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Liver transplantation (LT) after neoadjuvant chemoradiotherapy

n patients with unresectable hilar cholangiocarcinoma (HC) is an

ccepted treatment strategy [1] . Neoadjuvant therapy is associated

ith an increased risk of arterial and portal complications after LT

 1 , 2 ]. In most cases, radiation therapy makes the use of the native

epatic artery inadvisable, and an aortic anastomosis is needed, ei-

her with or without a graft [2] . 

The development of a mycotic pseudoaneurysm after LT is a

are complication that is associated with a high incidence of graft

ailure and mortality. Radiotherapy, local infections and the use of

rafts are known risk factors for the development of a mycotic

seudoaneurysm, which is always challenging to manage [3] . 

Herein, we reported a case diagnosed with a mycotic pseudoa-

eurysm in the donor celiac trunk at the site of the supraceliac

ortic anastomosis, resolved by an extra-anatomic bypass. The pa-

ient gave signed informed consent for the publication. 

A 47-year-old man diagnosed with an unresectable Bismuth

ype IV HC was evaluated for LT. After percutaneous biliary

rainage, a biliary stent was inserted in February 2017. After

his drainage, he had severe acute pancreatitis, complicated by

 colopancreatic fistula. He recovered successfully with medical

reatment and drainage, before undergoing radiotherapy (SBRT, 50

y) and chemotherapy (5-fluorouracil) until July 2017. Then he had

 episodes of cholangitis, the last one in December 2017, and a

iver abscess. Biliary drainage was optimized and hepatic abscess

as drained. Bile culture showed colonization by beta-lactamase

CA-49 positive Klebsiella pneumoniae. Due to multiple episodes of

nfections, he was not able to continue with chemotherapy. One

ear after the initial diagnosis, the infection was controlled, and

here was no tumor progression. Finally, LT was performed in Jan-

ary 2018, using the piggy-back technique. An arterial anastomo-

is was performed directly between the donor celiac trunk and

he supraceliac aorta, without the need for a graft. We preferred

o perform a supraceliac aortic anastomosis because the use of a

raft was unnecessary in most cases, and it was associated with
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 lower incidence of hepatic artery thrombosis and renal insuffi-

iency [4] . Arterial flow was 670 mL/min. Postoperative evolution

as uneventful, and the patient was discharged with good graft

unction on postoperative day (POD) 8. Pathological study of the

iver confirmed moderately differentiated adenocarcinoma, pT2N1, 

ith perineural invasion and focal portal vein invasion. There was

o margin invasion and therefore resection was considered R0. 

Two months after LT, a mycotic pseudoaneurysm at the arterial

nastomosis to the aorta and portal vein stenosis was observed on

 routine CT scan ( Fig. 1 A, B). The patient had no pain, fever or

ny sign of bleeding. He was hemodynamically stable, but an ar-

erial leakage was observed on the CT scan. After initial empiric

reatment with antibiotics (ceftazidime-avibactam) and an antifun-

al agent (anidulafungin), the first approach was to percutaneously

lace a portal vein stent (Medtronic R © 12 × 40 mm, Plymouth,

innesota, USA) to ensure graft perfusion ( Fig. 1 C). Afterwards,

n the same day, an endovascular covered stent (Aortic Begraft R ©
0 × 48 mm, Bentley, Inchinhan, Scotland) was placed in the aorta

overing the celiac anastomosis ( Fig. 1 D). The stent extended from

4 mm above the pseudoaneurysm (proximally) to 10 mm above

he superior mesenteric artery (distally), and had the same size as

hat of the aorta (20 mm). Initially, we did not consider embolizing

he celiac trunk, as we thought that the covered stent would re-

olve an aortic leak, and the celiac trunk could be preserved. How-

ver, probably due to the mycotic infection, the stent failed. De-

pite the initial good arteriographic results, the CT scan performed

8 h later showed persistent leakage (type 1 endoleak). 

The patient was clinically stable, but due to the high risk of

upture, we decided to perform open surgery. 

With the intention of performing an anastomosis on healthy

orta, a left thoraco-phreno-laparotomy was performed. The

upraceliac and infrarenal aorta were exposed, and the left re-

al artery was identified and controlled. The superior mesenteric

rtery and celiac trunk were surrounded by fibrous tissue, mak-

ng dissection impossible. Renal arteries and the superior mesen-

eric artery were preserved. After lateral clamping of the infrarenal

orta, a rifampicin-soaked Dacron prosthetic graft (Gelsoft R ©, Vas-

utek/Terumo, Inchinhan, Scotland) was prepared by soaking the

acron graft in 60 mg/mL of rifampicin solution for 30–60 min.
a. Published by Elsevier B.V. All rights reserved. 
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Fig. 1. Diagnosis and endovascular treatment. A: A computed tomography scan showing the mycotic pseudoaneurysm. B: A computed tomography scan showing the portal 

vein stenosis. C: Portal vein stent (12 × 40 mm) placement. D: An aortic endovascular-covered stent (20 × 48 mm) was placed covering the pseudoaneurysm. SMA: superior 

mesenteric artery. 

Fig. 2. Surgical procedure. The prosthetic graft was laterally anastomosed to the infrarenal aorta and proximally anastomosed end-to-end to distal healthy thoracic aorta 

proximal to the hepatic anastomosis. A: Surgical view. B: Surgical scheme. IA: infrarenal aorta; RA: resected aorta with a pseudoaneurysm; TA: thoracic aorta; SMA: superior 

mesenteric artery; CT: celiac trunk. 
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The prosthetic graft was laterally anastomosed to the infrarenal

aorta. The distal anastomosis was performed first to minimize

medullar and visceral ischemia. The supraceliac aorta was then dis-

sected and ligated. A proximal anastomosis was performed end-to-

end on distal healthy thoracic aorta, proximal to the previous hep-

atic anastomosis, with an aortic clamping of 13 min ( Fig. 2 ). Dur-

ing the aortic clamping, the pseudoaneurysm was opened, and this

aortic segment containing the covered stent was resected and cul-

tured. The donor celiac artery ostium was identified and sutured

because it was included in the aortic pseudoaneurysm ( Fig. 2 ).

The decision to exclude the arterial supply to the liver was made

through necessity. It was included in the mycotic pseudoaneurysm,

and to debride and resect this aortic segment, we had to suture the

donor celiac ostium. The phrenotomy was closed, leaving the by-

pass in the lateral position, away from the infection site. The oper-

ation lasted 300 min, and 5 units of red blood cells were required.

Postoperative evolution was uneventful, with normal hepatic

and renal function. No medullar damage was observed. The pseu-
Please cite this article as: L. Llado, E. Iborra and E. Ramos et al., Extra
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oaneurysm culture confirmed Candida infection that was sensitive

o fluconazole treatment. Fluconazole treatment was maintained

or 12 months until normalization of uptake on 

18 F-fluoro-deoxy-

lucose positron emission tomography (FDG-PET). The maximum

tandardized uptake value (SUVmax) on FDG-PET was 6.2 at one

onth after surgery, and 4.6 at the end of treatment. Currently,

8 months after the procedure, the patient is alive without com-

lications and has normal hepatic function. A control CT scan has

hown permeability of the prosthesis. Antiaggregation therapy was

ndicated due to the use of a prosthetic graft. Although a portal

ein stent was used, we decided not to use anticoagulants, only

aintaining antiaggregation therapy indefinitely. 

Vascular complication after LT is a significant cause of mor-

idity and mortality. Risk factors for the development of mycotic

seudoaneurysms include previous bacterial colonization, techni-

al difficulties in performing an arterial anastomosis, the use of

ascular conduits, reconstruction with a bilio-enteric anastomosis

nd postoperative bile leaks [3] . Management of mycotic pseudoa-
-anatomic aortic bypass for the treatment of a mycotic pseudoa- 
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eurysms after LT is always challenging. The use of endovascu-

ar stent grafts for the exclusion of the aortic aneurysm is now

tandard procedure, with low morbidity and mortality [ 5 , 6 ]. How-

ver, when interventional techniques fail, surgical revascularization

s indicated. 

The initial interventional techniques were attempted in this

ase. A portal vein stent was placed successfully to ensure hep-

tic vascularization, in case we had to sacrifice arterial inflow.

fter failure of the aortic stent, we undertook surgical manage-

ent. A report described in situ prosthetic graft repair [7] ; how-

ver, due to the history of previous radiotherapy, severe pancreati-

is and LT, we decided against performing surgery through an ante-

ior laparotomy and resolving the hepatic artery pseudoaneurysm

HAP) with an in situ prosthesis. Instead, we performed an extra-

natomic prosthetic bypass in the retroperitoneum, as reported

reviously [8] . To the best of our knowledge, this is the first case

f an extra-anatomic bypass being performed in the setting of LT.

lacement of the prosthesis far from the previous surgical site al-

ows easier access and may reduce the risk of prosthesis infections.

his retroperitoneal bypass is in fact an extra-anatomic bypass,

ecause it avoids the infected aortic site. Indeed, we chose this

ype of bypass because it can preserve renal perfusion and supe-

ior mesenteric artery perfusion, better than other types of extra-

natomic bypass (such as an axillo-bifemoral bypass). Additionally,

ith this access, we could debride the pseudoaneurysm and su-

ure the supraceliac aorta to ensure that there was no progression

f infection or bleeding. 

As suggested by recent studies, FDG-PET was used to assess in-

ection of the graft [9] . Treatment was discontinued upon normal-

zation of FDG-PET results. 

Our patient had several risk factors for HAP development (e.g.,

ilioenteric anastomosis, antibiotic treatments, technical difficulty 

n performing an arterial anastomosis, and bile colonization). As

reviously suggested, patients at risk of developing HAP should be

nitially followed up with CT scans [10] . Confirmation of a stable

ituation allowed a staged endovascular and open repair of the

AP to be performed successfully. 

Although we were afraid of excluding the arterial supply to the

iver due to the risk of graft dysfunction and ischemic cholangitis,

e had no other option. However, arterial ligation or thrombosis

oes not necessarily result in these consequences, especially when

hey occur a long time after LT. We were not highly confident in

his case because we performed this procedure only two months

fter LT. Luckily, the patient had no complications and is currently

live with normal liver function. He shows no clinical or radiolog-

cal signs of ischemic cholangitis. Similar results were reported by

olpin et al. [10] , who performed hepatic artery ligation or occlu-

ion in their series of 3 patients, all showing long-term survival

nd normal liver function. 

We consider that this case shows the importance of combin-

ng different techniques to manage this type of urgent situations.

irstly, the possibility to assure hepatic vascularization with en-

ovascular portal stent, combined with endovascular aortic stent

o stabilize the patient. The development of this new endovascu-

ar technique is crucial to improve the results of different type of

ortic aneurysms in different settings [ 7 , 8 ]. 

Secondly, lessons learned from the use of anatomic versus

xtra-anatomic bypass in different vascular scenarios can be ap-

lied to new situations like our case, after LT. Other cases of

neurysms in the field of radiotherapy, or infection may consider

he use similar extra-anatomic bypass. 

Indeed, the availability of different type of grafts, with different

izes, and with the possibility to treat with antibiotics, can allow

s to fit treatment to each patient. 

In conclusion, the use of an extra-anatomic aortic bypass is a

ew option for the management of patients with a mycotic pseu-
Please cite this article as: L. Llado, E. Iborra and E. Ramos et al., Extra
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oaneurysm. This access avoids the previous surgical site affected

y radiotherapy and infections. 
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