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Pancreaticoduodenectomy (PD) is a surgical procedure that ex- 

oses the patients to a wide range of postoperative complications 

hat can also be lethal. Postoperative pancreatic fistula (POPF), de- 

ayed gastric emptying (DGE) and postpancreatectomy hemorrhage 

PPH) are among the most common. PPH has a lower incidence 

3% −16%) [1] compared to POPF (3% −45%) [2] and DGE (19% −57%) 

3] , but it is burdened by a high mortality rate (16% −36%) [ 4 , 5 ].

he management of this complication is particularly demanding, 

nd it needs the close cooperation of multidisciplinary teams: the 

ancreatic surgeon, the interventional radiologist, and the endo- 

copist. Although sometimes the severity of this condition seems 

verwhelming, the combination of multiple procedures can limit 

he morbidity and mortality related to PPH. The present study 

imed to describe the postoperative course of a patient who un- 

erwent PD for periampullary adenocarcinoma at our institution 

nd received three emergency laparotomies and three radiological 

rocedures to successfully manage a grade C PPH. 

A 73-year-old male presented at a local hospital with ob- 

tructive jaundice. A thoracoabdominal enhanced CT showed a 

eriampullary neoplasm without metastatic disease. Endoscopic 

etrograde cholangiopancreatography with papillosphincterotomy, 

ultiple biopsies, and distal common bile duct stenting were per- 

ormed. The pathological assessment of the biopsies was positive 

or ductal adenocarcinoma. The patient was then transferred to 

ur hospital where he underwent a laparotomic PD with telescopic 

ancreaticojejunostomy performed with two resorbable running 

utures; the pathological examination pointed out a signet ring 

ell carcinoma infiltrating the pancreatic parenchyma and the 

uodenal wall (stage III - pT3N2M0R0). A biochemical leak was 

emonstrated during the early postoperative course by hyperamy- 

asemia in the perianastomotic drain’s fluid (4 4 40 UI/L at POD 

). At POD 6 a sentinel-bleed in the surgical drains appeared; an 

rgent contrast-enhanced CT (CeCT) scan confirmed hemoperi- 

oneum. The patient rapidly became hemodynamically unstable. 

e was transferred to the theater for emergency laparotomy. 
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leeding arising from a proper hepatic artery laceration at the 

rigin of the pyloric artery was revealed and immediately sutured 

 Fig. 1 A). A chemical pancreatectomy with Policloroprene was also 

erformed to reduce the risk of further POPF. Nonetheless, pancre- 

tic fluid was still detected in surgical drains postoperatively. At 

OD 17 the patient suffered from hematemesis associated to sud- 

en drop of systolic blood pressure and increasing heart rate. Due 

o the hemodynamic instability, we deemed a surgical approach 

rucial. Another attempt to suturing the hepatic artery (source of 

leeding), was made. A distal splenopancreatectomy was realized 

imultaneously. During this procedure, the splenic artery was 

solated, preserved for 8 cm, and overturned from its origin to per- 

orm a vascular reconstruction in case of further bleeding. At POD 

8 the patient experienced PPH once again with multiple episodes 

f hematemesis and presence of blood in surgical drains rapidly 

eading to hemorrhagic shock. For this reason, urgent surgery was 

he only viable approach. The hemorrhage originated again from 

 complete disruption of the previously sutured proper hepatic 

rtery. This time, the common hepatic artery was tied close to its 

rigin and the distal stump was trimmed. The subsequent shortage 

f the vessel precluded any chance to suture the two stumps of the 

epatic artery. Therefore, an end-to-end anastomosis with a 7/0 

rolene running suture between the stump of the splenic artery 

nd the proper hepatic artery was realized ( Fig. 1 B and Fig. 2 ); a

utritional jejunostomy was put in place as well. An intraoperative 

olor Doppler ultrasonography showed a satisfying intrahepatic 

rterial blood flow confirming the patency of the anastomosis. 

Despite the great surgical effort, hematemesis newly appeared 

t POD 44; due to stable hemodynamic, a CeCT was performed 

howing arterial blush from the tied stump of the native hepatic 

rtery. The patient immediately underwent angioembolization of 

he ligated native proper hepatic artery stump with coils (Ruby 

oil, Penumbra R ©, Alameda, CA, USA) and stenting of the vascular 

nastomosis with a fully-covered stent (8 mm, Gore R ©, Viabahn En- 

oprothesis, Flagstaff, AZ, USA) occluding the proper hepatic artery 

tump ostium; no active bleeding was seen at the end of the pro- 

edure ( Fig. 3 A). Hematemesis and sentinel bleed in the surgical 

rains rapidly reappeared at POD 47. No arterial blush was seen at 
a. Published by Elsevier B.V. All rights reserved. 
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Fig. 1. A: The celiac trunk after the first relaparotomy (1. celiac trunk; 2. common hepatic artery; 3. proper hepatic artery; 4. ligated gastroduodenal stump; 5. sutured 

hepatic artery laceration; 6. splenic artery). B: The celiac trunk after the third relaparotomy (1. celiac trunk; 2. ligated common hepatic artery; 3. splenic artery; 4. proper 

hepatic artery; 5. end-to-end spleno-hepatic anastomosis). 

Fig. 2. 3D contrast-enhanced CT scan reconstruction of the spleno-hepatic end-to- 

end anastomosis. 
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eCT, but hemorrhagic effusion surrounded the vascular anastomo- 

is. A centimetric pseudoaneurysm of the right hepatic artery, just 

istally to the anastomosis was spotted during angiography. There- 

ore, another fully covered stent in the right hepatic artery, occlud- 

ng the pseudoaneurysm, was placed ( Fig. 3 B). At POD 70 the pa-

ient was finally discharged after progressive recovery and no other 

pisodes of bleeding. The patient was admitted again to our hos- 

ital 13 days after discharge for a new episode of abundant he- 

atemesis. After fluid resuscitation, he sustained gastroscopy that 

as unable to find the origin of the bleeding. Thus, he received 

 new angiography that highlighted hemorrhage from a new pseu- 

oaneurysm of the proper hepatic artery, downstream of the previ- 

usly placed stent ( Fig. 3 C). Another covered vascular stent was po- 

itioned with complete exclusion of the pseudoaneurysm ( Fig. 3 D). 

he patient was then discharged at POD 92 with no other recur- 

ences of bleeding. 

The occurrence of PPH is a feared complication of PD with an 

ncidence up to 16%. According to the International Study Group 

f Pancreatic Surgery definition [1] , PPH is defined by three main 

riteria: time of onset, location, and severity, that allow to iden- 
2 
ify grades A, B, and C PPH. While for grade A PPH, morbidity and 

ortality are not different from uncomplicated PD, grade B and 

rade C PPH expose the patient to an increased risk of unfavor- 

ble outcomes [6] . The bleeding frequently arises from the gas- 

roduodenal stump, the hepatic artery, or some tributaries of the 

uperior mesenteric artery [1] . The pathophysiology of this com- 

lication is unclear: it is normally ascribed to the digestion of the 

rterial wall caused by pancreatic fluids in case of POPF, the sur- 

ical injury provoked by unsuccessful hemostasis, or close intimal 

issection while performing lymphadenectomy [6] . This can result 

n a direct arterial loss of continuity leading to an early PPH or to 

he formation of a pseudoaneurysm that can bleed belatedly. For 

his reason, many different surgical and non-surgical options have 

een proposed. Variations of the reconstruction and anastomosis 

echniques, Wirsung stenting, pancreatic stump closure, drain po- 

itioning and the use of somatostatin analogs have been experi- 

ented to reduce the rate of PPH and POPF but still with poor 

esults [7] . A special mention must be made for the omental or fal- 

iform ligament wrapping that seems to slightly reduce both PPH 

nd clinically relevant POPF [8] . 

The treatment of PPH is often heavily demanding and time- 

ependent. Interventional radiology, endoscopy, and surgery rep- 

esent the cornerstones in the management of the bleeding that 

ust be identified rapidly [9] . At our institution, endoscopic and 

adiologic management of PPH is always preferred whenever pos- 

ible: these procedures are less demanding for the patient and 

an often achieve the same results of surgery with a lower rate 

f procedure-related complications. The possibility to rely on en- 

oscopy and interventional radiology often depends on patient’s 

emodynamics. In our clinical case, the experience of surgeons 

rained in liver transplantation, with expertise in complex arterial 

econstructions, allowed the achievement of a successful outcome. 

imilarly, the high expertise gained over the years by interven- 

ional radiologists of our center in the endovascular treatment of 

raumatic arterial injuries has allowed managing the hemorrhagic 

omplication even when surgery was not pursuable. The treatment 

f PPH, although immediately successful, is often not definitive 

ith literature reported re-bleed rate around 10% −30% [10] . The 

eed for reintervention increases the risk of death compared to pa- 

ients undergoing an uncomplicated PD with no change in overall 

nd disease-free survival [11] . The effectiveness of surgical reinter- 

ention decreases proportionally with the number of procedures 

rom 60% for the first reintervention to 50% in case of a second 

elaparotomy [12] . 



A. Chierici, M. Intotero, S. Granieri et al. Hepatobiliary & Pancreatic Diseases International xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: HBPD [m5G; December 25, 2020;0:22 ] 

Fig. 3. A: Native hepatic artery stump embolization and vascular anastomosis stenting. B: Right hepatic artery stenting for pseudoaneurysm. C: Right hepatic bleeding 

pseudoaneurysm distally from the previous placed covered stent. D: Right hepatic pseudoaneurysm covered stenting. 
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Despite frequent complications of PD, there is a lack of evidence 

n the literature about multiple reinterventions for PPH. Moreover, 

he optimal strategy to adopt in case of post-PD bleeding is un- 

lear. Whether to follow a minimally invasive approach (radiolog- 

cal/endoscopic) rather than a new surgical procedure often de- 

ends on the simultaneous need to control other associated com- 

lications (e.g. POPF) or the hemodynamic status of the patient. 

urthermore, in case of rebleeding, there is no evidence of which 

pproach is to be preferred. Anyway, the mainstay of management 

f this condition is represented by early detection of bleeding. 

To our knowledge, this is the only reported case of a patient 

ho underwent six different procedures to successfully manage 

 late, grade C PPH. Despite the poor prognosis burdening this 

ind of complication [13] , the present report is an example of how 

n aggressive interventional behavior can successfully cope with a 

ethal complication. In this setting, the close cooperation among 

urgeons, endoscopists and interventional radiologists can lead to 

emarkable results. 

cknowledgments 

None. 
3 
RediT authorship contribution statement 

Andrea Chierici: Conceptualization, Writing - original draft. 

arcello Intotero: Conceptualization. Stefano Granieri: Writing - 

eview & editing. Sissi Paleino: Visualization. Giovanni Flocchini: 

upervision. Alessandro Germini: Validation. Christian Cotsoglou: 

onceptualization, Project administration, Validation, Writing - re- 

iew & editing. 

unding 

None. 

thical approval 

Informed consent for publication was obtained from the pa- 

ient. 

ompeting interest 

No benefits in any form have been received or will be received 

rom a commercial party related directly or indirectly to the sub- 

ect of this article. 



A. Chierici, M. Intotero, S. Granieri et al. Hepatobiliary & Pancreatic Diseases International xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: HBPD [m5G; December 25, 2020;0:22 ] 

R

 

 

 

 

 

 

 

 

 

[  

[  

[  

[  
eferences 

[1] Wente MN , Veit JA , Bassi C , Dervenis C , Fingerhut A , Gouma DJ , et al. Post-

pancreatectomy hemorrhage (PPH): an international study group of pancreatic 

surgery (ISGPS) definition. Surgery 2007;142:20–35 . 
[2] Bassi C , Marchegiani G , Dervenis C , Sarr M , Abu Hilal M , Adham M , et al. The

2016 update of the International Study Group (ISGPS) definition and grading 
of postoperative pancreatic fistula: 11 years after. Surgery 2017;161:584–591 . 

[3] Wente MN , Bassi C , Dervenis C , Fingerhut A , Gouma DJ , Izbicki JR , et al. De-
layed gastric emptying (DGE) after pancreatic surgery: a suggested defini- 

tion by the International Study Group of Pancreatic Surgery (ISGPS). Surgery 

2007;142:761–768 . 
[4] Izumo W , Higuchi R , Yazawa T , Uemura S , Shiihara M , Yamamoto M . Evaluation

of preoperative risk factors for postpancreatectomy hemorrhage. Langenbecks 
Arch Surg 2019;404:967–974 . 

[5] Wellner UF , Kulemann B , Lapshyn H , Hoeppner J , Sick O , Makowiec F ,
et al. Postpancreatectomy hemorrhage–incidence, treatment, and risk factors 

in over 10 0 0 pancreatic resections. J Gastrointest Surg 2014;18:464–475 . 
[6] Duarte Garcés AA , Andrianello S , Marchegiani G , Piccolo R , Secchettin E ,

Paiella S , et al. Reappraisal of post-pancreatectomy hemorrhage (PPH) 

classifications: do we need to redefine grades A and B? HPB (Oxford) 
2018;20:702–707 . 

[7] Kawaida H , Kono H , Hosomura N , Amemiya H , Itakura J , Fujii H , et al. Surgical
techniques and postoperative management to prevent postoperative pancreatic 

fistula after pancreatic surgery. World J Gastroenterol 2019;25:3722–3737 . 
4 
[8] Andreasi V , Partelli S , Crippa S , Balzano G , Tamburrino D , Muffatti F ,
et al. A systematic review and meta-analysis on the role of omental or 

falciform ligament wrapping during pancreaticoduodenectomy. HPB (Oxford) 
2020;22:1227–1239 . 

[9] Wolk S , Grützmann R , Rahbari NN , Hoffmann RT , Plodeck V , Weitz J ,
et al. Management of clinically relevant postpancreatectomy hemorrhage (PPH) 

over two decades - A comparative study of 1450 consecutive patients under- 
going pancreatic resection. Pancreatology 2017;17:943–950 . 

10] Staerkle RF , Gundara JS , Hugh TJ , Maher R , Steinfort B , Samra JS . Man-

agement of recurrent bleeding after pancreatoduodenectomy. ANZ J Surg 
2018;88:E435–E439 . 

11] Lessing Y , Pencovich N , Nevo N , Lubezky N , Goykhman Y , Nakache R ,
et al. Early reoperation following pancreaticoduodenectomy: impact on mor- 

bidity, mortality, and long-term survival. World J Surg Oncol 2019;17:26 . 
12] Wang WG , Fu L , Babu SR , Wang L , Liang CP , Tian BL . Incidence of and risk

factors and reinterventions for post-pancreatoduodenectomy hemorrhage: ret- 

rospective analysis. Dig Surg 2018;35:19–27 . 
13] Feng J , Chen YL , Dong JH , Chen MY , Cai SW , Huang ZQ . Post-pancreaticoduo-

denectomy hemorrhage: risk factors, managements and outcomes. Hepatobil- 
iary Pancreat Dis Int 2014;13:513–522 . 

Received 25 June 2020 

Accepted 26 October 2020 

Available online xxx 

http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0001
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0001
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0001
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0001
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0001
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0001
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0001
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0001
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0002
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0002
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0002
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0002
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0002
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0002
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0002
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0002
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0003
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0003
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0003
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0003
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0003
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0003
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0003
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0003
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0004
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0004
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0004
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0004
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0004
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0004
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0004
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0005
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0005
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0005
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0005
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0005
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0005
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0005
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0005
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0006
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0006
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0006
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0006
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0006
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0006
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0006
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0006
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0007
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0007
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0007
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0007
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0007
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0007
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0007
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0007
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0008
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0008
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0008
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0008
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0008
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0008
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0008
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0008
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0009
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0009
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0009
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0009
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0009
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0009
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0009
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0009
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0010
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0010
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0010
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0010
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0010
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0010
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0010
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0011
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0011
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0011
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0011
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0011
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0011
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0011
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0011
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0012
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0012
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0012
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0012
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0012
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0012
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0012
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0013
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0013
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0013
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0013
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0013
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0013
http://refhub.elsevier.com/S1499-3872(20)30241-1/sbref0013

	Timely synergic surgical and radiological aggressiveness improves perioperative mortality after hemorrhagic complication in Whipple procedure
	Acknowledgments
	CRediT authorship contribution statement
	Funding
	Ethical approval
	Competing interest
	References


