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Abstract

Introduction Pancreatic pseudocysts and walled-off

necrosis are well-known complications, described in 10 % of

cases of acute pancreatitis. Open cystogastrostomy is usually

proposed after failure of minimally invasive drainage or in

the presence of septic shock. The objective of this study was

to evaluate the feasibility and efficacy of laparoscopy-as-

sisted open cystogastrostomy for treatment of symptomatic

pancreatic pseudocyst with pancreatic necrosis.

Materials and methods Between January 2011 and Octo-

ber 2014, all patients with pseudocyst and pancreatic necrosis

undergoing open cystogastrostomy were included. Surgical

procedure was standardized. The primary efficacy endpoint

was the feasibility and efficacy of laparoscopy-assisted open

cystogastrostomy as treatment of symptomatic pancreatic

pseudocyst. Secondary endpoints included demographic

data, preoperative management, operative data, postopera-

tive data and follow-up.

Results Laparoscopy-assisted open cystogastrostomy was

performed in 11 patients [six men (54 %)], with a median

age of 61 years (45–84). Nine patients received preopera-

tive radiological or endoscopic management. First-line

open cystogastrostomy was performed in two cases. Med-

ian operating time was 190 min (110–240). There was one

intraoperative complication related to injury of a branch of

the superior mesenteric vein. There were no postoperative

deaths and two postoperative complications (18 %)

including one major complication (postoperative bleeding).

The median length of hospital stay after surgery was

16 days (7–35). The median follow-up was 10 months

(2–45). One patient experienced recurrence during

follow-up.

Conclusion Open cystogastrostomy for necrotizing pan-

creatitis promotes adequate internal drainage with few

postoperative complications and a short length of hospital

stay. However, this technique must be performed very

cautiously due to the risk of vascular injury which can be

difficult to repair in the context of severe local inflamma-

tion related to pancreatic necrosis.

Keywords Pancreatic necrosis � Pancreatic pseudocyst �
Open cystogastrostomy � Laparoscopy-assisted

Pancreatic pseudocysts and walled-off necrosis are well-

known complications, described in 10 % of cases of acute

pancreatitis [1]. Pseudocyst is the consequence of inflam-

matory pancreatitis or pancreatic duct leak and corresponds

to serous pancreatic fluid that may be infected. Walled-off

necrotic pancreatic tissue is sometimes associated with

variable degrees of liquefaction [1, 2].

Asymptomatic pseudocysts can generally be managed

by observation. Classically, pseudocysts\6 cm in diameter
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resolve spontaneously [3]. In the presence of larger pseu-

docysts, even when asymptomatic, drainage appears to be

required due to the risk of secondary complications such as

infection, intraperitoneal rupture, bleeding by vessel ero-

sion, compression of adjacent organs leading to obstructive

jaundice or gastric outlet obstruction [4, 5]. In symptomatic

forms, including pain and septic signs, first-line conserva-

tive treatment consists of antibiotics in the case of infec-

tion, even when a large amount of necrotic tissue is present

[6]. Second-line treatment consists of minimally invasive

drainage. Percutaneous drainage allows complete resolu-

tion in 84 % of cases, with a morbidity rate of 17 % [7].

Endoscopic drainage, improved by ultrasound guidance,

allows a clinical success rate of 90 % with a complication

rate ranging from 0 to 9 % [8, 9]. The presence of necrosis

can be considered to be a risk factor for failure of endo-

scopic treatment, although some series have demonstrated

the efficacy of minimally invasive therapy [10].

Surgical treatment is indicated only after failure of

percutaneous or endoscopic drainage [11, 12]. Surgery may

be directly indicated in the presence of extensive walled-

off pancreatic necrosis when endoscopic treatment alone

does not allow sufficient drainage or in the presence of

septic shock requiring rapid and complete treatment of

intra-abdominal infection.

Depending on the site of the necrosis, open cystogas-

trostomy and pancreatic debridement are classically per-

formed when necrosis is located behind the posterior

gastric wall. Necrosectomy is traditionally performed

blindly with a risk of injury of vessels and incomplete

removal of pancreatic necrosis.

The objective of this study was to evaluate the feasi-

bility, efficacy and advantage of laparoscopy-assisted open

cystogastrostomy as treatment for symptomatic pancreatic

pseudocyst.

Materials and methods

Population

From January 2011 to October 2014, all patients under-

going open cystogastrostomy for pancreatic pseudocyst

with the presence of pancreatic parenchymal necrosis were

included in the study.

Definition of pancreatic pseudocysts and walled-off

pancreatic necrosis

Pancreatic pseudocysts were defined by pancreatic fluid

collections surrounded by a wall of fibrous granulation

tissue following acute pancreatitis, pancreatic trauma or

chronic pancreatitis [13]. Connor et al. [14] described

walled-off pancreatic necrosis as a heterogeneous mass

with solid and liquid components in a well-defined

inflammatory wall of fibrous tissue on contrast-enhanced

abdominal computed tomography scan. Walled-off pan-

creatic necrosis is usually described as appearing at least

4 weeks after onset of necrotizing pancreatitis [15].

Surgical management of pseudocysts

Initial workup

A preoperative abdominal CT scan with arterial and portal

phases was always performed in order to visualize the

anatomical relations between the pancreatic pseudocyst, the

posterior gastric wall and vessels (arteries: gastroduodenal

artery; veins: portal vein, splenomesenteric trunk and splenic

vein) (Fig. 1). The indication for endoscopic or radiologic

treatment as same as the indication for a surgical procedure

was validated during a multidisciplinary staff meeting

(comprising surgeons, endoscopists and radiologists).

Surgical procedure

Surgery was performed via a midline laparotomy except in

one case (bilateral subcostal incision).

The first step consisted of anterior gastrostomy, mea-

suring approximately 5 cm, located in the antrum. Four

sutures were placed at the 4 cardinal points of the anterior

gastrostomy incision, allowing better exposure of the pos-

terior gastric wall. Exploration of the posterior gastric wall

was performed to locate a retrogastric pseudocyst, by

palpation, in the case of a voluminous collection with

gastric bulge, or by ultrasound when there was a doubt

Fig. 1 Preoperative CT scan showing a pseudocyst associated with

necrotizing pancreatitis (white arrow) behind the posterior wall of the

stomach (white star)
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about the exact location of the retrogastric pseudocyst. A

fine needle was introduced through the posterior gastric

wall to obtain a bacteriological sample and then to guide

cystogastrostomy. The posterior gastric wall was opened

over the fine needle using an electric scalpel as a longitu-

dinal incision of 4–6 cm. Several 3/0 monofilament non-

absorbable sutures are placed on the edges of the posterior

gastrostomy to ensure optimal hemostasis (Video 1). The

posterior gastrostomy measured a total of 4–6 cm to ensure

optimal drainage of the retrogastric pseudocyst.

Optimal necrosectomy was performed with the 30-degree

laparoscope introduced through the cystogastrostomy, toge-

ther with substantial irrigations to clean the retrogastric

pseudocyst and ensure satisfactory debridement and

hemostasis (Video 2). Necrosectomy was performed cau-

tiously using a Duval clamp (Fig. 2). The laparoscope was

used to guide the necrosectomy to remove a maximum of

necrotic pancreatic tissue and allow visualization of intra-

cystic vessels (Fig. 3).

At the end of necrosectomy, a nasogastric tube was intro-

duced into the stomach, passed through the opening of the

posterior gastric wall and positioned in the pseudocyst cavity

(Fig. 4) to allow postoperative irrigation and aspiration (if

necessary, depending on the purulent appearance of the cyst

fluid). The anterior gastric wall was then sutured in two layers

using 3/0 monofilament absorbable suture material as two

half-running sutures on the mucosal, then serosal planes.

Drainage was ensured by two suction drains allowing

aspiration and, when necessary, irrigations in contact with

the anterior gastric suture. A feeding jejunostomy was sys-

tematically placed at the end of the surgical procedure [16].

Surgical variants

As explained above, surgery was sometimes a second-line

procedure after failure of endoscopic treatment. A shorter sur-

gical procedure was performed in this setting. The posterior

gastrostomy and cystogastrostomy steps are no longer neces-

sary in the presence of an endoscopic stent providing direct

access to the pseudocyst immediately after anterior gastros-

tomy. When a double-pigtail stent (Zimmon� Biliary Stent,

Cook Ireland Ltd., Limerick, Ireland) had been used prior to

surgery, the double-pigtail stent provided exposure to the pos-

terior gastric wall which was opened by enlarging the opening

created by the stent. When a Diabolo covered self-expandable

metallic stent (SARL COUSIN ENDOSURG, Wervicq-sud,
Fig. 2 Frontal view of the cystogastrostomy with necrosectomy

using a Duval clamp

Fig. 3 Frontal view of laparoscopy-assisted open cystogastrostomy

Fig. 4 Frontal view of positioning of the nasogastric tube in the

pseudocyst at the end of the surgical procedure
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France) had been used, necrosectomy was performed through

the stent (Video 3), and theDiabolo stent was left in place at the

end of the surgical procedure with a nasogastric tube inserted

through the stent order to drain the pseudocystic cavity.

Postoperative management

Irrigation and aspiration through the nasogastric tube, using

one to two liters of water, were performed on the first

postoperative days. The feeding jejunostomy was used on

the day after surgery allowing rapid renutrition.

A postoperative abdominal CT scan with oral contrast

study was performed on the seventh postoperative day to

ensure the absenceof leakageof the anterior gastricwall suture

and ensure adequate drainage of the retrogastric pseudocyst.

The nasogastric tube was then removed, and oral feeding

was resumed. Abdominal drainage was removed in the pres-

ence of normal oral feeding. The feeding jejunostomy was

removed6 weeks after surgery in the absence of complications.

Study criteria

The inclusion and exclusion criteria were as follows:

• Inclusion criteria: pancreatic pseudocyst requiring

surgery, pancreatic pseudocyst treated by surgical

cystogastrostomy, and pancreatic pseudocyst with the

presence of parenchymal necrosis.

• Exclusion criteria: pancreatic surgical procedures other than

PD, pancreatic pseudocyst treated exclusively by endo-

scopic procedures, and pancreatic pseudocyst requiring

surgical management other than surgical cystogastrostomy.

Endpoints and data collection

The primary objective of the study was to assess the fea-

sibility and efficacy of surgical cystogastrostomy for pan-

creatic pseudocysts. The secondary endpoints included data

on surgical parameters, intraoperative and postoperative

complications, recurrence rate and follow-up.

The following parameters were recorded:

• Preoperative data: age, gender, body mass index, type 2

diabetes, median preoperative percentage of weight

loss, cause of pancreatitis.

• Preoperative management: proportion of patients in

whom preoperative endoscopy or radiologic drainage

was performed, number of endoscopic procedures, type

of endoscopic procedure, patients with concomitant

pancreatic duct leak and management.

• Surgical data: indication for surgery, operating time,

blood loss, simultaneous cholecystectomy rate and

feeding jejunostomy rate.

• Outcome data: mortality rate, complication rate accord-

ing to the Dindo classification [17], reoperation rate,

time to oral refeeding, total length of hospital stay

(LOS) and LOS after surgery.

• Follow-up data: median follow-up, type 2 diabetes rate,

exocrine pancreatic insufficiency rate, pseudocyst

recurrence rate and management.

Results

Preoperative data

During the study period, 42 patients were managed for

walled-off pancreatic necrosis following acute pancreatitis.

Thirty-one patients were managed exclusively by conser-

vative management (radiological drainage and/or endo-

scopy), and open cystogastrostomy was required in 11

patients (26.2 %). This group consisted of six men (54 %),

with a median (range) age of 61 years (45–84). The median

preoperative BMI was 24.3 kg/m2 (19.1–30.4). Three

patients had type 2 diabetes (27 %), three patients were

active smokers (27 %) and two patients presented chronic

alcoholism (18 %).

Cause for pancreatic pseudocysts was due to a biliary

cause in five cases (45 %), chronic pancreatitis in two

cases, alcohol-induced acute pancreatitis in two cases,

pancreatitis after endoscopic retrograde cholangiopancre-

atography in one case and pancreatitis secondary to

hypertriglyceridemia in one case.

Preoperative management

Abdominal CT scan was performed in all patients at the

time of diagnosis of pseudocyst. A pancreatic duct leak was

visible on abdominal CT scan in two patients.

Nine patients had been treated preoperatively by a

radiological or endoscopic technique. CT-guided percuta-

neous drainage had been performed in three patients. The

pseudocyst had been treated endoscopically prior to sur-

gery in seven patients. Endoscopic treatment consisted of

double-pigtail stent in three cases, endoscopic cystogas-

trostomy in two cases and Diabolo stent in three cases. Two

different types of endoscopic treatment were performed in

one patient: double-pigtail stent followed by Diabolo stent.

Two patients were treated by both CT-guided drainage and

endoscopic treatment. A 5-mm pancreatic duct stent was

placed in two patients with pancreatic duct leak. The

median number of endoscopic procedures per patient was 2

(1–5). Median time to surgical management after diagnosis

of pseudocyst was 44 days (32–70). Two patients had not

been treated preoperatively by a radiological or endoscopic
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technique because of septic shock (18 %) and underwent

first-line laparoscopy-assisted open cystogastrostomy.

Surgical data

Surgery was indicated due to failure of endoscopic treatment

in five cases, unfeasible endoscopic treatment in four cases,

spontaneous intracystic bleeding in one case, and intracystic

bleeding secondary to endoscopy in one case. First-line open

cystogastrostomy was performed in two cases.

Surgery was performed via a midline laparotomy in 10

cases and via bilateral subcostal laparotomy in 1 case. The

median operating time was 190 min (110–240). Median

blood loss was 400 ml (100–1700). Cholecystectomy was

performed during the same procedure in 7 cases. A feeding

jejunostomy was placed in 9 cases.

There was one intraoperative complication related to

injury of a branch of superior mesenteric vein requiring

suture using 4.0 nonabsorbable suture material (Video 3).

Concomitant ligation of the gastroduodenal artery was

performed in one patient (Video 4).

Outcomes

No postoperative deaths were observed in this series. Two

postoperative complications (18 %) were observed: post-

operative lung infection (Clavien grade 2) treated with

antibiotics, and postoperative bleeding from the posterior

gastrostomy requiring endoscopy with the use of local

adrenalin (Clavien grade 3b).

Themedian total length of hospital staywas 29 days (8–102).

The median length of hospital stay after open cystogastrostomy

was 16 days (7–35). Five patients required postoperative moni-

toring in the intensive care unit (50 %). The median length of

stay in the intensive care unit was 4 days (3–9).

Long-term follow-up

No death (0 %) and one case of recurrence were observed

with a median follow-up of 10 months (2–45) (Fig. 5). The

patients with recurrence underwent spleen-preserving distal

pancreatectomy. On our follow-up, there was no need for

additional endoscopic or radiological treatment. Five

patients had type 2 diabetes (50 %), and one patient had

exocrine pancreatic insufficiency (10 %).

Discussion

Specific management is required for pseudocysts measur-

ing more than 60 mm in diameter, and for symptomatic or

infected pseudocysts. In these situations, first-line endo-

scopic or radiological drainage is usually required.

Endoscopic procedures include endoscopic cystogastros-

tomy, endoscopic retrograde cholangiopancreatography,

double-pigtail stent placement, covered self-expandable

metallic stent (‘‘Diabolo’’) placement [18] or natural orifice

transluminal endoscopic surgery for more extensive

necrosectomy [19].

Open surgical cystogastrostomy is usually proposed in

patients with necrotizing pancreatitis and secondary

infection of necrotic tissue, but this invasive approach is

associated with higher complication and mortality rates

[20, 21]. In view of the good results obtained with mini-

mally invasive treatment, a step-up approach was proposed

as first-line therapy with percutaneous or endoscopic

drainage of the collection, followed by minimally invasive

retroperitoneal necrosectomy in the absence of clinical

improvement. In a multicenter randomized study, van

Santvoort et al. [22] showed that this approach was asso-

ciated with a lower rate of major complications or death

(40 % for the step-up approach vs. 69 % for primary open

cystogastrostomy).

Surgery is usually performed as second-line treatment or

as first-line treatment in the case of multiple pseudocysts or

bleeding secondary to rupture of pseudocyst or pseudoa-

neurysm adjacent to the pseudocyst [23]. As in our series,

most cases of pseudocyst reported in the literature were

primarily managed by endoscopic or radiological drainage.

Many different types of surgical procedure have been

proposed, such as external drainage of the pseudocyst with

the risk of external pancreatic fistula, pancreatic resection

[24] which is associated with higher morbidity and mor-

tality rates, and internal drainage by creating a communi-

cation between the pseudocyst and a segment of

gastrointestinal tract: duodenum, stomach and jejunum; the

type of bypass depends on the site of the pseudocyst. When

pseudocysts are located behind the posterior surface of the

Fig. 5 Abdominal CT scan 3 years after laparoscopy-assisted open

cystogastrostomy showing the absence of recurrence of the collection

behind the posterior wall of the stomach (white star)
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stomach, cystogastrostomy (open or laparoscopic) can

usually be proposed as surgical management.

Recently, Varadarajulu et al. [25], in a prospective sin-

gle-center randomized study comparing 20 patients with

first-line endoscopic treatment to 20 patients with first-line

open cystogastrostomy, showed that endoscopic treatment

was associated with shorter hospital stays, better physical

and mental health of patients, and lower cost. There was no

case of recurrence in the endoscopic group compared to

one case of recurrence in the surgical group. Endoscopic

therapy was not possible in one patient. However, this

study included patients without pancreatic parenchymal

necrosis (exclusion criterion), and very good results were

obtained in the surgical group that are with few compli-

cations (one major complication, 5 %) and a median length

of hospital stay of 6 days for surgical patients. The length

of hospital stay in our study was almost three times longer.

Endoscopic treatment was also performed only once for

most patients in Varadarajulu’s series. These results, better

than those observed in our series, can be explained by the

fact that we only included patients with pancreatic

parenchymal necrosis. Most patients in our institution are

treated by endoscopy only, without the need for open

cystogastrostomy, in the absence of pancreatic parenchy-

mal necrosis.

Necrosectomy is traditionally performed according to a

blind approach with a risk of injury to the vessels and

incomplete removal of pancreatic necrosis. In our experi-

ence, the blind technique was associated with one additional

early postoperative death due to intraoperative injury of

vessels. We therefore modified our technique in favor of

open cystogastrostomy. The present series comprises 11

cases of laparoscopy-assisted open cystogastrostomy. The

median operating time of 190 min was acceptable. Out-

comes were acceptable with only one major complication

(postoperative bleeding at the posterior gastrostomy)

requiring endoscopy, and the length of hospital stay was

acceptable with a median length of hospital stay of 16 days.

Nevertheless, surgical cystogastrostomy is associated with

certain risks, as one case of injury of a branch of the superior

mesenteric vein during necrosectomy was observed in our

series explaining the high intraoperative blood loss

(1700 ml). Gastroduodenal artery injury can also be

observed as in our series, as this artery has a retropancreatic

course and may therefore be situated in the middle of the

necrosis (Video 4) and can be easily injured during necro-

sectomy. Prophylactic ligation was performed in our case to

prevent pseudoaneurysm formation. Laparoscopy-assisted

open cystogastrostomy with placement of a transgastric

retroperitoneal drainage tube was associated with complete

resolution of all complex pancreatic pseudocysts with only

one case of recurrence in this series. The patient with

recurrence was the first patient in this series to be treated by

open cystogastrostomy, and recurrence may have been due

to an excessively short posterior gastrostomy. This tech-

nique can also avoid vascular injury, as the artery and vein

may be weakened by local inflammation due to pancreatic

necrosis (Video 4). Globally, our results are similar to those

reported in the literature [12].

Laparoscopic cystogastrostomy has been described

previously, but requires extensive experience. Simo et al.

[Simo] published their experience based on 22 patients.

Mean operating time was acceptable at 220 min. Seven

patients required conversion to an open procedure (31 %).

No recurrence was observed in 20 patients with a mean

follow-up of 3.4 months. The main problem associated

with laparoscopic cystogastrostomy for debridement of

pancreatic necrosis is the possibility of incomplete removal

of necrosis, as reported in the series by Simo et al. [26].

The advantage of our technique is that optimal debridement

can be performed under laparoscopic control with optimal

control of vessels to avoid injury during necrosectomy. Our

technique can also be performed by all surgeons and does

not require an extensive experience of laparoscopy. For this

reason, we prefer to perform open cystogastrostomy with

concomitant use of laparoscopy to ensure removal of a

maximum of pancreatic necrosis.

Conclusion

Open cystogastrostomy for necrotizing pancreatitis pro-

motes adequate internal drainage of the heterogeneous

pancreatic pseudocyst, resulting in a postoperative com-

plication rate and a short length of hospital stay. However,

this technique requires particular attention to the risk of

vascular injury, which can be difficult to repair in the

context of severe local inflammation related to pancreatic

necrosis.
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