications rate 13.8%). The management of recurrent
fistula was in 10 cases SG placement and in 10 cases
open surgery. Two patients had embolization for UAF
recurrence but finally needed surgical management, as
well as one patient treated by SG extension. Five patients
died related to UAF (3.3%).

Discussion

To our knowledge we conduct the largest retrospective
interventional radiological cohort study of cases with
secondary UAFs from a single center.

The main symptom in our UAF patients was
hematuria in all cases ranging from non-life-threatening
transient hemorrhage to hypovolemic shock (in 41.2% of
the cases). The need for blood transfusions and/or

Table 4 Outcomes
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inotropic therapy is common. Flank pain and fever are
further occurring as well (Heers et al., 2018).

Our diagnostic work up showed that in the minority
of cases an active bleeding site could be located via
CECT (2/10 cases; 20.0%) or angiography (3/17 cases;
17.7%). This confirms the findings of Guntau et al. with
two detected UAFs in eight patients by CECT alone
(Guntau et al, 2017). However, a negative CECT or
angiogram does not rule out the diagnosis, therefore
cystoscopy is used for confirmation of UAF and detect-
ing the site of the fistula (Krambeck et al., 2005). Never-
theless, CECT proves to be crucial for planning the
interventional approach, to locate the ureteral crossing
and to rule out any other bleeding sites. Provocative
angiography as an invasive imaging tool has been de-
scribed as an effective procedure to demonstrate the ac-
tive hemorrhage (Das et al, 2016; Fox et al, 2011;
Guntau et al, 2017; van den Bergh et al., 2009). How-
ever, the risk of triggering extensive bleeding or to re-
open a currently clotted fistula seems unnecessarily high.
Positive CECT and angiography is shown in Fig. 1.

In the therapeutic management, there has been a para-
digm shift from a surgical approach, which was still the
standard of care in 2004, toward interventional angiog-
raphy (Bergqvist et al., 2001; Fox et al, 2011; Madoff
et al., 2004). Patients typically carry a high risk for com-
plications due to previous extensive surgery and

Case Patient Technical Early clinical Periprocedural Stent thrombosis (days) Recurrent bleeding Follow-up data
success success complication (days)

1 1 yes yes - no no uneventful at 4 days

2 2 yes yes - no no uneventful at 1 days

3 3 yes yes Not fully unfolded stent yes (2) yes (229) death at 229 days due
to recurrent hemorrhage

4 4 yes yes - no no uneventful at 3 days

5 5 yes yes - no no uneventful at 69 days

6 6 yes yes - no no uneventful at 186 days

7 7 yes no - no yes (8) alive at 11 days

8 8 yes yes - no no uneventful at 1390 days

9 9 yes yes - no no uneventful at 846 days

10 10 yes yes - no no uneventful at 1237 days

11 11 yes no - no yes (13) alive at 763 days

12 12 yes yes Closure device failure yes (1) no alive at 220 days

13 13 yes yes - no no uneventful at 1984 days

14 14 yes yes - yes (58) no alive at 3269 days

15 15 yes yes - no no alive at 187 days

16 16 yes no - no yes (8) death at 576 days due
to underlying disease

17 15 yes yes - no no alive at 147 days

Total (%) 17 (100%) 14 (82.4%) 2 (11.8%) 3 (17.7%) 4 (23.5%) Mean follow-up 654

(Range: 1-1984) days
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Cc

internal iliac artery has already been performed (d)

Fig. 1 Case #1: Contrast enhanced computed tomography confirmed the ureteroarterial fistula (large arrows) and demonstrated even
extravasation into the right ureter (small arrows) (a, b, ). Angiography shows a defect at the iliac junction (large arrow). Coil embolization of the

radiation therapy which lead to adhesions, fibrosis, and
frail tissue (Heers et al., 2018). In patients with UAF to
the IIA only, arterial coil embolization can be consid-
ered. Most of the UAF involve EIA or CIA, so covered
stent treatment is necessary (Muraoka et al., 2006; van
den Bergh et al, 2009). SG treatment is less invasive
than open surgery and offers rapid bleeding control
(Patel et al., 2014).

Endovascular therapy offers high technical and early
clinical success rates (100% and 82.4% in our cohort).
Our literature review revealed nearly 100% technical
success rates through all studies (Table 1). The large pa-
tient series of 94 UAF by Subiela et al. shows disappear-
ance of hematuria in all cases after the procedure
(Subiela et al., 2018). Severe complications like SG oc-
clusions or SG infections are rare (Malgor et al., 2012;
Okada et al., 2013). Stent thrombosis is one important
postinterventional complication: In our cohort we ob-
served SG thrombosis in 17.7% of the cases in oppos-
ition to 5% in our literature review. In our experience
major risk factors for developing stent thrombosis were
underlying vasculopathy or advanced tumor disease with
extrinsic stenosis of iliac vessels since all three patients
who developed SG thrombosis had a history of pelvic

malignancy with previous surgery and radiotherapy, one
of them also had advanced peripheral artery disease.
Massmann et al. found stent thrombosis in their case
series (1/5 cases, 20%) probably caused by pre-existing
large tumor vessel invasion and small vessel diameters
(Massmann et al., 2020). Although we would primarily
suggest an endovascular thrombectomy attempt for SG
thrombosis, our series and the experience of Massmann
et al. show interventional and surgical thrombectomy
both to be suitable options (Massmann et al., 2020). Too
maintain the risk for SG occlusions as low as possible
patients should be put on single anti platelet therapy
after the procedure. Periprocedural complications can be
decreased by using suitable equipment, like closure de-
vices after the use of larger sheaths. One SG thrombosis
in our cohort happened due to device failure which led
to prolonged manual compression and stent occlusion
the day after. Literature already disclosed controversies
after use of Prostar XL (Maniotis et al, 2017; Power
et al.,, 2019).

In spite of a high number of reported urinary tract in-
fections which sometimes lead to septicemia in these pa-
tients, the risk of secondary SG infections seems to be
overrated (Darcy, 2009). In the current study none of
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our patients suffered from morbidity due to SG infec-
tions during their postinterventional course. In our lit-
erature research we found 5 infections of 140 implanted
SG (3.6%). This matches previously published experience
(Malgor et al., 2012). Since all our patients carried ur-
eteral stents, we found no patient without bacterial
colonization, so antibiotic treatment based on urine cul-
tures and resistance profiles is mandatory. SG placement
in an infectious site is still critical. Nevertheless, UAF
typically requires urgent treatment. Although there is no
established consensus, it is recommended that these pa-
tients receive perioperative antibiotic treatment (Hong
et al., 2016). Titomihelakis et al. suggest antibiotics for 6
weeks after the procedure, and in most cases lifelong an-
tibiotics may not be unreasonable. Taking the patient’s
medical condition into account, removal of the infected
foreign body might be suitable (Titomihelakis et al.,
2019).

In the current series, recurrent bleedings developed
after insufficient coverage of the fistula during the initial
intervention and were manageable by a secondary treat-
ment. None of these patients received secondary surgical
treatment for recurrent hemorrhage. Additional risk fac-
tors included complex underlying situations with severe
vasculopathy or stenosing tumor burden. Following our
experience, we suggest to cover the ureteral crossing
from the CIA to the EIA by a SG with prior coil
embolization of the IIA. IIA coil embolization prevents
retrograde perfusion of the UAF through the gluteal ar-
teries, but also lowers the risk of recurrent bleedings —
eg, in cases of fistulas from the proximal IIA.
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Embolization of the IIA alone would not be sufficient
for UAF treatment (Massmann et al., 2020). It is crucial
to detect fistula recurrence. In our series recurrent
hematuria happened in 4/17 cases (23.5%), one of them
died due to recurrence of the UAF (5.9%). Three recur-
rent fistulas could successfully be treated in a revisional
endovascular procedure. Our literature review found a
fistula recurrence rate of 11.8% and five UAF related
deaths (3.3%). Guntau et al. identified recurrent
hematuria in one of eight patients (12.5%). This patient
could also successfully be treated with a secondary endo-
vascular treatment, a combination of mild dilatation of
the native iliac artery and a short distal landing zone
seemed to be the cause (Guntau et al.,, 2017). Van den
Bergh et al. found in their review of various procedures
for the treatment of UAF a recurrent fistula related mor-
tality of 18 out of 139 patients (13%) (van den Bergh
et al,, 2009). In our cohort one patient died due to recur-
rent hemorrhage 229 days after initial treatment. This
patient had a large pelvic tumor mass which led to ex-
ternal compression and consecutive stenosis of the iliac
vessels. The inserted SG unfolded incompletely during
the initial procedure and SG thrombosis occurred during
the postinterventional course. This led to a secondary
procedure to treat acute lower limb ischemia, which re-
sulted in reopening of the UAF with consequent bleed-
ing (Fig. 2). Even if open surgery can become necessary
in some UAF patients, endovascular approach should be
evaluated as first approach. Studies have shown the long
term effectiveness of endovascular treatment. Although,
reasons for fistula recurrence have been poorly reported

Fig. 2 Case #3: 81-year-old woman with left sided bleeding from UAF. Angiogram shows the ureteric stent in direct proximity of the left CIA and
EIA with closed IIA while there is no direct proof of the fistula on angiography. Massive calcified bone metastasis (¥*) compresses the left iliac
arteries (small arrows) (a). The final control angiogram shows the crossing of the common iliac artery and the ureteric stent covered by a stent
graft. Metastatic compression led to a not fully unfolded stent graft (large arrow) (b)
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(Bilbao et al., 2005; Subiela et al., 2018; van den Bergh
et al., 2009). Noh et al. found in their patients infection,
pseudaneurysm formation at the SG edge, and persistent
irritation by a pre-existing artificial intervertebral disc
predisposing factors for recurrence (Noh et al., 2020).
Type 1 endoleak by not fully covering stent edges also
seems a risk factor (Perrenoud et al., 2020).

Our study is limited by its retrospective nature and by
the small number of cases. In addition, follow-up periods
varied substantially.

Conclusions

In view of the low incidence of this disease and continu-
ously evolving diagnostic and therapeutic tools, it seems
difficult to establish evidence-based recommendations
for these patients. Nevertheless, both urologists and
interventional radiologists seem to be well aware of the
special features of this rare disease. Endovascular therapy
offers high technical success and rapid bleeding control
rates. Severe complications like SG occlusions or SG in-
fections are rare but maintain a problem. Since nearly all
patients carry ureteral stents, antibiotic treatment based
on urine cultures and resistance profiles is mandatory.
Based on the patient’s medical condition explantation of
an infected SG can be considered. Too maintain the risk
for SG occlusions as low as possible patients should be
put on single anti platelet therapy. If SG thrombosis has
occured, both interventional and surgical thrombectomy
are well suited options.

In conclusion, endovascular therapy for UAF is a safe
and effective treatment option to prevent acute
hemorrhage-related death. Since UAF recurrence often
results in fatal hemorrhage close and long follow-up is
crucial to timely perform additional treatments if
necessary.
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