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Abstract

Background Clinically relevant postoperative pancreatic fistula (POPF) occurs in 15-20% of patients after pan-
creaticoduodenectomy (PD) and reintervention in the setting of Grade C POPF remains associated with a mortality
rate of up to 25%. In patients at high risk of POPF, PD with external wirsungostomy (EW) could be a safe alternative
that avoids pancreatico-enteric anastomosis while preserving the remnant pancreas.

Methods Of the 155 consecutive patients who underwent PD from November 2015 to December 2020, 10 patients
were managed using an EW, all with a fistula risk score (FRS) > 7 and BMI >30 kg/mz, and/or major associated
abdominal surgery. The pancreatic duct was cannulated with a polyethylene tube to allow good external drainage of
the pancreatic fluid. We retrospectively analyzed postoperative complications and endocrine and exocrine
insufficiencies.

Results The median alternative FRS was 36.9% [22.1-45.2]. There was no postoperative death. The 90-day overall
severe complication (grade >3) rate was 30% (n = 3 patients), no patient required reoperation, and 2 hospital
readmissions occurred. 3 patients experienced Grade B POPF (30%), managed using image-guided drainage for 2
patients. The external pancreatic drain was removed after a median drainage time of 75 days [63—-80]. Two patients
presented with late symptoms (> 6 months) warranting interventional management (pancreaticojejunostomy and
transgastric drainage). Six patients experienced significant weight loss (> 2 kg) 3 months after surgery. One year
after surgery, 4 patients still complained of diarrhea and were treated with transit-delaying drugs. One patient
presented new-onset diabetes one year after surgery, and 1 of the 4 patients with preexisting diabetes experienced
worsening disease.

Conclusion EW after PD might be a solution to reduce post-operative mortality following PD in high-risk patients.
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Even though the safety of pancreaticoduodenectomy (PD)
has greatly improved over the years, the postoperative
mortality rate still ranges from 0 to 5% in high-volume
centers [1-4] and was 6.9% in a French nationwide anal-
ysis of 12,333 patients [5].

Among the complications that can lead to death, clini-
cally relevant postoperative pancreatic fistula (CR-POPF)
remains the most challenging [6]. In a large series, CR-
POPF occurred in around 15-20%, including 5% of Grade

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-023-06927-4&amp;domain=pdf
https://doi.org/10.1007/s00268-023-06927-4

1534

World J Surg (2023) 47:1533-1539

C POPF after PD [7, 8]. Although the relaparotomy rate is
decreasing with time and increasing access to minimally
invasive drainage, the mortality rate remains high, at
around 15% after catheter drainage [9] and between 23 and
36% after relaparotomy [7, 9, 10]. In addition, obesity has
traditionally been considered a cause of increased surgical
complexity and poor outcomes following abdominal sur-
gery and especially PD, with a twofold increase in risk of
major complications and POPF [11-14].

Several approaches have been developed to reduce the
incidence and severity of POPF after PD and especially
avoidance of performing pancreatico-enteric anastomosis
(occlusion of the main pancreatic duct with glue [15], a
two-stage procedure [16, 17], total pancreatectomy [18] or
external wirsungostomy (EW) [19]).

Funovics et al. [20] first described a technique of pancreato-
cutaneous drainage after PD in 1987. Two-stage PD was then
proposed in 1994 by Miyagawa et al. [21], and the procedure
included PD with tube wirsungostomy for complete external
drainage of pancreatic juice, followed by late-stage reconstruc-
tion. EW alone was then described as a pancreas-preserving
salvage procedure for POPF after PD by Denost et al. [19].
Therefore, in patients with a high-risk for POPF, PD with EW
could be a safe alternative surgical technique by avoiding pan-
creatico-enteric anastomosis and externally draining pancreatic
juice, while preserving the remnant pancreas.

The objective of this study was to report our experience
of PD with external wirsungostomy in patients at high risk
of POPF (fistula risk score (FRS) > 7 and BMI > 30 kg/
m?, and/or major associated abdominal surgery) and to
evaluate the short-term results of this procedure.

Methods
Patient selection

The first EW was performed in 2016 in our department, in
a so-called salvage situation during a heavy surgical pro-
cedure for a retroperitoneal sarcoma associating PD to,
right colectomy, right nephrectomy, right surrenalectomy,
resection of the vena cava with prosthetic reconstruction
and prosthetic reimplantation of the right renal vein.
According to Denost et al. [19], no re-establishment of
pancreatic continuity was proposed in first intent, consid-
ering that peripancreatic adhesions limit the risk of pan-
creatic leak. The external drain was removed at
postoperative day (POD) 67. The patient presented an
isolated uncomplicated acute pancreatitis at POD 86,
without any other late complication (pseudocyst, recur-
rence of acute pancreatitis). Following this experience, this
approach was proposed as an option for patients at high
risk of POPF, and especially obese.
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From November 2015 to December 2020, 155 consecutive
patients underwent PD in our department, including 10 with EW.

The study complied with French National Health
guidelines on research involving human subjects. The
current study was performed with the approval of the
institutional ethics committee review board (Study number
E2021-48). Informed consent was obtained from all indi-
vidual participants included in this study.

External-wirsungostomy indication

The fistula risk score (FRS)[6] and the alternative fistula
risk score (a-FRS)[22] were calculated online (https:/
www.pancreasclub.com/calculators/fistula-risk-score-calcu
lator/). The two scores were validated to accurately predict
the risk of developing CR-POPF. Patients were considered
as candidates for EW in the setting of a FRS > 7 for
patients with BMI > 30 kg/m? and/or associated high risk
surgery. We believed that in such an extended procedure
(cytoreductive surgery with HIPEC in particular) the
occurrence of a POPF would have been catastrophic.

Surgical procedure

The proximal third of the remaining pancreatic duct was
cannulated with a polyethylene tube (Escat drain®, Colo-
plast-Holtedam  1-3-DK-3050  Humlebaek-Denmark),
without passing the tube through the jejunal loop (the cut
plane of the pancreas was fixed to the jejunal) [17]. The
tube was pushed delicately to a depth of 5-6 cm. The size
of the catheter was chosen according to the diameter of the
main pancreatic duct. The catheter was then sewn to the
pancreas with a PDS®4/0 suture with two interrupted
U-shaped sutures, and the free end was passed through the
abdominal wall and sewn to the skin. Two silicone drains
were placed. An omental flap was fashioned and interposed
between the pancreatic stump and the celiac and mesenteric
vessels that had been dissected during PD. The pancreatic
drain was cut after a course of 10 cm from the skin and left
open in a draining pouch until its removal on weeks 8-10.

All patients received single-shot intravenous antibiotic
prophylaxis upon induction of anesthesia. Continuous
injection of somatostatin Eumedica® 6 mg/24 h (Chemin
de la Nauwelette 1, 7170 Manage, Belgium) was initiated
during the operation once resection had been decided and
was continued for 7 days and then relayed by an intra-
muscular injection of somatostatin LAR® 30 mg
(NovartisPharmaSAS).

Follow up

Follow-up was performed every 3 months according to the
French guidelines. The presence of endocrine insufficiency
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was evaluated by measuring venous glucose, with post-
prandial glycemic sticks and by glycated hemoglobin
levels. De novo diabetes was defined as diabetes after
surgery (with the need for insulin therapy) in previous
nondiabetic patients. Worsened diabetes was defined as a
patient with overt diabetes at the time of surgery who then
needed increased treatment after surgery. Exocrine pan-
creatic insufficiency was not monitored because it was
assumed that it would be present in all patients. All patients
received daily pancreatic enzyme therapy. However, the
frequency of daily stool was monitored, and diarrhea was
defined by having loose stools three or more times a day.

Results

The characteristics of the 10 patients are summarized in
Table 1. The median age was 65 years (39-76), and 1
patient had overt diabetes at the time of surgery. Median
operative time was 360 min (240-600). All the patients
presented an FRS over 7 and the median a-FRS was 36.9
(22.1-45.2). Our first patient (patient 1) underwent right
compartment surgery for retroperitoneal sarcoma with right
colectomy, right nephrectomy, pancreaticoduodenectomy,
and prosthetic replacement of the inferior vena cava. Four
other patients had associated visceral and/or vascular
resection (Table 1).

Table 1 Patient characteristics

There were no postoperative deaths, but all patients
experienced at least one complication (Table 2). The
90-day overall severe complication (grade > 3) rate was
30% (n = 3 patients), with 3 percutaneous imaging guided
drainages (PIGDs) for intraabdominal collection (patient 1
and 7) or chemical peritonitis after accidental displacement
of the pancreatic drain (patient 4). 1 of these 3 patients was
admitted to the ICU for septic shock secondary to central
line infection (patient 7). No patient required reoperation or
completion of a pancreatectomy. Ninety-day hospital
readmission occurred for 2 patients (patient 1 and 10,
respectively, for acute pancreatitis and retrogastric
collection).

Regarding specific complications, 3 patients (30%)
experienced clinically relevant POPF (Grade B). Abdom-
inal peripancreatic drain might have been left in place for
extended periods of 23, 25 and 32 days. Two patients
presented (at POD 93 and 102, respectively), a peripan-
creatic collection following pancreatic drain removal,
managed using image-guided drainage (patient 7 and 10). 4
patients suffered from delayed gastric emptying, including
2 Grade B patients. One patient had recurring late acute
pancreatitis on the pancreatic stump.

The pancreatic drain was removed after a median drai-
nage time of 75 days (63-80).

Two patients suffered from self-limited acute abdominal
pain immediately after drain removal.

Patient Age BMI  ASA Pathology Blood FRS a- Associated resection
number (years) (kg/ loss FRS
m’) (ml) (%)
1 59 252 2 Retroperitoneal 1500 8 22.1  Right colectomy, right nephrectomy and adrenalectomy,
sarcoma vena cava resection with prosthetic reconstruction,
renovascular prosthetic reconstruction
2 71 302 2 Distal 750 7 28.5 No
cholangiocarcinoma
3 75 314 3 Ampulla carcinoma 200 299 No
4 73 337 3 Distal 700 343 No
cholangiocarcinoma
5 56 352 3 Distal 200 8 452 No
cholangiocarcinoma
6 76 304 3 Duodenal carcinoma 500 7 36.9 Transverse colectomy
7 39 31 2 Metastasis from rectal 200 6 38.5 Cytoreductive surgery, total pelvectomy, HIPEC
cancer
8 57 312 2 Retroperitoneal 400 9 30.1 Portal vein resection, vena cava resection, right colectomy
sarcoma recurrence
9 59 313 2 Duodenal carcinoma 500 39 No
10 71 328 2 Distal 200 34.9 Portal vein resection, hepatic artery reconstruction

cholangiocarcinoma

ASA American Society of Anesthesiologists classification, a-FRS alternative fistula risk score, BMI body mass index, CDDW cystic dystrophy of
the duodenal wall, FRS fistula risk score, HIPEC hyperthermic intraperitoneal chemotherapy, /PMNs intraductal papillary mucinous neoplasm of

pancreas
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Table 2 Short term and long term results
Patient 90 day severe complications 90 day Late specific complications Endocrine PI 3 months  Significant
number specific (following Escat drain weight exocrine PI/
complications removal) loss steatorrhea
1 PIGD right subphrenic abscess Acute No No Yes No
pancreatitis
No No No No No Yes
No No Acute pancreatitis NODM Yes No
(pancreatojejunostomy 1
y postoperatively)
4 PIGD accidental displacement of Grade B PF No No No No
pancreatic drain (chemical
peritonitis)
5 No No No No Yes No
6 No No No No Yes Yes
ICU management for septic shock Grade B PF,  EGD (retrogastric No Yes No
(central line infection), PIGD Grade B collection)
peripancreatic collection DGE
8 No No No No No Yes
9 No No No No No Yes
10 No Grade B PF, EGD (retrogastric Worsening Yes Yes
Grade B collection) preexisting
DGE diabetes

DGE delayed gastric emptying, EGD EUS-guided drainage, NODM new onset diabetes mellitus, PIGD percutaneous imaging-guided drainage,

PF pancreatic fistula

One patient required a second-stage reoperation with the
construction of a pancreaticojejunostomy one year after PD
to manage recurrent episodes of Balthazar A pancreatitis
(patient 3). Another patient developed tenderness of the
upper part of the abdomen due to a pseudocyst from the
pancreas section managed by EUS-guided transgastric
drainage (patient 7), 6 months after PD.

Long-term results are summarized in Table 2. Six
patients had significant weight loss with a median weight
loss of 4 kg (2-12) but with normal albumin levels at
6 months. Four of them regained their preoperative weight
within 14 months. All patients received daily pancreatic
enzyme therapy. One year after surgery, four of them still
complained of diarrhea and were treated with transit-de-
laying drugs (loperamide).

Concerning endocrine insufficiency, one patient pre-
sented with new onset diabetes mellitus one year after
surgery, and 1 of the 4 patients with preexisting diabetes at
the time of surgery experienced worsening of their
diabetes.

Discussion
The choice to perform an EW may have been an effective
strategy, in patients at high risk of POPF with an FRS > 7,

presenting morbid obesity. The predicted clinically rele-
vant fistula rate expected with the a-FRS calculator in the
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current cohort was 36.9% (22.1-45.2), while we observed
no Grade C fistula neither post-operative mortality.

Pancreatic anastomosis is the Achilles heel of PD, and
the management of the pancreatic stump is still the primary
issue due to the frequency of its related complications. The
major concern is that POPF following PD is not a pan-
creatic fistula, such as those that can be seen in complicated
chronic pancreatitis with ascites and pleural effusions or
after left-sided pancreatectomies. POPF following PD
corresponds to a pancreatico-enteric fistula, and this point
clearly makes the difference. Pancreatic juice contains the
proenzymes trypsinogen, chymotrypsinogen, procar-
boxypeptidases, and proelastase, all of which are activated
by trypsin in the intestinal lumen when the pancreatic juice
enters the digestive fluid or bile [23-26]. The pancreati-
coenteric anastomosis is not watertight in many patients,
and a leak of activated pancreatic enzymes through this
anastomosis may increase leakage with possible autodi-
gestion of the anastomosis itself and also of the peripan-
creatic tissue, celiac, and mesenteric vessels that have been
dissected during PD and the stump of gastroduodenal artery
that have been ligated.

The purpose of EW was to prevent activation of the
pancreatic juice by avoiding contact with the enteric con-
tents. This is possible by external drainage of the main
pancreatic duct and by practices aimed at reducing the
amount of pancreatic fluid production with the use of
somatostatin therapy. A key point is also to separate the
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pancreatic stump from the other anastomoses and the tis-
sues at risk (arteries and veins) using an omental flap.
Indeed, a concomitant biliary fistula could activate the
pancreatic juice and cause harmful autodigestion.

The use of a EW has been described in 2-stage PD in
patients at high risk of fistula and as a salvage procedure
after PD. One of the limitations in the setting of 2-stage PD
was the performance of a complex re-laparotomy and
removal of adhesions. Indeed, firm tissue adhesions are
expected in the setting of fistulization around drainage
tubes in abdominal surgery, and the adhesions are typically
severe and lead to anatomic disorientation during the
reoperations. Following salvage EW, Denost et al. [19]
demonstrated the feasibility of removing the pancreatic
drain without the need for subsequent re-establishment of
pancreatic continuity, nor percutaneous/endoscopic drai-
nage. Only one patient was reoperated for pancreaticoje-
junal anastomosis in our cohort (patient 3). In case of
persistent output of the EW after 3 months, different pro-
posals could be made, to avoid recourse to a re-intervention
(2 patients in the current cohort), such as “wait and see”
and no removal of the EW, gluing of the drain path, or
possibly radiotherapy [27, 28].

Several surgical techniques have been compared and
evaluated to prevent POPF, but in the setting of high risk of
POPF, the two accepted approach are total pancreatectomy
and PD with externalized stent.

Total pancreatectomy (TP) could be performed either as
a treatment for a surgical complication or as a prevention
of anastomotic leakage. Capretti et al. [29] reported a
comparative study in 62 patients with a fistula risk score
above or equal to 7; 35 patients were managed with PD and
PJ, and 27 were managed with TP. The overall complica-
tion rate was significantly higher in the PD group, with a
nonsignificantly higher rate of major complications; in the
PD group, 49% of the patients developed clinically relevant
POPF. TP could be an option to prevent POPF in well-
selected patients, as confirmed recently by Marchegiani
et al. [30] However, major concerns after TP remain the
management of the apancreatic state with its attendant total
endocrine and exocrine insufficiency, pending clinical tri-
als evaluating islet autotransplantation for malignant dis-
ease (PAN-IT trial NCTO01346098; TPIATI trial
NCTO05116072). Currently, islet autotransplantation should
be combined with TP only for benign disease to prevent
severe diabetes [18, 31]. In Verona’s experience, although
general QoL was comparable following TP and PD in high-
risk patients, TP patients had worse diabetes-specific QoL
[30]. Improvements in postoperative management includ-
ing advances in insulin formulations, and the use of

glucagon rescue therapy, allow much tighter control of
blood glucose than previously possible; this markedly
lessens the risk of life-threatening hypoglycemia and
decreases the risk of long-term complications.

The placement of a stent through the pancreatic anas-
tomosis is also an attractive strategy to reduce the POPF
rate by diverting the pancreatic enzymes from the pan-
creatic anastomotic area. Following others [32], Pessaux
et al. [33] reported that external stenting decreased the
POPF rate from 42 to 20% in high risk situations. Guo
et al. [34] confirmed in a meta-analysis of randomized
controlled trials that placing an external stent across
pancreaticojejunal anastomosis could significantly reduce
the incidence of POPF (RR = 0.61, 95% CI 0.43-0.86,
p = 0.005). Ecker et al. [35] regarding optimal manage-
ment of these very high-risk cases, indicate that an
approach of pancreatojejunostomy with externalized stent
placement and without octreotide can reduce high-risk
cases from 30 to 40% CR-POPF rates down to the more
acceptable 13-15% range. Then, according to recent lit-
erature, in the setting of high-risk situation for POPF,
pancreaticojejunal anastomosis with externalized stent
seems to be the most consensual approach [35, 36]. In
obese patients, even in high volume centers, mortality rate
following PD was significantly high, as reported by Di
Gioia et al. (6% vs. 3.1% in non-obese patients,
p < 0.05). In the subgroup of patients with nonmalignant
tumors, obesity was described as the only independent
predictor of failure to rescue, highlighting the particularity
of post-operative management of obese patients and
finding alternative options such as EW or perhaps in the
near future preventive pancreatic irradiation to decrease
pancreatic secretion (NCT01656486).

Total pancreatectomy and external drainage reduce the
rate of severe complications and POPF, and EW possibly
combines the advantages of these two techniques by
avoiding the creation of a pancreatico-enteric anastomosis
and by draining the pancreatic fluid away from the opera-
tive site. Although this is the first cohort reported on the
subject, to our knowledge, several limitations must be
declared. One of the main limitations of the study is its
small size, which reduces the reliability of the results.
Regarding the low number of included patients, a com-
parative study could not be done during the same period of
inclusion. The comparison to a historical cohort did not
seem appropriate to us because of the important changes in
practice since 2016 with the implementation of the ERAS
recommendations in our center and the systematic real-
ization of a standardized physical, respiratory, and nutri-
tional preparation.
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Conclusions

External wirsungostomy might be a option following PD to
limit POPF and associated mortality, especially in obese
patient; however, evaluation must be continued before it
can be considered an alternative in patients at high risk for
POPF, especially to reduce post-operative mortality.
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