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ABSTRACT

Introduction
Mortality due to late haemorrhage after surgery for periampullary tumors is high, especially 
in patients with anastomotic leakage. Patients usually require emergency intervention for late 
haemorrhage. In this study patients with late haemorrhage and their outcomes were analyzed. 
Furthermore independent predictors for late haemorrhage, the need for emergency intervention 
and type of intervention were reported.

Methods
From a prospective database including 1035 patients who underwent pancreatoduodenectomy 
for periampullary tumors between 1992-2012, patients with late haemorrhage (> 24 hours after 
index operation) were identified. Patients’, disease specific and operation characteristics, type 
of intervention and outcomes were analyzed. Emergency intervention was defined as surgical or 
radiological intervention in hemodynamically unstable patients.

Results
Of 47 patients (4.5%) with late haemorrhage, pancreatic fistula was an independent predictor for 
developing late haemorrhage (OR 10.2). Mortality in patients with late haemorrhage was 13% 
versus 1.5% in all patients without late haemorrhage. 20 patients required emergency interven-
tion, 80% underwent primary radiological intervention and 20% primary surgical intervention. 
Extraluminal location of the bleeding (OR 5.6) and occurrence of a sentinel bleed (OR 6.6) predicts 
the indication for emergency intervention.

Conclusion
Type of emergency intervention for late haemorrhage is unpredictable. Radiological intervention 
is preferred, but if it fails immediate change to surgical treatment is mandatory. This can be diffi-
cult to manage but possible when both radiological and surgical interventions are in close relation 
such as in a hybrid operation room and should be considered in the emergency management of 
patients with late haemorrhage.
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InTRoDuCTIon

While mortality after pancreatoduodenectomy (PD) has decreased dramatically over the past 
decades in high volume centers, morbidity is still high with 40-60% 1–4. Late haemorrhage after 
pancreatic surgery remains one of the most important causes of postoperative mortality due to 
the unstable condition of the patient 5–7.
The combination of late haemorrhage and abdominal sepsis caused by a pancreatic fistula (PF) 
is an extreme threatening condition 8,9. Anastomotic leakage is a well known risk factor for late 
haemorrhage, resulting in erosion of the arterial vessel, dehiscence of the anastomosis and 
bleeding from the suture line or formation of a pseudo-aneurysm 5,7,10–12. Risk factors for leakage 
are a non dilated pancreatic duct and soft pancreas as often found in patients with papillary 
tumors, duodenal carcinoma, neuro-endocrine tumors (NET) and branch duct intraductal papil-
lary mucinous neoplasm (IPMN). Most are (pre)malignant diagnoses for which an operation is 
increasingly used as first curative treatment of choice 13–17.
A patient suffering from late haemorrhage and PF, frequently preceded by a sentinel bleed, is 
an indication for emergency intervention to stabilize the patient’s life threatening condition by 
controlling the bleeding and achieving subsequent adequate drainage of the underlying PF 18,19. 
No other predictors are known for which patients are likely to require an emergency interven-
tion 20. While late haemorrhage is currently preferably treated by the interventional radiologist 
some patients still require urgent surgery if radiological management fails 5,6,9,21,22.
In previous studies we reported about the incidence and high mortality rate in patients with late 
haemorrhage 7,23. The severity and high mortality rates of this complication demands optimal 
management. In this study we focus on predicting factors for patients at risk of late haemor-
rhage and moreover which emergency intervention will provide the most optimal management. 
Furthermore, failure and success rates of the chosen intervention were analyzed to investigate 
whether certain patients can be preselected for radiological or surgical emergency intervention.

MeThoDS

Patient selection
In the period 1992-2012, all patients undergoing pancreatoduodenectomy (PD) for a periam-
pullary tumor (tumor confined to the head of the pancreas, ampulla, distal common bile duct 
or duodenum) were registered in a prospectively maintained database. Patients underwent a 
pylorus preserving PD or classical Whipple-Kausch PD.
Only patients with late haemorrhage were selected for this study. Late haemorrhage was defined 
as the occurrence of a bleeding more than 24 hours after index operation. Severity and location 
of the bleeding were defined according to the international study group of pancreatic surgery 
(ISGPS) criteria 24 (Figure 1). From this selection, patients who were in need of an emergency 
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intervention due to late haemorrhage after PD were identified. Emergency intervention was 
defined as a surgical or radiological intervention for the management of severe haemorrhage as 
depicted in figure 1. Intervention was performed within 6 hours after onset of the bleeding, due 
to the life-threatening condition of the patients.
For this retrospective analysis of pre-existing data no approval of the Medical Ethical Committee 
was required.

outcome parameters
Patient and operation characteristics, diagnosis at pathology, postoperative complications (based 
on the ISGPS criteria 24–26), time interval between the onset of PF and late haemorrhage in days, 
mortality and hospital stay were extracted from the database for all resected patients.
AJCC stage was categorised in two groups: IA – IIA versus IIB - IV, based on the extent of the 
disease meaning positive lymph nodes and T4 stage. Pancreatic fistula was defined as leakage 
from the pancreaticoenterostomy according to the ISGPF definition. Only clinical relevant pan-
creatic fistula, grade B/C, are included in the analysis 26. Clinically relevant pancreatic or hepatic 
anastomotic leakages were treated according to the ISGPS criteria with radiological, endoscopic 
or surgical intervention depending on the severity and grade.
Sentinel bleed was defined as a very limited bleeding from the abdominal drain or nasogastric 
tube or by the presence of meleana or haematemesis. Sentinel bleed requires no emergency 
intervention and occurs > 24 hours after index operation and before onset of late haemorrhage.
Within patients with late haemorrhage, potential predictors for the indication of an emergency 
intervention and type of intervention were identified; patient, disease specific, operation char-
acteristics and haemorrhage parameters depicted in figure 1 7. Additional contributing factors 

	   	  
Location	   	  	   	   	  
Intraluminal	   Bleeding	  from	  pancreatic	  surface,	  anastomosis	  suture	  lines,	  

ulcer	  or	  pseudo-‐aneurysm	  into	  the	  digestive	  tract	  	  
	  
Extraluminal	   Bleeding	  from	  vessels,	  resection	  area,	  anastomosis	  suture	  

lines	  or	  pseudo-‐aneurysm	  into	  the	  abdominal	  cavity	  
	  
Severity	  
Mild	  (grade	  B)	   Blood	  loss	  of	  <	  3	  g/dl	  (<	  1.9	  mmol/L)	  	  

Mild	  clinical	  impact	  (no	  hemodynamic	  instability)	  
	   Treatment:	  blood	  transfusion	  (2-‐3	  units),	  no	  reintervention	  

necessary	  	  
	  
Severe	  (grade	  C)	   	   	   Blood	  loss	  of	  ≥	  3	  g/dl	  (≥	  1.9	  mmol/L)	  

Severe	  clinical	  impact	  (hemodynamic	  instability,	  e.g.	  
hypotension	  arterial	  pressure	  <	  70	  mm	  Hg,	  tachycardia,	  
oliguria,	  hypovolemic	  shock)	  
Treatment:	  blood	  transfusion	  >	  3	  units,	  invasive	  therapy	  
(reoperation	  or	  radiologic	  intervention	  necessary)	  	  	  

figure 1: Definition of late haemorrhage, > 24 hours after pancreatoduodenectomy according to the ISGPS 
criteria
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which could be associated with patients with late haemorrhage and the need for an emergency 
intervention were retrieved retrospectively from patients’ charts. This included:
-Contributing factors before index operation: use of anticoagulant medication, history with clotting 
disorders, existence of pre-operative stenosis of the celiac trunk seen on computed tomography 
(CT), pancreatitis or cholangitis, jaundice or an increased pancreatic duct diameter (>3mm) 27,28.
- Contributing factors after index operation and prior to the occurrence of late haemorrhage: 
trombopenia (< 150*109/L), liver enzymes disorders (ASAT > 40 U/L or ALAT > 34 U/L), coagulation 
disorder (prolonged activated partial thromboplastin time (APTT > 30 seconds) or prothrombin 
time (PT > 11.6 seconds), based on the standard reference of 200 healthy volunteers). Pathol-
ogy diagnosis, arterial or venous reconstruction during pancreatoduodenectomy, placement of 
drain during index operation or placement of extra drain to initiate abscess drainage ≥ 1 days 
postoperatively were also analysed.

Surgical procedure
After resectability was assessed, the standard surgical procedure was a pylorus-preserving PD, if 
necessary a classic Whipple-Kausch resection was performed, as described in previous studies 29. 
Reconstruction was performed by an end-to-side duct-to-mucosa pancreaticojejunostomy (PJ), 
end-to-side hepaticojejunostomy (HJ) followed by a gastrojejunostomy (GJ) or duodenojejunos-
tomy (DJ). One silicon drain was left in the omental bursa. Vascular procedures included (wedge) 
resection of the portal vein and bypass reconstruction of the hepatic artery 30. Somatostatin ana-
logue was routinely used in high risk patients for pancreatic fistula with a non dilated pancreatic 
duct and/or soft tissue pancreas.

emergency intervention
The choice for the type of emergency intervention, radiologically or surgically, was based on 
the patient’s condition. Depending on the severity of the clinical deterioration and the logistics 
capabilities, the best strategy was chosen.
Conservative treatment in patients with late haemorrhage but without the need of an emergency 
intervention consisted of optimising medical treatment, blood transfusion and supportive care.
Surgical intervention included exploration, removal of intra abdominal hematoma, and suturing or 
ligation of the bleeding vessel, a bleeding site at the anastomotic suture lines or a pseudo aneurysm. 
Any associated leakage of the PJ or HJ was treated with drainage, closure of anastomotic defect, 
dismantling the anastomosis, reconstruction of a new anastomosis or salvage pancreatectomy.
Radiological intervention included imaging before intervention which was generally performed 
by CT-scanning to assess the presence and location of arterial bleeding or a pseudo-aneurysm. 
When present, this was followed by selective angiography and when possible coil embolisation of 
the false aneurysm or arterial extravasation. In selected cases placement of a stent graft was per-
formed. In some hemodynamically compromised patients CT-scanning could not be performed 
due to time constraints and these patients were directly referred for angiography or surgery.
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failure of emergency intervention
To analyse the failure rate of emergency intervention, failure was defined as a radiological inter-
vention which did not successfully stop the bleeding and required surgical intervention or in case 
the patient died despite the intervention.

Statistical analyses
IBM SPSS Statistics, version 20.0. (IBM Corp., Armonk, NY, United States) was used for statistical 
analysis. Categorical data were presented as frequency or percentage. Continuous data were 
presented as mean ± standard deviation or as median and interquartile range depending on the 
distribution. Differences between patient groups were analyzed according to Chi-square test in 
case of dichotomous variables. Student T-test or Mann-Whitney U test were used for continuous 
variables depending on the distribution. Multivariable regression analysis to identify independent 
predictors was performed using a binary logistic regression, odds ratio with confidence interval 
were given.
Potential predictors for developing late haemorrhage identified after univariable analysis (p<0.2) 
and potential confounding patients characteristics were included in multivariable analysis 
depending on the number of events. Only significant predictors for the need of an emergency 
intervention after univariate analysis (P < 0.05) were included in multivariable analysis due to the 
limited number of events. A P value of < 0.05 was considered to be statistically significant.

ReSulTS

A total of 1035 patients undergoing PD for periampullary tumor were identified. In 47 patients 
(4.5%) a late haemorrhage was reported. The incidence of late haemorrhage did not change 
during the period of 1992-2012. Characteristics of patients with and without late haemorrhage 
are summarized in table 1, no differences were found. Postoperative outcomes of these patients 
were depicted in table 2. In univariable analysis, late haemorrhage was less frequently reported 
in patients with pancreatic adenocarcinoma (P = 0.004) and AJCC stage IA – IIA (P = 0.016). Late 
haemorrhage was more frequently seen in patients with PF and leakage of the HJ (both P < 
0.001). In multivariable analysis, to indentify predictors for developing late haemorrhage, PF, HJ 
leakage, pancreatic adenocarcinoma, AJCC stage and ASA classification were included. PF was 
the most relevant independent predictors for developing late haemorrhage after adjustment, OR 
10.2. Mortality was 13% (6/47) in patients with late haemorrhage vs. 1.5% in all patients without 
late haemorrhage.
Of the 47 patients with late haemorrhage, 27 did not undergo an emergency intervention. Eight 
of these 27 patients underwent elective surgical or radiological intervention and 18 patients were 
observed. One patients died before any intervention could be performed, 2 patients died due 
to other surgical complications, not associated with late haemorrhage. 20 patients had a grade 
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Table 1. Characteristics patients with and without late haemorrhage after pancreatoduodenectomy due to a 
periampullary tumor.

Patients without 
postoperative late 

haemorrhage
N = 988 (95.5%)

Patients with 
postoperative late 

haemorrhage
N = 47 (4.5%)

Univariable 
analysis

P-value

Mean age (±SD), years 62 (11) 62 (11) 0.55

Females, n (%) 422 (43) 19 (40) 0.76

ASA score, n (%)
 I/II
 III/IV

814 (82)
174 (18)

41 (87)
6 (13)

0.39

Comorbidity, n (%)
 Cardiac
 Pulmonary
 Hypertension
 Diabetes mellitus

190 (19)
103 (10)
235 (24)
173 (18)

11 (23)
4 (9)

10 (21)
5 (11)

0.48
0.67
0.74
0.22

SD=standard deviation Univariable analysis was performed using chi-square test. Student T-test or Mann-
Whitney U test.

Table 2 Postoperative outcome of patients with and without late haemorrhage after pancreatoduodenec-
tomy due to a periampullary tumor, with logistic regression analysis.

Patients without 
postoperative 

late haemorrhage
N = 988 (95.5%)

Patients with 
postoperative 

late haemorrhage
N = 47 (4.5%)

Univariable 
analysis

P-value

Multivariable
analysis

Odds ratio, OR (CI)

Type of operation, n (%)
Pylorus preserving
Classic Whipple-Kausch

855 (87)
133 (14)

42 (89)
5 (11)

0.58 NIA

Diagnosis at pathology after 
pancreato-duodenectomy, 
n (%)

Pancreatic adenocarcinoma 350 (35) 7 (15)  0.004 OR 0.8 (0.3-2.06) 

Distal common bile duct 
adenocarcinoma 

143 (15) 9 (19)  0.38 NIA 

Ampullary adenocarcinoma 212 (22) 11 (23)  0.75 NIA 

Duodenal adenocarcinoma 27 (3) 1 (2)  0.8 NIA 

Other (pre)malignant 124 (13) 8 (17)  0.37 NIA 

Chronic pancreatitis 83 (8) 6 (13)  0.3 NIA 

Benign 49 (5) 5 (11)  0.09 NIA 

AJCC staging*, n (%)

I - IIA 277 (38) 17 (61)  0.016 OR 0.5 (0.23 – 1.25) 

IIB - IV 452 (62) 11 (39)  

Tumor size, mean (±SD) 2.8 (1.6) 2.8 (2.4) 1.0 NIA
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C type bleeding requiring emergency interventi on. The treatment of all 47 pati ents is displayed 
in Figure 2. Pati ent characteristi cs did not diff er between pati ent with or without the need for 
emergency interventi on. However, when analysing the diff erences in management during the 
study period, an increase of radiological interventi on was noti ced. Eighty-eight percent of the 
radiological emergency interventi ons were performed aft er the year 2000.

Table 2 (conti nued)

Pati ents without 
postoperati ve 

late haemorrhage
N = 988 (95.5%)

Pati ents with 
postoperati ve 

late haemorrhage
N = 47 (4.5%)

Univariable 
analysis

P-value

Multi variable
analysis

Odds rati o, OR (CI)

Postoperati ve complicati ons, 
n (%)

Pancreati c fi stula 127 (13) 29 (62)  <0.001 oR 10.2 (4.37-23.71) 

Hepati cojejunostomy 
leakage 

31 (3) 8 (17)  <0.001 OR 3.3 (0.75-14.38) 

GJ or DJ leakage 17 (2) -  0.37 NIA 

Primary abces, without 
anastomoti c leakage 

38 (4) 2 (4)  0.89 NIA 

Hospital stay, days (median; 
IQR)

14 (10-21) 25 (15-40) <0.001 NIA

In hospital mortality, n (%) 15 (1.5) 6 (13) <0.001 NIA

*given for all adenocarcinoma, data was missing in 3 pati ents SD=standard deviati on, NIA=not in analysis, 
IQR=interquarti le range, CI=confi dence interval Univariable analysis was performed using chi-square test. 
Student T-test or Mann-Whitney U test, Multi variable analysis was performed using Binary logisti c regression 
analysis *Corrected for potenti al confounding factors mean age and ASA classifi cati on

figure 2: Treatment of all pati ents with late haemorrhage. PF=pancreati c fi stula, PJ=pancreati cojejunostomy, 
RI = radiological interventi on
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Postoperative characteristics and complications are depicted in table 3. Univariable analysis 
showed that extraluminal origin of the bleeding, sentinel bleed and postoperative PF were risk 
factors for the need for emergency intervention. In 17 out of the 23 patients the source of the 
extraluminal haemorrhage was the hepatic or gastroduodenal artery. There were no difference in 
the occurrence of pancreatic fistula grade B and C between patients with or without emergency 
interventions (P = 0.41). However in multivariable analysis only extraluminal location and sentinel 

Table 3 Postoperative characteristics and complications of patients with late haemorrhage after pancreato-
duodenectomy due to a periampullary tumor with and without the need for an emergency intervention.

Patients with late 
haemorrhage 

without emergency 
intervention

N=27

Patients with late 
haemorrhage 

with emergency 
intervention

N=20

Univariable 
analysis

P-value

Multivariable
analysis

Odds ratio, OR 
(CI)

Location, n (%)
Intraluminal
Extraluminal

20 (69)*

6 (23)*
3 (15)

17 (85)

<0.001 oR 5.6 (1.1-29.7)

Sentinel bleed, n (%) 8 (30) 13 (65) 0.009 oR 6.6 (1.1-38.7)

Time interval between 
index operation and late 
haemorrhage, days (IQR)

14 (7-22) 15 (9-28) 0.42 NIA

Other complications, n (%)

Pancreatic fistula 11 (41) 18 (90) 0.001 OR 6.4 (0.9-45.9)

Grade B 4 (36) 4 (22)    

Grade C 7 (64) 14 (78)    

Hepaticojejunostomy 
leakage 

4 (15) 5 (25)  0.38 NIA 

Gastroenterostomy leakage - -  - NIA 

Intra-abdominal abscess 
(primary) 

1 (4) 1 (5)  0.83 NIA 

Time interval between index 
operation and pancreatic 
fistula, days (IQR)$

9 (3-13) 5 (3-7) 0.19 NIA

Time interval between 
pancreatic fistula and late 
haemorrhage, days (IQR)$

11 (2-39) 10 (2-22) 0.7 NIA

Hospital stay, days (median; 
IQR)

23 (15-36) 33 (13-43) 0.57 NIA

In hospital mortality, n (%) 3 (11) 3 (15) 0.69 NIA

P values were calculated using chi-square test, Student T-test or Mann-Whitney U test, NIA=not in analysis
CI=confidence interval
IQR= interquartile range
*Data missing from 1 patient, no bleeding focus found in 1 patient
$Only analyzed in patients with pancreatic fistula
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bleed were independent predictors, OR 5.6 and OR 6.6 respectively. Sentinel bleeds were man-
aged conservatively; angiography and endoscopy were performed in all but one patient. Two 
patients with a sentinel bleed without bleeding focus on CT angiogram, developed late haemor-
rhage requiring an emergency intervention.
Additional contributing factors which could be associated with patients with late haemorrhage 
and the need for an emergency intervention were analyzed and depicted in table 4. After univari-
able analysis no additional factors were associated with emergency intervention.

Table 4 Possible additional contributing factors which could be associated with patients with late haemor-
rhage and the need for an emergency intervention

Patients with late 
haemorrhage 

without emergency 
intervention

N=27

Patients with late 
haemorrhage 

with emergency 
intervention

N=20

p value

Possible contributing factors before index operation

Clotting disorder - - NIA

Use of anticoagulant, n (%) 5 (19) 3 (15) 0.45

Stenosis celiac trunk, n (%) 3 (11) - 0.13

Pancreatitis, n (%)
Cholangitis, n (%)

4 (15)
-

-
2 (10)

0.07
0.1

Jaundice, n (%) 17 (63) 15 (75) 0.48

Increased pancreatic duct diameter, > 3mm 8 (30) 4 (20) 0.34

Possible contributing factors prior to the occurrence of late haemorrhage

Trombopenia, n (%) 3 (11) 1 (5) 0.41

Liver enzymes disorders, n (%) 10 (37) 6 (30) 0.57

Prolonged APTT/PT, n (%) 12 (44) 14 (70) 0.3

Diagnosis after pancreatoduodenectomy, n (%)

Pancreatic adenocarcinoma
Distal common bile duct adenocarcinoma
Ampullary adenocarcinoma
Duodenal carcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

2 (7)
6 (22)
6 (22)
1 (4)

6 (22)
4 (15)
2 (7)

5 (25)
4 (20)
5 (25)

-
1 (5)

2 (10)
3 (15)

0.09
0.85 
0.82
0.38
0.1

0.63
0.4

Perioperative bypass, n (%)
 Venous
 Arterial

-
2 (7)

1 (5)
-

0.22
0.24

Perioperative placement of drain, n (%) 27 (100) 18 (90) 0.23

Abscess drainage by means of extra drain 
placement, n (%)

8 (30) 5 (25) 0.73

P values were calculated using chi-square test
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In the group of pati ents with an emergency interventi on, univariable analysis was performed to 
fi nd predictors to determine which type of emergency interventi on, SI or RI, the pati ent should 
initi ally require. Extraluminal locati on, senti nel bleed and pancreati c fi stula were used, but no 
signifi cant diff erence was found. Four out of 20 pati ents (20%) who underwent emergency inter-
venti on were initi ally treated by surgical interventi on (SI). One pati ent developed a cardiac arrest, 
requiring immediate interventi on on the intensive care unit. The other 3 pati ents were operated 
at night, whereas RI was not available. Of those 4 pati ents, two pati ents were treated successfully, 
while SI failed in the other two pati ents due to massive bleeding causing death. The remaining 16 
pati ents (80%) were initi ally treated with radiological interventi on (RI), of whom 10 pati ents were 
treated successfully (63%) by coil embolisati on or stent graft  placement (Figures 3a-b and 4a-b) al-
though 1 pati ent died due to pulmonary aspirati on immediately aft er successful coil embolisati on.

figure 3a: Angiography of the arteria hepati ca com-
munis reveales a pseudoaneurysm.

figure 3b: Radiological management by means of 
coil embolisati on of the pseudoaneurysm of the ar-
teria hepati ca communis.

figure 4a: Angiography reveals an aberrant arteria 
hepati ca communis (AHC) originati ng from the arte-
ria mesenterica superior (AMS) and a pseudoaneu-
rysm of the gastroduodenal artery.

figure 4b: Placement of a covered stent in the arteria 
hepati ca communis to manage the pseudoaneurysm 
of the gastroduodenal artery.
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RI failed in 6 patients (38%): in 2 patients angiography did not show arterial bleeding and emboli-
sation was not performed. In 3 patients coil embolisation was technically not possible due to the 
location of the blush and 1 patient suffered from massive re-bleeding after repeated placement of 
a stent graft. All six patients were hemodynamically unstable and resuscitation and relaparotomy 
were required after failed RI. In all 6 patients are described in whom RI failed, subsequently 
leading to an emergency relaparotomy. In 5 out of 6 patients the bleeding was controlled by 
suturing the bleeding focus and the pancreaticojejunostomy (PJ) was broken down. Salvage and 
total pancreatectomy was performed in 3 patients.

DISCuSSIon

The present study showed that the rate of late haemorrhage after pancreatoduodenectomy 
was low, 4.5%. PF was an independent predictor for developing late haemorrhage in patients 
undergoing pancreatoduodenectomy for periampullary tumors, OR 10.2. In univariable analysis 
to indentify patients with late haemorrhage who were in need of emergency intervention, PF, 
extraluminal location of the bleed and sentinel bleed were associated with emergency interven-
tion. The grading of the pancreatic fistula did not appear to be related to an emergency setting. 
However, due to the limited number of patients this association may not be revealed. For patients 
with late haemorrhage the need for emergency intervention was independently correlated with 
the occurrence of a sentinel bleed (OR 6.6) and extraluminal location of the bleeding (OR 5.6).
Although the incidence of late haemorrhage in our institution did not change during the past 20 
years, a clear shift towards the use of radiological intervention for its management was seen. 
However, the type of emergency intervention for late haemorrhage was unpredictable and 
therefore a pre-selection of which intervention a patient should receive, could not be made. 
Several other authors of studies concerning late haemorrhage have also concluded this 20,31,32. 
Small series, selection bias and the inability to predict which strategy is most suitable for in-
dividual patients makes it difficult to formulate firm recommendations. However, most studies 
carefully suggest radiological intervention is the first choice in the management of late haemor-
rhage 20,31–35. Therefore, after critical evaluation of our data and the literature, we recommend 
performing radiological intervention in patients with late haemorrhage in need of emergency 
intervention if possible. Unless the patient cannot be resuscitated and fast deterioration of the 
patient requires immediate intervention on the spot or when RI is logistically not possible. A 
diagnostic CT-angiogram is recommended if the patients can be resuscitated adequately.
Mortality in patients with late haemorrhage was high, i.e. 13%. In our study three patients died 
without the possibility of initiating an emergency intervention. Of the remaining three patients 
who did receive emergency intervention, two patients died due to persistent hemodynamic 
instability during emergency surgery. The last patient, despite successful embolisation, died due 
to haematemesis with massive aspiration. This illustrates that late haemorrhage is extremely dif-
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ficult to manage; patients deteriorate rapidly which makes it an onerous task to prepare patients 
for emergency intervention 5.
Sentinel bleed is one of the important predictors for the need of emergency intervention, this 
is in accordance to previously published studies 18,19,36. Unfortunately, sentinel bleed is an un-
derestimated sign and therefore the physician is in these situations not attentive to the risk of 
late haemorrhage 36. A limitation in this study can be that sentinel bleeds were missed or not 
recognized and were considered as very limited late bleeding. Nevertheless, when a sentinel 
bleed occurs, surgeons should be cautious since it is an urgent predictor of late haemorrhage 
and the imminent need for emergency diagnostic work-up and intervention. The extraluminal 
location of the bleeding was also found as an independent predictor of emergency intervention. 
Extraluminal haemorrhages are often bleedings from arterial vessels which can be very severe 
making subsequent emergency intervention inevitable.
In 80% of the patients in our emergency intervention group the primary choice of interven-
tion was radiological and 20% was surgical. This is in line with guidelines on management of 
late haemorrhage 9,37. The 38% of patients in which radiological intervention failed, immediate 
surgical intervention was undertaken. Consequences of these relaparotomies were tremendous, 
requiring break down of the existing anastomosis and salvage total pancreatectomy in most 
cases. When radiological intervention fails a substantial operation awaits these already fragile 
patients. Adequate and immediate measures to switch treatment to surgery are highly desirable 
in these cases.

Limitations
When performing the multivariable analysis we could only adjust for ASA score when we analyzed 
predictive factors for late haemorrhage. No adjustment for confounding factors was performed 
when analyzing predictive factors for the need of an emergency intervention. This was not possible 
due to the limited number of events 38. The texture of the pancreas was not included as a possible 
contributing factor since it was not routinely reported in the operative reports. We should also 
note that the type of bleeding, intraluminal or extraluminal is different in their nature and treat-
ment, however only 15% of patients who underwent an emergency intervention suffered from 
an intraluminal bleed. Nevertheless this and patient characteristics could have biased the choice 
for either surgical or radiological emergency intervention, although no predictors were found 
for which type of emergency intervention one should initially perform. Furthermore, endoscopy 
was excluded as a form of emergency management. In this study endoscopy was only used as a 
diagnostic tool in suspected intraluminal haemorrhage. The effect on endoscopic accessibility has 
little impact on the outcome of late haemorrhage 39.

future directives
The type of emergency intervention patients with late haemorrhage should receive is unpredict-
able. In general late haemorrhage should preferably be treated by the interventional radiologist 
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however when radiological intervention fails, patients are designated to undergo surgery espe-
cially in hemodynamic instable patients. To avoid transportation in which the medical team is not 
able to immediately resuscitate the patient in case of an emergency and to have a fully equipped 
intervention team available prepared for both radiological intervention or surgical intervention, 
performing both interventions in close relation is desirable. A possible option is the use of a hy-
brid operation room. In a hybrid room both angiographic intervention and surgical opportunities 
are integrated in an operating room. This is already used routinely in vascular and cardio thoracic 
surgery and should be expand to upper gastrointestinal surgery 40,41.
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