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Abstract

Background Cystogastrostomy is commonly performed

for internal drainage of pancreatic pseudocysts (PP) and

concomitant debridement of walled-off pancreatic necrosis

(WOPN). While an open approach to cystogastrostomy is

well established, an optimal minimally invasive technique

continues to evolve. This laparoscopic transgastric endo-

lumenal cystogastrostomy presented here allows for a large

cystogastrostomy with complete debridement of necrosis

and internal drainage through a minimally invasive

approach.

Methods We performed a retrospective review of 22

patients with symptomatic PP/WOPN treated with attempted

laparoscopic transgastric endolumenal cystogastrostomy

(Lap-TEC) and pancreatic debridement. Short- and long-

term outcomes were assessed.

Results From November 2006 to March 2013, a total of 22

Lap-TEC/pancreatic debridement procedures were attemp-

ted; 15 were completed laparoscopically. The median age of

the cohort was 49.5 ± 12 years (range = 18–71), average

body mass index = 29.1 kg/m2, 77 % had an ASA score C3,

and 10 were female. Gallstones were the most common

etiology (50 %), and median time between initial presenta-

tion and surgery was 86 days (range = 0–360). Median

operative time and estimated blood loss were 213 min and

100 cc, respectively. Forty-one percent of the patients were

admitted to the ICU postoperatively and the average length

of stay was 14 days (range = 4–50). Median follow-up was

2 months (range = 0–62.5), with one patient having a pro-

cedure-related complication. No other reoperations, late

complications, or mortalities occurred. All patients had

resolution of their symptoms and fluid collections.

Conclusion This technique of internal drainage via Lap-

TEC and pancreatic debridement has been successful in

achieving primary drainage and relieving symptoms of PP/

WOPN with no mortality and minimal morbidity.
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Pancreatic pseudocysts (PP) are a complication of acute

(2–10 %) or chronic pancreatitis (10–30 %) and require

intervention based on symptoms, growing size ([6 cm),

persistence ([6 weeks), and complexity [1–4]. Post-

necrotic PP have also been referred to as walled-off pan-

creatic necrosis (WOPN) since the introduction of the term

at Digestive Disease Week in 2006 [2, 5–7]. Internal

drainage of PP has traditionally been performed by open

surgical drainage via laparotomy with cystogastrostomy or

cystenterostomy [8, 9]. This procedure is performed via a

generous anterior gastrotomy with the creation of a wide

posterior cystogastrostomy, which is then oversewn. The

overall complication rate for open surgical drainage and

debridement remains about 12–14 %, with a mortality rate

of approximately 25 % (range = 15–43 %) and even
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higher in patients with multisystem organ failure [6, 8, 10,

11]. This is even in the face of technical advancement with

linear staplers and resultant smaller gastrotomies.

Over the past decade minimally invasive techniques for

pancreatic pseudocyst drainage and debridement have been

developed, although no optimal approach has been standard

given the range of clinical and anatomic variations [9, 12].

Advantages of a laparoscopic approach to cystogastros-

tomy and pancreatic debridement (versus an endoscopic

approach) include the ability to create a larger anastomosis,

obtain hemostasis of incised gastric/cyst walls, and more

easily manage complications such as hemorrhage or perfo-

ration if it occurs, while still allowing for evaluation and

debridement of the inner cyst cavity [10]. It has been argued

that there are limitations to the application of a laparoscopic

approach due to the need for special expertise and surgical

skills [6]. We feel that the technique employed at our insti-

tution (laparoscopic transgastric endolumenal cystogastros-

tomy with trocar placement directly into the gastric lumen) is

straightforward, has resulted in excellent outcomes, and can

be applied more widely and consistently to advance the

surgical treatment of PP. The goals of this article are to

describe this technique and evaluate its clinical outcomes.

Materials and methods

Procedure

Our laparoscopic transgastric endolumenal approach is

illustrated in Fig. 1 and the steps are listed in Table 1. A

standard laparoscopic camera is inserted at the umbilicus

using either a Veress needle or an open Hassan technique at

the discretion of the surgeon. After a thorough inspection

of the abdomen with aspiration of any fluid, three upper

abdominal ports are placed. Two 5-mm balloon ports are

positioned on the left side and a 12-mm balloon port is

placed at the midline in the subxiphoid area. A perioral

upper GI endoscopy is then performed with a large-chan-

nel, forward-viewing flexible endoscope (GIS-Q180;

Olympus, Melville, NY).

Under endoscopic visualization, three small gastroto-

mies are made and the transabdominal balloon ports are

inserted into the gastric lumen (Fig. 2). Endoscopic insuf-

flation of the stomach aids in visualization and also pro-

vides some stability for port placement. The 12-mm port

should be placed in the distal antrum for optimal posi-

tioning. The two 5-mm ports are placed along the greater

Fig. 1 Port placement for

laparoscopic transgastric

endolumenal cystogastrostomy

Table 1 Ten steps of laparoscopic transgastric endolumenal cysto-

gastrostomy and pancreatic debridement

1 Intra-abdominal access and placement of four ports

2 Transgastric laparoscopic ultrasound of the pseudocyst

3 Insufflation of the stomach via gastroscope

4 Creation of three small gastrotomies and transgastric placement

of balloon trocars

5 Endolumenal ultrasonic confirmation of pseudocyst cavity

6 Creation of a posterior gastrostomy

7 Cystgastrostomy anastomosis performed with linear stapler and

suture reinforcement

8 Debridement of pseudocyst

9 Placement of nasogastric tube into pseudocyst cavity

10 Closure of gastrostomy sites

1466 Surg Endosc (2014) 28:1465–1472

123



curvature of the stomach as far from each other as possible

for increased ease of movement during debridement and

suturing. A fourth port is sometimes needed. It is important

to use balloon ports so that the stomach will remain

adherent to the abdominal wall throughout the procedure

and minimize possible leakage of gastric contents into the

peritoneal cavity. With the stomach then retracted in

apposition with the anterior abdominal wall, the transga-

stric ports are carefully inspected to ensure they are within

the gastric lumen (Fig. 3). Endolumenal insufflation can

then be achieved through the transgastric ports. The

endoscope is left in position to be used once the cysto-

gastrostomy is created.

A laparoscopic ultrasound probe is inserted through the

12-mm port and the peripancreatic retrogastric fluid col-

lection is visualized. There usually is hypoechoic fluid with

varying degrees of debris and necrosis present. With con-

firmation of the fluid location by ultrasound, a longitudinal

1-cm posterior gastrotomy along the axis of the pancreas is

made using an electrocautery tip or Harmonic Scalpel�

(Ethicon EndoSurgery, Cincinnati, OH). Bleeding vessels

can be encountered in the posterior gastric wall and are

usually fairly easily controlled with electrocautery and/or a

vessel-sealing device. Ultrasound again is used to confirm

that the cyst wall is being approached (Fig. 4). Once the

cyst wall is opened, a linear stapler is used to create the

cystogastrostomy. The cystogastrostomy can be extended

with multiple firings of the linear stapler as necessary

(Fig. 5). Cyst cavity exploration is permitted with either

the laparoscope or the endoscope secondary to the wide

cystogastrostomy and biopsies of the cyst wall can also be

taken at this time. The endoscopic view is often indis-

pensable when necrosis extends far into the pancreatic

head.

Next, entrance of the instruments into the cyst

cavity is confirmed with ultrasound (Fig. 6). The pan-

creatic and peripancreatic necrosis is then thoroughly

debrided and removed through the 12-mm-port site.

We believe it is paramount to debride as much

necrosis as possible at the initial operation and have

noted that the size of the cystogastrostomy necessary is

dictated by the amount of necrosis present. The interior

of the cyst cavity can be clearly identified and visu-

alized with an endoscope, and upon surveying the cyst

Fig. 2 Gastrotomies with balloon ports inserted

Fig. 3 Transgastric ports within the gastric lumen

Fig. 4 Ultrasound confirmation of the cyst wall being approached

Fig. 5 Cystogastrostomy being created and extended with linear

stapler
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interior, any remaining necrosis is debrided and the

cavity copiously irrigated until clean (Fig. 7). During

debridement it is critical to remember the large vas-

cular structures posterior to the cyst. When necrotic-

appearing tissue can not be pulled away with gentle

retraction, it is often because a vascular structure has

been encountered.

The cystogastrostomy is then matured using a suturing

technique of the surgeon’s preference (Fig. 8 illustrates

intracorporeal suturing). Given the angles for suturing

circumferentially, the utilization of a suturing device may

not be possible and in this situation we prefer to use a

hand-sewing method. We recommend placement of

interrupted figure-of-eight sutures circumferentially, being

careful to anastomose the cyst wall with full-thickness

stomach wall. Placement of these sutures can be chal-

lenging given the small spaces present and angles

required. The suturing ensures that the cyst is anasto-

mosed to the posterior gastric wall so that there is no leak

and it also decreases the chance of bleeding from the

edges of the posterior gastric wall.

To complete the procedure, a nasogastric tube is inserted

through the widely patent cystogastrostomy for postoper-

ative drainage. Balloons are then deflated and ports

extracted from the stomach. The anterior gastrotomies are

closed with intracorporeal suturing and knot-tying tech-

niques (Fig. 9). Adequate closure is assured by insufflation

of the stomach (leak test) following closure of the port

sites.

Results

Twenty-two patients underwent attempted laparoscopic

transgastric endolumenal drainage of their symptomatic PP

from October 2006 until March 2013 (Table 2). Median

age was 49.5 ± 12 years (range = 18–71) and 10/22 were

female. Average body mass index (BMI) in the group was

29.1 kg/m2 and 77 % had an American Society of Anes-

thesiologists (ASA) score C3. Comorbidities included

hypertension (55 %), diabetes mellitus type II (50 %),

tobacco use (18 %), and alcohol abuse (5 %). Gallstones

were the most common etiology (50 %). Other etiologies

Fig. 6 Entrance of instruments into the cyst cavity confirmed by

ultrasound

Fig. 7 Interior cyst cavity after debridement

Fig. 8 Maturation of cystogastrostomy with hand-sewing method

Fig. 9 Closed gastrotomies at completion of the operation
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included hypertriglyceridemia (14 %) and alcohol (14 %).

The remaining 23 % were idiopathic. Fifty-five percent of

the pseudocysts were considered to be chronic, and the

median time between initial presentation and surgery was

86 days (range = 0–360). Presenting symptoms included

abdominal pain in 77 % of patients and associated nausea/

emesis in 50 %. Early satiety, diarrhea, and anorexia were

reported less frequently. Weight loss was reported by 41 %

of the cohort.

Pseudocyst characteristics were examined as well

(Table 3). They were found to have an average size of

13.72 ± 4.71 cm (range = 3.7–25 cm) and were located

in the body, with or without tail or neck involvement, in 18

patients, and in the tail with or without head or neck

involvement in the remaining 5 patients. Gutter extension

of the pseudocyst was present 32 % of the time. There was

a failed attempt at endoscopic cystogastrostomy in one

patient but a second attempt was successful but did not

resolve the patient’s symptoms. The splenic vein was

thrombosed in four patients. Finally, seven patients had

positive cultures from the pancreatic necrosis taken at the

time of operation.

Seven patients required conversion to an open proce-

dure. Three patients had multiple dense adhesions and in

another patient fluid was unable to be clearly aspirated

from the pseudocyst, even under ultrasound guidance. A

fifth patient’s body habitus prevented adequate pneumo-

peritoneum. In the sixth patient, the cystogastrostomy was

made and the majority of the debridement completed.

However, it was noted that despite multiple maneuvers, the

head of the pancreas could not be reached for adequate

debridement. This was felt to be due to difficult angles,

likely related to the superior and anterior displacement of

the stomach, even after cyst fluid evacuation. The seventh

patient required conversion secondary to inability to suf-

ficiently angle the laparoscopic stapler to create the cys-

togastrostomy. In addition, eight patients also had a

cholecystectomy as part of their procedure.

Mean operative time was 220 ± 65 min (median = 213)

and was not substantially affected by the addition of a

cholecystectomy (mean operative time = 215 ± 54 min).

The mean estimated blood loss was 223 ± 259 cc (med-

ian = 100; range = 20–1,000) and eight patients received

an intraoperative blood transfusion. Forty-one percent of

patients went to the intensive care unit postoperatively and

the overall average length of stay was 14.9 days (med-

ian = 7.5; range = 4–50) Table 4.

Eight patients had complications within the 30-day

postoperative period. One was procedure-related with

bleeding from the cystogastrostomy staple line which was

Table 2 Patient characteristics

Patient Age Gender BMI

(kg/m2)

Etiology Acute or chronic

pseudocyst

Symptoms Weight

loss

Time to

surgery (days)

ASA

class

1 44 F 38 Gallstones Acute Pain, emesis No 42 3

2 71 F 32 Gallstones Acute Pain, nausea, anorexia Yes 28 4

3 46 M 29 Gallstones Chronic Pain, nausea, fullness No 70 3

4 55 F 27 Gallstones Chronic Pain, diarrhea Yes 30 2

5 40 F 31 Hypertriglyceridemia Chronic Pain, nausea No 150 3

6 49 M 29 Alcohol Acute Pain No 0 3

7 56 M 32 Idiopathic Chronic Nausea, emesis No 60 3

8 39 M 34 Hypertriglyceridemia Chronic Pain No 360 3

9 56 F 21 Idiopathic Acute Early satiety Yes 60 2

10 63 M 24 Gallstones Acute Pain No 30 3

11 39 F 36 Gallstones Acute Pain, nausea, emesis Yes 105 3

12 44 M 44 Alcohol Acute Pain No 60 2

13 48 M 36 Idiopathic Chronic Pain Yes 150 3

14 61 F 28 Idiopathic Chronic Nausea, discomfort No 60 3

15 52 F 32 Idiopathic Chronic Early satiety Yes 30 3

16 70 F 21 Gallstones Acute Pain, emesis No 60 4

17 60 M 23 Gallstones Chronic Pain, SIRS, renal failure Yes 75 3

18 68 M 26 Gallstones Acute Weakness, nausea Yes 81 3

19 46 M 29 Gallstones Acute Pain, fullness Yes 78 3

20 50 F 31 Hypertriglyceridemia Acute Nausea No 82 3

21 18 M 30 Alcohol Acute Early satiety, pain No 44 3

22 47 M 24 Gallstones Chronic Pain No 150 2
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not oversewn during the initial operation. The patient

underwent an upper endoscopy with clip placement on

postoperative day (POD) 4, but rebled on POD 10. An

emergent laparotomy was performed and the bleeding

suture line was oversewn; the patient subsequently had an

uneventful recovery. The other six complications were not

procedure-related. One patient had seizures on POD 14,

which were thought to be a reaction to levofloxacin. During

this time she was also plagued with a persistent biliary

stricture that was treated with percutaneous transhepatic

cholecystostomy tube placement for a septic episode. This

was followed by definitive treatment with creation of a

side-to-side choledochoduodenostomy 4 months after lap-

aroscopic cystogastrostomy and pancreatic debridement. A

second patient had changes in mental status on POD 14

with respiratory distress and required reintubation for 48 h.

He was found to have a urinary tract infection as well. A

third patient had prolonged hospitalization complicated by

line sepsis, ventilator dependence, deconditioning, and

dysphagia requiring short-term total parenteral nutrition.

Two patients had postoperative dysphagia requiring PEG

placement. Five patients required readmission for dehy-

dration, two of which additionally required antibiotics for

urinary tract infections.

Two patients were not seen after discharge from the

hospital. The average follow-up for the remaining 20

patients was 3.4 months (median = 2; range = 1–11).

Eleven had follow-up abdominal imaging that demon-

strated substantial or complete resolution of their PP. There

Table 3 Pseudocyst characteristics

Patient Size (cm) Location Gutter

extension

Preoperative

intervention

Positive cultures

at surgery

Splenic vein

thrombosis

1 19 9 7 Complete No No No Yes

2 11 9 11 Neck, tail Yes No Yes No

3 13 9 9 Body, tail No Attempted endoscopic cystogastrostomy No No

4 12 9 8.7 Body, tail No Endoscopic cystogastrostomy No No

5 6 9 6 Body, tail No No No Yes

6 8.8 9 8.7 Body, tail No No No No

7 25 9 13 Body No No No No

8 8.4 9 7.8 (multiloculated) Body, tail Yes No No Yes

9 3.7 9 3.7, 13.4 9 8.8 Head, tail Yes No No No

10 17 9 12, 8.7 9 5 Body, neck Yes No No No

11 9.3 9 7.6 Body No No No No

12 10 9 10 Body, tail No No No No

13 13 9 13 Neck, body No No Yes No

14 10 9 6.7 Tail Yes No Yes No

15 14.5 9 10.5 Neck, body No No Yes Yes

16 12 9 8.5 Body, tail Yes No No No

17 14.2 9 5.9 Complete No No No No

18 17 9 10 Body No No Yes No

19 23.7 9 14.8 Body No No Yes No

20 8 9 16 Tail Yes No No No

21 12.4 9 9 Body No No No No

22 16 9 10 Body, tail No No No No

Table 4 Perioperative data and treatment outcomes

Conversion to open 7/22

Mean operative time (min) 219 ± 65 (median = 213;

range = 112–366)

Mean estimated blood loss

(cc)

223 ± 259 (median = 100;

range = 20–1,000)

Packed red blood cell

transfusions

8/22

ICU admission 9/22

Length of stay (days) 14 (median = 7.5; range = 4–50)

Complications (30-day) 8/22

Reoperation 1

Late complications 0

Mortality 0

Mean follow-up (months) 3.43 (median = 2; range = 1–11)

Symptom resolution 20/20 (2 lost to follow-up)
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were no late recurrences, complications, or mortalities. All

patients had resolution of their symptoms.

Discussion

Laparoscopic transgastric cystogastrostomy techniques are

reported to result in adequate internal drainage and

debridement of PP with minimal morbidity and mortality.

However, experience with these techniques is limited and

reported long-term clinical outcomes following laparo-

scopic drainage are lacking [13]. Conversely, low com-

plication rates and good outcomes are reported for the

immediate postoperative period and appear to be repro-

ducible even though the number of cases is small [4, 12]. It

is important to recognize that this approach does not

compete with interventional radiology or endoscopy [12].

Rather, the laparoscopic transgastric cystogastrostomy and

pancreatic debridement procedure bridges the wide gap

between interventional techniques and conventional sur-

gery [12].

There are several good reasons to use laparoscopic

transgastric endolumenal cystogastrostomy and pancreatic

debridement. First, the complete removal of necrosis is

possible as well as a wide cystogastrostomy opening

[10, 14, 15]. In our experience we have found this to

consistently be the case. Second, access to the lesser sac,

paracolic gutters, perinephric space, and retroduodenal

space for drainage is possible as well. Finally, for the large

majority of patients, one procedure will relieve symptoms

and a shorter length of stay is noted compared to open

cystogastrostomy [1, 9, 10, 12, 15–20].

The use of intraoperative laparoscopic ultrasound is

extremely useful in avoiding hemorrhage as blood vessels

in the cyst wall can be visualized intraoperatively and

precisely avoided. Intraoperative ultrasound is also helpful

in locating the pseudocyst, if it does not bulge into the

stomach, and in excluding pseudoaneurysms [1, 2]. Others

have taken the position that intraoperative laparoscopic

ultrasound is unnecessary if preoperative CT scans are

carefully evaluated [1]. However, the procedure adds

minimal time and minimal, if any, morbidity. Furthermore,

in our experience real-time information is exceedingly

useful to the operating surgeon.

There are variations in the reported surgical techniques

for laparoscopic transgastric cystogastrostomy and pan-

creatic debridement. Some authors state that a single port

of entry into the stomach is all that is required if the gas-

troscope is used as the camera source [19]. In our opinion,

using the laparoscope gives us a view that is more familiar

and also of higher resolution. This makes the operation

easier and allows for a wider view and more thorough

debridement. Also, the use of one, two, or three intragastric

ports has been reported [10, 12, 19, 20]. In our experience

three intragastric ports decreased the technical difficulty of

suturing and allowed for a more complete debridement. No

increased morbidity or substantial increase in operative

time has been noted.

There have been various debates in the literature

regarding the advantages and disadvantages of both the

anterior and the posterior approach to PP [16]. The anterior

approach is similar to the technique we used in this case

series. The posterior approach is performed by directly

visualizing the posterior wall of the stomach and the

pseudocyst, opening and draining the pseudocyst, and then

using a stapler and running sutures for closure [16]. The

anterior approach is felt to be the technically easier pro-

cedure but requires two anastomoses: posterior staple line

between stomach and cyst and anterior gastric wall gas-

trostomy closures [13, 16]. On the other hand, the posterior

approach is reported to have better visualization and allow

for a large anastomosis but is felt to be more difficult to

learn [13]. A retroperitoneal approach has also been

described; however, its effectiveness needs to be confirmed

and its reported advantages of decreased need for dilation

procedures, multiple procedures, and feasibility in patients

who cannot tolerate pneumoperitoneum need to be further

evaluated [5]. Future randomized trials will be needed to

determine which approach is truly superior.

Opponents of the laparoscopic transgastric approach

argue that the need to induce pneumoperitoneum and the

potential risk of infection and bowel injury limit the use-

fulness of this technique in critically ill patients [6]. Dif-

ficulty with tolerance of pneumoperitoneum was not

observed in our experience and has not been reported to

date in the literature in regard to this technique. No

infections resulted from surgery and no bowel was injured

in our experience. Furthermore, none of the ten other case

series reported occurrence of either of these potential

complications. It would not be unreasonable to presume

that the risk would likely be comparable to that associated

with any other laparoscopic abdominal procedure. Some

opponents also cite cost and requirement of special

instruments as disadvantages to laparoscopic cystogas-

trostomy [19]. While this may have been true in the past,

we have demonstrated consistently, along with others, that

routine laparoscopic instruments can be used to complete

this procedure.

This study does have a few limitations. We had a small

sample size with short-term follow-up and reviewed cases

in a retrospective fashion. We also did not evaluate cost or

perform a quality-of-life survey. However, given that lap-

aroscopic transgastric endolumenal cystogastrostomy is a

promising technique for cystogastrostomy creation, it

should be regarded as a valid therapeutic option for nec-

rotizing pancreatitis with resultant pseudocyst or WOPN
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formation because validation in a randomized trial will be

limited for reasons previously discussed.

In summary, we have demonstrated that laparoscopic

transgastric endolumenal cystogastrostomy with pancreatic

debridement is feasible, highly effective, and safe in our

limited number of patients. Strong consideration should be

given to this straightforward and successful minimally

invasive technique for cystogastrostomy creation and

pancreatic debridement.
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