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Pseudoaneurysm of the splenic artery - an uncommon cause of 
delayed hemorrhage after pancreaticoduodenectomy
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Delayed post-pancreatectomy hemorrhage (PPH) is a relatively uncommon, but feared, complication after pan-
creaticoduodenectomy (PD). A splenic artery pseudoaneurysm is a rare cause of delayed PPH after a PD. This paper 
describes the case of a patient with PD used to treat a distal bile duct cholangiocarcinoma complicated with a clinically 
significant pancreatic fistula and secondary intraabdominal abscess. Computed tomography-guided drainage of the ab-
scess was performed with an apparently favourable outcome; the patient was discharged on postoperative day (POD) 
35 and the abdominal drains were removed on POD 50. On POD 80, the patient was readmitted for a severe digestive 
hemorrhage. Computed tomography revealed a pseudoaneurysm of the splenic artery with a subsequent hematoma 
formation. Immediately, an angiography was performed and coils were successfully mounted. This case illustrates the 
rare possibility of the development of a splenic artery pseudoaneurysm with severe delayed PPH after PD complicated 
with a clinically significant pancreatic fistula, even after the patient was discharged from the hospital. An interventional 
radiology approach represents the first treatment option in hemodynamically stable patients with high success rates. 
(Ann Hepatobiliary Pancreat Surg 2016;20:204-210)
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INTRODUCTION

Pancreaticoduodenectomy (PD) represents the standard 

approach for resectable periampullary malignancies.1 PD 

is a complex surgical procedure that is widely recognized 

to have increased rates of postoperative complications.1 

Thus, morbidity rates around 40% and in-hospital mortal-

ity rates around 5% should be expected after a PD.1 

Associated venous resections appear to increase both mor-

bidity and mortality rates after a PD.2

Surgeon experience and annual hospital volume are im-

portant determinants of early outcomes after PD.3 

However, a recent meta-analysis did not identify the sur-

geon caseload as a significant determinant of the post-

operative mortality after PD.4 Analysis performed at the 

national level in the United States has shown that mortal-

ity rates reported at 90 days are double compared with 

the 30 day mortalities rates after pancreatectomies.5 

Furthermore, in hospitals with an average annual volume 

of more than 40 PDs, the 90 day mortality rate was 4.7% 

while in hospitals with less than 5 PDs per year the 90 

day mortality rate was significantly higher – 14.2%.5 

Nevertheless, it appears that high-volume surgeons are as-

sociated with significantly lower in-hospital mortality 

rates, compared with low-volume surgeons, no matter 

what the hospital annual volume of PDs is.6 The largest, 

single surgeon, Western experience with a PD published 

so far belongs to John Cameron from the Johns Hopkins 

Hospital (USA).7 Thus, in a consecutive series of 2,000 

PDs, periampullary malignancies represented 68% of the 

indications, with a morbidity rate of 45% and in-hospital 

mortality rate of 1.6%.7

The main source of morbidity after PD is represented 

by a pancreatic fistula, a complication that can be encoun-
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tered in up to one-third of the patients.1 The high varia-

bility of the reported pancreatic fistula rates after PD is 

mainly related to the variability of definitions used.8 A 

pancreatic fistula remains an important issue after PD and 

can lead to other potentially life-threatening complications 

such as delayed hemorrhagic complications.8,9

A delayed hemorrhage is considered a relatively un-

common complication after PD. Thus, the reported rates 

of delayed hemorrhage after a PD in recent published 

large series vary between 2% and 8.4%.7,10-18 Although the 

post-pancreatectomy hemorrhage (PPH) accounts for only 

1% to 13.2% of the postoperative complications, it is con-

sidered a severe complication because it is associated with 

very high mortality rates. PPH accounts for 10.5% to 38% 

of overall mortality after a PD.9-13,15,17,18 This paper pres-

ents the diagnosis and management of a patient with a 

delayed hemorrhage after a PD due to a pseudoaneurysm 

of the splenic artery.

CASE

A 57-year-old woman with arterial hypertension, was 

investigated in the Gastroenterology Department for jaun-

dice and weight loss. Laboratory tests showed the follow-

ing abnormalities:

ㆍCholestasis – total/direct bilirubin serum lev-

el=16.6/11.5 mg/dl (normal values, 0.3-1.2/0-0.4 

mg/dl) and gamaglutamiltranspeptidase (GGT) serum 

level=424 U/L (normal values, 7-99 U/L); 

ㆍLiver cytolysis – aspartate aminotransferase (AST) 

serum level=112 U/L (normal values, 0-35 U/L) and 

alanine aminotransferase (ALT) serum level=87 U/L 

(normal values, 0-45 U/L);

ㆍHyperglycemia – glucose serum level=143 mg/dl 

(normal values 74-106 mg/dl). 

The serum levels of the tumor markers were 287.5 

U/ml for CA 19-9 (normal values, 0-39 U/ml) and 4.9 

ng/ml for CEA (normal values, 0-3.4 ng/ml), respectively.

The abdominal ultrasound examination, magnetic reso-

nance colangiopancreatography, and endoscopic ultra-

sound examinations suspected the diagnosis of a resect-

able distal bile duct cholangiocarcinoma. Thus, the patient 

was referred to the Department of Surgery for resection.

In February 2015, the patient underwent pylorus-pre-

serving PD for a diagnosis of distal bile duct chol-

angiocarcinoma, without any significant intraoperative 

events. Intraoperatively, an accessory right hepatic artery 

with origin from the superior mesenteric artery was also 

observed and was spared during the resection. The re-

construction after PD was made using the modified 

Child’s technique. Thus, the distal pancreatic stump (soft 

pancreas, tiny Wirsung duct that could not be identified 

to be stented) was anastomosed to the jejunum in an 

end-to-side fashion, using single-layer, interrupted, 

non-absorbable sutures. Furthermore, the bile duct was 

anastomosed to the jejunum in an end-to-side single-layer, 

continuous, absorbable suture, as it was the case also for 

duodenojejunal anastomosis. Three drains were left in 

place at the end of the operation. 

At approximately 1 h after the end of the operation, 

the patient presented tachycardia, severe hypotension and 

significant external bleeding in one abdominal drain, with 

a 2 g/dl decrease in the hemoglobin serum level. 

Immediately the patient was readmitted into the operating 

room and, with the diagnosis of early severe PPH with 

secondary hemorrhagic shock, a re-laparotomy was 

performed. After the re-laparotomy, the diagnosis of early 

severe PPH with secondary hemorrhagic shock was 

changed to a diagnosis of hemoperitoneum due to a small 

arterial source branching from the accessory right hepatic 

artery, which was sutured to control the bleeding.

On POD 1, very high serum levels of amylase and li-

pase were encountered: 1,025 U/L and 3,682 U/L, re-

spectively (normal values, 25-100 U/L and 0-60 U/L, re-

spectively). Furthermore, the clinical course of the patient 

was relatively well, with good intake tolerance, presence 

of the intestinal transit, normalisation of the amylase and 

lipase serum levels and no other significant abnormalities 

on laboratory tests, except for mild anemia. However, on 

POD 7, the patient developed an external pancreatic fistu-

la (debit of approximately 500 ml/day), without any 

change of clinical status. The contrast-enhanced computed 

tomography performed on POD 7 revealed partial throm-

bosis of the superior mesenteric vein (Fig. 1A, open white 

arrow), peripancreatic fluids and minor non-enhancing 

areas in the remnant pancreas (Fig. 1B, open white ar-

row), but no signs of abscesses or infected necrosis. Thus, 

a conservative approach was considered, including anti-

coagulant therapy and antibiotics. The contrast-enhanced 

computed tomography performed on POD 19 revealed no 
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Fig. 1. Abdominal contrast-en-
hanced computed tomography 
in the venous phase performed 
on post-operative day (POD) 7 
(A) frontal slice showing partial
thrombosis of the superior mes-
enteric vein (open white arrow);
(B) axial slice showing peri-
pancreatic fluids and minor 
non-enhancing areas in the rem-
nant pancreas (open white ar-
row).

Fig. 2. Abdominal contrast-enhanced computed tomography 
axial slice in the venous phase performed on POD 19 showing
thrombosis of the proximal splenic vein (open white arrow) 
and distal peripancreatic fluids (filled white arrow).

thrombosis of the superior mesenteric vein but thrombosis 

of the proximal splenic vein (Fig. 2, open white arrow) 

with distal peripancreatic fluids (Fig. 2, filled white ar-

row). But again, there were no signs of abscesses or in-

fected necrosis. The patient was in relatively good clinical 

condition and no significant abnormalities were detected 

in the laboratory tests. The pancreatic fistula had a favour-

able outcome and, due to minimum drainage output, the 

drains were removed on POD 26. However, on POD 29 

the patient presented with a fever and leukocytosis (a 

white cell count of 18,000 per cubic millimeter). The con-

trast-enhanced computed tomography performed on POD 

30 revealed a large, peripancreatic distal collection with 

gas inside suggesting the formation of a peripancreatic ab-

scess (Fig. 3A, open white arrow). A successful percuta-

neous drainage of the abscess was performed (Fig. 3B and 

3C, filled white arrow).

After that, the postoperative outcome was uneventful, 

and the patient was discharged on POD 35, with no fever, 

no abnormalities on the laboratory tests, and no collec-

tions at the abdominal ultrasound examination, but with 

an abdominal drain left in place (a daily purulent outflow 

of around 50 ml). The abdominal drain was removed on 

POD 50 in an outpatient ward after a contrast-enhanced 

computed tomography examination which showed com-

plete regression of the peripancreatic abscess (Fig. 4).

The final pathology examination of the operative speci-

men revealed a 0.5 cm-sized, poorly differentiated distal 

bile duct cholangiocarcinoma (pT3), with perineural and 

microvascular invasion. None of the 26 harvested lymph 

nodes presented metastases. 

The postoperative outcome was uneventful for a while 

however, on POD 80, the patient was readmitted for mele-

na without significant clinical impact. The physical ex-

amination was unremarkable except for the melena con-

firmation during the rectal examination. The laboratory 

tests revealed only anemia – hemoglobin serum level=7.4 

g/dl (normal values, 11.5-17 g/dl). The upper endoscopy 

did not show any abnormalities. The abdominal ultra-

sound examination did not identify any abnormalities. 

With conservative treatment and transfusions, the melena 

was remitted within two days and the patient was 

discharged. 

On POD 84, the patient was readmitted with recurrent 

melena with severe clinical impact (tachycardia, hypo-

tension). The laboratory tests showed severe anemia 

(hemoglobin 4.7 g/dl). After rapid transfusions and fluid 
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Fig. 3. Abdominal contrast-enhanced computed tomography axial slice in the venous phase performed on POD 30 showing (A)
a large peripancreatic distal collection with gas inside suggesting the formation of a peripancreatic abscess (open white arrow);
(B) the percutaneous drainage catheter (filled white arrow) toward the peripancreatic abscess (open white arrow); (C) the drainage
catheter (filled white arrow) successfully inserted in the peripancreatic abscess.

Fig. 4. Abdominal contrast-enhanced computed tomography 
axial slice in the arterial phase performed on POD 50 showing
complete regression of the peripancreatic abscess (open white
arrow - the drainage catheter).

resuscitation, the patient underwent an enhanced-com-

puted tomography that revealed a 3.2 cm×1.8 cm-sized 

pseudoaneurysm (Fig. 5A and 5C, filled black arrow) of 

the splenic artery (Fig. 5A and 5C, open black arrow) 

with a subsequent 9.5 cm×4.3 cm-sized hematoma for-

mation (Fig. 5B, filled white arrow), and active bleeding 

in the distal part of the splenic artery (Fig. 5D, open black 

arrow). The patient was rapidly referred to the 

Interventional Radiology Department. A catheter was in-

serted via the right femoral artery and the splenic artery 

(Fig. 6A, open black arrow) where the pseudoaneurysm 

was identified (Fig. 6A, filled black arrow). After that, 

several pushable coils (Fig. 6B, open black arrow) were 

successfully mounted with no bleeding and no 

complications. The contrast-enhanced computed tomog-

raphy control examinations, performed on day four and 

nine after the interventional procedure, showed no pseu-

doaneurysm (Fig. 7A and 7B, open black arrow), com-

plete remission of the hematoma (Fig. 7C, filled white ar-

row), and several ischemic areas within the spleen, with-

out a tendency of modification or abscesses at repeated 

examinations (Fig. 7A and 7B, filled black arrow). After 

the procedure, the clinical condition of the patient sig-

nificantly improved with hemodynamic stability and no 

signs of hemorrhage.

Although the interventional radiology approach was a 

success for the splenic artery pseudoaneurysm, the patient 

died at a later time due to acute liver insufficiency not 

related to the pseudoaneurysm or interventional radiology 

procedure.

DISCUSSION

Delayed PPH is defined as bleeding that occurs more 

than 24 hours after the index operation, according to the 

International Study Group for Pancreatic Surgery.9 The 

median reported time between the pancreatic resection and 

appearance of a delayed PPH is around 12-39 

days.11-13,16,17,19 A large part of these delayed PPHs oc-

curred after the patient was discharged from the 

hospital.11,12 In the reported patient, the delayed PPH oc-

curred on POD 80, after discharge. It appears that the 

mortality rate is higher in patients with a delayed PPH, 
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Fig. 5. Abdominal contrast-enhanced computed tomography in the arterial phase performed on POD 84 (A) axial slice showing
a 3.2 cm×1.8 cm-sized pseudoaneurysm (filled black arrow) of the splenic artery (open black arrow); (B) axial slice showing 
a high-density lesion indicating a subsequent 9.5 cm×4.3 cm-sized hematoma formation (filled white arrow); (C) frontal slice 
with reconstruction showing the pseudoaneurysm (filled black arrow) of the splenic artery (open black arrow); (D) axial slice
showing extravasations of contrast agent suggesting active bleeding in the distal part of the splenic artery (open black arrow).

Fig. 6. (A) Digital subtraction angiogram obtained through the celiac trunk showing the splenic artery (open black arrow) with
the pseudoaneurysm (filled black arrow) (C - the catheter positioned at the celiac ostium); (B) angiography showing pushable
coils (open black arrow) on either side of a false aneurysm of the splenic artery, with no extravasations of contrast agent (C
- the catheter positioned at the proximal part of the splenic artery).

at more than 39 days after surgery.19 A severe PPH im-

plies a large volume of blood loss (a drop of hemoglobin 

level ≥3 g/dl) with clinically significant impairment, 

need for transfusions and an invasive treatment approach,9 

as was the case in the above presented patient. 

As it was previously mentioned, a delayed PPH repre-

sents a major concern after PD because it is an important 

source of postoperative mortality. Careful attention; a 

timely diagnosis of the source; and adequate, immediate 

therapy are of utmost importance for a successful 

outcome. A multidisciplinary approach created by experi-

enced surgeons, interventional radiologists, endoscopists 

and intensivists is mandatory with these patients.

Delayed PPH is usually related to a local sepsis due 

to a pancreatic fistula, bile leak or intraabdominal 

abscess.9,15,17,20 Pathogenesis of a delayed PPH includes 

enzymatic digestion, local infection with secondary vas-

cular wall erosion, or vascular injury at the time of 

resection.9,20 In the reported patient, the pathogenesis of 

the pseudoaneurysm was most likely the enzymatic/in-

fectious erosion of the splenic artery wall secondary to the 

postoperative clinically significant pancreatic fistula. 

Clinically significant postoperative pancreatic fistula de-

velopment after a PD was recently found to be an in-

dependent risk factor for a delayed PPH.10,15 Furthermore, 

postoperative pancreatic fistula is reported in up to 80% 

of the patients with a delayed PPH.11,13,17,19,21 The presence 

of bile in drainage and presence of clinical signs of in-

fection (i.e., fever ≥38oC and leukocytosis ＞10,000 per 

cubic millimeter for more than 5 consecutive days) were 

found to be independent risk factors for a massive delayed 

PPH after a PD.22
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Fig. 7. Check-up after embolization with an abdominal contrast-enhanced computed tomography axial slice in the arterial phase
showing (A) on day 4 after the interventional radiology procedure the disappearance of the splenic artery pseudoaneurysm, pres-
ence of tiny arciform images due to the metal artifacts created by coils (open black arrow), and several ischemic areas within
the spleen (filled black arrow); (B) on day 9 after the interventional radiology procedure the presence of tiny arciform images
due to the metal artifacts created by coils (open black arrow) and stationary ischemic areas within the spleen (filled black arrow),
without tendency of modification or abscesses; (C) on day 9 after the interventional radiology procedure the complete remission
of the peripancreatic hematoma (filled white arrow).

A splenic artery pseudoaneurysm is an uncommon 

pathology. Thus, as of 2007, no more than 200 patients 

with splenic artery pseudoaneurysms were described in 

the English literature.23 Furthermore, a splenic artery 

pseudoaneurysm represents an exceptional source for a 

delayed PPH after a PD.11-14,17,19,24,25 Most of the pseudoa-

neurysms that occur after PD are located at the level of 

the gastroduodenal artery stump or hepatic ar-

tery.9-11,13,14,16,17,19,20 Interestingly, a recent study suggested 

that the delayed PPH with origin from the splenic artery 

is more frequently encountered after pancreaticogas-

trostomy reconstruction than after PD.25 

Sentinel bleeding, defined as minor blood loss via sur-

gical drains or the gastrointestinal tract, with an asympto-

matic interval of at least 12 hours until the development 

of hemorrhagic shock,10 is sometimes the only clinical 

sign that announces a massive PPH, as was the case with 

the reported patient. Sentinel bleeding is encountered in 

up to 77.8% of the patients with severe PPH.10,13,16,17,21 

Some studies suggest mandatory angiographic exploration 

in every patient with sentinel bleeding after PD because 

a pseudoaneurysm is thus discovered in 35% of the 

patients.26

An upper digestive hemorrhage can be a clinical sign 

in an important proportion of patients with a false aneur-

ysm of the splenic artery.23 An upper endoscopy some-

times does not identify the source of bleeding. 

Contrast-enhanced computed tomography with multiplanar 

reconstructions is mandatory in these situations to prompt-

ly identify the origin of hemorrhage,24 as was the case in 

the above presented patient. 

The management of delayed PPH after PD represents 

a challenging problem, particularly when a pancreatic fis-

tula is associated. An endovascular approach represents 

the first treatment option in patients with delayed PPH of 

an arterial origin and in patients without hemodynamic 

instability.11,13,15,16,19-21,24,25 

Arterial embolization consists of an occlusion on either 

side of a false aneurysm in order to prevent further bleed-

ing via reverse flow or anastomosis,24 as was the case in 

the above presented patient. The success rate of an arterial 

embolization used to stop the bleeding is up to 100%.24 

Recurrence of the bleeding is usually related to persis-

tence of the favouring factors (i.e., pancreatic/bile leak, 

persistent abscess).19

Spleen infarction is a reported complication after splen-

ic artery embolization but rarely is associated with clin-

ically significant consequences,27 as was the case in the 

reported patient.

Surgery represents an alternative treatment approach in 

patients with delayed PPH with massive bleeding and he-

modynamic instability, in patients where it is mandatory 

to solve the underlying source of hemorrhage to prevent 

further arterial erosion (i.e., completion of a pan-

createctomy for a severe pancreatic fistula),13,15,20,21,25 

when interventional radiology procedures have failed13 or 
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when immediate radiology interventions are not 

available.11,25 A recent meta-analysis associated surgery 

with significantly increased mortality rates compared with 

the interventional radiology approach for delayed PPH.17

In conclusion, this case illustrates the rare possibility 

of development of a splenic artery pseudoaneurysm with 

severe delayed PPH after PD complicated with a clinically 

significant pancreatic fistula, even after the patient was 

discharged from the hospital. Proper recognition of senti-

nel bleeding might play a major role for timely therapy 

of delayed PPH after PD. An interventional radiology ap-

proach represents the first treatment option in hemody-

namically stable patients, with high success rates of stop-

ping the bleeding.
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