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Abstract

Background: The incidence of grade C postoperative pancre-
atic fistula ranges from 2 to 11% depending on the type of
pancreatic resection. This complication may frequently re-
quire early relaparotomy and the surgical approach remains
technically challenging and is still associated with a high mor-
tality. Infectious complications and postoperative hemor-
rhage are the two most common causes of reoperation. Sum-
mary: The best management of grade C pancreatic fistulas
remains controversial and ranges from conservative ap-
proaches to completion pancreatectomy (CP). The choice of
the technique depends on the patient’s conditions, intraop-
erative findings, and surgeon’s discretion. A pancreas-pre-
serving strategy appears to be attractive, including from sim-
ple to more complex procedures such as debridement and
drainage, and external wirsungostomy. CP should be reserved
for selected cases, including stable patients with severe infec-
tion complication or hemorrhage after pancreatic fistula who
do not respond to pancreas-preserving procedures. Key Mes-
sages: This review describes the current options for manage-
ment of grade C pancreatic fistula after pancreatoduodenec-
tomy with regard to indication, choice of procedure, and out-
comes of the different approaches. ©2022S. Karger AG, Basel

Introduction

Pancreatoduodenectomy associated with chemothera-
py is the only treatment option to achieve long-term sur-
vival for patients with pancreatic ductal adenocarcinoma
of the head of the pancreas; furthermore, pancreatoduo-
denectomy is a standard treatment for other benign pa-
thologies in the pancreatic head [1-3]. Pancreatoduode-
nectomy is a complex procedure associated with a mortal-
ity ofaround 5% in high-volume centersand complications
such as bleeding, delayed gastric emptying, intra-abdom-
inal abscess, and postoperative pancreatic fistula. Compli-
cations related to pancreatic fistula are associated with
prolonged hospital stay, elevated costs, and even postop-
erative mortality. Furthermore, the best approach to man-
age patients with pancreatic fistula after pancreatoduode-
nectomy is still under debate [4-7].

In contrast to mortality, postoperative morbidity after
pancreatoduodenectomy is still high and pancreatic fis-
tula is by far the most important complication. The inci-
dence of pancreatic fistula according to the definition of
the International Study Group for Pancreatic Surgery (IS-
GPS) ranges from 3% to 45% and grade C pancreatic fis-
tula represents between 2% and 11%. Various preopera-
tive risk factors have been identified, among which soft
texture of the pancreas and duct size less than 3 mm are
two of the most important ones. Modifications of pancre-
ato-enteric anastomosis, use of stents, and omission of
octreotide have been investigated to decrease the rate of
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Table 1. Pancreatic fistula according to ISGPF

Pancreatic fistula (ISGPF)

BL

Grade B Grade C

Amylase >3 times upper limit institutional
normal serum amylase value

Persistent drainage >3 weeks

Clinically relevant change in management of POPF
Percutaneous or endoscopic drainage
Angiographic procedures for bleeding

Signs of infection without organ failure

Reoperation
Organ failure
Death

POPF, postoperative pancreatic fistula; BL, biochemical leak.

this dreaded complication, yet high-level evidence for
mitigation remains scarce [1-4]. Regarding manage-
ment, however, surgery is only considered after failure of
all reasonable non-operative procedures, including espe-
cially, interventional radiology [4-7].

Pancreatic fistula can frequently cause other major
complications, such as intra-abdominal abscess, hemor-
rhage, wound infection, and bile leak, due to a highly ero-
sive nature of the fluid. Relaparotomy is indicated for
pancreatic fistula associated with uncontrolled hemor-
rhage, peritonitis, and intra-abdominal abscess, compli-
cations of which can be fatal in these patients [5, 7-9].

Some preventive procedures to minimize the risk of
pancreatic fistula such as primary total pancreatectomy,
second-stage pancreatojejunostomy, and prophylactic
occlusion of the pancreatic duct without anastomosis
have been proposed, but not been generally accepted as
also after such measures, complications have been ob-
served. Patients with postoperative pancreatic fistula rep-
resent a heterogenous group; some can be managed
merely with a conservative approach or radiological in-
tervention for variable periods, whereas others need early
surgical treatment to reduce associated complications [7-
9].

If grade C pancreatic fistula after pancreatoduodenec-
tomy requires early relaparotomy, surgical management
still remains technically challenging and is associated
with a high mortality. Postoperative hemorrhage and sep-
sis are the most serious complications related to leaking
of pancreatic anastomosis after cephalic pancreatectomy
and are the two most common causes for reoperation.
Serious hemorrhage from pseudoaneurysms can further
complicate pancreatic leakage, and after failure of radio-
logic endovascular procedures, emergency relaparotomy
can be required for bleeding control. Sepsis is associated
with failure of non-operative management, and the risk
of dying is higher in cases of delayed surgical treatment
(8, 9].

The current literature provides various surgical strate-
gies for surgical management of grade C pancreatic fis-
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tula. Improvements in terms of management of postop-
erative pancreatic fistula have been achieved with the use
of radiologic drainage of infected collections and arterial
embolization or stenting in case of massive bleeding.
Morbidity and mortality depend on the capacity to con-
trol the source of bleeding or sepsis. However, nearly half
of these patients will require a second operation [10-12].
The aim of this review was to describe the current options
for management of grade C pancreatic fistula after pan-
creatoduodenectomy and attempt to identify the ideal
technique according to the clinical condition of the pa-
tient and intraoperative findings.

Definitions

The ISGPS defined pancreatic fistula as an abnormal
communication between the pancreatic ductal “system”
and another epithelial surface containing pancreas-de-
rived, enzyme-rich fluid. For the diagnosis, any volume
after postoperative day 3 with a value >3 times the upper
limit of normal amylase is the necessary threshold. How-
ever, whenever an amylase activity is found without im-
pact on the clinical outcome, no fistula should be report-
ed as pancreatic fistula is only regarded when clinically
relevant and then graded according to the ISGPS (Ta-
ble 1) [7-9].

This comprises two grades related to severity, namely,
grade B (intermediate) and grade C (severe), whereas a
mild enzyme secretion without any clinical consequence
is termed a biochemical leak only. Grade C pancreatic fis-
tula is associated with mortality rates of up to 50%. Ap-
propriate identification and treatment of patients with
grade C pancreatic fistula who are at risk of rapid deterio-
ration is vital to reduce postoperative mortality [10-12].
No clear criterion for revisional surgery in grade C pan-
creatic fistula has been described to guide the surgeon and
the choice of the technique is relying on the patient’s con-
ditions, intraoperative findings, and surgeon’s discretion
[12-15].
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Table 2. Types of reinterventions for grade C pancreatic fistula

Technique Year Author Ref

1 Primary suture (redo PJ anastomosis) 2018 Ma [17]

2 Debridement, lavage, drains 2005 De Castro [12]
2009 Haddad [16]
3 External wirsungostomy 2012 Denost [20]
2013 Paye [19]
2013 Ribero [18]
4 Internal wirsungostomy 2010 Xu [21]
2010 Kent [22]
5 Pancreatic duct occlusion 2014 Balzano [15]
6 Salvage pancreatogastrostomy 2008 Bachellier [23]
2012 Govil [24]
7 CP 2006 Tamijmarane [31]

According to the ISGPF definition [7], grade C pan-
creatic fistula requires reoperation and is related to organ
failure and death. Its incidence varies between 2% and
11% and is associated with 20-35% mortality rate. Reop-
eration remains an undeniable valuable option in cases
where abdominal complications such as severe peritoni-
tis, sepsis, or massive bleeding cannot be controlled by an
interventional approach and the life-threatening nature
of grade C pancreatic fistula becomes the indication for
revisional surgery.

Some strategies have been described during reopera-
tion for patients with grade C pancreatic fistula and are
classified as completion pancreatectomy (CP) and pro-
cedures that preserve the pancreatic remnant. The deci-
sion to remove the pancreas remnant or to perform a
pancreas-preserving procedure is a difficult task. The
most common pancreas-preserving procedures are pan-
creas debridement with lavage and drains, primary su-
ture, new pancreatic-enteric anastomosis, internal or ex-
ternal wirsungostomy, pancreatic duct occlusion, and
salvage pancreatogastrostomy [8, 9]. These procedures
are technically easier than CP and preserve pancreatic
function. However, they often expose the patient to ad-
ditional reoperations and associated complications be-
cause of the potential persistence of the pancreatic fis-
tula [10-16]. Severe hemodynamic instability is an indi-
cation for performing a pancreas-preserving technique,
particularly external wirsungostomy or debridement and
drain placement. Low mortality rates in grade C pancre-
atic fistula can be expected in centers dedicated to pan-
creatic surgery and experienced in handling such com-
plications. General and gastrointestinal surgeons must
be aware of the available procedures when surgical man-
agement is necessary in these difficult situations [8, 9,
12-16].

Management of Postoperative Pancreatic
Fistula

Techniques

Indication for relaparotomy after pancreatoduode-
nectomy is associated with life-threatening complica-
tions such as uncontrolled late hemorrhage or peritoneal
sepsis due to pancreatic fistula. Furthermore, it may be
required after interventional bleeding control for hema-
toma evacuation and potentially focus control. During
relaparotomy for grade C pancreatic fistula, the manage-
ment of pancreatic stump includes different techniques
and is classified as pancreas-preserving approaches or CP
(Table 2) [12, 15-24]. Intraoperative findings frequently
dictate the choice of the procedure, which is often deter-
mined by clinical instability and duration as well as bleed-
ing and collateral damage risk of the procedure[17-19,
21-24] (Table 3).

Debridement and Drainage

Debridement and drainage are the basis of operations
for patients with grade C pancreatic fistula after failure of
interventional procedures. The outcomes of debridement
and drainage must be considered in these patients. Simple
drainage of the abdominal cavity consists of debridement
of necrotic tissue, hemostasis of the pancreatic parenchy-
ma or other bleeding sources, lavage of the abdominal
cavity, and use of drains (Fig. 1) [13, 25].

At the time of reoperation, surgical conditions in the
abdominal cavity can be challenging, and debridement
and drainage might remain the only option. In case of
limited disruption of the pancreato-jejunal anastomosis,
simple debridement and drainage is also indicated; over-
sewing of the anastomosis has little value and low success
rates [13, 15, 25].

Hemodynamically unstable patients with metabolic
acidosis and coagulopathies represent another indication
for debridement and drainage. A very quick laparotomy
is performed and rapid return of the patient to the ICU is
mandatory. Simple drainage is frequently associated with
high rates of reoperations — as known from surgery in
necrotizing acute pancreatitis - when compared with CP
or external wirsungostomy. However, the mortality is fre-
quently low [13, 15, 25].

Main Pancreatic Duct Occlusion

In this case, the pancreatic remnant has no continuity
and does not allow repeat reconstruction, and the small
bowel is occluded with linear stapler. The pancreatic duct
is identified and occluded with interrupted non-absorb-
able sutures, the pancreatic stump can be transfixed in-
cluding the pancreatic duct, and a fine purse string could
be made without cannulation of the duct (Fig. 2). To min-
imize secretion leaks from minor ducts, the pancreatic cut
surface should be also occluded. More recently, some
chemical substances have been proposed to occlude the
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Table 3. Mortality after different treatment of grade C pancreatic fistula, %

Author Year Drainage Redo  Occlusion PG CP Extwir Intwir  Ref
De Castro 2005 25 0 [12]
Tamijmarane 2006 56.5 [31]
Muller 2007 39.1 [29]
Bachellier 2008 0 50 [23]
Fuks 2009 0 50 [3]

Haddad 2009 11.1 40 [16]
Kent 2010 0 [22]
Xu 2010 20 0 [21]
Denost 2012 28.5 [20]
Govil 2012 67 0 50 [24]
Paye 2013 0 50 8.3 [19]
Ribero 2013 43.5 0 [18]
Balzano 2014 30 29 21 [15]
Almond 2015 52.6 [37]
Nentwich 2015 55 [34]
Wiltberger 2015 15.3 [27]
Horvath 2016 16.7 [26]
Ma 2018 26.7 333 25 [17]
Wronski 2019 56.3 47.1 50 [13]

Color version available online

Fig. 1. Debridement and drainage of grade C pancreatic fistula.

main pancreatic duct such as cyanoacrylate (Derma-
bond® - Ethicon) or fibrin glue (Tissucol® - Baxter) [16,
25, 26].

After occlusion of the pancreatic duct, the endocrine
function may be preserved, and complete exocrine in-
sufficiency may be minimized by enzymatic substitu-
tion. Complications related to the procedure are severe
hemorrhage, postoperative pancreatitis, permanent
exocrine insufficiency, and risk of late endocrine insuf-
ficiency due to pancreatic atrophy. This technique is re-
served for selected patients with friable pancreas and
small pancreatic duct. Duct occlusion includes the re-
section of the jejunal limb, conversion from an activated
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pancreatic fistula involving small bowel secretion to a
pure pancreatic fistula avoiding the association and sub-
sequent activation of pancreatic enzymes by the biliary
and enteric secretion. In pancreatic duct occlusion, the
theoretical advantages in preservation of the pancreas
are associated with a high rate of second relaparotomy
and risk of persistent pancreatic fistula. Therefore, the
potential advantages of duct occlusion remain question-
able when compared to debridement and drainage [16,
25, 26].

Additional relaparotomy is more common after pan-
creatic duct occlusion than after CP. Second reoperation
may also cause blood loss. However, blood loss and blood
transfusion have been described to be similar between CP
and pancreatic duct occlusion. No difference in mortality
was observed between CP and pancreatic duct occlusion
(p =0.610) [16, 25, 26].

External Wirsungostomy

This procedure is indicated for grade C pancreatic
fistula and for patients in bad health condition when
rapid laparotomy is necessary. The pancreatic-enteric
anastomosis is dismantled, and the stump of the jeju-
num is closed with a stapler. An over suture is used to
avoid bleeding. The remnant of the pancreatic duct is
cannulated with a silicone tube with lateral holes at the
internal end to maximize pancreatic juice drainage and
fixed in the pancreatic duct. The free end of the catheter
is passed through the abdominal wall and fixed to the
skin, allowing drainage of fluids out of the abdomen
(Fig. 3) [17, 27].
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Fig. 2. a Main pancreatic duct occlusion. b Wirsungography. ¢ Pancreatic duct occlusion with cyanoacrylate.

Fig. 3. a External wirsungostomy. b Stent into the pancreatic duct. ¢ External drainage.

Two drains are placed through the right and the left
side in the abdominal cavity that are removed when the
output is reduced to <50 mL/day. Feeding jejunostomy
can be performed in some patients, distal to the gastric
enteric anastomosis to provide enteral nutrition. Total
parenteral nutrition is indicated in all patients and should
start as soon as possible [17-21, 27]. Of the 21 patients
who underwent wirsungostomy, 6 patients subsequently
died of liver failure, refractory septic shock, or mesen-
teric ischemia (28.5%). The median length of hospital
stay was 42 days (range: 34-60 days). Three patients
(14.3%) developed diabetes mellitus during follow-up
[20].

Ribero et al. [18] analyzed 42 patients with grade C
pancreatic fistula who underwent surgical treatment in-
cluding CP in 23 patients and external tube pancreatos-
tomy in 9 patients. Indications for reoperation and op-
erative time were similar in both procedures, while post-
operative mortality was significantly higher after CP

Management of Postoperative Pancreatic
Fistula

(43.5% vs. 0%, p = 0.03). Moreover, a second emergency
reoperation was higher after CP (39.1% vs. 11.1%) [19-
21].

External wirsungostomy was performed in 12 patients
by Paye et al. [19], 2 patients died (17%), 10 patients de-
veloped postoperative complications, and reoperation
was necessary in 3 patients. Salvage relaparotomy and re-
peat pancreatojejunostomy was attempted after a median
delay of 130 days in 10 patients and was successful in 9
patients (90%). Long-term endocrine function was pre-
served in 66% of the patients [20].

In any case, a second procedure is necessary (re-pan-
creatojejunostomy) several months later, after stabiliza-
tion and recovery of the patient (two-step procedure). Ex-
ternal wirsungostomy is a safe and feasible alternative as-
sociated with excellent long-term results, preserving
pancreatic endocrine and exocrine functions. However,
further validation is necessary to confirm its feasibility
and safety [17, 26, 28].

Visc Med 5
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Fig. 4. Internal wirsungostomy.
Fig. 5. Salvage pancreatogastrostomy.

Color version available online

Modified external wirsungostomy is the preferred ap-
proach in patients with a viable pancreatic stump. Mul-
tiple reinterventions and deteriorating organ function are
important factors associated with mortality after reopera-
tion. A timely reintervention after the diagnosis of grade
C pancreatic fistula may improve mortality by minimiz-
ing multiorgan failure. Still, external wirsungostomy may
decrease the need for reintervention when compared
with simple drainage of the pancreatic anastomosis [13].

Internal Wirsungostomy

In case of internal wirsungostomy (bridge anastomo-
sis) with or without resection, the cut surface of the pan-
creas remnant is another possible procedure for grade C
pancreatic fistula which has, however, been only anecdot-
ally reported. A stent is introduced and fixed in the pan-
creatic duct and placed in the first jejunal loop by enter-
otomy and fixed by suture to avoid the risk of migration
through bowel peristalsis (Fig. 4) [22, 23].

Kent et al. [22] performed this technique in 5 patients,
all patients survived and were discharged from hospital
after a median duration of 41 days. No pancreaticocuta-
neous fistula, stricture, or atrophy of the remnant was ob-
served [23].

Seven patients underwent internal wirsungostomy by
Xuetal. [21]. The blood loss and average in-hospital time
were inferior when compared with CP (p < 0.05). After
CP, the mortality was 20%, whereas no mortality was ob-
served after internal wirsungostomy. Diabetes and diar-
rhea were found in all patients with CP compared to none
of the patients with bridge anastomosis, however, slight
hypertriglyceridemia controlled without insulin was ob-
served in 1 patient [22]. Bridge anastomosis is a simple,
easy, and safe procedure that can preserve the exocrine
and endocrine function of the pancreas and decrease the
mortality of reoperation.**

Visc Med
DOI: 10.1159/000521727

Pancreatogastrostomy

Salvage pancreatogastrostomy was analyzed in two
studies after grade C pancreatic fistula following initial
pancreatojejunostomy. Salvage pancreatogastrostomy
was reported by Bachellier et al. [23]. They reported on 12
patients with P] leaks after PD, 8 of whom were treated by
CP, and 4 treated by pancreatogastrostomy. The decision
to perform pancreatogastrostomy was made during lapa-
rotomy and based on (1) identification of viable pancre-
atic remnant, (2) major rupture of the pancreatojejunos-
tomy, and (3) attempt to redo the previous pancreatoje-
junostomy which was considered hazardous [24, 28].

The technique consists of debridement of the necrotic
portion of the pancreatic stump, to identify healthy tissue
after taking down the pancreatojejunostomy. Sufficient
mobilization of the pancreatic remnant off the splenic
vein is necessary to allow telescoping into the gastric lu-
men. Two layers of absorbable sutures are used to secure
the anastomosis in a small gastrotomy of approximately
half of the diameter of the pancreas. The pancreatic stump
is inserted through this gastrotomy into the stomach
(Fig. 5). An anterior gastrotomy is performed to place ad-
ditional sutures. Postoperative nasogastric decompres-
sion of the stomach is necessary to facilitate good drain-
age of pancreatic juice [24, 28]. Based on these reports,
salvage pancreatogastrostomy is associated with lower
rates or reinterventions as well as endocrine dysfunction
compared to other procedures [24, 28].

In addition, no mortality was observed in these two
studies which include 8 patients when compared with
50% mortality after CP. Salvage pancreatogastrostomy is
technically easy because the location of the stomach and
pancreas and the thickness and vascularity of the stomach
wall, minimize the risk of infection complications. Yet,
the procedure is restricted to patients with previous pan-
creatojejunostomy [28].
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Fig. 6. Completion pancreatectomy.

Completion Pancreatectomy

Once considered the standard approach as a salvage
procedure for grade C pancreatic fistula, recently CP has
been indicated in only selected patients due to its high
rates of perioperative morbidity and mortality, as well as
the inevitable development of endocrine and exocrine
pancreatic insufficiency. Some authors have even sug-
gested that CP should not be considered as treatment of
grade C pancreatic fistula. However, CP seems to be the
only option to achieve sterilization of the infection
source and decrease the possibility of reoperation [29-
33].

The operating field is commonly characterized by lo-
cal sepsis, significant inflammation, and tissue necrosis.
The pancreatic anastomosis should be evaluated by the
extent of anastomotic dehiscence, the degree of sur-
rounding inflammation, the presence of necrosis or ab-
scess, the quality of the pancreatic parenchyma, the ex-
tent of the gap between the pancreas and the jejunal
limb, and the quality of the jejunal serosa [30, 34, 35].

An intraoperative finding of necrotizing pancreatitis
associated with fistula is an indication for CP. However,
visceral adhesions in delayed reoperation and a difficult
access to the pancreatic stump may reduce the possibil-
ity of CP. Some indications for CP are when the disrup-
tion exceeds 180° of the suture line, extensive necrosis of
the pancreatic stump, and inability to find the main pan-
creatic duct [33-36].

CP consists of the removal of the remnant pancreas
with the distal segment of the jejunal reconstruction
loop and usually splenectomy (Fig. 6). The bile duct
anastomosis can generally be preserved unless the dis-
tance between the pancreato- and hepatojejunostomy is
too short to safely cut and close the remaining jejunum.
CP is an aggressive and difficult procedure because of

Management of Postoperative Pancreatic
Fistula
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poor intraoperative conditions. Splenectomy is associ-
ated to risk of ischemia of the gastric remnant. However,
spleen-preserving emergency CP is technically some-
times even more difficult during relaparotomy. CP is as-
sociated with longer operative time when compared
with simple drainage (p = 0.013) or external wirsungos-
tomy (p = 0.044) [29, 34-37].

Inevitably, CP results in a complete exocrine and en-
docrine pancreatic insufficiency, associated with a con-
dition named “brittle” diabetes. This is potentially asso-
ciated with complications of glucose regulation, even
death due to acute hypoglycemia, long-term diabetes,
and ketoacidosis. It therefore requires an excellent post-
operative management of this type of diabetes. Follow-
ing CP, hospital readmission rate has been observed in
56% of patients due to endocrine problems and impaired
quality of life [29, 36, 37]. However, CP eliminates the
problem of leakage and fluid collection. Recently total
pancreatectomy associated with islet autotransplanta-
tion is an attractive option with lower incidence of post-
operative diabetes. Still, this procedure is only available
in some specialized centers due to complex require-
ments in terms of cell processing and regulatory limita-
tions [30-35, 37].

In conclusion, surgical treatment of pancreas anasto-
motic insufficiency remains a challenge after pancreato-
duodenectomy. The literature provides various surgical
therapeutic strategies. The choice of the technique de-
pends on the patient’s conditions, intraoperative find-
ings, and surgeon’s discretion. The pancreas-preserving
strategy appears to be attractive, including simple to
more complex procedures. Debridement and drainage
are indicated in patient with uncomplicated dehiscence
or in severe hemodynamic instability. Debridement ap-
pears to be simple, safe, and effective and associated with
low mortality. External wirsungostomy is a safe and fea-
sible technique and should be one of the techniques pri-
marily considered. These techniques seem to be the pre-
ferred treatment option at present. CP should not be the
first treatment option. The role of CP is declining in fa-
vor of more conservative strategies for patients with
grade C pancreatic fistula. This technique is commonly
indicated for selected stable patients with severe infec-
tion complication with extensive necrosis or hemor-
rhage after pancreatic fistula who do not respond to pan-
creas-preserving procedures. Severe hemodynamic in-
stability is an indication for a pancreas-preserving
technique, particularly external wirsungostomy or de-
bridement and drain placement. A better understanding
of endocrine and endocrine insufficiency is essential
during the decision for CP. In some cases, the final deci-
sion depends on personal experience and preference of
individual surgeon.
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