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Abstract
BACKGROUND
Postoperative pancreatic leakage readily results in intractable pancreatic fistula
and subsequent intraperitoneal abscess. This refractory complication can be fatal;
therefore, intensive treatment is important. Continuous local lavage (CLL) has
recently been reevaluated as effective treatment for severe infected pancreatitis,
and we report three patients with postoperative intractable pancreatic fistula
successfully treated by CLL. We also discuss our institutional protocol for CLL
for postoperative pancreatic fistula.

CASE SUMMARY
The first patient underwent subtotal stomach-preserving
pancreaticoduodenectomy, and pancreatic leakage was observed postoperatively.
Intractable pancreatic fistula led to intraperitoneal abscess, and CLL near the
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pancreaticojejunostomy site was instituted from postoperative day (POD) 8. The
abscess resolved after 7 d of CLL. The second patient underwent distal
pancreatectomy. Pancreatic leakage was observed, and intractable pancreatic
fistula led to intraperitoneal abscess near the pancreatic stump. CLL was
instituted from POD 9, and the abscess resolved after 4 d of CLL. The third
patient underwent aneurysmectomy and splenectomy with wide exposure of the
pancreatic parenchyma. Endoscopic retrograde pancreatic drainage was
performed on POD 15 to treat pancreatic fistula; however, intraperitoneal abscess
was detected on POD 59. We performed CLL endoscopically via the transgastric
route because the percutaneous approach was difficult. CLL was instituted from
POD 63, and the abscess resolved after 1 wk of CLL.

CONCLUSION
CLL has therapeutic potential for postoperative pancreatic fistula.

Key words: Surgery; Pancreas; Pancreatic fistula; Pancreatic juice; Postoperative
complications; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Pancreatic fistula after pancreatic surgery is a potentially fatal refractory
complication. We describe the typical findings based on three patients who survived, and
two patients who died of fatal complications. We also discuss the importance of
intensive treatment for postoperative pancreatic fistula, with a literature review.
Continuous local lavage (CLL) has been reevaluated as an effective treatment for severe
infected pancreatitis, and our findings show that CLL shortened the therapeutic duration
for postoperative pancreatic fistula. We suggest that CLL has therapeutic potential for
postoperative pancreatic fistula. We also introduce our institutional protocol for CLL for
postoperative pancreatic fistula.

Citation: Hori T, Ogawa K, Yamamoto H, Harada H, Matsumura K, Yamamoto M, Yamada
M, Yazawa T, Kuriyama K, Tani M, Yasukawa D, Kamada Y, Aisu Y, Tani R, Aoyama R,
Nakayama S, Sasaki Y, Nishimoto K, Zaima M. Impact of continuous local lavage on
pancreatic juice-related postoperative complications: Three case reports. World J Clin Cases
2019; 7(17): 2526-2535
URL: https://www.wjgnet.com/2307-8960/full/v7/i17/2526.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i17.2526

INTRODUCTION
Postoperative complication related to pancreatic  juice leakage is  a  major clinical
problem[1].  Pancreatic  surgeries  are  inherently  accompanied  by  postoperative
pancreatic  leakage[1,2],  which readily  results  in  intractable  pancreatic  fistula  and
subsequent intraperitoneal abscess[1,2]. This refractory complication may be fatal by
inducing  sepsis  secondary  to  leakage  from  the  digestive  tract  and  shock
hemodynamics secondary to sudden rupture of a pseudoaneurysm[3,4].

In  pancreatitis  therapy,  minimally-invasive  drainage  (e.g.,  percutaneous  and
transluminal approaches) is currently considered useful, especially for necrotizing
and  infected  pancreatitis[5-7].  Recently,  continuous  local  lavage  (CLL)  has  been
reevaluated as effective treatment for severe infected pancreatitis[8-11].

We present findings for three thought-provoking cases of postoperative intractable
pancreatic fistula with bacterial infection that were successfully treated by CLL. We
also discuss the typical findings of potentially fatal complications associated with
intractable  postoperative  pancreatic  fistula  based on our  patients'  data,  and we
discuss the importance of intensive treatment for postoperative pancreatic fistula,
with  a  literature  review.  We  suggest  that  CLL  has  therapeutic  potential  for
postoperative pancreatic juice-related complications and discuss our institutional
protocol for CLL for postoperative pancreatic fistula.
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CASE PRESENTATION

Case 1
A 66-year-old man suffered from cholangitis. Contrast computed tomography (CT)
revealed a hypovascular tumor in the pancreatic head and biliary dilatation. His
locally-advanced pancreatic cancer was categorized as stage IIB in the tumor-node-
metastasis  classification[12].  Obstructive  jaundice  was  successfully  treated  by
endoscopic  nasobiliary  drainage.  Thereafter,  he  underwent  subtotal  stomach-
preserving pancreaticoduodenectomy with extended lymph node and nerve plexuses
dissection. Operative time was 433 min, and blood loss was 950 mL. Reconstructions
were  performed  by  modified  Child’s  method  with  Braun’s  anastomosis,  and
pancreaticojejunostomy was performed using modified Blumgart’s technique. We
placed an intraductal stent (pancreatic duct tube, 7 Fr, burled; Sumitomo Bakelite Co.,
Ltd., Tokyo, Japan) and performed duct-to-jejunal anastomosis with 12 interrupted
sutures (polydioxanone:  6-0 PDS II,  violet;  Ethicon,  Inc.,  Cincinnati,  OH, United
States).  Intentional  approximation of  the pancreatic  stump and jejunal  wall  was
performed using four interrupted sutures (polypropylene: 3-0 Prolene; Ethicon, Inc.).
We closed all mesenteric gaps and placed three drains near the anastomoses of the
pancreaticojejunostomy, choledochojejunostomy, and gastrojejunostomy sites (Figures
1 A and B). For the pancreaticojejunostomy, we ran two drains intentionally through
the ventral and dorsal sides.

Pancreatic leakage was observed early postoperatively, and the peak amylase level
in the drainage discharge was 23480 U/L (Figure 1C). Although drainage discharge
gradually decreased to 1 wk postoperatively, high amylase levels in the drainage
discharge (8980 U/L) were still observed on postoperative day (POD) 8 (Figure 1C).
Contrast CT on POD 8 revealed that intractable pancreatic fistula had resulted in an
intraperitoneal abscess around the pancreaticojejunostomy (Figure 1D). Fistulography
via  both  drains  revealed  an  abscess  cavity  around  the  pancreaticojejunostomy.
Artificial fistulas along these drains had matured as accessible pathways for drain
replacement, and the abscess cavity could be lavaged by injecting saline through one
drain.  We replaced both  drains  with  red vulcanized rubber  tubes.  Fluoroscopic
examination  confirmed  that  the  recovery  rate  of  injected  contrast  dye  was
approximately  85%,  and  that  uncollectible  dye  never  spread,  even  under  high-
pressure administration.

Via the ventral tube to the pancreaticojejunostomy, we irrigated 1000 mL of saline
per day slowly but continuously into the abscess cavity beginning on POD 8 (Figure
2). We used the dorsal tube to the pancreaticojejunostomy only to drain irrigated
saline (Figure 2). Saline volume was increased on POD 12 to 1500 mL/d because the
amylase level in the drainage discharge was relatively high (2880 U/L). Thereafter,
amylase  level  in  the  drainage  discharge  decreased  dramatically  (Figure  1C).
Fistulography on POD 15 revealed that the abscess had resolved after 7 days of CLL.
The  irrigation  tube  was  removed  on  POD  15  because  the  amylase  level  in  the
discharge was 120 U/L (Figure 1C); we removed the drainage tube on POD 17. The
patient's postoperative course was categorized as Clavien–Dindo grade II[13]. He was
discharged on POD 22, and no recurrence was observed as of 4.3 years after surgery.

Case 2
A 45-year-old man suffered refractory pancreatitis, although he had no history of
alcohol abuse, and autoimmune pancreatitis was excluded. He began suffering repeat
episodes  of  acute  pancreatit is  from  21  years  of  age,  and  underwent
pseudocystojejunostomy at 35 years of age. Metabolic disorders (e.g., hyperlipidemia
and  gout)  were  present,  but  diabetes  was  not  observed.  Pancreatic  stones  and
peripancreatic edema were seen at 42 years of age. Although stones were previously
removed endoscopically, recurrent stones and peripancreatic abscess appeared in the
pancreatic body and tail at 45 years of age. Collateral vessels were well-developed
secondary  to  venous-flow  occlusion  related  to  the  chronic  pancreatitis,  and
splenomegaly was also confirmed. Therefore, we performed distal pancreatectomy
and removal of the pseudocystojejunostomy. Operative time was 272 min. Blood loss
was  429  mL,  and  transfusion  of  280  mL  packed  red  blood  cells  was  required.
Pancreatectomy was performed using a linear stapler (Endo GIA black cartridge,
Reinforced Reload with Tri-Staple technology; Medtronic, Dublin, Ireland), and we
placed a drain near the staple line (Figure 3A). To prevent drain dislocation, we fixed
the drain to the surrounding tissue using absorbable suture (3-0 Coated Vicryl Rapide;
Ethicon, Inc.).

Pancreatic leakage occurred early postoperatively, and the peak amylase level in
the drain discharge was 18846 U/L. Although drainage decreased gradually over 8 d,
high amylase levels in the drain discharge (14469 U/L) were still present on POD 9.
Contrast  CT  on  POD  9  revealed  that  intractable  pancreatic  fistula  led  to
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Figure 1

Figure 1  Case 1. A and B: We placed three drains near the anastomoses of the pancreaticojejunostomy (yellow arrows), choledochojejunostomy (blue arrows), and
gastrojejunostomy (purple arrows). For the pancreaticojejunostomy, we ran two drains intentionally through the ventral and dorsal sides (yellow and blue arrows,
respectively); C: Pancreatic leakage began early postoperatively, and peak amylase level in the drainage discharge was 23480 U/L. High amylase levels in the
drainage discharge were still seen on postoperative day (POD) 8 continuous local lavage (CLL) was initiated on POD 8, and saline volume was increased on POD 12.
We continued CLL for 7 d, and amylase levels in the drainage discharge decreased dramatically during that time; D: Contrast computed tomography on POD 8
revealed intractable pancreatic fistula had led to an intraperitoneal abscess around the pancreaticojejunostomy (yellow arrows). CHA: Common hepatic artery; CLL:
Continuous local lavage; POD: Postoperative day.

intraperitoneal abscess near the staple line (Figure 3B). Fistulography via the drain on
POD 9 identified the pancreatic fistula and abscess cavity (Figure 3C). The abscess
cavity  could  be  lavaged,  and  the  recovery  rate  of  injected  contrast  dye  was
approximately 90%; uncollectible dye never spread. Artificial fistulas along the drain
had matured as accessible pathways for drain replacement,  and we replaced the
original drain with a two-way tube (Salem Sump, 14 Fr: Medtronic). To effectively
lavage the pancreatic fistula and abscess cavity, the tip position of this two-way tube
was appropriately adjusted during fluoroscopic examination (Figure 4).

From POD 9, saline irrigation was continuously injected via the two-way tube that
followed the drainage route. A total of 1000 mL of saline per day was slowly irrigated
into  the  abscess  cavity,  and amylase  levels  in  the  drainage discharge  decreased
immediately (767 U/L).  Fistulography on POD 12 revealed that  the abscess  had
resolved after 4 d of CLL (Figure 3D), and we removed the two-way tube on POD 13.
The patient's postoperative course was categorized as Clavien–Dindo grade II[13]. He
was discharged on POD 18, and 3 months after surgery, no metabolic disorders were
identified.

Case 3
A 70-year-old man was being followed for myasthenia gravis and diabetes. Periodic
CT incidentally detected a splenic arterial aneurysm that had enlarged over time. The
true aneurysm extended almost the full length of the splenic artery, arising from the
root to the splenic hilum. Interventional radiology was excluded from the therapeutic
options  because  of  risks  associated  with  arterial  recanalization,  ischemic
complications, and cost effectiveness. Therefore, we performed elective surgery with
aneurysmectomy and splenectomy. The splenic artery was cut at its root without
disturbing celiac arterial flow. After dissecting the pancreatic parenchyma to detect
the intact portion of the dorsal pancreatic artery branching from the aneurysm, this
artery was also cut. Because dense pancreatic capsule was adherent to the calcified
aneurysmal wall, the aneurysm required dissection from the pancreatic parenchyma.
The pancreatic  parenchyma was  preserved with  its  drainage vein,  although the
pancreatic  parenchyma was  widely  exposed  secondary  to  the  aneurysmectomy

WJCC https://www.wjgnet.com September 6, 2019 Volume 7 Issue 17

Hori T et al. Postoperative pancreatic fistula

2529



Figure 2

Figure 2  From the ventral tube to the pancreaticojejunostomy (blue arrow), saline was slowly and
continuously irrigated into the abscess cavity (yellow area). In contrast, we used the dorsal tube to the
pancreaticojejunostomy (purple arrow) only to drain the irrigated saline.

(Figure 5A). Operative time was 250 min, and blood loss was 1907 ml.
The patient subsequently developed postoperative intractable pancreatic fistula,

and refractory symptoms affected his postoperative course. Peak amylase level in the
drainage discharge was 32197 U/L. Although intraperitoneal drainage continued,
optimal tube drainage (i.e., intentional placement along the distal pancreas) was not
an option because a percutaneous approach was too difficult. Fistulography via the
intraperitoneal drain on POD 13 revealed intractable pancreatic fistula in the distal
pancreas (Figure 5B);  therefore,  we performed endoscopic  retrograde pancreatic
drainage on POD 15. Intraperitoneal drainage with retrograde pancreatic drainage
was continued for  36 days with intermittent  antibiotics  until  POD 40.  However,
intractable pancreatic fistula resulted in an abscess and localized peritonitis secondary
to bacterial infection. Contrast CT on POD 59 detected an intraperitoneal abscess in
the distal pancreas (Figure 5C).

On POD 63, we initiated CLL of the abscess cavity via the transgastric route. The
abscess  cavity was punctured endoscopically  under ultrasound guidance,  and a
transgastric path into the abscess cavity was made. Transnasal infusion was initiated,
and transgastric drainage tubes were placed endoscopically (Figure 5D). CLL was
instituted via transnasal continuous infusion and endoscopic transgastric drainage
(Figure 6). The abscess cavity could be effectively lavaged, and the recovery rate of
injected contrast dye was approximately 70% because of the concurrent transgastric
drainage tube.

From POD 63, saline irrigation was continuously injected via the transnasal infusion
tube. A total of 1000 ml of saline per day was slowly irrigated into the abscess cavity,
and amylase levels  in  the drainage discharge decreased immediately (139 U/L).
Fistulography on POD 70 revealed that the abscess resolved after 1 wk of CLL, and
the refractory pancreatic fistula was no longer identifiable. Therefore, we removed the
transnasal  infusion  and  retrograde  pancreatic  drainage  tubes.  The  patient  was
discharged on POD 72 with only the transgastric drainage tube remaining in place.
His postoperative course was categorized as Clavien–Dindo grade IIIa[13], and he was
in good health 9 moafter surgery.

DISCUSSION
Pancreatic  fistula  is  one  of  the  most  common  complications  after  pancreatic
surgery [1 ,2],  and  diagnostic  criteria  and  nosological  classification  have  been
established[14].  Although  pancreatic  diseases  may  cause  associated  pancreatitis,
pancreatic parenchyma with an intermediate or normal consistency produces more
pancreatic juice and has a higher rate of pancreatic leakage[15]. Any pancreatic surgery
may lead to intractable pancreatic fistula unless the pancreatic parenchyma has been
destroyed secondary to the primary disease[15]. Unfortunately, pancreatic stimulation
and bacterial infections trigger a vicious cycle[1,16].  Activated pancreatic juice and
accelerated bacterial infection destroy digestive anastomosis sites and create arterial
pseudoaneurysm; anastomotic leakage and arterial rupture can be fatal[3,4]. Based on
our patient experience, Figure 7 shows the typical findings of anastomotic leakage
and arterial rupture associated with intractable pancreatic fistula. These potentially
fatal  complications  are  grave  concerns  for  hepatobiliary-pancreatic  surgeons;
therefore, many focus on reconstructive techniques to reduce the development of
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Figure 3

Figure 3  Case 2. A: Pancreatectomy was performed using a linear stapler, and we placed a drain near the staple line; B: Contrast computed tomography on
postoperative day (POD) 9 revealed that intractable pancreatic fistula had led to an intraperitoneal abscess near the staple line (yellow arrows); C: Fistulography via
the drain on POD 9 revealed intractable pancreatic fistula (black arrow) and the abscess cavity (yellow arrows). From POD 9, saline irrigation (blue arrow) was
continuously injected into the abscess cavity via a two-way tube with the drainage route (purple arrow). Thereafter, amylase levels in the drainage discharge
decreased immediately; D: Fistulography on POD 12 revealed that the abscess resolved after 4 d of continuous local lavage. CHA: Common hepatic artery; CLL:
Continuous local lavage; IVC: Inferior vena cava; POD: Postoperative day.

refractory pancreatic fistula[2].
Pancreatic fistula is sometimes inevitable complication after pancreatic surgery.

Soft  pancreatic  parenchyma with  normal  consistency produces  more  pancreatic
juice[15], even though pancreatic diseases may cause associated pancreatitis. In cases
with a higher risk of pancreatic leakage, intraoperative placement of two-way tube or
irrigation drainage tube may be a good solution.

Minimally-invasive drainage is a standard therapeutic option for necrotizing and
infected  pancreatitis  [5-7],  although,  historically,  only  a  surgical  approach  was
recommended[17-21]. Recently, CLL has been reevaluated as a therapeutic option for
severe  infected pancreatitis[8-11],  and in  our  three  patients,  intractable  pancreatic
fistulas  with  bacterial  infection  gradually  resolved after  CLL.  However,  CLL is
currently being reevaluated as an effective treatment specifically for severe infected
pancreatitis[8-11]; therefore, we suggest that CLL may have therapeutic potential for
postoperative pancreatic juice-related complications.

Our  institutional  protocol  for  CLL  for  postoperative  pancreatic  fistula  is
summarized in the Table 1. Key points and pitfalls for successful CLL are as follows:
(1) Maturity of the artificial fistula(s) is important. An accessible pathway is required
for drain replacement; therefore, tube replacements for CLL should be delayed until
sufficient maturity of the artificial fistulas has developed along the intraperitoneal
drains. Red vulcanized rubber tubes are advantageous for creating artificial fistulas.
Also, injected saline should never spread outward from a mature artificial fistula
because  extension  of  the  abscess  cavity  secondary  to  CLL  should  be  avoided.
Therefore,  we  recommend high-pressure  administration  of  contrast  dye  during
fistulography; (2) The optimal setting is crucial for effective CLL. The abscess cavity
and pancreatic fistula should be effectively lavaged, and therefore, appropriate tube
placement is required. A recovery rate of injected fluid > 80% should be guaranteed;
and (3) Toxic amylase levels should decrease dramatically after CLL. Amylase levels
in the drainage discharge are extremely important to evaluate pancreatic leakage after
surgery[22]. Amylase levels in the draining discharge within the lower triple-digits (i.e.,
approximately 100–500 U/L) are ideal after CLL induction. CLL generally begins with
1000 ml of saline per day. Tubes may be dislocated during CLL, and dysfunction of
the sphincter of Oddi worsens pancreatic leakage[23]. CLL should be reconsidered if a
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Figure 4

Figure 4  We replaced the drain passing almost through the abscess cavity (yellow area) with a two-way tube.
Saline was continuously injected through the irrigation route (blue arrow), and this two-way tube followed the drainage
route (white arrow). To effectively lavage the intractable pancreatic fistula and abscess cavity, the tip position of this
tube was appropriately adjusted during fluoroscopic examination. CA: Celiac artery; CHA: Common hepatic artery;
GDA: Gastroduodenal artery; LGA: Left gastric artery; PHA: Proper hepatic artery; PV: Portal vein; SA: Splenic artery;
SMA: Superior mesenteric artery; SMV: Superior mesenteric vein; SV: Splenic vein.

saline  volume >  1500  mL per  day  is  required  to  decrease  amylase  levels  in  the
drainage discharge; positional change in the tube location or endoscopic pancreatic
drainage may be required.

Waiting until the fistulas along the intraperitoneal drains mature is important for
CLL induction (Table 1). Injected contrast dye should never spread outward from the
mature fistula during fistulography. We have an impression that approximately one
week after surgery is required for maturity of the artificial fistula.

In our patients, CLL shortened the therapeutic duration of postoperative pancreatic
fistula and subsequently prevented fatal complications related to pancreatic juice
leakage.  CLL  may  be  a  powerful  tool  to  overcome  pancreatic  juice-related
complications with bacterial infection following pancreatic surgery.

CONCLUSION
Intensive treatment for postoperative pancreatic fistula is important to avoid fatal
outcomes. CLL has therapeutic potential for postoperative pancreatic fistula. We hope
that our thought-provoking cases will be informative for physicians working with
patients with pancreatic disorders.
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Table 1  Institutional protocol for continuous local lavage for postoperative pancreatic fistula

Maturity of the artificial fistula for CLL induction

Wait until the fistulas along the intraperitoneal drains mature because an accessible pathway for drain replacement is needed

Injected saline should never spread outward from the mature fistula

No extension of contrast dye should be confirmed during fistulography

Optimal setting for effective CLL

The abscess cavity and pancreatic fistula should be effectively lavaged

Appropriate tube placement is required

A recovery rate of injected fluid of > 80% should be confirmed

Decreased toxicity after CLL

Amylase level in the drainage discharge within the lower triple-digits is ideal

CLL should be reconsidered if ≥ 1500 mL/d saline is insufficient to decrease amylase levels in the drainage discharge

CLL: Continuous local lavage.

Figure 5

Figure 5  Case 3. A: Pancreatic parenchyma was preserved with the splenic vein, although the pancreatic parenchyma was widely exposed secondary to the
aneurysmectomy (blue area); B: Optimal tube drainage (i.e., intentional placement along the distal pancreas) could not be established because of difficulty using a
percutaneous approach, and intractable pancreatic fistula along the distal pancreas (yellow arrows) was seen during fistulography on postoperative day (POD) 13; C:
Intractable pancreatic fistula resulted in an abscess and localized peritonitis secondary to bacterial infection, and contrast computed tomography on POD 59 revealed
an intraperitoneal abscess along the distal pancreas (yellow arrows); D: A retrograde pancreatic drainage tube (orange arrow) was placed endoscopically on POD 15.
On POD 63, continuous local lavage (CLL) of the abscess cavity (yellow arrow) was initiated endoscopically via the transgastric route. Transnasal infusion was
initiated and transgastric drainage tubes (purple and blue arrows) were placed endoscopically. From POD 63, saline irrigation was continuously injected via the
transnasal infusion tube, and amylase levels in the lavaged fluid began to decrease immediately. Fistulography on POD 70 revealed resolution of the abscess after 1
wk of CLL. CLL: Continuous local lavage; PHA: Proper hepatic artery; POD: Postoperative day; PV: Portal vein; SV: Splenic vein.
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Figure 6

Figure 6  Continuous local lavage into the abscess cavity (yellow area) was instituted via transnasal continuous infusion (blue arrow) and endoscopic
transgastric drainage (white arrow).

Figure 7

Figure 7  Typical findings of anastomotic leakage and arterial rupture associated with intractable pancreatic fistula. A: Anastomotic leakage is a potentially
fatal complication related to pancreatic juice leakage. Typical findings in postoperative examinations for digestive tract leakage secondary to anastomotic failure
caused by intractable pancreatic fistula are shown; B: Arterial rupture of a pseudoaneurysm is a fatal complication related to pancreatic juice leakage. Typical
angiographic findings for arterial pseudoaneurysm rupture caused by intractable pancreatic fistula are shown. CA: Celiac artery; CHA: Common hepatic artery; GDA:
Gastroduodenal artery; LGA: Left gastric artery; PHA: Proper hepatic artery; POD: Postoperative day; SA: Splenic artery.
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