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ABSTRACT

Introduction
Surgical complications after pancreatoduodenectomy can be managed by non-operative or 
surgical interventions. The aim of this study was to analyze the shift in management of 5 major 
complications and its success rates. An algorithm was developed according to predictors for type 
of intervention and failure of management.

Methods
From 1992-2012 patients with pancreaticojejunostomy, hepaticojejunostomy or gastroenteros-
tomy leakage, postpancreatectomy haemorrhage or primary abscess after pancreatoduodenec-
tomy were selected from a prospectively maintained database. Complications were treated by 
non-operative or surgical intervention Two cohorts were created according to period of index 
operation. Pre- and postoperative characteristics were analyzed.

Results
Out of 1037 patients, 263 (25%) suffered from surgical complications. The incidence of pancreatic 
fistula increased from 11 to 18%, accompanied by a shift from surgical towards non-operative 
management. This was also seen in the management of late hemorrhage. Success rates of inter-
ventions remained similar for all complications. The incidence of primary abscesses decreased. 
Early sepsis (OR 17.8, 95% CI 4.9-64.4) was associated with failure of non-operative interventions 
in patients with pancreatic fistula. Hemodynamic instability (OR 17.2, 95% CI 1.8-160.1) and 
sepsis (OR 6.7, 95% CI 2.7-16.3) were predictive for surgical intervention. Failure of non-operative 
intervention (HR 3.95% CI 1.3-7.1) and surgical intervention (HR 6.4 95% CI 3.2-12.8) were predic-
tors for poor survival.

Conclusion
The shift towards non-operative interventions was notable in patients suffering from pancreati-
cojejunostomy leakage and late hemorrhage. Anastomotic leakage, late hemorrhage and primary 
abscesses can be managed non-operatively however; hemodynamic instability and early sepsis 
are strong arguments to perform surgery.
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InTRoDuCTIon

Mortality rates after pancreatic surgery have declined during the last decades, especially in high vol-
ume hospitals. This is accompanied by a decrease in overall relaparotomy rates and length of hospi-
tal stay 1–4. However, a concomitant decrease in morbidity is not found. In our centre complications 
after pancreatoduodenectomy have not even decreased over the last 20 years 5,6. The combination 
of these two findings suggests an improvement in management of postoperative complications, 
presumably owing to the use of non-surgical interventions. The literature describes this shift from 
surgical towards endoscopic and the more so, radiological management of postoperative complica-
tions 7–10. Previously published data of our cohort of patients has described the management of 
several complications after pancreatic resection. Still, late hemorrhage was frequently managed 
by surgical intervention, despite the general acceptance of radiological management for this com-
plication 11. Also pancreatic leakage was managed surgically in 66% of patients 12. Leakage of the 
hepaticojejunostomy however, was safely managed by non-operative, percutaneous drainage 13. 
In more recent years the role of interventional radiology (IR) has expanded and complications are 
often primarily managed by this treatment modality. Owing to the less traumatic impact of IR, it 
might decrease length of hospital stay, additional morbidity and possibly, also mortality 10,14. A shift 
towards radiological interventions instead of surgical management for complications after pan-
creatic surgery is therefore very likely but the outcomes of this shift have not yet been analyzed.
The aim of this study was to objectively evaluate the shift in management of 5 major complica-
tions and its success rates. Predictors of type of intervention and failure of management were 
identified and an algorithm was developed according to which intervention should be performed 
based on our cohort of 1037 patients following pancreatoduodenectomy.

MeThoDS

In the period 1992 until 2013 all patients who underwent a pancreatoduodenectomy (PD) were 
prospectively registered in a surgical database. Patients were notified and able to withdraw partici-
pation. Data was registered anonymously, evaluated retrospectively without burden for the patient. 
Written informed consent was not required according to the local medical ethics review committee.
Patients with surgical complications which could be treated by radiological, endoscopic or surgical 
intervention were selected. Two similar size cohorts were created, from 1992-2003 and 2004-
2012. Patient, disease specific and postoperative characteristics were analyzed including age, sex, 
American Society of Anesthesiologists (ASA) physical status classification, jaundice (bilirubin level 
≥ 40 μmol/l), diagnosis, tumor stage and resection margin. Preoperative drainage was performed 
in case patients were in poor condition due to hyperbilirubinemia or bilirubin level exceeded 250 
μmol/l. Other (pre)malignant diagnosis included all potentially malignant tumors or malignancies 
other then adenocarcinoma.
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Management and corresponding success rates of each complication were calculated in each cohort 
to identify a shift of management over time. Interventions performed for each complication were 
also evaluated separately, including failure of interventions. Several disease specific and postopera-
tive variables potentially associated with this failure were analyzed. Also, predictors for immediate 
surgical intervention were identified to create an algorithm. To evaluate whether the type of inter-
vention performed had any long-term consequences, median survival was assessed for all patients.

Surgical technique
Standard surgical procedure in resectable patients consisted of a pylorus-preserving PD, or if 
necessary, a classic Whipple-Kausch was performed when the tumor approached the pylorus, as 
described in previous studies 15. Reconstruction was performed by an end-to-side pancreaticoje-
junostomy (PJ), end-to-side hepaticojejunostomy (HJ) followed by a gastroenterostomy (GE). One 
silicon drain was left through the foramen of Winslow behind the HJ and PJ. Vascular procedures 
included (wedge) resection of the portal vein and bypass reconstruction of the hepatic artery 16.

Postoperative complications
All complications during initial postoperative admission and re-admission within 30 days after 
discharge were included. Five major complications , in which both treatment options were 
available, were included: grade B and C PJ leakage (PF), HJ leakage and post-pancreatectomy 
hemorrhage (PPH) divided into early and late PPH, leakage of the GE (GE leakage), and primary 
intra-abdominal abscess which was defined as unspecified intra-abdominal abscess without ra-
diological or surgical evidence of anastomotic leakage. The ISGPS and ISGLS criteria were adapted 
for PF, PPH and HJ leakage 17–19. GE leakage was defined as failure of the GJ or DJ with signs of fever 
and entero-cutaneous fistula or loss of bowel contents via the abdominal drain. Furthermore, 
sepsis and hemodynamic instability were registered. Sepsis was defined as bacteremia, with a 
body temperature of ≥38.5°C and leukocytosis (leukocyte count ≥15 × 109/L) associated with the 
presence of abscesses or anastomotic leakage. Early sepsis occurred within 72 hours after PD. 
Hemodynamic instability was defined as hypotension with a mean arterial pressure lower than 
70 mm Hg (normal range, 70–120 mm Hg) 11. In-hospital mortality was defined as mortality during 
postoperative admission or during re-admission within 30 days after discharge.

Postoperative interventions
The silicon drain placed during surgery was removed provided that drain output was minimal 
(<100mL/day), amylase level lower than three times the normal serum concentration and no 
signs of complications were reported. In patients with a high risk of pancreatic fistula meaning 
a small pancreatic duct and soft pancreatic tissue, or in patients with suspicion for a pancreatic 
fistula, a somatostatin analogue was administered the first 7 days after surgery. In the first few 
years of this study patients routinely received somatostatin.
In general, if conservative treatment was inadequate, complications were managed by non-oper-



71

Shifting role of operative and non-operative interventions in managing complications Chapter IV

ative interventions. However, primary surgical intervention was performed in patients suffering 
from early PPH, when patients were severely unstable despite resuscitation and no time was left 
to potentially switch from non-operative intervention to surgery. Three types of management are 
described:
- Conservative management: no intervention is performed; complication is managed with in-
travenous fluids or the administration of blood products, maximal medical treatment including 
antibiotics and maintenance of abdominal drains placed during index operation.
- Non-operative intervention comprised the following radiological and endoscopic interventions: 
Percutaneous drainage: an 8-12 french pigtail catheter is placed into the intra-abdominal fluid 
collection to achieve external drainage. Percutaneous transhepatic biliary drainage: a catheter is 
placed into the biliary system and preferably through the anastomosis into the jejunal loop which 
facilitates external and internal drainage. Gastroscopy: with the opportunity to perform electro-
coagulation, injection of vasoconstrictors or placement of clips. Selective angiography and when 
possible coil embolization or placement of a stent graft. Repeated interventions were performed 
when necessary depending on the condition of the patient (as described above) and whether any 
progression in management of the complication was seen. Failure of non-operative radiological 
intervention was defined as: unable to control the complication: patient remains septic, bleeding 
persists, leakage is still visible or intra-abdominal abscesses are still present and patients’ condi-
tion is not improving despite several interventions, necessitating surgical intervention, or when 
patients had died due to inadequately managed complications.
- Surgical interventions (SI): Surgical interventions included re-laparotomy, exploration, lavage 
and drainage, closure of anastomotic defect or creation of a new anastomosis, a completion, total 
pancreatectomy to eradicate the source of PF or suturing or ligation of an active bleeding focus. 
Failure of surgical intervention was defined as death due to inadequately managed complication.

Statistical analysis
IBM SPSS Statistics, version 20.0. (IBM Corp., Armonk, NY, United States) was used for statisti-
cal analysis. Categorical data are presented as frequency or percentage. Continuous data are 
presented as mean ± standard deviation or as median and interquartile range depending on the 
distribution. Differences between patients were analyzed according to Chi-square test in case 
of dichotomous variables. Student T-test and ANOVA or Mann-Whitney U and Kruskal-Wallis 
test were used for continuous variables depending on the distribution. Binary logistic regression 
analysis was performed to identify independent predictors for failure of non-operative interven-
tion and predictors for patients who would benefit from primary surgical intervention. Odds ratio 
with 95% confidence interval were given. A P value of < 0.05 was considered to be statistically 
significant. Mean survival of patients was calculated using Kaplan-Meier since median survival 
was not matured in many intervention groups. By using Cox proportional hazards model the 
independent association of type of intervention and failure of non-operative intervention with 
poor survival was analyzed. Hazard ratio (HR) and 95% confidence interval (CI) were given.



Part II Outcome after pancreatoduodenectomy

72

ReSulTS

A total of 1037 patients underwent PD, 263 patients (25%) suffered from major surgical post-
operative complications, PF, HJ or GE leakage, PPH or primary abscess. Thirty-nine patients had 
more than one complication. Characteristics of patients with and without these complications are 
shown in table 1. Sex, body mass index and definitive diagnosis differed between the two patients 
groups. Mortality within patients with complications was 7% (n=18) and 0.4% (n=3) in patients 

Table 1 Characteristics, diagnosis and index operation of patients after pancreatoduodenectomy with and 
without postoperative complications caused by anastomotic leakage, hemorrhage or intra-abdominal abscess

Characteristics Patients without 
complications
n = 774

Patients with 
complications*
n = 263

P-value

Mean age, years (±SD) 62 (11.6) 64 (10.2) 0.578

Females, n (%) 345 (45) 98 (37) 0.038

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

159 (21)
478 (62)
134 (17)

53 (20)
164 (62)
46 (17)

0.987

BMI, mean (±SD) 24 (3.7) 25.3 (4) <0.001

Jaundice, n (%)
Preoperative biliary drainage, n (%)

534 (69)
505 (65)

170 (65)
167 (63)

0.165
0.555

Type of operation, n (%)
 Whipple-Kausch
 PPPD

107 (14)
667 (86)

31 (12)
232 (88)

0.401

Diagnosis, n (%)
 Pancreatic adenocarcinoma
 Other periampullary carcinoma
 Other (pre)maligne
 Chronic pancreatitis
 Benigne

306 (40)
279 (36)
89 (11)
66 (9)
34 (4)

52 (20)
124 (47)
43 (16)
24 (9)
20 (8)

<0.001
0.001
0.041
0.766
0.043

T N M staging#, n (%)
T1
T2
T3
T4
Tx

106
196
344
22
6

45
61
103
9
1

0.46

N0
N1

305
369

115
104

0.062

M0
M1

666
216

216
3

0.831

*Some patients had more than one complication, SD = standard deviation, ASA = American Society of Anes-
thesiologists, BMI = body mass index
#TNM stage given for all patients with malignant disease
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without complications due to direct postoperative cardiac arrest (p<0.001). Overall mortality was 
2%. Survival between patients with and without complications did not differ 55 vs. 42 months 
respectively (p=0.68).
Patients were divided into two cohorts according to the time period of index operation. Complica-
tions accompanied by the performed interventions and treatment success over time are depicted 
in table 2. No differences in patient’s characteristics were seen between the different cohorts. 
The incidence of PF and GE leakage increased throughout the years, the incidence of primary 
abscesses decreased. A shift in interventions performed in the first and second cohort was seen in 
patients with PF and late hemorrhage, both were managed by non-operative interventions more 
frequently (p<0.001). No difference between intervention failure rates was seen throughout time. 
HJ leakage was also managed predominantly non-operatively in both cohorts. All 13 patients with 
GE leakage were reported in the second cohort, they were managed both non-operatively and 
surgically. GE leakage was disregarded from further analysis due to the small case size. No shift 
was seen in the management of primary abscesses however, no SI was performed in the second 
cohort.

Table 2 Changes between two cohorts in surgical complications, interventions and outcomes after pan-
creato duo denect omy

Cohort 1992-2003
n=511

Cohort 2004-2012
n=526

p value

Surgical complications

Pancreatic fistula n=151 54 97 <0.001

 Conservative treatment 9 13 0.586

 Primary non-operative intervention
 Successful

16
12

69
55

<0.001
0.657

 Primary surgical intervention
 Successful

29
25

15
14

<0.001
0.145

Postpancreatectomy haemorrhage n=66 35 31 0.528

 early n=17 10 7

 Conservative treatment 2 - 0.208

 Primary non-operative intervention
 Successful

2
2

-
-

0.208
-

 Primary surgical intervention
 Successful

6
6

7
6

0.056
0.335

 late n=49 25 24

 Conservative treatment 10 1 0.003

 Primary non-operative intervention
 Successful

11
5

22
16

<0.001
0.125

 Primary surgical intervention
 Successful

4
3

1
-

0.171
0.171
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Table 3 A, B, C and D describe all patients with PF, HJ leakage, PPH and primary abscesses following 
non-operative intervention or SI. No differences in patient’s characteristics were seen between 
the intervention groups. Eighty-five patients with PF were managed by primary non-operative 
intervention, this failed in 18 patients (21%). Independent predictor for failure of non-operative 
management was sepsis (OR 17.8, 95% CI 4.9-64.4), after adjustment for multiple abscesses and 
hemodynamic instability. Forty-four patients were managed surgically. Independent predictors for 
primary SI in patients with PF were sepsis (OR 6.7, 95% CI 2.7-16.3) and hemodynamic instability 
(OR 17.2, 95% CI 1.8-160.1). All patients with early sepsis were treated with primary SI. Only one 
hemodynamically unstable patient was managed non-operatively, this failed. In-hospital mortal-
ity was highest after non-operative management failed. Survival was also low in this group, 27 
months. After adjusting for diagnosis, stage, resection margin and tumor differentiation, failures 
of non-operative intervention (HR 3.95% CI 1.3-7.1) and primary surgical intervention (HR 6.4 95% 
CI 3.2-12.8) were predictors for poor survival.
Two out of 39 patients with HJ leakage were treated conservatively, 29 patients were managed 
non-operatively which failed in 2 patients, both suffering from sepsis. Eight patients were man-
aged surgically, 4 patients suffered from early sepsis.

Table 2 (continued)

Cohort 1992-2003
n=511

Cohort 2004-2012
n=526

p value

hepaticojejunostomy leakage n=39 15 24 0.168

 Conservative treatment 2 - 0.066

 Primary non-operative intervention
 Successful

9
9

20
18

0.104
0.326

 Primary surgical intervention
 Successful

4
4

4
3

0.452
0.285

Gastroenterostomy leakage n=13* 0 13 <0.001

 Conservative treatment - 1 -

 Primary non-operative intervention
 Successful

- 7
4

-

 Primary surgical intervention
 Successful

- 4
4

-

Intra-abdominal abscess (primary) n=45 31 14 0.007

 Conservative treatment 8 4 0.846

 Primary non-operative intervention
 Successful

19
18

10
10

0.511
0.46

 Primary surgical intervention
 Successful

4
4

-
-

0.159
-

#ASA = American Society of Anesthesiologists, data is missing in 3 patients
*one patient died before intervention could be performed



75

Shifting role of operative and non-operative interventions in managing complications Chapter IV

Table 3 Characteristics, diagnosis and outcomes in patients with anastomotic leakage, PPH and primary in-
tra-abdominal abscesses treated by radiological intervention, surgical intervention or both due to failure of 
non-operative intervention.
A. Pancreatic fistula

Primary non-
operative 
intervention
n=67*

Failed non-
operative 
followed by SI
n=18$

Primary surgical 
intervention
n=44+†

p value

Jaundice, n (%)
Preoperative biliary drainage, n (%)
Sandostatine^, n (%)

41 (61)
38 (57)
33 (50)

12 (67)
11 (61)
11 (61)

33 (75)
31 (70)
30 (68)

0.32
0.344
0.335

Diagnosis, n (%)

Pancreatic adenocarcinoma
Other periampullary adenocarcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

9 (13)
39 (58)
11 (16)
5 (7)
3 (5)

4 (22)
11 (61)
1 (6)
2 (11)
-

8 (18)
21 (48)
5 (11)
7 (16)
3 (7)

0.612
0.475
0.437
0.375
0.51

CT scan prior to intervention, n (%) 61 (91) 18 (100) 20 (45) <0.001

Multiple abdominal abscesses, n (%) - 2 (11) 5 (11) <0.018

Sepsis, n (%)
Early sepsis <72h

11 (16)
-

14 (78)
-

33 (75)
10

<0.001

Hemodynamic instability, n (%) - 1 (6) 9 (20) <0.001

In hospital mortality after Whipple / 
PPPD, n (%)

- 7 (38) 5 (11)† <0.001

Hospital stay, days (median; IQR) 31 (24-40) 43 (30-71) 45 (34-82) <0.001

Mean survival, months 47 27 33 0.001

SI = surgical intervention, IQR = interquartile range, CT = computed tomography
† primary surgical intervention failed in 5 patients, these patients died
^ prophylactic use and as a treatment of pancreatic fistula
* all patients who underwent 1 or more non-operative interventions
$ all patients who first underwent non-operative intervention followed by surgical intervention
+ all patients who underwent 1 or more surgical interventions

Table 3B. hepatojejunostomy leakage

Primary non-
operative 
intervention
n=27*

Failed non-
operative 
followed by SI
n=2$

Primary surgical 
intervention
n=8+

p value

Jaundice, n (%)
Preoperative biliary drainage, n (%)

11 (41)
12 (44)

-
-

6 (75)
5 (63)

0.095
0.272

Diagnosis, n (%)

Pancreatic adenocarcinoma
Other periampullary adenocarcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

2 (7)
12 (44)
9 (33)
2 (7)
2 (7)

1 (50)
1 (50)
-
-
-

1 (13)
3 (38)
1 (13)
1 (13)
2 (25)

0.171
0.923
0.343
0.818
0.327
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CT scan prior to intervention, n (%) 18 (67) 2 (100) 1 (13) 0.011

Multiple abdominal abscesses, n (%) 1 (4) - 1 (13) 0.59

Sepsis, n (%)
Early sepsis <72h

6 (22)
1

2 (100)
-

4 (50)
4

0.037
0.003

Hemodynamic instability, n (%) 2 (7) - 1 (13) 0.818

In hospital mortality after Whipple / 
PPPD, n (%)

- 1 (50) - <0.001

Hospital stay, days (median; IQR) 31 (20-44) 41 30 (16-48) 0.479

Mean survival, months 47 12 39 0.03

SI = surgical intervention, IQR = interquartile range, CT = computed tomography
* all patients who underwent 1 or more non-operative interventions
$ all patients who first underwent non-operative intervention followed by surgical intervention
+ all patients who underwent 1 or more surgical interventions

Table 3C. Post-pancreatectomy hemorrhage

Primary non-
operative 
intervention 
n=23*

Failed non-
operative 
followed by SI
N=12$

Primary surgical 
intervention
n=18+μ

p value

Grade B
Grade C

14 (61)
9 (39)

2 (17)
10 (83)

8 (44)
10 (56)

0.044

Early hemorrhage
Late hemorrhage

2 (9)
21 (91)

-
12 (100)

13 (30)
5 (28)

<0.001

Jaundice, n (%)
Preoperative biliary drainage, n (%)

16 (70)
14 (61)

7 (58)
6 (50)

13 (72)
14 (78)

0.709
0.272

Diagnosis, n (%)

Pancreatic adenocarcinoma
Other periampullary adenocarcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

3 (13)
11 (48)
5 (22)
3 (13)
1 (4)

3 (25)
3 (25)
3 (25)
1 (8)
2 (17)

4 (22)
7 (39)
1 (6)
4 (22)
2 (11)

0.626
0.422
0.275
0.544
0.475

CT scan prior to intervention, n (%) 16 (70) 11 (92) 5 (28) 0.001

Multiple abdominal abscesses, n (%) 1 (4) 1 (8) 2 (11) 0.713

Sepsis, n (%)
Early sepsis <72h

9 (39)
-

6 (50)
-

8 (44)
2

0.822
0.133

Hemodynamic instability, n (%) 2 (9) 4 (33) 6 (33) 0.105

In hospital mortality after Whipple / 
PPPD, n (%)

- 4 (33) 3 (17)μ 0.019

Hospital stay, days (median; IQR) 31 (22-48) 37 (21-65) 24 (15-40) 0.312

Mean survival, months 38 31 32 0.654

SI = surgical intervention, IQR = interquartile range, CT = computed tomography
μ primary surgical intervention failed in 3 patients, these patients died
* all patients who underwent 1 or more non-operative interventions
$ all patients who first underwent non-operative intervention followed by surgical intervention
+ all patients who underwent 1 or more surgical interventions
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Table 3D. Intra-abdominal abscess

Primary non-
operative 
intervention
n=28*

Failed non-
operative 
followed by SI
N=1$

Primary surgical 
intervention
n=4+

p value

Jaundice, n (%)
Preoperative biliary drainage, n (%)

17 (61)
16 (57)

1 (100)
1 (100)

3 (75)
3 (75)

0.638
0.566

Diagnosis, n (%)

Pancreatic adenocarcinoma
Other periampullary adenocarcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

7 (25)
9 (32)
7 (25)
2 (7)
3 (11)

-
1 (100)
-
-
-

1 (25)
1 (25)
-
2 (50)
-

0.848
0.343
0.452
0.046
0.745

CT scan prior to intervention, n (%) 26 (93) 1 (100) 3 (75) 0.483

Multiple abdominal abscesses, n (%) 1 (4) - 1 (25) 0.236

Sepsis, n (%)
Early sepsis <72h

4 (14)
-

-
-

3 (75)
-

0.018

Hemodynamic instability, n (%) - - 2 (50) <0.001

In hospital mortality after Whipple / 
PPPD, n (%)

- 1 (100) - <0.001

Hospital stay, days (median; IQR) 29 (21-39) 11 40 (16-84) 0.286

Mean survival, months 39 0.4 49 <0.001

SI = surgical intervention, IQR = interquartile range, CT = computed tomography
* all patients who underwent 1 or more non-operative interventions
$ all patients who first underwent non-operative intervention followed by surgical intervention
+ all patients who underwent 1 or more surgical interventions

PPH was reported in 66 patients (6%). Patients with PPH were treated by type of bleeding: early 
or late PPH. In the second cohort all patients with early PPH were managed surgically, this failed 
in only one patient (Table 2). Patients with late PPH were more frequently managed by non-
operative interventions (n=33). This failed in 12 patients (36%). No predictive factors for failure 
of non-operative interventions were found. Finally, 29 out of 45 patients with primary abscesses 
were managed by non-operative intervention. This only failed in 1 patient. Four patients were 
managed surgically, 3 of these patients suffered from sepsis and 2 patients were hemodynami-
cally unstable.
Based on the above mentioned results an algorithm was created (Figure 1). Patients with PF, 
HJ leakage, late PPH and primary abscess should primarily undergo non-operative intervention. 
Except when patients are hemodynamically unstable, resuscitation has failed or patients suffer 
from early sepsis, patients benefit from primary surgical intervention.
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DISCuSSIon

In this series the postoperati ve management of pati ents with surgical complicati ons aft er PD 
was evaluated. A total of 263 pati ents suff ered from postoperati ve complicati ons anastomoti c 
leakage, PPH and primary intra-abdominal abscesses. The increased incidence of PF throughout 
the last 20 years was accompanied by a shift  from surgical to non-operati ve management, with 
a decrease in length of hospital stay in the non-operati ve group. The success rates of surgical 
and non-operati ve interventi ons were similar, this applied to all complicati ons. A shift  towards 
non-operati ve management was also seen in pati ents with late PPH; furthermore, all pati ents 
with primary abscesses are nowadays managed by non-operati ve interventi ons without any 
failure of therapy. Pati ents suff ering from GE leakage were managed by both non-operati ve and 
surgical interventi ons; the latt er interventi on being successful in all pati ents. GE leakage was only 
reported in the second cohort, without a clear explanati on. Although all pati ent records have 
been extensively analyzed it is possible that due to the rarity of GE leakage and the overall low 
incidence it has not been recognized in the earlier years. The increased incidence of pancreati c 
fi stula and maybe GE leakage can partly be the result of improved diagnosti cs throughout the 
years. Through the use of high quality imaging we are now able to diagnose anastomoti c leakage 
more accurately. While an abscess was fi rst diagnosed as primary abscess without anastomoti c 
leakage, an underlying leakage of the pancreati c or enteric anastomosis is now more oft en proven 
to be the cause.

figure 1: Algorithm
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Although the majority of patients in this study were adequately managed without surgical 
interventions, failure of non-operative management requiring surgical re-intervention occurred 
in 21% and 36% of patients with PF and late PPH, respectively, leading to high mortality rates. 
Other studies have reported 13% to 28% failure rates 8,9. While no predictive factors for failure 
of non-operative management were identified within the late PPH group, sepsis was identified 
as the only independent predictor of failure of non-operative management in patients with PF. 
The importance of preventing failure of non-operative management for long-term outcomes was 
emphasized by its association with poor survival. The risk of dying within 5 years after PD was 
6 times higher in patients with PF in whom non-operative management failed. Previously pub-
lished studies have also reported the correlation between high mortality rates and inadequate 
management of postoperative complications 20. Hospitals reporting high and low mortality rates 
were compared showing no differences in patient characteristics and number of complications. 
However, the rate of successful management of complications was lower in hospitals reporting 
high mortality rates. This high mortality was caused by failure to rescue 21. This can be avoided 
by improving postoperative management, ensuring the availability of interventional radiolo-
gists 22. Furthermore, non-operative interventions should be performed by a team of specialized 
interventional radiologists and endoscopists working in a high volume hospital with appropriate 
hospital resources 23.
Non-operative intervention is preferable in most patients; however consensus has been reached 
in the literature concerning early PPH which should be managed by primary surgical interven-
tion 24,25,26. This is in accordance with the present study; all patients with early PPH were man-
aged surgically in the last 10 years which was successful in 86%. This study identified two factors 
predictive for primary SI in patients suffering from PF: hemodynamic instability and sepsis. All 
patients in this group suffered from early sepsis. Early sepsis, like early PPH is most likely caused 
by an underlying anastomotic, surgical problem. Early sepsis in patients with HJ leakage also led 
to primary SI.
The predictive factors identified in this study, based on a cohort of 1037 patients, provided the 
basis for the development of an algorithm according to which intervention should be performed 
(Figure 1). Despite the paucity of data from randomized or prospective trials this is one of the 
largest series in which the outcomes of non-operative and surgical interventions after pancreatic 
resection were analyzed. Patients with GE leakage were excluded form the algorithm; due to the 
rarity of this complication it was difficult to predict which intervention to perform. Although the 
design of the study prohibits us from concluding that all patients with sepsis should undergo 
primary SI, these patients are most vulnerable, especially when sepsis occurs in the first 72 hours, 
and can be successfully controlled by surgical drainage and/or management of the underlying 
cause such as an anastomotic dehiscence 9,26.
Primary non-operative interventions were successful in patients suffering from PF, HJ leakage, late 
PPH and intra abdominal abscesses. A recent study reported a 100% success rate in the manage-
ment of HJ leakage by non-operative interventions only 14. The use of non-operative management 
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has changed over the last years, it has often become the management of first choice in dealing 
with most postoperative complications 11,12,27. This could have led to a selection bias in the course 
of this study.
In conclusion, the shift from surgical towards non-operative interventions was most notable in 
patients suffering from PF. However, no differences in the success rates of postoperative manage-
ment were seen. PF, HJ leakage, late hemorrhage and primary abscesses can be managed non-
operatively; however, hemodynamic instability and early sepsis are strong arguments to perform 
primary SI.
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