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Abstract

Background: We report on a case of pancreatic arteriovenous malformation (PAVM) that obliterated shortly after
diagnostic angiography (DSA). PAVM is a rare anomaly that presents with upper abdominal pain, signs of acute
pancreatitis and massive gastrointestinal bleeding. The management of PAVM is rather complex, with complete
treatment usually accomplished only by a total extirpation of the affected organ or at least its involved portion.
DSA prior to treatment decisions is helpful for characterizing symptomatic PAVM, since it can clearly depict the
related vascular networks. In addition, interventional therapy can be performed immediately after diagnosis.

Case presentation: A 39-old male was admitted due to recurring upper abdominal pain that lasted several weeks.
Initial examination revealed the absence of fever or jaundice, and the laboratory tests, including that for pancreatic
enzymes, were unremarkable. An abdominal ultrasound (US) showed morphological and Doppler anomalies in the
pancreas that were consistent with a vascular formation. A subsequent DSA depicted a medium-sized nidus,
receiving blood supply from multiple origins but with no dominant artery. Coil embolization was not possible due
to the small caliber of the feeding vessels. In addition, sclerotherapy was not performed so as to avoid an
unnecessary wash out to the non-targeted duodenum. Consequently, the patient received no specific treatment for
his symptomatic PAVM. A large increase in pancreatic enzymes was noticed shortly after the DSA procedure.
Imaging follow-up by means of CT and MRI showed small amounts of peripancreatic fluid along with a limited area
of intra-parenchymal necrosis, indicating necrotizing pancreatitis. In the post-angiography follow-up the patient was
hemodynamically stable the entire time and was treated conservatively. The symptoms of pancreatitis improved
over a few days, and the laboratory findings returned to normal ranges. Long-term follow-up by way of a contrast-
enhanced CT revealed no recanalization of the thrombosed PAVM.

Conclusion: The factors associated with the obliteration of PAVM during or after DSA are poorly understood. In our
case it may be attributed to the low flow dynamics of PAVM, as well as to the local administration of a contrast
agent. Asymptomatic PAVM, as diagnosed with non-invasive imaging techniques, should not be evaluated with
DSA due to the potential risk of severe complications, such as acute pancreatitis.
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Background

Pancreatic arteriovenous malformation is a rare anom-
aly, which can be congenital or acquired by way of in-
flammation, tumor or trauma. Most patients with PAVM
remain asymptomatic and have progressive portal hyper-
tension in the absence of primary liver pathology. Symp-
tomatic PAVM commonly presents with upper
abdominal pain, signs of acute pancreatitis and gastro-
intestinal bleeding [1, 2]. The most frequently involved
portion of the pancreas is reported to be the head (up to
60 %), followed by the body and tail, and the least fre-
quent, the entire pancreas [3].

Treatment of PAVM is indicated only in symptomatic
patients, who are the minority. The management of symp-
tomatic PAVM is complex and involves a multidisciplinary
approach with complete treatment usually accomplished
only by a total extirpation of the affected organ or at least
the portion involved. Although radical pancreatic surgery
treats PAVM, it usually significantly affects the metabolic
characteristics of the radically or totally pancreatecto-
mized patient, in whom persistent malabsorption, defi-
ciencies in fat-soluble vitamin and pancreatogenic
diabetes are observed. Post-operative adverse chronic se-
quelae may also occur, including liver disease with unusual
frequency, characterized by accelerated fatty infiltration
and osteopenia, along with a reduction in radial bone min-
eral content in pancreatectomized patients within no
more than 5 years after surgery [4].

In recent years, transcatheter arterial embolization
(TAE), an alternative to surgical treatment, has been per-
formed as a conservative approach. Its use is rather lim-
ited due to the etiopathogenesis of PAVM as well as the
adverse effects of embolization procedures [5, 6]. Diag-
nostic angiography (DSA) conducted prior to treatment
options serves as the gold standard in the
characterization of PAVM, since it can clearly depict
feeding arteries, any racemose intrapancreatic vascular
network (followed by way of a transient dense pancreatic
stain), early venous filling of the portal vein, and early
disappearance of the pancreatic stain [7].

In this paper we report a case of PAVM in a patient
who underwent DSA with subsequent obliteration and
thrombosis of the lesion and resulting acute pancreatitis.

Case presentation

A 39-old male was admitted to our hospital due to
several weeks of recurring upper abdominal pain. Ini-
tial examination revealed the absence of fever or
jaundice, and the patient reported no major involun-
tary weight loss. No relevant family or past disease
history or bleeding tendency was found. The initial
laboratory tests, including that for pancreatic en-
zymes, were unremarkable. An esophagogastroduode-
noscopy, performed few days earlier, revealed small
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mucosal breaks consistent with grade A esophagitis
according to the Los Angeles Classification [8].

Diagnostic imaging

B-mode ultrasound (US) showed a structurally heteroge-
neous and thickened neck of the pancreas, which was
poorly differentiated from the surrounding fat (Fig. 1a).
No dilatation of the main pancreatic duct was found.
Color Doppler US demonstrated an intensive mosaic ap-
pearance in the hypoechogenic area of the lesion, and
spectral Doppler analysis disclosed arterial and venous
blood flow signals within the lesion. Morphological
changes along with the Doppler pattern found at the ini-
tial US examination indicated a possible ongoing vascu-
lar formation within the pancreas. Subsequently,
computed tomography (CT) confirmed a medium-sized
(up to 4 cm) formation in the neck of the pancreas. The
formation showed arterial (Fig. 1b, red arrow) and ven-
ous (Fig. 1c and d) serpinginous enhancement consistent
with pancreatic vascular malformation (PAVM). A multi-
disciplinary team, including a surgeon, an interventional
radiologist and a radiotherapist, considered various
therapeutic approaches. As an alternative to a pancreati-
coduodenectomy and radiotherapy, a minimally invasive
treatment based on percutaneous embolization was pro-
posed to and accepted by the patient. A CT scan was
post-processed to obtain a clear vascular map of the ar-
terial and venous pancreatic supply.

Diagnostic angiography

Vascular access was obtained by a retrograde puncture
of the femoral artery along with the introduction of a
5Fr access sheath. Selective catheterization and angiog-
raphy of the celiac trunk and the superior mesenteric ar-
tery were performed by using a 5Fr Simmons sidewinder
catheter Sim 1 (Cordis, Johnson & Johnsons, Miami, FL,
USA). Superselective catheterization and angiography of
the feeder arteries’ microcatheter were performed by a
Progreat 2.4Fr (Terumo, Japan) with 0.016” Radifocus
Guide wire GT (Terumo, Japan). The non-ionic, iso-
osmolar contrast agent iodixanol 320 mg/ml (Visipaque,
GE Healthcare, Chalfont St. Giles, UK) was used for the
angiography in the total amount of 100 ml. The selective
angiography of the celiac trunk and the superior mesen-
teric artery were performed with 20 ml at 5 ml/s, while
super-selective angiography of feeder arteries was per-
formed with 5-10 ml at 1 ml/s.

The celiacography and selective angiography of the
upper mesenteric artery revealed that the PAVM located
in the neck of the pancreas was receiving arterial blood
supply from four origins: a medium-sized feeding artery
branching from a common hepatic artery (Fig. 2a, red
arrowheads); multiple small feeding arteries branching
from the initial portion of the upper mesenteric artery
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hypervascular area at the same site as the initial US (b—d, red arrows)

Fig. 1 US imaging showed a structurally heterogeneous and thickened neck of the pancreas, hardly differentiated from the surrounding fat and
without any dilatation of the main pancreatic duct (a). Contrast-enhanced CT examination through the pancreas demonstrated a mosaic

(Fig. 2b, white arrowheads) with immediate opacification
of the portal vein, (encircled in red); a racemose vascular
network from the watershed of the gastroduodenal ar-
tery (Fig. 2¢, red arrows); and the hepatic artery proper
(Fig. 2d, white arrows). No dominant feeding artery was
recognized among the four origins. All feeding arteries
were assessed as small caliber vessels (up to 1 mm), thus
TAE using spirals was not possible.

Post-angiography follow-up

Among the laboratory tests performed in the 24 h fol-
lowing the diagnostic angiography, that for pancreatic
enzymes showed a sudden intensive increase above the
normal range: up to 15-fold for amylase and 40-fold for
lipase. Other laboratory tests, including tumor markers
such as CEA, CA19-9 and chromogranin, were unre-
markable. The initial US follow-up was performed three

Fig. 2 Celiacography and the selective angiography of the upper mesenteric, revealing feeding arteries from a common hepatic artery (a, red
arrowheads) and from the initial portion of the upper mesenteric artery (b, white arrowheads), with early visualization of the portal vein in the
same phase (encircled in red). Additional vascular network branching from the watershed of the gastroduodenal artery (c, red arrows) and hepatic
artery proper (d, white arrows) is also shown
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days after DSA and revealed a reduction in the serpingi-
nous areas along with a decrease in blood flow signals
(Fig. 3a and b). Follow-up employing an abdominal MRI
also depicted similar serpinginous formations located in
the neck of the pancreas (Fig. 3c, red arrow). The forma-
tions displayed MR characteristics of fluid (Fig. 3c) along
with no flow voids and were consequently characterized
as the fluid remnants of the thrombosed PAVM or dif-
ferentially, a demarcated area of intraparenchymal ne-
crosis having already occurred. The larger area of fluid
remnants near the pancreas (Fig. 3c, red arrow) was
characterized as a peripancreatic fluid collection, subse-
quently also detected by MR cholangiopancreatography
(Fig. 3d, red arrow). Besides intrapancreatic changes,
areas of hyperintensive signal were also found on MR
images of the peripancreatic fat (Fig. 3c, red asterix),
consistent with small amounts of peripancreatic fluid
and edema.

Over a few days after the imaging follow-up, the pa-
tient’s symptoms dramatically improved, and laboratory
findings returned to normal ranges. Several consecutive
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US examinations were parallel to those findings, display-
ing a complete resolution of the Doppler flow signal pat-
tern in the area of pancreatic AVM as well as a small,
stable peripancreatic fluid collection. Long-term follow-
up by way of a contrast-enhanced CT performed three
months after DSA revealed no recanalization of the
thrombosed PAVM and a remaining small, stable peri-
pancreatic fluid collection (Fig. 3e and f, white arrows).

Discussion

Vascular malformations of the gastrointestinal tract are
rather uncommon, however, when present they are pre-
dominantly found in the liver or in extrahepatic loca-
tions; there is less than 1 % incidence within the
pancreas [9]. In most cases the condition is congenital
and found accidentally by diagnostic imaging performed
for a different reason. In the present case the PAVM was
thought to be congenital due to the absence of acquired
factors, such as neoplasm or trauma, and also the nega-
tive family history and lack of any vascular dysplastic
disease symptoms. The patient’s primary symptom of

Fig. 3 US after the diagnostic angiography revealed a progressive decrease of the serpinginous formations as well as a cystic lesion gradually
increasing in size (a, b). Fat-suppressed T,-weighted MR images depicted fluid characteristics in the neck of the pancreas (c, red arrow) and in the
peripancreatic fat (¢, red asterisk) indicating an area of intra-parenchymal necrosis along with some peripancreatic edema. MR cholangiopancreatography
confirmed minor peripancreatic fluid collection in the neck of the pancreas (d, red arrow). Long-term CT follow-up showed no evidence of previous
vascular malformation along with the remaining peripancreatic fluid collection (e, f, white arrows)
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recurrent abdominal pain could be attributed to focal is-
chemia, since neither bleeding from the PAVM into the
pancreatic duct, nor dilatation of the duct was observed.

The standard treatment for PAVM frequently involves
surgery, conservative therapy (embolization, sclerotherapy
or portal venous shunt), or no treatment at all [10-12].
Surgical pancreatectomy is still considered to be the sole
radical treatment for PAVM despite huge metabolic con-
sequences sustained by the radically or totally pancreatec-
tomized patient [13]. However, as the malformation
grows, its abundant vessel network, including feeding ar-
teries and draining veins, often increases the difficulty of
surgical haemostatic treatment. Therefore, DSA prior to
treatment decisions is helpful in developing the tactics of
treatment, even if a diagnosis has been established by
non-invasive imaging modalities [7]. In addition, subse-
quent interventional therapy, i.e. TAE, can be performed
after the diagnosis of PAVM by this procedure [14].

In the presented case, the PAVM, characterized by way
of DSA, was relatively small in size, however, branching
from numerous small-caliber feeding arterioles. No
dominant arteries were found; therefore, coil
embolization was not possible. Additionally, TAE by
means of ethylene-vinyl alcohol copolymer (Onyx, EV3,
USA) was discussed as the only treatment option. In
keeping with a conservative treatment approach, it was
not performed so as to avoid any undesired wash out of
the infused agent to the non-targeted duodenum, which
could possibly cause necrosis. Sclerotherapy was also
not performed, since we lacked precise initial diagnostic
imaging of the vascular malformation, which would have
allowed a characterization of its flow dynamics, i.e. high-
flow from low-flow. In the end, the patient received no
specific treatment at all.

Laboratory testing as well as imaging follow-up studies
suggested that an obliteration of the PAVM appeared
shortly after DSA and was followed by acute pancreatitis
in accord with diagnostic criteria [15]. Several possible
mechanisms that can result in the obliteration of PAVM
should be considered,. The common belief is that DSA
is prone to complications due to manipulation with
catheters and guide wires, which are necessary for select-
ive and super-selective studies. The most common com-
plication of selective catheterization is a direct intimal
injury, the incidence of which significantly increases with
progressively super-selective catheterization [16]. Add-
itionally, vascular spasms can occur as a result of a nor-
mal response of vascular contractile elements to the
stimulation of the wall by the catheter tip, guide wire or
contrast jet [17]. Although usually inconsequential, se-
vere spasm could result in stasis and subsequent throm-
bosis. In the last 10 years, the incidence of intimal injury
in DSA procedures has been significantly minimized by
newer manipulation techniques of guide wires and
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catheters, as well as by the use of flexible-tipped wires
and end-hole-only catheters [18]. Specifically, in our case
we did not detect any delineated subintimal accumula-
tions of contrast material within or adjacent to the
opacified vascular outline, such accumulations being a
consequence of direct damage to the vascular wall by
the catheter tip, catheter recoil or contrast jet. Further-
more, the super-selective angiography in our case was
prudently used at all times, and a minimal number of
contrast injections was implemented. All catheteriza-
tions were performed at a slow speed along with rela-
tively small quantities of contrast agents, i.e. 5-10 ml.
Nevertheless, we allowed the possibility that minor in-
timal injury or vascular spasm could occur distally in the
small caliber vessels of the PAVM, which would be un-
detectable by us. Another possible explanation for the
obliteration of the PAVM during or shortly after DSA
could involve the properties of the contrast agent and its
local administration [19]. According to experimental and
animal studies, even a small amount of a viscous con-
trast agent alters blood rheology [20, 21]. Our case could
be consistent with this finding in a similar way. Local
administration of a contrast agent could affect blood
rheology in the small low-flow draining vessels by pro-
gressively slowing down flow dynamics and causing an
occlusion of PAVM. This might further lead to an out-
flow obstruction of the PAVM and finally to a throm-
bosis of the lesion. A relatively small nidus, which was
characterized in our case, could also predispose to this
phenomenon.

In our case, DSA was most likely responsible for the
obliteration of the PAVM, however, it also induced pan-
creatitis, evidenced by subsequent laboratory and im-
aging findings. A diagnosis of acute pancreatitis is
usually made on the basis of clinical and laboratory find-
ings, therefore our follow-up imaging (US and MRI) was
primarily used to monitor possible early complications,
e.g. revascularization of the thrombosed PAVM. How-
ever, clinically this phenomenon seems to be exceedingly
rare. In the post-angiography follow-up the patient re-
ceived no additional treatment for the symptomatic
PAVM. The patient was hemodynamically stable at all
times and was treated conservatively. The emphasis of
our conservative treatment was on supportive measures
and on the prevention of the infection of necrosis and
other complications. Supportive nonsurgical manage-
ment was indicated mainly because of the improved
symptoms of pancreatitis over a few days and the fact
that laboratory findings returned to normal ranges.

The widespread use of imaging techniques seems to be
the exact reason for the increased number of reported
PAVM cases in recent years. Besides PAVM detection,
discrimination of flow characteristics of vascular malfor-
mations is also thought to play an essential role in
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determining appropriate treatment [22], i.e. surgical re-
section, TAE, or sclerotherapy. However, if CT is used,
artery—lesion enhancement time does not reflect the
hemodynamics of vascular lesions directly, as was seen
in our case [23]. The two non-invasive imaging tech-
niques that are more appropriate for the examination of
vascular malformations are US and MRI [24, 25]. US has
been advocated as useful for examining vascular malfor-
mations, especially differentiating low- from high-flow
vascular malformations [26]. Nevertheless, US does have
some limitations, including a small field of view and a
restricted depth of penetration, especially with high-
frequency transducers. Thus, US cannot be substituted
for MRI when a determination of the full extent of vas-
cular malformations is necessary. On the contrary, dy-
namic MRI enables discrimination between high-flow
and low-flow vascular malformations, especially when
the contrast rise time of the lesion is measured [23].
Hence, in order to improve treatment decisions, we sug-
gest the utilization of dynamic MRI for the discrimin-
ation of high-flow from low-flow PAVM as an
alternative to DSA.

Conclusion

Diagnostic angiography prior to treatment decisions is
beneficial for patients with symptomatic PAVM, since it
can clearly depict a network of vascular malformation.
In addition, subsequent interventional therapy can be
performed immediately after DSA. Follow-up after DSA
is necessary due to complications that may occur as a
result of hardware manipulation or vascular spasm dur-
ing the angiographic procedure. In our case, the factors
associated with the obliteration of PAVM after DSA are
not entirely understood, though the obliteration may be
attributed to the low flow dynamics of the small caliber
PAVM as well as to the local administration of the con-
trast agent. We therefore conclude that when PAVM is
asymptomatic and diagnosed with non-invasive imaging
techniques it should not be evaluated with DSA, in light
of the potential risk of the severe complications of acute
pancreatitis.

Abbreviations

CT, computed tomography; DSA, diagnostic angiography; MRI, magnetic
resonance imaging; PAVM, pancreatic arteriovenous malformation; TAE,
transcatheter arterial embolization; US, ultrasound

Funding
This research received no specific grant from any funding agency or
institution.

Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article and its additional files.

Page 6 of 7

Authors’ contributions

JV acquired data and images for figure presentations and performed the
image post-processing and analysis. JV and RD drafted the manuscript. MO
revised the manuscript for important intellectual content. PP conducted the
actual procedure and provided a critical appraisal of the draft manuscript. All
authors read and approved final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication

Written informed consent was obtained from the patient for publication of
this case report and any accompanying images. A copy of the written
consent is available for review by the Editor-in-Chief of this journal.

Ethics approval and consent to participate

The research protocol was submitted for consideration, comment, guidance
and approval to Republic Slovenia National Medical Ethics Committee (NMEC).
The study was reported in accordance with the Declaration of Helsinki. A copy
of NMEC approval is available for review by the Editor-in-Chief of this journal.

Author details

'Institute of Physiology, Medical Faculty, University of Ljubljana, Zaloska cesta
4,1000 Ljubljana, Slovenia. “Jozef Stefan Institute, Laboratory of Magnetic
Resonance Imaging, Ljubljana, Slovenia. *Clinical Department of Abdominal
Surgery, University Medical Centre, Ljubljana, Slovenia. “Institute of Radiology,
University Medical Centre, Ljubljana, Slovenia.

Received: 9 November 2015 Accepted: 30 June 2016
Published online: 11 July 2016

References

1. Chou SC, Shyr YM, Wang SE. Pancreatic arteriovenous malformation.
J Gastrointest Surg. 2013;17:1240-6.

2. Kanno A, Satoh K, Kimura K, Masamune A, Asakura T, Egawa S, Sunamura M,
Watanabe M, Shimosegawa T. Acute pancreatitis due to pancreatic
arteriovenous malformation: 2 case reports and review of the literature.
Pancreas. 2006;32:422-5.

3. Song KB, Kim SC, Park JB, Kim YH, Jung YS, Kim MH, Lee SK, Lee SS, Seo DW,
Park do H, et al. Surgical outcomes of pancreatic arteriovenous
malformation in a single center and review of literature. Pancreas.
2012;41:388-96.

4. Dresler CM, Fortner JG, McDermott K, Bajorunas DR. Metabolic consequences
of (regional) total pancreatectomy. Ann Surg. 1991;214:131-40.

5. Kodama Y, Saito H, Hiramatsu K, Takeuchi S, Takamura A. A case of
pancreatic arteriovenous malformation treated by transcatheter arterial
embolization and transjugular intrahepatic portosystemic shunt. Nihon
Shokakibyo Gakkai Zasshi. 2001,98:320-4.

6.  Grasso RF, Cazzato RL, Luppi G, Faiella E, Del Vescovo R, Giurazza F,
Borzomati D, Coppola R, Zobel BB. Pancreatic arteriovenous malformation
involving the duodenum embolized with ethylene-vinyl alcohol copolymer
(Onyx). Cardiovasc Intervent Radiol. 2012,35:958-62.

7. Chuang VP, Pulmano CM, Walter JF, Cho KJ. Angiography of pancreatic
arteriovenuos malformation. AJR Am J Roentgenol. 1977;129:1015-8.

8. Lundell LR, Dent J, Bennett JR, Blum AL, Armstrong D, Galmiche JP,
Johnson F, Hongo M, Richter JE, Spechler SJ, et al. Endoscopic assessment
of oesophagitis: clinical and functional correlates and further validation of
the Los Angeles classification. Gut. 1999;45:172-80.

9. Meyer CT, Troncale FJ, Galloway S, Sheahan DG. Arteriovenous
malformations of the bowel: an analysis of 22 cases and a review of the
literature. Medicine (Baltimore). 1981,60:36-48.

10. Lee BB, Kim DI, Huh S, Kim HH, Choo IW, Byun HS, Do YS. New experiences
with absolute ethanol sclerotherapy in the management of a complex form
of congenital venous malformation. J Vasc Surg. 2001;33:764-72.

11.  Sato M, Kishi K, Shirai S, Suwa K, Kimura M, Kawai N, Tanihata H, Yamada K,
Terada M, Yamaue H. Radiation therapy for a massive arteriovenous
malformation of the pancreas. AJR Am J Roentgenol. 2003;181:1627-8.

12. Tatsuta T, Endo T, Watanabe K, Hasui K, Sawada N, Igarashi G, Mikami K,
Shibutani K, Tsushima F, Takai Y, Fukuda S. A successful case of
transcatheter arterial embolization with n-butyl-2-cyanoacrylate for
pancreatic arteriovenous malformation. Intern Med. 2014;53:2683-7.



Vidmar et al. BMC Gastroenterology (2016) 16:68

20.

21.

22.

23.

24.

25.

26.

Nishiyama R, Kawanishi Y, Mitsuhashi H, Kanai T, Ohba K, Mori T, Hamabe N,
Watahiki Y, Nakamura S. Management of pancreatic arteriovenous
malformation. J Hepatobiliary Pancreat Surg. 2000;7:438-42.

Gincul R, Dumortier J, Ciocirlan M, Adham M, Queneau PE, Ponchon T,
Pilleul F. Treatment of arteriovenous malformation of the pancreas: a case
report. Eur J Gastroenterol Hepatol. 2010,22:116-20.

Kiriyama S, Gabata T, Takada T, Hirata K, Yoshida M, Mayumi T, Hirota M,
Kadoya M, Yamanouchi E, Hattori T, et al. New diagnostic criteria of acute
pancreatitis. J Hepatobiliary Pancreat Sci. 2010;17:24-36.

Hunt TH, Gelfand DW. Complications of gastrointestinal radiologic
procedures: lll. Complications of diagnostic and interventional angiography.
Gastrointest Radiol. 1981,6:57-67.

Cynamon J, Atar E, Steiner A, Hoppenfeld BM, Jagust MB, Rosado M,
Sprayregen S. Catheter-induced vasospasm in the treatment of acute lower
gastrointestinal bleeding. J Vasc Interv Radiol. 2003;14:211-6.

Golzarian J, Sapoval MR, Kundu S, Hunter DW, Brountzos EN, Geschwind JF,
Murphy TP, Spies JB, Wallace MJ, de Baere T, Cardella JF. Guidelines for
Peripheral and Visceral Vascular Embolization Training: joint writing groups
of the Standards of Practice Committees for the Society of Interventional
Radiology (SIR), Cardiovascular and Interventional Radiological Society of
Europe (CIRSE), and Canadian Interventional Radiology Association (CIRA).

J Vasc Interv Radiol. 2010;,21:436-41.

Strickland NH, Rampling MW, Dawson P, Martin G. Contrast media-induced
effects on blood rheology and their importance in angiography. Clin Radiol.
1992:45:240-2.

Laurent A, Durussel JJ, Dufaux J, Penhouet L, Bailly AL, Bonneau M, Merland
JJ. Effects of contrast media on blood rheology: comparison in humans,
pigs, and sheep. Cardiovasc Intervent Radiol. 1999;22:62-6.

Reinhart WH, Pleisch B, Harris LG, Lutolf M. Influence of contrast media
(iopromide, ioxaglate, gadolinium-DOTA) on blood viscosity, erythrocyte
morphology and platelet function. Clin Hemorheol Microcirc. 2005;32:227-39.
Yakes WF, Rossi P, Odink H. How | do it. Arteriovenous malformation
management. Cardiovasc Intervent Radiol. 1996;19:65-71.

Ohgiya Y, Hashimoto T, Gokan T, Watanabe S, Kuroda M, Hirose M, Matsui S,

Nobusawa H, Kitanosono T, Munechika H. Dynamic MRI for distinguishing
high-flow from low-flow peripheral vascular malformations. AJR Am J
Roentgenol. 2005;185:1131-7.

Dubois J, Soulez G, Oliva VL, Berthiaume MJ, Lapierre C, Therasse E.
Soft-tissue venous malformations in adult patients: imaging and therapeutic
issues. Radiographics. 2001;21:1519-31.

Turley RS, Lidsky ME, Markovic N, Shortell CK. Emerging role of
contrast-enhanced MRI in diagnosing vascular malformations. Future
Cardiol. 2014;10:479-86.

Trop |, Dubois J, Guibaud L, Grignon A, Patriquin H, McCuaig C, Garel LA.
Soft-tissue venous malformations in pediatric and young adult patients:
diagnosis with Doppler US. Radiology. 1999,212:841-5.

Page 7 of 7

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Diagnostic imaging
	Diagnostic angiography
	Post-angiography follow-up

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

