
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00423-022-02708-0

RESEARCH

Surgical management of severe pancreatic fistula 
after pancreatoduodenectomy: a comparison of early versus late 
rescue pancreatectomy

Thomas F. Stoop1,2,3 · Klara Fröberg1 · Ernesto Sparrelid1 · Marco Del Chiaro4 · Poya Ghorbani1

Received: 26 April 2022 / Accepted: 9 October 2022 
© The Author(s) 2022

Abstract
Background Rescue pancreatectomy for postoperative pancreatic fistula (POPF) after pancreatoduodenectomy (PD) is asso-
ciated with high mortality. However, in-depth literature is scarce and hard to interpret. This study aimed to evaluate the 
indications, timing and perioperative outcomes of rescue pancreatectomy for severe POPF after PD.
Methods Retrospective single-centre study from all consecutive patients (2008–2020) with POPF-C after PD (ISGPS 2016 
definition). Major morbidity and mortality during hospitalization or within 90 days after index surgery were evaluated. Time 
from index surgery to rescue pancreatectomy was dichotomized in early and late (≤ 11 versus > 11 days).
Results From 1076 PDs performed, POPF-B/C occurred in 190 patients (17.7%) of whom 53 patients (4.9%) with POPF-C 
were included. Mortality after early rescue pancreatectomy did not differ significantly compared to late rescue pancreatectomy 
(13.6% versus 35.3%; p = 0.142). Timing of a rescue pancreatectomy did not change significantly during the study period: 
11 (IQR, 8–14) (2008–2012) versus 14 (IQR, 7–33) (2013–2016) versus 8 days (IQR, 6–11) (2017–2020) (p = 0.140). Over 
time, the mortality in patients with POPF grade C decreased from 43.5% in 2008–2012 to 31.6% in 2013–2016 up to 0% in 
2017–2020 (p = 0.014). However, mortality rates after rescue pancreatectomy did not differ significantly: 31.3% (2008–2012) 
versus 28.6% (2013–2016) versus 0% (2017–2020) (p = 0.104).
Conclusions Rescue pancreatectomy for severe POPF is associated with high mortality, but an earlier timing might favour-
ably influence the mortality. Hypothetically, this could be of value for pre-existent vulnerable patients. These findings must 
be carefully interpreted considering the sample sizes and differences among subgroups by patient selection.

Keywords Pancreatoduodenectomy · Severe pancreatic fistula · Rescue pancreatectomy · Indications · Timing · 
Perioperative outcomes

Introduction

Postoperative pancreatic fistula (POPF) is a fairly common 
complication after pancreatoduodenectomy (PD) [1, 2], 
requiring change of management in approximately one fifth 
of patients [3]. The vast majority of POPF-related complica-
tions can be treated conservatively with percutaneous drain-
age of intra-abdominal collections. Even some of the more 
dangerous sequels of POPF like erosive bleeding can be 
treated nowadays with arterial embolization and/or stenting 
[4]. However, around 2% of patients develop organ failure 
that could require surgical debridement, parenchyma-sparing 
surgery or even rescue pancreatectomy [5, 6].

Rescue pancreatectomy is considered as a last-resort 
treatment whereby the pancreatic remnant as the cause of 
abdominal sepsis is removed [7, 8]. This intervention is 
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associated with high mortality rates up to 56% [9]. Moreo-
ver, the life-long metabolic insufficiencies that negatively 
impacts the quality of life further strengthens the general 
reluctance to perform rescue pancreatectomy in these 
critically ill patients [10, 11]. Regardless of the decreas-
ing need for rescue pancreatectomy [12], it is important 
to clarify the evidence about the indications, timing and 
perioperative outcomes since the present literature on sur-
gical management of POPF is very heterogeneous without 
in-depth analyses of its indications, impeding the interpre-
tation by clinicians [13].

The present study aims to provide insight to the indications, 
timing and (its association with) perioperative outcomes of res-
cue pancreatectomy for severe POPF.

Materials and methods

This retrospective single-centre study is approved by 
the Ethical Committee Stockholm (registration number 
2017/1977–32/1) and performed following the Strengthen-
ing the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines [14].

Study population and design

All consecutive adult patients (age ≥ 18 years) who underwent a 
PD for any indication with any type of pancreatic reconstruction 
at Karolinska University Hospital (January 1, 2008–December 
31, 2020) were included if the postoperative course was com-
plicated by POPF grade C. Patients who previously underwent 
a left-sided pancreatic resection were excluded.

Surgical management

Despite the variances between surgeons in our institution, 
PD has over time been performed in a standardised fashion 
as described below. PD included either pylorus-preserving 
or the classic Whipple procedure. Anatomic reconstruction 
was performed with stent-free end-to-side duct-to-mucosa 
or end-to-end “dunking” pancreaticojejunostomy. As a rule, 
two surgical drains were placed adjacent to the pancreatico-
jejunostomy and the hepaticojejunostomy. Drain output and 
content were analysed daily, and drains were removed when 
there were no signs of leakage (correlation between amylase 
and bilirubin content in the drain versus the serum equiva-
lent). Preoperative octreotide was not used as a prophylaxis, 
but only postoperatively administrated in selected cases in 
presence of high-risk conditions (high-risk pancreatic recon-
struction) or when a high output POPF was present.

Definitions

The comorbidity status was presented with the age-
adjusted Charlson Comorbidity Index (CCI), calculated 
by https:// www. mdcalc. com/ charl son- comor bidity- 
index- cci (accessed at May 2021). Patients’ preoperative 
condition was expressed, using the American Society of 
Anaesthesiologists-Physical Status (ASA-PS) classifica-
tion. Histopathology was defined according to the World 
Health Organization definition [15]. The International 
Study Group of Pancreatic Surgery (ISGPS) guidelines 
were followed to define the (extent of) pancreatectomy 
[16]. The pancreas parenchyma texture was classified 
intraoperatively by the operating surgeon as either soft 
or firm/hard.

Major morbidity was defined as Clavien-Dindo 
grade ≥ IIIa within 90 days or during hospitalization after 
index surgery [17]. Therapeutic interventions for (intra-)
abdominal major morbidity were registered, whereby 
the intra-procedural findings were registered as reason 
for that procedure instead of pre-procedural suspected 
complication(s). Interventions for wound dehiscence or 
wound care are separately described, but not included in 
the overall number of therapeutic interventions since they 
often carry a limited physiological burden. Organ failure 
was defined as the need for invasive respiratory support, 
haemodynamic instability requiring inotropic and/or dialy-
sis for > 24 h. If the duration of these clinical condition(s) 
was/were shorter than 24 h as consequence of being discon-
tinued by rescue pancreatectomy or death by rapid clinical 
deterioration, it was classified as ‘imminent’ organ failure. 
Mortality was defined as death within 90 days or during hos-
pitalization. POPF, delayed gastric emptying (DGE), post-
pancreatectomy haemorrhage (PPH) and bile leakage were 
classified in accordance with the ISGPS and International 
Study Group of Liver Surgery (ISGLS); only grades B and 
C were considered clinically relevant [18–21]. Pancreatic 
surgery-specific complications were classified from time of 
PD as index operation.

Time from index surgery to rescue pancreatectomy was 
dichotomized in early and late (≤ 11 versus > 11 days), 
based on recent literature (i.e. studies with inclusion peri-
ods from 2000 and onwards) [9, 22–28]. See Supplemen-
tary Digital Content 1 for the literature search strategy 
and Table 4 for the studies that are used to calculate the 
average timing of rescue pancreatectomy.

Statistical analyses

Data analyses were performed with IBM SPSS for Windows 
version 28 (IBM Corp., Orchard Road Armonk, New York, 
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United States of America). Statistical significance was con-
sidered as a two-tailed p value < 0.050. Categorical data are 
presented as frequencies and proportions, compared with 
the Pearson’s chi square test or the Fisher’s exact test when 
appropriate. Normally distributed continuous data are com-
pared with the student t test, presented as means with standard 
deviations (± SD). Non-normally distributed continuous data 
are compared with the Mann–Whitney U test, presented as 
medians with interquartile ranges (IQRs). Trends over time 
were investigated, comparing arbitrarily defined periods 
(2008–2012, 2013–2016 and 2017–2020); the Mantel-Hae-
nzel test was used for categorical variables, and the Kruskal 
Wallis test was used for continuous variables. The literature-
based cut-off for early versus late rescue pancreatectomy was 
calculated by converting medians with (interquartile) ranges 
to means (± SD) if necessary and subsequently calculating 
the pooled weighted mean [29, 30]. The median number of 
performed interventions was calculated among patients who 
underwent at least such intervention, aiming to provide better 
insight on the individual burden. The same strategy was used 
for the length of intensive care unit (ICU) admission.

Results

Overall, 1076 PDs were performed during the study period 
of which 190 (17.7%) were complicated with POPF grade 
B/C; 53 patients (4.9%) with POPF grade C were included 
in this study.

Clinicopathological and surgical characteristics

The study population had a median age of 70 years (IQR, 
63–76), predominantly diagnosed with periampullary ade-
nocarcinoma (n = 23, 43.4%), according to the final histo-
pathology; papilla adenocarcinoma (n = 9, 17.0%), distal 
cholangiocarcinoma (n = 7, 13.2%) and duodenal adenocar-
cinoma (n = 7, 13.2%). The remaining patients were diag-
nosed with non-invasive intraductal papillary mucinous 
neoplasm (n = 8, 15.1%), pancreatic ductal adenocarci-
noma (n = 5, 9.4%), pancreatic neuroendocrine tumor (n = 4, 
7.5%), duodenal squamous cell carcinoma (n = 1, 1.9%), or 
miscellaneous benign diagnoses (n = 12, 22.6%). One patient 
was preoperatively treated with chemotherapy, whereas all 
others (n = 52, 98.1%) underwent upfront surgical resection.

PD was combined with resection of adjacent organs and/
or vasculature in 17.0% of patients, including portomesen-
teric venous resection (n = 5, 9.4%), colonic resection (n = 3, 
5.7%) and subtotal gastrectomy (n = 2, 3.8%). See Table 1 
for the baseline characteristics and procedural details of the 
index surgery. All procedures were performed via laparot-
omy, either primarily (n = 52, 98.1%) or converted after an 
initial minimally invasive approach (n = 1, 1.9%).

Postoperative outcomes

Interventions to manage intra-abdominal complications 
were performed in 51 patients (96.2%). The remaining two 
patients who were classified as POPF grade C suddenly 
died both at 10 days after index surgery without any inter-
vention: massive PPH (n = 1) and cardiac arrest (n = 1). 
The median time from index surgery to the first interven-
tion was 7 days (IQR, 3–10), including percutaneous drain-
age (n = 15, 28.3%), gastroscopy (n = 5, 9.4%), angiogra-
phy ± embolization (n = 4, 7.5%), relaparotomy without 
rescue pancreatectomy (n = 16, 30.2%), or rescue pan-
createctomy (n = 11, 20.8%) as first intervention to man-
age intra-abdominal complications. Overall, 36 patients 
(67.9%) developed organ failure, requiring admission to 
the intensive care unit (ICU) in 66.0% of patients (n = 35). 
Mortality was 30.2% (n = 16) at a median of 29 days (IQR, 
13–49) after index surgery. See Table 2 for the postopera-
tive outcomes.

Surgical management

Overall, one or multiple relaparotomies was/were required 
in 49 patients (92.5%), whereby the first relaparotomy 
was performed at a median of 8 days (IQR, 3–13) after 
index surgery. Patients underwent relaparotomies to man-
age (A) abdominal collection(s) (n = 49/53, 92.5%), (B) 
PPH (n = 25/53, 47.2%), (C) hepaticojejunostomy leakage 
(n = 18/53, 34.0%) and/or (D) leakage of the gastroenteroa-
nastomosis (n = 5/53, 9.4%). Of them, a median of one relap-
arotomy (IQR, 1–2) was performed per patient, of whom 
20 patients (40.8%) underwent multiple relaparotomies to 
manage intra-abdominal complications.

In patients who were treated with at least one relapa-
rotomy for intra-abdominal collection(s) (n = 24) (not con-
sidered the relaparotomies for intra-abdominal collection[s] 
after eventual rescue pancreatectomy) and hereby exclud-
ing patients in which PPH was (one of) the indication(s), 
solely surgical debridement was performed 12.5% (n = 3/24), 
whereas rescue pancreatectomy was considered inevitable in 
21 patients (87.5%) during the first relaparotomy (n = 19/21, 
90.5%) or later on (n = 2/21, 9.5%).

Relaparotomy for PPH was performed in 24 patients 
(45.3%) after index surgery (not considered the relaparoto-
mies for PPH after eventual rescue pancreatectomy), com-
bined with a rescue pancreatectomy in 70.8% of patients 
(n = 17/24). One of these rescue pancreatectomies was per-
formed during a planned revision. Relaparotomy for PPH 
was preceded by minimally invasive interventions in 37.5% 
of patients (n = 9/24).

Wound dehiscence requiring relaparotomy occurred in 17 
patients (32.1%); median of revisions under general anaes-
thesia was 4 (IQR, 1–10).
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Rescue pancreatectomy — indications and procedural 
details

Rescue pancreatectomy was performed in 73.6% of patients 
(n = 39/53) at a median of 10 days (IQR, 8–15) from index 
surgery. Preoperatively, the clinical condition was clas-
sified as ASA-PS III (n = 13/39, 33.3%) or ASA-PS IV 
(n = 19/39, 48.7%) (missing n = 7). See Table 1 for the base-
line characteristics of the patients who underwent a rescue 
pancreatectomy.

Indications comprised non-drainable intra-abdomi-
nal collections ± clinical deterioration/abdominal sep-
sis (n = 22/39, 56.4%), PPH (n = 8/39, 20.5%), or both 
(n = 9/39, 23.1%). Rescue pancreatectomy was preceded 
by other surgical interventions in 71.8% (n = 28/39). In 
the group of patients where rescue pancreatectomy was 
the first intervention performed (n = 11/39, 28.2%), the 
majority of patients had (imminent) organ failure prior 
to rescue pancreatectomy (n = 6/11, 54.5%).

Rescue pancreatectomy was combined with a splenec-
tomy in 28 patients (71.8%) and was defined as an extended 
procedure in one patient by a subtotal gastrectomy. The 
median operation time was 164 min (IQR, 131–232) (miss-
ing n = 17) with a median intraoperative blood loss of 
1700 ml (IQR, 413–3400) (missing n = 10). Auto-islet trans-
plantation was performed in 17.9% (n = 7).

Rescue pancreatectomy — outcome

In the overall group of patients who underwent a rescue pan-
createctomy, single- and multi-organ failure occurred in 35.9% 
(n = 14/39) and 30.8% (n = 12/39) of patients, respectively. 
Twenty-seven patients (69.2%) were admitted on the ICU.

Prior to rescue pancreatectomy, 14 patients (35.9%) were 
admitted on the ICU, and the majority developed imminent 
(n = 5/39, 12.8%), single- (n = 12/39, 30.8%) or multi-organ 
(n = 8/39, 20.5%) failure. After rescue pancreatectomy, 
ICU admission rate was 66.7% (n = 26/39) and imminent, 

Table 1  Baseline characteristics — index surgery

n, number of patients, IQR, interquartile range; BMI, body mass index (kg/m2); CCI, Charlson Comorbidity Index; ASA-PS, American Society 
of Anesthesiologists – Physical Status; kg, kilogram; m, metre; min, minutes; ml, millilitres; mm, millimetres; PDAC, pancreatic ductal adeno-
carcinoma; ±, rescue pancreatectomy versus no rescue pancreatectomy; a, Mann-Whitney U test; b, Chi-square test; c, Fisher’s exact test. Bold 
value indicates statistical significance (p < 0.050); §, n = 7 missing; §§, n = 4 missing; ⌘, n = 2 missing; ⌘⌘, n = 3 missing; *, n = 7 missing; **, 
n = 2 missing; #, n = 9 missing; ##, n = 3 missing; ¶, n = 9 missing; ¶¶, n = 2 missing; ♮, n = 2 missing; ♮♮, n = 3 missing

Variable All patients (n = 53) Rescue pancreatectomy 
(n = 39)

No rescue pancreatectomy 
(n = 14)

p value ±

Preoperative characteristics
Age (median, IQR) (years) 70 (63–76) 71 (62–76) 67 (64–75) 0.880a
Female sex, n (%) 16 (30.2) 10 (25.6) 6 (42.9) 0.311c
BMI (median, IQR) (kg/m2) 26 (25–29) 26 (24–28) 28 (26–36) 0.039a
CCI (median, IQR) 3 (2–4) 3 (2–4) 3 (2–4) 0.535a
ASA-PS, n (%) 0.962b
  I–II 30 (56.6) 22 (56.4) 8 (57.1)
  III–IV 23 (43.4) 17 (43.6) 6 (42.9)
Procedural details
Operation time (min) (median, IQR) 387 (355–446) 390 (359–444)§ 368 (320–528)§§ 0.535a
Blood loss (ml) (median, IQR) 400 (263–763) 400 (275–650)⌘ 450 (250–1800)⌘⌘ 0.370a
High-risk pancreas conditions, n (%)
  Soft pancreas parenchyma 35 (66.0) 27 (69.2)* 8 (57.1)** 0.227c
  Pancreatic duct (≤ 3 mm) 34 (64.2) 25 (64.1)# 9 (64.3)## 1.000c
  Both 28 (52.8) 22 (56.4)¶ 6 (42.9)¶¶ 0.169c
Pancreaticojejunostomy, n (%) 0.011c
  Duct-to-mucosa 39 (73.6) 25 (64.1) 14 (100)
  Invagination 14 (26.4) 14 (35.9) 0 (0)
Pylorus-preserving, n (%) 12 (22.6) 12 (30.8)♮ 0 (0)♮♮ 0.044c
Extended, n (%) 9 (17.0) 6 (15.4) 3 (21.4) 0.684c
Postoperative histopathology
Malignant, n (%) 33 (62.3) 23 (59.0) 10 (71.4) 0.410b
High-risk pathology (other than PDAC or 

pancreatitis), n (%)
45 (84.9) 32 (82.1) 13 (92.9) 0.665c
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single- and multi-organ failure was seen in 10.3% (n = 4/39), 
30.8% (n = 12/39) and 20.5% (n = 8/39 20.5%) of patients.

Mortality after rescue pancreatectomy was 23.1% 
(n = 9/39). The postoperative outcomes after rescue pan-
createctomy are described in Table 2. Mortality after rescue 
pancreatectomy as first relaparotomy did not differ signifi-
cantly from the mortality rates of patients who underwent at 
least one relaparotomy prior to the rescue pancreatectomy 
(n = 1/9, 11.1% versus n = 8/30, 26.7%; p = 0.654).

Early versus late rescue pancreatectomy — outcome

Considering the overall postoperative course from index 
surgery, fewer interventions were performed in patients 

who underwent an early rescue pancreatectomy in com-
parison to late rescue pancreatectomy (median = 3, IQR 
2–5 versus median = 7, IQR 3–8; p = 0.008). Especially the 
relaparotomy rate was lower in patients who underwent an 
early staged rescue pancreatectomy (median = 1, IQR 1–2 
versus median = 2, IQR 1–3; p = 0.017), whereas the rates 
of other interventions were more similar between these 
groups. However, no significant differences were seen in 
the occurrence of organ failure and ICU admission. Fur-
thermore, the 90-day mortality rate did not differ signifi-
cantly (n = 3/22, 13.6% versus n = 6/17, 35.3%; p = 0.142). 
See Table 3 for the postoperative outcomes after early versus 
late rescue pancreatectomy, including the outcomes before 
and after rescue pancreatectomy. Indications for early and 

Table 2  Postoperative outcomes

n, number of patients; DGE delayed gastric emptying; PPH, postpancreatectomy hemorrhage; IQR, interquartile range; N/A, not applicable; 
ICU, intensive care unit; ±, rescue pancreatectomy versus no rescue pancreatectomy; a, Mann-Whitney U test; b, Chi-square test; c, Fisher’s 
exact test. Bold value indicates statistical significance (p < 0.050); *, n = 2 missing; **, n = 1 missing. Due to the retrospective methodology, the 
precise length of ICU admission was missing in two patients

Variable All patients
(n = 53)

Rescue pancreatectomy
(n = 39)

No rescue pancreatectomy
(n = 14)

p value ±

DGE, n (%) 0.031c
  Grade B 12 (22.6) 8 (20.5) 4 (28.6)
  Grade C 35 (66.0) 29 (74.4) 6 (42.9)
PPH, n (%) 0.267c
  Grade B 11 (20.8) 6 (15.4) 5 (35.7)
  Grade C 33 (62.3) 26 (66.7) 7 (50.0)
Bile leakage, n (%) 0.135c
  Grade B 2 (3.8) 2 (5.1) 0 (0)
  Grade C 18 (34.0) 16 (41.0) 2 (14.3)
Interventions, n (%) 51 (96.2) 39 (100) 12 (85.7) 0.066c
Interventions (median, IQR) 3 (2–6) 4 (2–7) 2 (1–4) 0.019a
  Percutaneous drainages, n (%) 35 (66.0) 29 (74.4) 6 (42.9) 0.049c
    Percutaneous drainages (median, IQR) 2 (1–3) 2 (1–3) 2 (1–3) 0.525a
  Angiography ± embolization PPH, n (%) 12 (22.6) 11 (28.2) 1 (7.1) 0.148c
    Angiography ± embolization PPH (median, IQR) 1 (1–2) 1 (1–2) 2 (2–2) 0.220a
  Endoscopic intervention PPH, n (%) 7 (13.2) 7 (17.9) 0 (0) 0.170c
    Endoscopic intervention PPH (median, IQR) 1 (1–3) 1 (1–3) N/A N/A
  Endoscopic intervention GE leakage, n (%) 3 (5.7) 2 (5.1) 1 (7.1) 1.000c
  Relaparotomy, n (%) 49 (92.5) 39 (100) 10 (71.4) 0.003c
    Relaparotomy (median, IQR) 1 (1–2) 1 (1–2) 1 (1–1) 0.092a
Organ failure, n (%) 0.313c
  Imminent organ failure 6 (11.3) 3 (7.7) 3 (21.4)
  Single organ failure 19 (35.8) 14 (35.9) 5 (35.7)
  Multi-organ failure 17 (32.1) 12 (30.8) 5 (35.7)
Postoperative hospital stay (days) (median, IQR)
  ICU stay, n (%) 35 (66.0) 27 (69.2) 8 (57.1) 0.515c
  ICU stay (days) (median, IQR) 8 (4–19)* 8 (2–19)** 11 (5–28)** 0.399a
90-day mortality, n (%) 16 (30.2) 9 (23.1) 7 (50.0) 0.090c
  Time from index surgery to death (days) (median, IQR) 29 (13–49) 43 (27–70) 12 (10–24) 0.005a
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Table 3  Early versus late rescue pancreatectomy

Variable Early rescue pancreatectomy 
(n = 22)

Late rescue pancreatectomy 
(n = 17)

p value

Overall outcomes
DGE, n (%) 0.002c
  Grade B 8 (36.4) 0 (0)
  Grade C 12 (54.5) 17 (100)
PPH, n (%) 0.249c
  Grade B 3 (13.6) 3 (17.6)
  Grade C 13 (59.1) 13 (76.5)
Bile leakage, n (%) 0.334c
  Grade B 0 (0) 2 (11.8)
  Grade C 10 (45.5) 6 (35.3)
Interventions (median, IQR) 3 (2–5) 7 (3–8) 0.008b
  Percutaneous drainages, n (%) 16 (72.7) 13 (76.5) 1.000c
    Percutaneous drainages (median, IQR) 1 (1–3) 3 (2–5) 0.005b
  Angiography ± arterial embolization PPH, n (%) 5 (22.7) 6 (35.3) 0.482c
    Angiography ± arterial embolization PPH (median, IQR) 1 (1–2) 1 (1–1) 0.849b
  Endoscopic intervention PPH, n (%) 3 (13.6) 4 (23.5) 0.677c
    Endoscopic intervention PPH (median, IQR) 1 (1–1) 3 (1–3) 0.076b
  Relaparotomy (median, IQR) 1 (1–2) 2 (1–3) 0.017b
Organ failure, n (%) 0.703c
  Imminent organ failure 2 (9.1) 1 (5.9)
  Single organ failure 9 (40.9) 5 (29.4)
  Multi organ failure 5 (22.7) 7 (41.2)
Postoperative hospital stay (days) (median, IQR) 26 (22–61) 54 (34–63) 0.041a
  ICU stay, n (%) 13 (59.1) 14 (82.4) 0.119b
  ICU stay (days) (median, IQR) 6 (3–11) 13 (2–34)* 0.257a
90-day mortality, n (%) 3 (13.6) 6 (35.3) 0.142c
Outcomes before rescue pancreatectomy
Interventions, n (%) 13 (59.1) 15 (88.2) 0.073c
Interventions (median, IQR) 1 (1–2) 3 (2–4) 0.004a
  Percutaneous drainages, n (%) 7 (31.8) 12 (70.6) 0.016b
    Percutaneous drainages (median, IQR) 1 (1–1) 2 (1–3) 0.045a
  Angiography ± arterial embolization PPH, n (%) 2 (9.1) 4 (23.5) 0.374c
    Angiography ± arterial embolization PPH (median, IQR) 1 (1–1) 1 (1–2) 0.480a
  Endoscopic intervention PPH, n (%) 2 (9.1) 4 (23.5) 0.374c
    Endoscopic intervention PPH (median, IQR) 1 (1–1) 2 (1–3) 0.264a
  Relaparotomy, n (%) 5 (22.7) 5 (29.4) 0.721c
    Relaparotomy (median, IQR) 1 (1–2) 1 (1–2) 1.000a
Organ failure, n (%) 0.644c
  Imminent organ failure 3 (13.6) 2 (11.8)
  Single organ failure 8 (36.4) 4 (23.5)
  Multi organ failure 3 (13.6) 5 (29.4)
ICU stay, n (%) 5 (22.7) 9 (52.9) 0.051b
ICU stay (days) (median, IQR) 4 (1–5) 4 (2–6)* 0.647a
Outcomes after rescue pancreatectomy
Interventions, n (%) 17 (77.3) 13 (76.5) 1.000c
Interventions (median, IQR) 2 (1–3) 2 (2–4) 0.064a
  Percutaneous drainages, n (%) 13 (59.1) 11 (64.7) 0.721b
    Percutaneous drainages (median, IQR) 2 (1–2) 1 (1–3) 0.706a
  Angiography ± arterial embolization PPH, n (%) 4 (18.2) 2 (11.8) 0.679c
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late rescue pancreatectomy were comparable: non-drainable 
intra-abdominal collections ± clinical deterioration/abdomi-
nal sepsis (n = 13/22, 59.1% versus n = 9/17, 52.9%), PPH 
(n = 4/22, 18.2% versus n = 4/17, 23.5%), or both (n = 5/22, 
22.7% versus n = 4/17, 23.5%) (p = 0.911).

Time trends

The number of patients with POPF grade B/C treated 
with a rescue pancreatectomy was similar in the differ-
ent time periods: 24.6% (n = 16/65) [2008–2012] versus 
21.5% (n = 14/65) [2013–2016] versus 15.0% (n = 9/60) 
[2017–2020] (p = 0.187). See Fig. 1 for the time trends. 
Timing of a rescue pancreatectomy did not change signifi-
cantly during the study period but seemed to be timed in an 
earlier stage after index surgery in the most recent years: 
11 days (IQR, 8–14) [2008–2012] versus 14 days (IQR, 
7–33) [2013–2016] versus 8 days (IQR, 6–11) [2017–2020] 
(p = 0.140).

Over time, the mortality in patients with POPF grade C 
decreased from 43.5% (n = 10/23) in 2008–2012 to 31.6% 
(n = 6/19) in 2013–2016 up to 0% (n = 0/11) in 2017–2020 
(p = 0.014). The same trend occurred in the subgroup of 
patients that was treated with a rescue pancreatectomy, but 
the differences did not reach significance: 31.3% (n = 5/16) 
[2008–2012] versus 28.6% (n = 4/14) [2013–2016] versus 
0% (n = 0/9) [2017–2020] (p = 0.104).

Over time, no significant differences were seen in the 
baseline characteristics (i.e. age, body mass index, CCI and 
ASA-PS) among patients who underwent a rescue pancrea-
tectomy (data not shown). The rates of patients who under-
went at least one relaparotomy prior to rescue pancreatec-
tomy were similar over time: 25.0% (n = 4/16) [2008–2012] 

versus 28.6% (n = 4/14) [2013–2016] versus 22.2% (n = 2/9) 
[2017–2020] (p = 0.924). Also, the number of patients who 
underwent a rescue pancreatectomy as first intervention 
to manage intra-abdominal complications did not differ 
significantly: 31.3% (n = 5/16) [2008–2012] versus 35.7% 
(n = 5/14) [2013–2016] versus 11.1% (n = 1/9) [2017–2020] 
(p = 0.362).

Discussion

The present study provided insight in the complexity of 
the potentially life-threatening POPF after PD and its 
surgical management. The results confirmed the gener-
ally assumed high mortality after rescue pancreatectomy. 
However, rescue pancreatectomies tended to be carried 
out earlier in recent years with non-significantly better 
outcome after early rescue pancreatectomies, specifically 
when not preceded by relaparotomies.

In the overall PD cohort, the incidence of POPF grade 
B/C was similar compared to the literature (18% ver-
sus 19%) [31]. In contrast, the 5% incidence of POPF 
grade C was higher in comparison with the 2% reported 
in a large Asian multicentre study [5], but still fits the 
internationally established benchmark of ≤ 5% [6]. Inter-
esting is the variety of the POPF grade C rates among 
international high-volume centres, ranging from 0 to 12% 
[6]. This wide range could be a surrogate marker for the 
global heterogeneity of the POPF management.

A systematic literature search was performed to iden-
tify recent series about rescue pancreatectomy after PD. 
See Table 4 for the outcomes. In the present study, 21% 
of patients with POPF grade B/C underwent a rescue 

Table 3  (continued)

Variable Early rescue pancreatectomy 
(n = 22)

Late rescue pancreatectomy 
(n = 17)

p value

    Angiography ± arterial embolization PPH (median, IQR) 1 (1–3) 1 (1–1) 0.480a
  Endoscopic intervention PPH, n (%) 1 (4.5) 1 (5.9) 1.000c
    Endoscopic intervention PPH (median, IQR) 1 (1–1) 1 (1–1) 1.000a
  Relaparotomy, n (%) 4 (18.2) 9 (52.9) 0.022b
    Relaparotomy (median, IQR) 1 (1–2) 1 (1–2) 0.704a
Organ failure, n (%) 0.211c
  Imminent organ failure 1 (4.5) 3 (17.6)
  Single organ failure 7 (31.8) 5 (29.4)
  Multi organ failure 3 (13.6) 5 (29.4)
ICU stay, n (%) 13 (59.1) 13 (76.5) 0.254b
ICU stay (days) (median, IQR) 6 (3–10) 10 (2–22) 0.395a

n, number of patients; DGE, delayed gastric emptying; PPH, postpancreatectomy hemorrhage; IQR, interquartile range; ICU, intensive care unit; 
NA, not applicable; *, n = 1 missing; a, Mann-Whitney U test; b, Chi-square test; c, Fisher’s exact test. Bold value indicates statistical signifi-
cance (p < 0.050)
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pancreatectomy, which is in line with the identified lit-
erature (6–30%) [9, 22, 24, 27, 32]. Whereas the need 
for rescue pancreatectomy has decreased over the years 
by improvement of minimally invasive management [12], 
the rescue pancreatectomy rate at Karolinska University 
Hospital did not decrease significantly. An interesting phe-
nomenon in the current study is that rescue pancreatecto-
mies were performed some earlier in recent years. In the 
most recent time period, none of the patients died after 
rescue pancreatectomy in contrast to the 30% mortality 
rate during the earlier years. Because of the heterogeneity 
of cases and small sample sizes, it is difficult to exactly 
determine the underlying explanations. However, baseline 
characteristics and the proportion of upfront rescue pan-
createctomies were similar over time. Possibly, the lower 
mortality rate in recent years is a consequence of improve-
ments in patient selection and early recognition of clinical 
deterioration. Zero mortality after rescue pancreatectomy 
has been reported in previous studies [33, 34], but out-
come in relation to the timing of rescue pancreatectomy 
has never been studied to the best of our knowledge. Only 
Wroński et al. described that any surgical management 
within the first week after index surgery was associated 
with higher mortality then surgery thereafter (73% versus 
39%). They identified organ failure on the day of relapa-
rotomy and need for additional surgical interventions as 
independent predictors for mortality, whereas the timing 
for relaparotomy was not associated [24].

A retrospective national study revealed that severe 
POPF could be sufficiently managed with minimally inva-
sive interventions in the majority of patients [4]. Based on 

these findings, the Dutch Pancreatic Cancer Group per-
formed a nationwide stepped-wedge cluster randomized trial 
(PORSCH trial); implementing a multilevel algorithm for 
early detection of POPF and subsequent decision-making to 
determine if imaging, minimally invasive intervention and 
removal of drain(s) were indicated in patients who under-
went pancreatic surgery. The implementation resulted in a 
nationwide reduction of organ failure and mortality in both 
high and moderate volume centres [35]. In the PORSCH trial, 
still 8% of the patients who underwent a PD in the interven-
tion group needed a relaparotomy. A retrospective analysis 
from the Dutch Pancreatic Cancer Group revealed that res-
cue pancreatectomy was associated with higher mortality in 
comparison to pancreas-preserving surgery, strengthened by 
the literature [9]. Furthermore, mortality was similar between 
simple surgical drainage and other pancreas-preserving surgi-
cal interventions, whereby clinical condition and additional 
intervention rates were similar [36]. However, the mortality 
rate in this pancreas-preserving surgical intervention cohort 
(32%) was higher [36] in comparison to the early rescue 
pancreatectomy group (14%) in the present study. Naturally, 
these cohorts probably differ in baseline characteristics, clini-
cal conditions and indications for relaparotomy. In the light of 
the PORSCH results, early POPF detection is key, and clini-
cians should strive for a step-up approach in the POPF treat-
ment with rescue pancreatectomy as last-resort treatment.

Nevertheless, it is important to realize that even early 
recognition of POPF and a subsequent step-up approach 
may not be so effective in pre-existent vulnerable patients 
[37]. Garnier et al. mentioned that early timing of res-
cue pancreatectomy might influence the outcomes; thus, 

Fig. 1  Rescue pancreatectomy 
over time. PD, pancreatoduo-
denectomy; POPF, postopera-
tive pancreatic fistula

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
PD 57 63 71 70 95 66 95 94 115 89 103 53 105
POPF grade B/C 15 12 10 14 14 11 18 19 17 9 24 8 19
POPF grade C 9 3 4 4 3 1 6 7 5 3 4 0 4
Rescue pancreatectomy 8 1 1 3 3 1 2 6 5 3 4 0 2
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a lower threshold should be used for high-risk patients to 
perform a relaparotomy [22]. The lower intervention and 
mortality rates after early timed rescue pancreatectomy in 
the present study underline this philosophy. Nevertheless, 

patient selection is key, illustrated by the high mortality 
rates after relatively early timed rescue pancreatectomies, 
presented by Wroński and colleagues [24]. The major 
challenge for clinicians is to determine when/if minimally 

Table 4  Literature review

PD pancreatoduodenectomy, n number of patients, N/A not applicable, IQR interquartile range, § outcomes after rescue pancreatectomy are only 
presented for 19 patients who underwent PD for pancreatic ductal adenocarcinoma from the head, a nominator is clinically relevant POPF grade 
B/C, b nominator is total number of PD, which is used as nominator when the number of POPF grade B/C was not available or not applicable, d 
in-hospital/30-day mortality, e 90-day mortality, f mortality period is not specified, ± retrospective analysis of prospectively collected data
ΔOutcomes after rescue pancreatectomy were only presented for the 14 patients in which there was an intraoperative possibility to choose 
between rescue pancreatectomy and a pancreas-preserving technique (patients who mandatorily underwent rescue pancreatectomy were 
excluded)
¶ Outcomes after rescue pancreatectomy were only presented for the 36 patients who underwent primary rescue pancreatectomy but not for those 
who underwent secondary rescue pancreatectomy
* Outcomes after rescue pancreatectomy were only presented for the 19 patients who underwent rescue pancreatectomy due to POPF grade C. 
The indication for the additional 5 rescue pancreatectomies was not presented
⌘Full outcomes after rescue pancreatectomy were only presented for the 17 patients who underwent primary rescue pancreatectomy but not for 
those who underwent secondary rescue pancreatectomy
** Percentage calculated only for POPF grade C resulting from PD performed at the institution itself (n = 18/254). Three patients were treated for 
POPF grade C at this institution after receiving PD at another centre
# Possible underestimation of the incidence of POPF grade C

Publication Study design Study period PD, 
n

POPF C,
n (%)

Rescue pancreatec-
tomy, n (%)

Relapa-
rotomy after 
rescue, n (%)

Mortality 
after rescue, 
n (%)

Time to rescue, 
median (range)

Andreou et al.[26] Retrospective, 
single centre

2005–2015 1005 N/A 62 (6.2) b N/A N/A N/A

   Subgroup§ 19 (1.9) b N/A 8 (42.1) e 8 (3–24)
Balzano et al. [27] Retrospective ± , 

single centre
2004–2011 669 37 (5.5) 16 (16.3) a N/A N/A N/A

   SubgroupΔ 14 (14.3) a 1 (7.1) 3 (21.4) f 17 (6–42)
Fuks et al. [48] Retrospective ± , 

multicentre
2000–2006 680 36 (5.3) 2 (0.3) b N/A 1 (50.2) d N/A

Garnier et al. [22] Retrospective, 
single centre

2012–2019 450 30# (6.7) 21 (27.3) a 5 (23.8) 5 (23.8) d 12 (7–42)

Globke et al. [25] Retrospective ± , 
single centre

2005–2017 1172 N/A 79 (6.7) b 20 (25.3) 27 (34.2) e 10 (3–21)

Groen et al. [9] Retrospective, 
multicentre

2015–2018 4877 N/A 46 (5.9) a N/A N/A 9 (IQR, 6–13)

   Subgroup 36 (4.6) a 14 (38.9) 20 (55.6) e 10 (N/A)
Haddad et al. [23] Retrospective, 

single centre
2000–2006 117 14 (12.0) 5 (4.3) b N/A 2 (40.0) d 6 (5–32)

Luu et al. [32] Retrospective ± , 
single centre

2007–2016 722 23 (3.2) 24 (3.3) b N/A N/A N/A

   Subgroup* 19 (18.1) a N/A 7 (36.8) e N/A
Nentwich et al. 

[28]
Retrospective ± , 

single centre
2002–2012 521 N/A 20 (3.8) b 14 (70.0) 11 (55.0) d 9 (1–38)

Müller et al. [49] Prospective, 
single centre

2001–2006 N/A N/A 23 (N/A) 14 (60.9) 9 (39.1) d N/A

Paye et al. [50] Retrospective ± , 
single centre

2005–2011 254 21# 
(7.1)**

4 (1.6) b N/A 2 (50.0) f N/A

Wronski et al. [24] Retrospective, 
single centre

2003–2017 616 43 (7.0) 20 (29.9) a N/A 11 (55.0) f N/A

   Subgroup⌘ 17 (25.4) a 4 (23.5) 8 (47.1) f 3 (2–9)
Present study Retrospective, 

single centre
2008–2021 1076 53 (4.9) 39 (20.5) a 13 (33.3) 9 (23.1) e 10 (IQR, 8–15)
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invasive interventions and/or pancreas-preserving surgery 
will be (in)sufficient [38]. Luu et al. published criteria as 
indications for a rescue pancreatectomy [32]. However, 
these criteria do not mention the impact of intraoperative 
findings, such as pancreatitis, necrotic parenchyma and/
or bleeding. The impact these parameters on the indica-
tions for and outcomes of pancreas-preserving surgery and 
rescue pancreatectomy should be studied in future studies.

It would be helpful to be aware of the risk at an earlier 
pre-/postoperative stage when the clinical conditions are 
more favourable. A Chinese multicentre study identified 
persistently elevated drain amylase prior to relaparotomy 
as a predictor for unfavourable outcome in patients who 
underwent a relaparotomy for POPF grade C. The vast 
majority of these patients underwent pancreas-preserving 
surgery [39]. Hirono et al. developed a risk score, includ-
ing body mass index, chronic steroid use, preoperative 
serum albumin, pancreatic texture, operation time and 
intraoperative blood transfusion. Despite its discrimina-
tive value (0.77 [95% confidence interval 0.70–0.83]), 
the high-risk group had ‘only’ a risk of 6.6% to develop 
a POPF grade C, suggesting that substantial uncertainty 
remains [5]. The major challenge to predict POPF grade C 
and the associated high mortality could be an argument for 
a prophylactic total pancreatectomy during index surgery 
in the presence of very high–risk conditions and carefully 
selected patients [40, 41]. Hereby, simplified pre- and 
intraoperative predictors can support patient selection and 
counselling [42, 43]. An interesting and less radical con-
cept in high-risk patients is one-time preoperative radio-
therapy, aiming to obtain local fibrosis in the pancreatic 
neck where the future pancreatico-enterostomosis will 
be created (FIBROPANC study) [44]. Hence, pancreatic 
cancer patients who are treated with chemo(radio)therapy 
have a lower chance to develop clinically relevant POPF, 
with radiotherapy as independent predictor [45].

Endocrine and exocrine insufficiencies in an apancreatic 
state are mentioned as reasons to be even more reluctant 
to rescue pancreatectomy. However, metabolic insufficien-
cies can be managed adequately nowadays with acceptable 
(reduction of) quality of life [10, 11]. To reduce the impact 
of the apancreatic state, islet autotransplantation after res-
cue pancreatectomy seems to be a safe option, even when 
the index pancreatectomy is performed because of a non-
multifocal (pre)malignant pancreatic disease [46]. Another 
development that could reduce the side effects of a total pan-
createctomy is the artificial bi-hormonal pump, as shown in 
the APPEL5 + study [47].

The present study should be interpreted in the light of 
several limitations. First, the retrospective methodology 
made it impossible to calculate any clinical scores (i.e., 
[q]SOFA and APACHE-II) to nuance the timing, indica-
tions and outcomes. Second, the sample sizes were too 

small to perform a feasible regression analysis to explore 
any predictors for mortality after rescue pancreatectomy. 
Therefore, the observed differences between early and late 
rescue pancreatectomy are suggestive, and no hard conclu-
sions can be drawn. Furthermore, any matching between 
these two groups is considered unfeasible because of the 
heterogeneous cohort and absence of clinical scores. At 
the very last, we should acknowledge the fact that the 
satisfying results of the early timed rescue pancreatecto-
mies might be considered as ‘too’ early instead of ‘right 
on time’. One can assume that differences in postopera-
tive (POPF) management existed over time and somehow 
between surgeons in time which may have influenced the 
outcomes. The major strengths of this study are the rela-
tively large sample size and the in-depth analyses. Fur-
ther research is required to investigate the predictors for a 
life-threatening POPF that can support the early decision-
making regarding the value of a rescue pancreatectomy in 
vulnerable, high-risk patients. In addition, the timing of 
rescue pancreatectomy should be analysed more in detail, 
involving in-depth clinical parameters and the precise indi-
cations. Hereby, the quality of life and the time to recover 
after rescue pancreatectomy should be considered.

Conclusion

Rescue pancreatectomy for severe POPF is associated with 
high mortality and should be considered as a last resort. 
When deemed needed, it may be more favourable in an 
early stage to avoid further clinical deterioration and sub-
sequent mortality in vulnerable high-risk patients who are 
carefully selected. However, predictors to avoid unnec-
essary, radicality by early rescue pancreatectomy remain 
unsolved. Considering the predominantly non-significant 
differences in this study, the results have to be interpreted 
with caution and mainly seen as hypothesizing.
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