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Abstract Fistula formation following pelvic surgery and
radiotherapy, including ureteric—arterial fistulas (UAF), is
well documented, however, ureteric—arterial-enteric fistula
is extremely rare. Conventional autopsy is usually required
for the definitive diagnosis of pelvic vascular fistulas
although an accurate diagnosis can still be complicated and
challenging. The role of post-mortem computed tomogra-
phy (PMCT) as an adjunct to conventional autopsy is well
documented in the literature. One of the limitations of
PMCT is the diagnosis of vascular conditions. Post-mortem
computed tomography angiography (PMCTA) is a recently
introduced technique that can assist in detecting such
pathology. We present a case of post-radiotherapy ureteric—
arterial-enteric fistula presenting as massive rectal and
vaginal bleeding diagnosed prior to autopsy on PMCTA.
The role of PMCTA in the diagnosis of such a UAF has not
previously been reported in the literature.
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Introduction

Fistula formation following pelvic surgery and radiother-
apy, including ureteric—arterial fistulas (UAF), is well
documented, however, c fistula is extremely rare. UAF is a
difficult entity to detect in life and is associated with a high
mortality rate. Conventional autopsy is usually required for
the definitive diagnosis of pelvic vascular fistulas. The role
of post-mortem computed tomography angiography
(PMCTA) in the diagnosis of such cases has not previously
been reported in the literature. We describe the PMCTA
findings in UAF and discuss how this technique can be
used to assist the forensic pathologist.

Case report

The deceased was a 76-year-old female diagnosed with
endometrial carcinoma in 1995. She underwent total abdom-
inal hysterectomy and bilateral salpingo-oophorectomy fol-
lowed by radiotherapy. Years later she developed a presumed
post-radiation fistula between the bladder and vagina. As a
result she became incontinent with frequent episodes of uri-
nary sepsis including Pseudomonas and Candida. She also
had bilateral benign ureteric strictures leading to chronic renal
impairment and requiring permanent ureteric stents.

Four weeks prior to her death the deceased experienced
intermittent, small volume, vaginal bleeding. She was
admitted to hospital but the exact cause of bleeding could
not be found. There was no history of recent falls or
trauma, no recent surgery and no thrombogenic medica-
tions. She was considered to be too frail for operative
intervention. The bleeding eventually stopped and she was
discharged. A few days later she revisited the emergency
department with signs and symptoms of urinary tract
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infection. She was also hypotensive and anemic but there
was no apparent vaginal bleeding at that time. The fol-
lowing day she was admitted to the intensive care unit
(ICU) for treatment of sepsis.

In the ICU she had uncontrollable pelvic bleeding, either
from the vagina or rectum, causing her vital signs to
deteriorate rapidly. An urgent contrast-enhanced computed
tomography (CT) of the abdomen and pelvis was organized
and dilute radiographic contrast media injected into the
nasogastric tube as a part of the preparation for that pro-
cedure. While waiting for CT she collapsed with more
pelvic hemorrhage. Full cardio-pulmonary resuscitative
measures including external cardiac massage proved futile
and she succumbed about an hour later.

Radiological findings

A whole body post-mortem CT scan (PMCT) was per-
formed on the following day at our institute using a mor-
tuary located Toshiba Aquilion, 16 multi-detector scanner
(Toshiba Medical Systems Corporation, Tochigi, Japan).
CT scanning of the deceased is an established technique
performed on all individuals admitted to our institute over
the last 6 years. It is primarily used to assist pathologists in
determining cause and manner of death. Images were
reviewed on a TeraRecon Inc AquariusNet workstation
V4.4.1.4 (Foster City, CA 94404, USA) by the assigned
pathologist and a forensic radiologist.

PMCT scan of the abdomen and pelvis revealed an
irregular mass in the right side of the pelvic cavity. There
was no clear fat plane between this mass and the distal right
ureter (as outlined by an opaque stent), surrounding bowel
and the right iliac vessels including a calcified iliac artery
(Fig. 1). Despite the presence of a right ureteric stent, there
was gross right-sided hydronephrosis and hydroureter. The
bladder was not well visualized. A left ureteric stent was
also in situ and the left kidney appeared small with irreg-
ular margins in keeping with chronic parenchymal disease.
Diluted contrast was present in the stomach and small
bowel having a mean Hounsfield unit (HU) density of
200-300. No free fluid or air was detected in the peritoneal
cavity. The remainder of the abdominal organs were
unremarkable and there was no obvious abdominal lym-
phadenopathy. Multiple small bilateral lung nodules were
seen together with bilateral, symmetrical anterior rib frac-
tures from 2 to 6, consistent with external cardiac massage.

In view of the circumstances surrounding death and pre-
liminary CT findings suggesting a mass involving the right
iliac vessels, PMCTA was performed 2 days after death. The
right femoral artery and vein were individually cannulated and
1,700 ml of a solution containing Iosovue 370 mg/ml (Bracco
s.p.a, Milan, Italy) mixed with polyethylene glycol 200

(PEG200, Merck Schuchardt OHG, Hohenbrunn, Germany)
in a 1:10 ratio was infused into the artery using an embalming
pump (Dodge, MA, USA). A whole body CT was done
immediately after completion of the infusion.

Contrast leak from the right external iliac artery was
identified entering into the pelvic mass (Fig. 2) and right
ureter with retrograde filling of the right renal pelvis.
Contrast was also noted in the contracted bladder flowing
into the vagina and then externally during the infusion
process. High density contrast fluid was also detected in the
small intestine surrounding the mass which appeared to be
denser in the post-angiographic scans when compared with
the pre-angiographic CT images. We compared the HU
measurement at a few locations within the small bowels in
both the pre-angiographic scans and the post-angiographic
scans and noted an increased in the mean HU from 200 to
300 (Fig. 3a) to 600-700 HU (Fig. 3b). This finding
increased the suspicion of a possible communication
between the artery, mass and small intestine. Minimal free
contrast media was also noted in the peritoneal cavity.

Autopsy findings

A full body autopsy was performed on the following day. A
large fibrotic and partly necrotic mass was identified in the
right pelvic wall, which involved the urinary bladder, distal
right ureter and a portion of the small intestine. The
necrotic mass eroded through the wall of the bladder and
vaginal, distal right ureter, adjacent small bowel and
extended into the medial side of the right external iliac
artery (Fig. 4). Contrast solution was also noted within the
lumen of the surrounding small intestine.

Histological examination of the necrotic mass revealed
extensive fibrosis and necrosis, acute inflammation, scat-
tered hemosiderin-laden macrophages and areas of abscess
formation. The fibroblasts showed marked cytological
atypia, characterized by nuclear enlargement and smudged
chromatin, consistent with radiotherapy effect. There was
no evidence of residual or recurrent endometrial carcinoma
of the sampled sections of the pelvic mass. There was
however, a single 3 cm metastasis in the left lower lobe of
the lung. Histological examination showed poorly differ-
entiated endometriod adenocarcinoma, composed of highly
atypical cells with marked nuclear atypia, arranged in solid
sheets and poorly formed glands. Numerous mitoses and
areas of tumor necrosis were also present.

Discussion

Ureteric—arterial fistulas (UAFs) [1-3] and enteric-arterial
fistulas [4] are rare clinical occurrences. Ureteric—arterial—
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Fig. 1 Pre-angiogram PMCT
scan of the abdomen and pelvis
in thick slab multiplanar
reconstruction (MPR) view
showing the mass the pelvic
cavity (white star),the distal
right ureter as outlined by an
opaque stent (thin white arrow),
surrounding bowel (thick white
arrow) and the calcified right
iliac vessels (white arrow head)

Fig. 2 Post-angiogram PMCT
scan of the abdomen and pelvis
in coronal view showing
contrast leak from the right
external iliac artery (white
arrow) entering into the pelvic
mass (white star) and right
ureter with retrograde filling of
the dilated right renal pelvis
(black star) and adjacent small
bowel (black arrow)
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Fig. 3 CT scans of the
abdomen and pelvis in axial
plane showing the high density
contrast fluid in the small
intestine, being denser with
increased in the HU in the post-
angiographic scans b when
compared with pre-
angiographic CT images

a indicating a possible
communication between the
artery, mass (white arrow) and
small bowel intestine

enteric fistula is even rarer with only one case reported in
literature [5]. Pelvic vascular fistula formation is associated
with prolonged ureteral stenting, pelvic surgery, and vas-
cular disease. Patients who have undergone radiotherapy
treatment for pelvic malignancies show a greater tendency
to develop UAFs [6]. In our case, the deceased had several
predisposing factors for development of a UAF including
pelvic malignancy, previous radiation therapy to the pelvis
and prolonged bilateral ureteral stenting. Clinical diagnosis
of pelvic vascular fistulas is often difficult as routine
radiological examination may not show the fistulous
communication [7]. This reflects a systemic problem with
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clinical CT investigation of abdominal vascular fistulas
evidenced by a reported accuracy for diagnosis of aorto-
enteric fistula ranging from only 18 [8] to 29 % [9].

The presentation of pelvic vascular fistulas varies consid-
erably from minor microscopic and intermittent hematuria,
rectal or vaginal bleeding to massive life threatening hemor-
rhage. The initial, less significant bleed as reported in this case
has been referred to as the “herald bleed” and is felt to be a
significant feature of the disease process [10]. Death from
massive hemorrhage ranges from 14 to 23 % [11].

Conventional autopsy is usually required for the definitive
diagnosis of pelvic vascular fistulas although dissection can
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Fig. 4 Autopsy image of the
large fibrotic and necrotic mass
in the right pelvic wall, which
involved the bladder (black
star), distal right ureter with a
ureteric stent in situ (white
arrow) and a portion of the
small intestine (white arrow)
with erosion through the medial
side of the right external iliac
artery (white indicator). The
cranial side of the autopsy
specimen is indicated by “CR”

be complicated especially in cases of pelvic malignancy
treated with surgery and radiation therapy. The tumor mass in
these situations is usually necrotic and clumped together
with adjacent anatomical structures. It can be challenging for
the forensic pathologist to dissect the mass and separate it
from surrounding tissues without disrupting the anatomy.

Post-mortem computed tomography (PMCT) scanning
of the deceased, even when autopsy is to be performed, is
valuable for the forensic pathologist as it provides an
overview of the deceased’s anatomy and in many cases an
indication of likely pathology allowing the pathologist to
tailor autopsy technique[12]. It helps to guide dissection
[13] especially in anatomical sites that are difficult to
access during autopsy, for example the pelvis. In this case,
however, PMCT provided only limited diagnostic infor-
mation for the pathologist. There was no obvious intra-
abdominal or pelvic hematoma although a mass was
detected in the right lateral pelvic wall.

In clinical practice radiographic contrast would be
administered intravenously at the time of CT. This is not
routinely performed during PMCT so diagnosis of vas-
cular pathologies is normally limited [14]. Recent litera-
ture has shown that PMCTA increases the accuracy of
vascular lesion detection [15]. PMCTA is a recently
described technique in which PMCT is combined with
arterial infusion of radiographic contrast [16—19]. There
are many different PMCTA techniques described in lit-
erature but there is no single technique appears to be the
gold standard. They vary from selective single organ
system to whole body angiography. Some centers prefer
oil-based contrast solution over water-based contrast
solution but each with its own advantages and disadvan-
tages [20]. The decision on either to invest on an
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embalming machine or a modified pressure-controlled
heart-lung machine totally depends on each center’s
financial budget, dedicated trained staff, number of cases
and personal preferences. The balance must be met
between developing a cost-effective, minimally invasive,
high throughput methodology but avoiding causing
angiography related trauma/artifacts or dislodging fresh
occlusive thrombus [21].

In our center, we use a modified Ross et al. [16] tech-
nique using an embalming pump with a water-based con-
trast solution and PEG200 in a 1:10 concentration. The
embalming machine was preferred over the modified
heart-lung machine considering the relatively cheaper
price and simpler operation procedures which does not
require highly trained staff. However, infusion pressure
monitoring is not possible with the embalming machine as
compared to the modified heart-lung machine.

The decision to perform PMCTA at our Institute is only
entertained following a review of the circumstances of
death suggesting hemorrhage, review of PMCT findings
and discussion with the forensic pathologist. Given the
circumstances of massive external bleeding in this case,
presence of a mass lesion on PMCT in close proximity to
calcified right iliac vessels and a request for improved
information prior to autopsy by the forensic pathologist,
PMCTA was undertaken. Contrast leak was clearly seen
passing from the right external iliac artery entering the
pelvic mass and then into the right ureter. Images also
showed the high density contrast fluid in small intestine,
being denser in the PMCTA images when compared with
PMCT images. These findings were highly suggestive of a
communication between the artery, mass, right ureter and
small intestine and were confirmed during autopsy. This
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clearly explained the clinical presentation of massive
hemorrhage from both vagina and rectum.

Conclusion

Ureteric—arterial fistulas (UAF_ remains one of the most
difficult cases to diagnose both in clinical and post-mortem
settings. PMCT and PMCTA in this case following pelvic
surgery and radiotherapy, was an excellent adjunct to
conventional autopsy. The final diagnosis of ureteric—
arterial-enteric fistula causing massive bleeding as the
cause of death was established prior to autopsy and con-
firmed at autopsy, although confirmation of underlying
pathology required histological analysis of tissue obtained
at autopsy showing only necrotic post-radiotherapy change
rather than tumor. This case exemplifies the supplementary
role of post-mortem imaging to the investigation of cause
and manner of death in modern medico-legal death
investigation.

Key points

1. UAF is difficult to diagnose in both clinical and post-
mortem settings.

2. Ureteric—arterial-enteric fistula following pelvic sur-
gery and radiotherapy is extremely rare.

3. PMCTA was a useful adjunct to conventional autopsy
in the diagnosis of a lethal UAF.

Acknowledgments We would like to acknowledge the dedication
and skill of mortuary technicians at our institute who perform the
angiographic procedures.

Conflict of interest We declare that the authors have no conflicts of
interest.

References

1. Dervanian P, Castaigne D, Travagli JP, Chapelier A, Tabet G,
Parguin F, et al. Arterio—ureteral fistula after extended resection
of pelvic tumors: report of three cases and review of the litera-
ture. Ann Vasc Surg. 1992;6:362-9.

2. Quillin SP, Darcy MD, Picus D. Angiographic evaluation and
therapy of ureteroarterial fistulas. AJR Am J Roentgenol.
1994;162:873-8.

3. Batter SJ, McGovern FJ, Cambria RP. Ureteroarterial fistula: case
report and review of the literature. Urology. 1996;48:481-9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Lawlor DK, DeRose G, Harris KA, Forbes TL. Primary aorto/

iliac-enteric fistula-report of 6 new cases. Vasc Endovasc Surg.
2004;38(3):281-6.

. Keller FS, Barton RE, Routh WD, Gross GM. Gross hematuria in

two patients with ureteral-ileal conduits and double-J stents.
J Vasc Interv Radiol. 1990;1(1):69-7; Discussion 77-79.

. Bilbao JI, Cosin O, Bastarrika G, Rosell D, Zudaire J, Martinez-

Cuesta A. Treatment of ureteroarterial fistulae with covered
vascular endoprostheses and ureteral occlusion. Cardiovasc In-
tervent Radiol. 2005;28(2):159-63.

. Diner EK, Verghese M. Ureteral-arterial-enteric fistula as a

complication of indwelling ureteral stents. Internet J Urol.
2006;3(2). http://www.ispub.com/journal/the-internet-journal-of-
urology.

. Voorhoeve R, Moll FL, Bast TJ. The primary aortoenteric fistula

in The Netherlands—the unpublished cases. Eur J Endovasc
Surg. 1996;11(4):429-31.

. Peck JJ, Eidemiller LR. Aortoenteric fistulas. Arch Surg.

1992;127(10):1191-3; Discussion 1193-1194.

Sweeney MS, Gadacz TR. Primary aortoduodenal fistula: mani-
festation, diagnosis, and treatment. Surgery. 1984;96(3):492-7.
Kim DH, Mahdy A, Mundra V, Berman M, Ghoniem GM.
Ureteroarterial fistula. Case Rep Med. 2009;326969 (Epub 15
Nov 2009).

O’Donnell C, Rotman A, Collett S, Woodford N. Current status
of routine post-mortem CT in Melbourne, Australia. Forensic Sci
Med Pathol. 2007;3(3):226-32.

Roberts IS, Benamore RE, Benbow EW, Lee SH, Harris JN,
Jackson A, et al. Post-mortem imaging as an alternative to
autopsy in the diagnosis of adult deaths: a validation study.
Lancet. 2012;379(9811):136—42.

Thali MJ, Yen K, Schweitzer W, Vock P, Boesch C, Ozboda C,
et al. Virtopsy, a new image horizon in forensic pathology: virtual
autopsy by postmortem multislice computed tomography
(MSCT) and magnetic resonance imaging (MRI)—a feasibility
study. J Forensic Sci. 2003;48(2):386-403.

Ruder TD, Ross S, Preiss U, Thali MJ. Minimally invasive post-
mortem CT-angiography in a case involving a gunshot wound.
Leg Med (Tokyo). 2010;12(3):154-6.

Ross S, Spendlove D, Bolliger S, Christe A, Oesterhelweg L,
Grabherr S, et al. Postmortem whole-body CT angiography:
evaluation of two contrast media solutions. AJR Am J Roentge-
nol. 2008;190(5):1380-9.

Roberts ISD, Benamore RE, Peebles C, Roobottom C, Traill ZC.
Diagnosis of coronary artery disease using minimally invasive
autopsy: evaluation of a novel method of post-mortem coronary
CT angiography. Clin Radiol. 2011;66(7):645-50.

Saunders SL, Morgan B, Raj V, Robinson CE, Rutty GN. Tar-
geted post-mortem computed tomography cardiac angiography:
proof of concept. Int J Legal Med. 2011;125(4):609-16.
Bolliger SA, Filograna L, Spendlove D, Thali MJ, Dirnhofer S, Ross
S. Postmortem imaging-guided biopsy as an adjuvant to minimally
invasive autopsy with CT and postmortem angiography: a feasibility
study. AJR Am J Roentgenol. 2010;195(5):1051-6.

Grabherr S, Djonov V, Yen K, Thali MJ, Dirnhofer R. Post-
mortem angiography: review of former and current methods. AJR
Am J Roentgenol. 2007;188(3):832-8.

Saunders SL, Morgan B, Raj V, Rutty GN. Post-mortem com-
puted tomography angiography: past, present and future. Forensic
Sci Med Pathol. 2011;7(3):271-7.

@ Springer


http://www.ispub.com/journal/the-internet-journal-of-urology
http://www.ispub.com/journal/the-internet-journal-of-urology

	Lethal hemorrhage from a ureteric--arterial--enteric fistula diagnosed by postmortem CT angiography
	Abstract
	Introduction
	Case report
	Radiological findings
	Autopsy findings
	Discussion
	Conclusion
	Key points
	Acknowledgments
	References


