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CASE REPORT

Endovascular repair using a covered 
stent for a ruptured infected aneurysm 
of the superior mesenteric artery 
after pancreaticoduodenectomy: a case report
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Abstract 

Background: Delayed arterial hemorrhage after pancreaticoduodenectomy is a life-threatening complication. There 
are no reports about infected aneurysms of the superior mesenteric artery after pancreaticoduodenectomy without 
clinically relevant pancreatic fistula.

Case presentation: A 78-year-old woman with borderline resectable pancreatic ductal adenocarcinoma involv-
ing the superior mesenteric arterial nerve plexus underwent pancreaticoduodenectomy with en bloc resection of 
the superior mesenteric vein and the superior mesenteric arterial nerve plexus after neoadjuvant chemotherapy. On 
postoperative day 14, she had bacteremia and sudden fever with chills. During the postoperative course, macroscopic 
abscesses or distinct infectious signs, including pancreatic fistula or bile fistula, were not present, but pylephlebitis 
was observed. After the antimicrobial treatment course, the patient was discharged. After 17 days, she was hospital-
ized for melena. Contrast-enhanced computed tomography showed a ruptured aneurysm of the superior mesenteric 
artery into the small intestine without a major intraabdominal abscess. E. coli was isolated from blood cultures. The 
patient was diagnosed with a ruptured infected aneurysm of the superior mesenteric artery. She was treated success-
fully with a covered stent by the cardiology team. There was no recurrence of bleeding at the 4-month follow-up, and 
the stent was patent in all subsequent computed tomography scans.

Conclusions: Endovascular repair using a covered stent was effective in palliating acute bleeding from an infected 
aneurysm of the superior mesenteric artery.
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Background
Delayed arterial hemorrhage  after pancreaticoduo-
denectomy (PD) is a life-threatening complication. Post-
operative  bleeding occurs in 7.6–8.5% of patients and 
is associated with mortality rates as high as 30% [1–3]. 
Delayed postoperative hemorrhage (DPH) is uncommon 
compared to early postoperative hemorrhage. However, 

it is a serious complication during the postoperative 
period and carries a high mortality [4]. DPH often results 
from inflammatory vascular erosion related to pancreatic 
juice or bile leakage. Although there are several reports of 
postoperative pancreatic fistula (POPF)-related superior 
mesenteric artery (SMA) aneurysms, there are no reports 
of infected aneurysm rupture of the SMA after PD with-
out clinically relevant POPF or biliary leakage [5, 6]. We 
describe a case of successful endovascular repair using 
a covered stent for a ruptured infected aneurysm of the 
SMA after PD.
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Case presentation
A 78-year-old woman presented to our department 
with borderline resectable pancreatic ductal adenocar-
cinoma involving the SMA nerve plexus (Fig.  1a). She 
underwent pancreaticoduodenectomy with en bloc 
resection of the superior mesenteric vein and the SMA 
nerve plexus after neoadjuvant chemotherapy (Fig. 1b). 
On postoperative day (POD) 3, the amylase content 
was less than three times the upper limit of the normal 
serum value. Therefore, the intraperitoneal drainage 
tube was removed. On POD 14, she developed sudden 
fever with chills. The white blood cell count was 3,100 
μ/L with 89% neutrophils, and the serum C-reactive 
protein level was 3.43 mg/dL. Contrast-enhanced com-
puted tomography (CECT) showed intrahepatic seg-
mental portal vein thrombosis without macroscopic 
abscesses or distinct infectious signs, including pan-
creatic fistula  or bile fistula (Fig.  2a, b). After blood 
specimens were obtained for culture, tazobactam/
piperacillin was administered. Since the blood cultures 
were positive for Enterococcus faecium, tazobactam/
piperacillin was switched to vancomycin. We started 
novel oral anticoagulants for portal vein thrombosis 
on the day of diagnosis. When antithrombin III activity 
decreased, we added it to the drug regimen. On POD 
19, Enterobacter cloacae and Klebsiella pneumoniae 
were recovered from the blood cultures, and merope-
nem was additionally administered. On POD 27, the 
antimicrobial treatment regimen was switched to levo-
floxacin based on the microbiological results. On POD 
29, intrahepatic portal thrombosis had decreased, and 

the patient was discharged on POD 37. On POD 54, 
the patient presented with melena and was hospitalized 
for gastrointestinal endoscopy. On POD 55, she experi-
enced cardiopulmonary arrest caused by hemorrhagic 
shock due to melena. Cardiopulmonary resuscitation 
was  successfully performed. CECT showed a ruptured 
SMA aneurysm and arterio-intestinal fistula (Fig.  3a). 
Blood was lost into the reconstructed jejunal limb in 
the main SMA. No major intraabdominal abscess due 
to pancreatic leakage or biliary fistula was observed. 
The white blood cell count was 5,400 μ/L with 86.1% 
neutrophils, and the serum C-reactive protein level was 
2.98  mg/dL. Thus, she was diagnosed with a ruptured 
aneurysm of the SMA. Since the laparotomic approach 
seemed difficult after the PD operation with resection 
of the SMA nerve plexus, we selected a covered stent 
as the preferred treatment option. Repair using the cov-
ered stent was performed by the cardiology team. This 
treatment successfully stopped the intestinal bleeding, 
and the patient recovered from hemorrhagic shock 
(Fig. 3b, c). E. coli was isolated from arterial blood cul-
tures during angiography. Finally, she was diagnosed 
with a ruptured infected aneurysm of the SMA. After 
a 6-week course of intravenous  antibiotic therapy, she 
was switched to long-term oral amoxicillin and clavu-
lanic acid and was discharged on POD 100. There was 
no recurrence of bleeding at the  4-month follow-up, 
and the stent was patent in all subsequent CECT scans. 
Unfortunately, the patient died 7 months after the ini-
tial operation due to disease progression with multiple 
liver metastases.

Fig. 1 a Contrast-enhanced computed tomography (CECT) scan showing a hypovascular tumor abutting the superior mesenteric artery (SMA) and 
involving < 180° of the circumference of the artery without encasement. b Intraoperative photographs. The black arrowhead shows the anastomosis 
of the superior mesenteric vein with the  1st jejunal vein. SMA: superior mesenteric artery. SMV: superior mesenteric vein. 1st JJV: 1st jejunal vein. PV: 
portal vein. MCA: middle colic artery. MCV: middle colic vein. IMV: inferior mesenteric vein. SV: splenic vein. LGV: left gastric vein. IVC: inferior vena 
cava
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Discussion
DPH  after PD is defined by the International Study 
Group of Pancreatic Surgery (ISGPS) as hemorrhage 
occurring > 24 h postoperatively. In two previous stud-
ies, DPH was defined as postoperative hemorrhage 
after 2  weeks and postoperative hemorrhage after 
7  days [1, 7, 8]. Delayed bleeding is the result of mul-
tifactorial pathogenesis including an association with 
other pancreatectomy-specific complications, such as 
postoperative pancreatic fistula and infection [9]. The 
celiac artery is the common site of delayed bleeding, 
and the gastroduodenal artery stump is the most com-
mon location (29%), followed by the common hepatic 
artery (19%), the splenic artery (12%), and the proper 
hepatic artery (7%). However, bleeding from the SMA 
is rarely encountered [10]. POPF is considered to be 
associated with late hemorrhage. Leakage of enzyme-
rich fluid into the abdomen might cause vessel erosion, 

which can result in the formation of a pseudoaneurysm. 
The pseudoaneurysm may rupture, resulting in late 
hemorrhage [1].

Since the development of the ISGPS classification, 
interventional drainage has become the standard care 
for patients with symptomatic postoperative fluid col-
lection or undrained POPF [11]. The POPF diagnostic 
criteria by the ISGPS are as follows. Any measurable 
volume of drainage fluid on or after postoperative day 
3 with an amylase level > 3 times the upper limit of nor-
mal amylase for each specific institution is the necessary 
threshold. To be defined strictly as POPF; however, this 
condition needs to be clinically relevant [12]. Regarding 
POPF-related SMA aneurysms, this case had no pancre-
atic leakage according to the ISGPS definition. On post-
operative CECT, there were no distinct fluid collections 
that could be diagnosed as pancreatic juice leakage on 
the image. Thus, we determined that there was no clinical 
pancreatic leakage.

On the other hand, the SMA is the most frequently 
involved artery in cases of infected aneurysms, and the 
hepatic artery is the second most common site among 
the splanchnic arteries [13–15]. Infected aneurysms are 
diagnosed by a clinical diagnosis of infection, the iden-
tification of an aneurysm, and positive cultures from 
either blood or tissue. In addition, arterial blood culture 
is necessary [16]. Primary infected aneurysms arise from 
adjacent surrounding areas of infection or trauma, either 
from direct contact or via lymphatic spread. Second-
ary infected aneurysms arise from septic embolization, 
either through the vasa vasorum or intraluminally into 
areas of abnormal intima, such as preexisting aneurysms, 
atherosclerotic plaques, or trauma. Characterization of 
the causative bacteria is important, since gram-negative 
sepsis results in higher rupture rates than infection with 
gram-positive bacteria [17]. Although infective endocar-
ditis (IE) is the most common cause of infected aneu-
rysms [13], IE was not observed in the present case.

In the present case, there was no evidence of POPF 
or macroscopic abscess on CECT. However, evidence 
of fever spike, bacteremia, and intrahepatic portal vein 
thrombosis was compatible with cholangitis. Septic 
thrombophlebitis of the portal venous system is often 
associated with an infectious source in the gastrointes-
tinal tract and sepsis [18]. Biliary infection or throm-
bophlebitis may spread via the portal venous system. 
Cholangitis might induce arterial flow in the Glissonian 
pedicle, which might relatively reduce portal flow. Adja-
cent biliary inflammation might influence portal steno-
sis or reduced flow due to the thin venous wall and low 
venous flow, which may result in intrahepatic portal vein 
thrombosis [19]. We suspect that the present patient may 
have suffered from intrahepatic portal vein thrombosis 

Fig. 2 Postoperative contrast-enhanced computed tomography 
(CECT) evaluation. a CECT on postoperative day 14 shows 
intrahepatic portal thrombosis (black arrow) and edema of the 
Glissonian pedicle, while the superior mesenteric vein anastomosis 
was patent without thrombosis. b No evidence of intraperitoneal 
infection, such as pancreatic fistula or bile fistula, was observed. The 
black arrow indicates the remnant pancreas
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secondary to cholangitis after choledochojejunostomy 
and an infected pseudoaneurysm of the SMA caused by 
continuous pylephlebitis. Considering the pathogenesis 
of infected pseudoaneurysms of the SMA, follow-up 
blood cultures are necessary, and antibiotics should be 
administered for more than 4–6  weeks until complete 
resolution or cavernous transformation of the thrombus 
in accordance with the recommended treatment duration 
for pylephlebitis to prevent infected aneurysms of the 
SMA [20, 21].

It is possible that the SMA wall had weakened due to 
dissection of the SMA peripheral plexus. Since tissue 
from the SMA was not taken, it is not completely known 
whether the cause was from the adventitia side of the 
SMA or from the intimal side of the SMA. In addition, 
unruptured aneurysms were not observed in the CECT 
images until the ruptured aneurysm was confirmed, 
although slight injury of the adventitia of the SMA can-
not be completely denied.

Because blood cultures were not regularly followed up 
after the pylephlebitis, it is impossible to completely show 
how detected enterobacterium in blood stream changed 
from enterococcus faecium to E. coli. We consider that 
it was important to perform blood culture follow-up and 
long-term antibiotic administration for avoiding infec-
tious complications, and it is an important issue to clarify 
causative pathogenesis to overcome infectious disease 
after the PD operation.

Sentinel bleeding is relatively common in patients with 
postpancreatectomy hemorrhage, with an incidence 
ranging from 14.8 to 71.4%. However, a small amount of 
sentinel bleeding can result in disastrous arterial hem-
orrhages, which mainly stem from abdominal artery 
pseudoaneurysms or vessels [22]. Early recognition and 
familiarity with the management options are critical due 
to the high rupture rate and the high mortality rate asso-
ciated with pseudoaneurysm rupture [8]. In the present 
case, we believe that hospitalization at the first incidence 
of melena proved to be lifesaving.

DPH has been preferentially treated with endovascu-
lar techniques, although some groups advocate operative 
intervention [23]. We thought that the surgical approach 
to the arterio-intestinal fistula was extremely difficult, as 
the operative field after PD with portal vein reconstruc-
tion is hostile. Transcatheter arterial embolization is usu-
ally performed for bleeding from pseudoaneurysms such 
as those at the gastroduodenal arterial stump. However, 
this method is not suitable for bleeding from the main 
SMA, as blood flow in this vessel must be preserved to 
prevent bowel ischemia. Therefore, endovascular repair 
using covered stents is a useful option, although it 
requires the radiologist to be knowledgeable about inter-
ventional radiology. Complications after endovascular 
management of postpancreatectomy hemorrhage have 
been described in the literature. These include rebleed-
ing, stent stenosis or thrombosis, and infarction of end 

Fig. 3 Evaluation using axial equilibrium phase contrast-enhanced computed tomography (CECT). a Axial equilibrium phase CECT shows the 
collection of gas (black arrow), an aneurysm of the superior mesenteric artery (black arrowhead) and the stomach filling with contrast fluid. b 
Superior mesenteric arteriography shows an aneurysm (black arrow), but extravasation was uncertain. c Arteriography after endovascular repair 
shows resolution of the aneurysm and preserved SMA blood flow through the covered stent (black arrowhead and dotted line)
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organs secondary to thrombosis and embolization [24]. 
Although endovascular repair using covered stents for 
infected pseudoaneurysms has been reported to be effec-
tive in controlling acute bleeding, there is always a risk 
of long-term graft infection. The indications for stent-
graft deployment in infectious pseudoaneurysms remain 
controversial. Endovascular repair using covered stents 
is effective in palliating acute bleeding from the SMA. 
However, more data are needed to evaluate the long-term 
prognosis [25].

Conclusions
Endovascular repair using a covered stent was effective in 
palliating acute bleeding from an infectious aneurysm of 
the SMA. Long-term antibiotic administration and fol-
low-up blood cultures are necessary in cases of pylephle-
bitis after PD.

Abbreviations
PD: Pancreaticodudenectomy; DPH: Delayed postoperative hemorrhage; 
POPF: Postoperative pancreatic fistula; SMA: Superior mesenteric artery; POD: 
Postoperative day; CECT: Contrast-enhanced computed tomography; ISGPS: 
The International Study Group of Pancreatic Surgery; IE: Infective endocarditis.

Acknowledgements
We would like to thank Nature Research Editing Service (https ://bit.ly/NRES-
HS) for English language editing.

Authors’ contributions
TY drafted the manuscript. KY revised the manuscript. TY and KY performed 
perioperative management of the patient. All authors read and approved the 
final manuscript.

Funding
The authors declare that this work was not supported by any grants or 
funding.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for the publication 
and accompanying images.

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

Received: 18 July 2020   Accepted: 11 October 2020

References
 1. Rumstadt B, Schwab M, Korth P, Samman M, Trede M. Hemorrhage after 

pancreatoduodenectomy. Ann Surg. 1998;227:236–41. 
 2. Gyulnara GK, Mariam FE, Tara SK, Sing CN, Moser AJ, Muneeb A, Douglas 

KP, Mark PC, Tseng JF. Hemorrhage after pancreatoduodenectomy. HPB. 
2016;18:861–9. 

 3. Limongelli P, Khorsandi SE, Pai M, Jackson JE, Tait P, Tierris J, et al. Manage-
ment of delayed postoperative hemorrhage after pancreaticoduodenec-
tomy: a meta-analysis. Arch Surg. 2008;143:1001–7. 

 4. Jordan GL Jr. Pancreatic resection for pancreatic cancer. Surg Clin North 
Am. 1989;69(3):569–97. 

 5. Obara H, Matsubara K, Inoue M, Kitagawa Y. Current management 
strategies for visceral artery aneurysms: an overview. Surg Today. 
2020;50:38–49. 

 6. Wallace MJ, Choi E, McRae S, Madoff DC, Ahrar K, Pisters P. Superior mes-
enteric artery pseudoaneurysm following pancreaticoduodenectomy: 
management by endovascular stent-graft placement and transluminal 
thrombin injection. Cardiovasc Intervent Radiol. 2007;30:518–22. 

 7. Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, 
Neoptolemos JP, Padbury RT, Sarr MG, Yeo CJ, Büchler MW. Postpancrea-
tectomy hemorrhage (PPH): an International Study Group of Pancreatic 
Surgery (ISGPS) definition. Surgery. 2007;142(1):20–5. 

 8. Yekebas EF, Wolfram L, Cataldegirmen G, Habermann CR, Bogoevski D, 
Koenig AM, Kaifi J, Schurr PG, Bubenheim M, Nolte-Ernsting C, Adam 
G, Izbicki JR. Postpancreatectomy hemorrhage: diagnosis and treat-
ment an analysis in 1669 consecutive pancreatic resections. Ann Surg. 
2007a;246(2):269–80. 

 9. Sato A, Masui T, Nakano K, Sankoda N, Anazawa T, Takaori K, Kawaguchi 
Y, Uemoto S. Abdominal contamination with Candida albicans after 
pancreaticoduodenectomy is related to hemorrhage associated with 
pancreatic fistulas. Pancreatology. 2017;17(3):484–9. 

 10. van Oosten A, Smits FJ, van Heuvel DAF, van Santvoort HC, Molenaar 
IQ. Diagnosis and management of postpancreatectomy hemorrhage: a 
systematic review and meta-analysis. HPB (Oxford). 2019;21(8):953–61. 

 11. Hackert T, Hinz U, Pausch T, Fesenbeck I, Strobel O, Schneider L, Fritz S, 
Büchler MW. Postoperative pancreatic fistula: We need to redefine grades 
B and C. Surgery. 2016;159(3):872–7. 

 12. Bassi C, Marchegiani G, Dervenis C, Sarr M, Hilal MA, Adham M, Allen P, 
Andersson R, Asbun HJ, Besselink MG, Conlon K, Chiaro MD, Falconi M, 
Fernandez-Cruz L, Castillo CFD, Fingerhut A, Friess H, Gouma DJ, Hackert 
T, Izbicki J, Lillemoe KD, Neoptolemos JP, Olah A, Schulick R, Shrikhande 
SV, Takada T, Takaori K, Traverso W, Vollmer CR, Wolfgang CL, Yeo CJ, Salvia 
R, Buchler M. The 2016 update of the International Study Group (ISGPS) 
definition and grading of postoperative pancreatic fistula: 11 Years After. 
Surgery. 2016;161(3):584–91. 

 13. Laohapensang K, Rutherford RB, Arworn S. Infected Aneurysm. Ann Vasc 
Dis. 2010;3(1):16–23. 

 14. Sharma G, Semel ME, McGillicuddy EA, Ho KJ, Menard MT, Gates JD. 
Ruptured and unruptured mycotic superior mesenteric artery aneurysms. 
Ann Vasc Surg. 2014;28(8):1931. 

 15. Stone WM, Abbas M, Cherry KJ, Fowl RJ, Gloviczki P. Superior mesenteric 
artery aneurysms: is presence an indication for intervention? J vascular 
surg. 2002;36829:234–7. 

 16. Lau C, Gaudino M, Biasi ARD, Munjal M, Girardi LN. Outcomes of open 
repair of mycotic descending thoracic and thoracoabdominal aortic 
aneurysms. Ann Thorac Surg. 2015;100(5):1712–7. 

 17. Brown SL, Busuttil RW, Baker JD, Machleder HI, Moore WS, Barker WF. Bac-
teriologic and surgical determinants of survival in patients with mycotic 
aneurysms. J Vasc Surg. 1984;1:541–7. 

 18. Ames JT, Frderle MP. Septic thrombophlebitis of the portal venous 
system: clinical and imaging findings in thirty-three patients. Dig Dis Sci. 
2011;56:2179–84. 

 19. Imamura N, Nanashima A, Tsuchimochi Y, Hamada T, Yano K, Hiyoshi M, 
Fujii Y, Nakamura K. Intrahepatic portal vein thrombosis due to postop-
erative biliary obstruction successfully treated by a partial thrombec-
tomy combined with thrombolytic drug therapy. Int J Surg Case Rep. 
2018;42:20–3. 

 20. Plemmons RM, Dooley DP, Longfield RN. Septic thrombophlebitis of the 
portal vein (pylephlebitis): diagnosis and management in the modern 
era. Clin Infect Dis. 1995;21:1114–20. 

 21. Bleeker-Rovers CP, Jager G, Tack CJ, Van Der Meer JWM, Oyen WJG. 
F-18-fluodeoxyglucose positron emission tomography leading to a 
diagnosis of septic thrombophlebitis of the portal vein: description of a 
case history and review of the literature. J Intern Med. 2004;255:419–23. 

 22. Chen JF, Xu SF, Zhao W, Tian YH, Gong L, Yuan WS, Dong JH. Diagnostic 
and therapeutic strategies to manage post-pancreaticoduodenectomy 
hemorrhage. World J Surg. 2015;39(2):509–15. 

https://bit.ly/NRES-HS
https://bit.ly/NRES-HS


Page 6 of 6Yamashita et al. surg case rep           (2020) 6:270 

 23. Yekebas EF, Wolfram L, Cataldegirmen G, Habermann CR, Bogoevski D, 
Koenig AM, Kaifi J, Schurr PG, Bubenheim M, Nolte-Ernsting C, Adam 
G, Izbicki JR. Postpancreatectomy hemorrhage: diagnosis and treat-
ment: an analysis in 1669 consecutive pancreatic resections. Ann Surg. 
2007b;246(2):269–80. 

 24. Asai K, Zaydfudim V, Truty M, Reid-Lombardo KM, Kendrick M, Que F, 
Nagorney D, Andrews J, Farnell M. Management of a delayed post-pan-
creatoduodenectomy haemorrhage using endovascular techniques. HPB 
(Oxford). 2015;17(10):902–8. 

 25. Suzuki K, Mori Y, Komada T, Matsushima M, Ota T, Naganawa S. Stent-
graft treatment for bleeding superior mesenteric artery pseudoaneu-
rysm after pancreaticoduodenectomy. Cardiovasc Intervent Radiol. 
2009;32(4):762–6. 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Endovascular repair using a covered stent for a ruptured infected aneurysm of the superior mesenteric artery after pancreaticoduodenectomy: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


