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Introduction: Visceral artery aneurysms (VAAs) are rare but have a high mortality rate in cases of rupture,
especially for pancreaticoduodenal artery aneurysms (PDAAs). A hybrid approach is presented for a challenging
case with inferior PDAA (iPDAA) with concomitant coeliac artery (CA) occlusion and a variant arterial supply to
the liver.
Report: A 61 year old patient complained of postprandial pain associated with elevated liver enzymes and
impaired hepatic synthesis capacity. The left hepatic artery (LHA) originated from an occluded CA, whereas the
right hepatic artery (RHA) originated directly from the superior mesenteric artery (SMA) proximal to the iPDAA.
Due to the anatomical variant, an endovascular only approach via iPDAA embolisation could have posed a critical
risk to the arterial supply of the liver. Therefore, the initial plan was to first secure liver perfusion via endovascular
revascularisation of the CA, before conducting a coil embolisation of the iPDAA. However, endovascular CA
revascularisation failed due to a complete and fixed occlusion. As an alternative therapeutic approach, open
surgical aorto-visceral autologous bypass ensured arterial supply of the liver, which now enabled safe exclusion of
the iPDAA via interventional coil embolisation. This two stage hybrid strategy resulted in iPDAA exclusion and was
followed by symptom relief and normalised hepatic synthesis capacity.
Discussion: This case demonstrates the continued need for open visceral bypass surgery to ensure organ
perfusion, if the latter depends on an aneurysmal artery. In such a situation, visceral bypass surgery can be
considered in challenging anatomical scenarios, which demonstrates the relevance of endovascular and open
procedures. In conclusion, both procedures can be combined in individualised therapy approaches to maximise
patient benefit.
� 2024 The Author(s). Published by Elsevier Ltd on behalf of European Society for Vascular Surgery. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Article history: Received 22 November 2023, Revised 22 May 2024, Accepted 27 June 2024,
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INTRODUCTION

Visceral artery aneurysms (VAAs) are quite rare,1,2 while
pancreaticoduodenal artery aneurysms (PDAAs) only
represent a small percentage of VAAs.1,3

Although PDAAs are usually asymptomatic, they require
close attention because of their high rupture risk and
mortality rate.4 Therefore, PDAAs are recommended to be
treated regardless of their diameter upon diagnosis.1e3,5

However, there is no clear treatment consensus.6,8
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Recommended treatment options include coil embolisa-
tion, covered stenting, and open surgical reconstruction, if
flow is supposed to be preserved.3,6 Furthermore, PDAAs
are often associated with coeliac artery (CA) stenosis or
occlusion.3,7 This is thought to be related to the wall shear
stress hypothesis, which implies increased blood flow in
collateral arteries.1,7,8

In general, endovascular treatment is increasingly rec-
ommended in elective and emergency settings due to its
lower morbidity and mortality rates.1,3 However, when
PDAA is combined with CA occlusion or a variant arterial
supply to the liver, an endovascular only approach should
be carefully considered. In the following case, the blood
flow to the left liver lobe was dependent on the aneurysmal
pancreaticoduodenal artery (PDA) due to CA occlusion.
Also, the right hepatic artery (RHA) originated from the
superior mesenteric artery (SMA) directly proximal to the
inferior PDAA (iPDAA).
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To exclude the iPDAA while preserving organ perfusion,
the patient was treated with a staged hybrid procedure
considering the variant arterial liver supply.4,6,9
CASE REPORT

A 61 year old, male patient with a history of gastritis and
appendicectomy presented with occasional epigastric
postprandial pain, nausea for four months, and significantly
elevated liver enzymes (glutamic oxaloacetic transaminase
424 U/L, glutamic pyruvic transaminase 633 U/L, alkaline
phosphatase 106 U/L, bilirubin 1.58 mg/dL). Abdominal
ultrasound revealed (asymptomatic) gallstones without
signs of cholecystitis. Gastroscopy excluded gastritis.
Endoscopic ultrasound and contrast enhanced magnetic
resonance imaging revealed an iPDAA of 24 � 32 mm with
concomitant CA occlusion. In the referring hospital, the
patient was recommended for partial pancreatectomy with
iPDAA resection and therefore presented to the outpatient
clinic for a second opinion.

An extended gastroenterological diagnostic work up
included endoscopic retrograde cholangiopancreatography
(ERCP) with fine needle biopsy. The results ruled out ma-
lignancy. The patient developed post-ERCP cholecystitis with
secondary pancreatitis, which was at first treated
conservatively.

After a multidisciplinary consultation, an endovascular
only approach was chosen by first opening the CA and
embolising the iPDAA afterwards to secure left liver lobe
perfusion. Nevertheless, in line with the computed to-
mography angiography (CTA) (Fig. 1A), digital substraction
angiography revealed a complete chronic CA occlusion
(unaffected by respiratory movements5), a large-caliber PDA
with an proximal iPDAA (Fig. 1B), and a variant arterial
blood supply to the liver (Fig. 1B, Fig. 2A and B). The iPDAA
was located in close proximity to the origin of the RHA,
which originated directly from the SMA (Fig. 1B). The left
hepatic artery (LHA) contrasted retrogradely via the large-
calibre PDA. After multiple attempts, re-opening the CA was
considered impossible.
*
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Figure 1. (A) Computed tomography angiography (CTA). The axial pre
(iPDAA) (arrow) in close proximity to the pancreatic head (*). (B) Digi
chronic occlusion of the coeliac artery (CA), which appeared indepe
revascularisation attempt failed. The DSA further confirmed the iPDAA
artery (RHA) arises directly proximal to the iPDAA from the superior m
Considering the risk of liver ischaemia or other pancreatic
related complications,10 a two stage hybrid approach with
open surgical CA revascularisation was recommended to
secure an antegrade arterial supply to the liver first. A
bypass was created from the aorta to the LHA using a
reversed great saphenous vein graft via a median lapar-
atomy and a transbursal approach (Fig. 2C). In addition, a
cholecystectomy was performed, since the gallbladder was
found oedematous during surgery due to the post-ERCP
cholecystitis two months before. After surgery, the patient
was admitted to the intensive care unit (ICU) and anti-
coagulation was started to secure graft patency.

On the first post-operative day, re-do surgery with direct
suturing was necessary due to bleeding from the posterior
side of the autologous vein bypass. Two days after re-do
surgery, the patient was transferred to the regular ward.
The further post-operative course was uncomplicated.

Three weeks later, the iPDAA was excluded by trans-
femoral coil embolisation using 13 Cosmos coils (Micro-
Vention-Terumo, Aliso Viejo, CA, USA), two helical coils, 10
IDC-Interlock coils (Boston Scientific, Marlborough, MA,
USA), one framing coil, and two HydroCoils (Terumo Med-
ical Corp., Somerset, NJ, USA). The final two coils of 8 cm
length (2 �5 mm and 1 � 4 mm) were placed into the
iPDAA neck. Altogether 28 coils were used during the
interventional procedure, being carefully placed to avoid
aneurysm rupture or accidental occlusion of origin of the
nearby RHA, while ensuring complete aneurysm occlusion.
The procedure progressed without complications and
confirmed a patent aortovisceral bypass and a completely
excluded iPDAA. Also, adequate liver perfusion via the open
LHA and RHA was confirmed (Fig. 3). After a complication
free post-interventional course, the patient was discharged
a few days later.

After follow-up of more than a year the patient reported
subjective wellbeing and significant weight gain (>4 kg).
Blood tests showed complete normalisation of liver enzymes.
The patient is currently on antiplatelet therapy (aspirin) and
oral anticoagulation, given the significant impact of liver
failure in cases of bypass occlusion. A follow-up CTA scan
B

-surgical CTA view showed an inferior pancreaticoduodenal artery
tal subtraction angiography (DSA). The DSA confirmed a complete
ndent of respiratory movements (not shown). The endovascular
with a variant arterial blood supply of the liver. The right hepatic
esenteric artery (SMA).
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Figure 3. Coil embolisation of the of the inferior pancreaticoduodenal artery aneurysm (iPDAA). (A) Correct position of the coils in the
iPDAA during a transfemoral approach for interventional coil embolisation. (B) Digital subtraction angiography (DSA) illustrates the
perfusion of the right hepatic artery (RHA) which arises directly proximal to the now excluded iPDAA. DSA also confirmed no throm-
boembolic event during the procedure. The (inferior) pancreaticoduodenal artery ((i)PDA) was occluded intentionally (the guide wire
remained in the vessel).
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Figure 2. Schematic illustration of the anatomical conditions. (A) Schematic illustration of the normal anatomical conditions. The spatial
position of the pancreas is shown by a hatched area. (B) Pre-surgical anatomical situation. The coeliac artery (CA) was chronically occluded.
The right hepatic artery (RHA) arises directly proximal to the inferior pancreaticoduodenal artery aneurysm (iPDAA) from the superior
mesenteric artery (SMA). The left hepatic artery (LHA) arises from the CA and is retrogradely perfused from the SMA over the inferior
pancreaticoduodenal artery (iPDA) with its proximal iPDAA. (C) Post-surgical anatomical situation. An autologous reversed great saphenous
vein aortovisceral bypass was placed to provide antegrade perfusion to the occluded CA. The bypass secured arterial liver perfusion for the
time delayed interventional exclusion of the iPDAA by coil embolisation in case of coil associated complications. Red: aortovisceral bypass.
GDA ¼ gastroduodenal artery; sPDA ¼ superior pancreaticoduodenal artery; iaPDA ¼ inferior anterior pancreaticoduodenal artery;
ipPDA ¼ inferior posterior pancreaticoduodenal artery; saPDA ¼ superior anterior pancreaticoduodenal artery; spPDA ¼ superior pos-
terior pancreaticoduodenal artery; SA ¼ splenic artery.
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confirmed the patency of the aortovisceral bypass and suc-
cessful iPDAA exclusion. The patient provided written
informed consent for publication of this case.
DISCUSSION

This case involved a CA occlusion with an iPDAA directly
located on the path providing arterial perfusion to the left
liver lobe. An isolated endovascular only exclusion of the
iPDAA might have resulted in left liver lobe ischaemia,
which was too great a risk for the already impaired liver
function.3,4 When considering endovascular iPDAA treat-
ment, the tortuous iPDA and the close proximity of the RHA
origin to the aneurysm neck prevented an adequate landing
zone for stent placement and further increased the risk of
liver ischaemia in the case of coil displacement.6 Direct
open surgical iPDAA resection could have increased the
anastomosis related complication risk significantly in this
elective case, considering the close proximity to the
pancreatic head and pancreaticoduodenal junction.10 For
these reasons, a hybrid approach was favoured. An open
surgical approach was chosen to create an autologous
venous bypass from the aorta to LHA aiming to first secure
liver perfusion before endovascular coil embolisation of the
iPDAA.3,4,8

Currently, there are several strategies for the treatment
of CA stenosis and or occlusion with only limited evidence
regarding the most beneficial therapeutic approach. In the
currently available literature, most authors prefer an
endovascular first approach, while open surgical revascu-
larisation has been mentioned in the context of inadequate
end organ perfusion.4,8 A first diagnostic step is CTA to
define the grade of calcification and the length of the pa-
thology.3,5 In the present case, a fixed CA occlusion was
observed, which could not be revascularised, so it was
necessary to place an aortovisceral bypass.

Currently, mainly endovascular procedures are used to
treat VAAs1,3 given their high procedural success rate.
Nevertheless, the risk of thromboembolic events, emboli-
sation of a non-target vessel, and coil migration is not
negligible.6 In the present case, such events could have
completely blocked arterial liver perfusion, and therefore a
two stage hybrid approach with open surgical aortovisceral
bypass was chosen to revascularise the CA first, aiming to
ensure liver perfusion in the case of possible thromboem-
bolic events during iPDAA embolisation.4 The interval be-
tween the open surgical and endovascular procedure
confirmed the patency of the aortohepatic bypass with no
evidence of post-operative complications such as bypass
occlusion or kinking.

Such a cautious approach optimised patient safety and
proved successful in terms of complete symptomatic relief.
Alternatively, iPDAA resection could have been performed
during open surgical bypass in a single stage therapeutic
approach, a commonly used option. Disadvantageously, in
this case, it would have increased the complication risk and
might even have required partial pancreatectomy.10 In this
case it may be discussed whether an isolated CA occlusion
without stenosis of the mesenteric arteries is sufficient to
cause symptoms of chronic mesenteric ischaemia9 and
whether the performed cholecystectomy might have
contributed to the improvement of clinical symptoms and
blood values. Yet, according to earlier case reports, CA
revascularisation and (i)PDAA exclusion (without cholecys-
tectomy) lead to symptom relief.4

In the present case, the patient received both antiplatelet
therapy (aspirin) and oral anticoagulation (phenprocoumon)
given the initially narrow diameter of the great saphenous
vein in order to prevent aortohepatic bypass occlusion with
severe consequences.

Conclusions

In conclusion, a challenging and rare case of an iPDAA at a
complex location, complicated by a variant arterial supply to
the liver, is presented. This demonstrates the continued
need for an individual therapeutic approach, involving open
surgery only or, like in this case, visceral bypass surgery in
combination with interventional solutions such as endo-
vascular coil embolisation. The present case is an example
of profitable interdisciplinary cooperation within an indi-
vidualised treatment approach that maximised patient
benefit.
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