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Abstract

Background and aim Pancreatic pseudocysts (PPC) are a

complication that occurs in acute and chronic pancreatitis.

They comprise 75 % of cystic lesions of the pancreas.

There are scarce data about surgical versus endoscopic

treatment on PPC. The aim of this study was to compare

both treatment modalities regarding clinical success,

complication rate, recurrence, hospital stay and cost.

Methods Retrospectively, data obtained prospectively

from 2000 to 2012 were analyzed. A PPC was defined as a

fluid collection in the pancreatic or peripancreatic area that

had a well-defined wall and contained no solid debris or

recognizable parenchymal necrosis. Clinical success was

defined as complete resolution or a decrease in size of the

PPC to 2 cm or smaller.

Results Overall, 64 procedures in 61 patients were

included: 21 (33 %) cases were drained endoscopically

guided by EUS and 43 (67 %) cases were drained surgi-

cally. The clinical success of the endoscopic group was

90.5 versus 90.7 % for the surgical group (P = 0.7), with a

complication rate of 23.8 and 25.6 %, respectively

(P = 0.8), and a mortality rate of 0 and 2.3 % for each

group, respectively (P = 0.4). The hospital stay was lower

for the endoscopic group: 0 (0–10) days compared with 7

(2–42) days in the surgical group (P\ 0.0001). Likewise,

the cost was lower in the endoscopic group (P\ 0.001).

The recurrence rate was similar in both groups: 9.5 and

4.5 % respectively (P = 0.59). The two recurrences found

in the endoscopic group were associated with stent

migration, and the recurrence in the surgical group was due

to the type of surgery performed (open drainage).

Conclusion Endoscopic treatment of PPC offers the same

clinical success, recurrence, complication and mortality

rate as surgical treatment but with a shorter hospital stay

and lower costs.

Keywords Pancreatic pseudocyst � Endoscopic drainage �
Endoscopic ultrasound guidance � Surgical treatment

Background

Pancreatic pseudocysts (PPC) are a complication that occurs

in 5–15 % of acute pancreatitis [1–3] and in 26–40 % of

chronic pancreatitis [4, 5]. They comprise 75 % of cystic

lesions of the pancreas and result from inflammation, rupture

or obstruction of the pancreatic duct [6]. The 30–60 % of
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PPC will resolve spontaneously; therefore, the treatment is

recommended for those PPC who persist as well as for those

symptomatic and complicated lesions [7–10]. The incidence

of complicated PPC is about 10–20 % with a mortality of

10 % [11, 12]. The complications of PPC include obstruc-

tion, hemorrhage and/or infection [7, 8].

Today, endoscopic drainage is replacing surgical treat-

ment of PPC. In fact, Varadarajulu et al. [13] reported a

change in the trend of PPC treatment, showing how the

endoscopic treatment increased from 82 to 100 % before

and after 2007, respectively, with 83 % of PPC being

drained with endoscopic ultrasound (EUS) guidance.

There are few publications that have compared surgical

versus endoscopic treatment of PPC, including one sys-

tematic review [14–17]. However, many of these reports

have a great heterogeneity regarding the use of EUS

guidance [15] and the majority of them have compared the

endoscopic group with surgical cystogastrostomy or cys-

tojejunostomy [14, 15, 17]. There are different surgical

approaches for treating PPC, and there is no gold standard

between them. The choice depends on the surgeon‘s

experience and clinical characteristics of the patient. There

are no series that have compared endoscopic drainage with

EUS guidance with different surgical approaches. The aim

of this study was to compare both treatment modalities

(EUS-guided and surgical) regarding clinical success,

complication rate, recurrence, hospital stay and cost.

Materials and methods

A retrospective analysis of data obtained prospectively in

paper and electronic records of patientswith diagnosis of PPC

and endoscopic or surgical treatmentwas conducted. Patients

were seen from 2000 to 2012 at the National Institute of

Medical Sciences and Nutrition Salvador Zubirán at Mexico

City, Mexico. All patients gave their written informed con-

sent before the procedure, and all were evaluated routinely

with a contrast-enhanced computed tomography (CT) scan

prior to the procedure. A PPCwas defined as a fluid collection

in the pancreatic or peripancreatic area that had a well-de-

fined wall and contained no solid debris or recognizable

parenchymal necrosis [18]. Those patients treated with

endoscopic drainage were intubated and received 1 g I.V. of

ceftazidime 30 min before the procedure. A convex linear-

array echoendoscope was used, and once the PPC was iden-

tified, it was accessed using a 19-gauge needle (Echo-Tip,

Wilson-Cook medical, Inc., Winston Salem, North Carolina,

USA), and a 0.035-inch guidewire was inserted through the

needle into the pseudocyst with fluoroscopic guidance. After

removal of the needle, we used a needle knife inserted over

the guidewire to create a bigger fistula. Finally, the gastric

wall was dilated up to 15 mm using a wire-guided balloon

and two double pigtail plastic stents (7F and 4 cm) were

deployed for drainage. The procedure was performed in both

inpatients and outpatients. In those outpatients, they were

observed at least every 4 h and discharged once they were

awake and asymptomatic. We consider complications as

follows: Perforation was diagnosed when pneumoperi-

toneum was evident on imaging studies associated with

peritoneal signs. Bleeding was defined as any hemorrhagic

event that required endotherapy, blood product transfusion or

inpatient observation. Infection was considered if any septic

event occurred after the initial endoscopic drainage and was

caused by contamination of the PPC, proven by new-onset

fever, positive blood cultures or positive fluid cultures

obtained at endoscopic revision [17, 19]. Stent migration was

defined as the need to retrieve a stent from within the pseu-

docyst or the enteral lumen [20]. Eight weeks after the drai-

nage, an endoscopic retrograde pancreatography (ERP) or

magnetic resonance cholangiopancreatography (MRCP) was

performed. Partial ductal disruption was defined as extrava-

sation of contrast from the main pancreatic duct (MPD) with

opacificationof thePDproximal to the disruption [21, 22].An

abrupt cutoff of the MPD with or without contrast extrava-

sation, or an inability to traverse this disconnection with a

guidewire, was diagnostic of disconnected pancreatic duct

syndrome (DPDS) [23].

Surgical treatment consisted of open and laparoscopic

approaches and included the following: open drainage,

cystogastrostomy, cystojejunostomy, distal pancreatec-

tomy, PPC resection and pancreato-jejunostomy. The open

drainage is a laparotomy approach where the PPC is open

and drained and was performed mainly due to inflammation

surrounding the PPC or due to adhesions secondary to

previous surgeries. In those patients treated with an open

drainage due to inflammation, a second surgery (distal

pancreatectomy or PPC resection) was performed months

later. They were considered as different procedures and

they were analyzed separately. The choice between endo-

scopic versus surgical treatment emerge with time as the

endoscopic ultrasound guided drainage is an evolving

treatment modality that gained popularity during the study.

Patients treated outside the hospital were excluded.

Clinical success was defined as complete resolution or a

decrease in size of the PPC to 2 cm or smaller on CT

associated with the resolution of symptoms at the 8-week

outpatient follow-up evaluation [14]. Recurrence was

defined as a PPC found on CT associated with symptoms

after an initial resolution [14]. Re-intervention was defined

as the need for repeat surgery or endoscopy owing to

persistent symptoms in association with a residual pseu-

docyst that was not less than 50 % of the original size on

follow-up imaging [14]. The cost was determined by the

procedural fees, anesthesia, material, medications, proce-

dural facility fees and hospital stay.
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Statistical analysis

Continuous variables were expressed as means and SD.

Categorical data were expressed as absolute numbers and

percentages. Differences between groups were analyzed for

categorical variables with the Chi-square test, except where

the frequency was less than 5, in which Fisher’s exact test

was used. For continuous variables, analysis with Mann–

Whitney U test was done. We considered P\ 0.05 as sta-

tistically significant. Statistical analysis was performed with

SPSS version 20.0 for Windows.

Results

A total of 64 procedures in 61 patients with PPC were ana-

lyzed, 21 of which were drained endoscopically with EUS

guidance and 43 surgically. There were 39 (63.9 %) men and

22 (36.1 %) women with a mean ± SD age of

41.5 ± 13.8 years. Gallstones were the most common etiol-

ogy of pancreatitis. Table 1 summarizes the baseline clinical

characteristics of patients according to treatment group.

Endoscopic group

The endoscopic drainage with EUS guidance was per-

formed via transgastric in 16/21 (76 %) patients and

transduodenal in 5/21 (24 %) patients. The mean number

of stents used was 2 (1–4). Nine (42.8 %) patients required

a nasocystic catheter because of infected PPC. In one

patient, a metallic stent was used.

Surgical group

The most commonly performed surgery was open drainage

in 13/43 (30.2 %) patients. The rest of the surgeries

performed are detailed in Table 2. A distal pancreatectomy

with splenectomy was performed in patients with portal

hypertension or in those with suspected cystic tumor of

pancreas. A pancreato-jejunostomy was performed in one

patient with chronic pancreatitis and MPD dilatation.

The location of PPC was primarily in the body of the

pancreas (35/64; 54.7 %), followed by tail of the pancreas

(31/64; 48.4 %), head (21/64; 32.8 %) and neck of the

pancreas (8/64; 12.5 %). Some lesions occupied more than

one segment (26/64; 40.6 %). Most patients had a single

lesion (n = 50, 78.1 %). The mean ± SD of the diameter

of the lesions was 8.4 ± 4.3 cm for the endoscopic group

and 9.8 ± 4.2 cm for the surgical group (P = 0.25).

Technical success was 100 % for both groups. The out-

comes of endoscopic and surgical treatments are shown in

Table 3.

Recurrences

Endoscopic group

Two patients had recurrence. In one of them, the MRCP

showed a partial ductal disruption of the MPD. The ERP

failed to cannulate the papilla. The stents migrated 2 months

after the drainage and a second endoscopic drainage failed to

access the PPC because of gastric wall fibrosis and collateral

circulation; therefore, open drainage was performed with a

follow-up of 530 days and no recurrence documented. The

second patient had a DPDS documented by ERP andMRCP.

The recurrence was secondary to stent migration and was

treated with a distal pancreatectomy.

Surgical group

Two patients had recurrence. Neither of them had an ERP

or MRCP. Both were initially treated by open drainage and

Table 1 Baseline clinical

characteristics of patients

according to treatment group

Characteristic Endoscopy (n = 21) Surgery (n = 43) P value

Male, n (%) 13 (61.9) 29 (67.4) 0.66

Age, years 44.4 ± 12 40 ± 14.5 0.23

BMI 25 ± 4.4 24.4 ± 4.4 0.62

Comorbidities, n (5 %) 13 (61.9) 24 (55.8) 0.64

PPC size, cm 6.7 (4.7–17) 10 (2.8–21) 0.44

Cause of pancreatitis, n (%) 0.22

Gallstones 8 (38) 17 (39.5)

Alcohol 1 (4.8) 8 (18.6)

Hypertriglyceridemia 2 (9.5) 1 (2.3)

Idiopathic 1 (4.8) 8 (18.6)

Unspecified 9 (42.9) 9 (21)

BMI body mass index calculated by dividing the patient’s body weight by the square of their height

expressed as kg/m2, PPC pancreatic pseudocyst
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a second surgery was performed because of recurrence

(distal pancreatectomy and PPC resection, respectively).

The anatomy of MPD was evaluated either by ERP or

MRCP in 18 (85.7 %) patients of the endoscopic group

versus 10 (23.2 %) of the surgical group. In the remaining

three patients of the endoscopic group, an ERP failed to

cannulate the papilla. Table 4 summarizes the MPD

findings.

Complications

One (2.3 %) of the 64 patients died; in this patient, a

laparoscopic cystojejunostomy was performed, and 4 days

later, he presented septic shock and a second surgery was

performed finding a duodenal perforation. 2 days later, the

patient died secondary to sepsis.

Other complications in both groups are shown in

Table 5. In the patient with stent migration, the PPC

resolved, but because of intermittent abdominal pain, a

double balloon enteroscopy was performed; this found the

stents 30 cm from the ileocecal valve and enabled retrieval

of them with a polypectomy loop, with improvement on

follow-up.

All of the infectious complications of the endoscopic

group were treated with a second endoscopic drainage

using a nasocystic catheter with clinical and radiological

resolution. Two (9.5 %) patients bled after endoscopic

drainage. One of them was successfully treated endoscop-

ically with clips, and the second required surgery, clipping

the left gastric artery and leaving the PPC intact because of

hemodynamic instability. Months later, the PPC resolved

spontaneously. No deaths related to endoscopic treatment

were documented.

Discussion

According to our data, there are no differences in clinical

success, recurrence, complication and mortality rate

between the endoscopic and surgical groups in the treat-

ment of PPC. Hospital stay and cost were significantly

lower for the endoscopic group.

Regarding hospital stay and cost, endoscopic treatment

has the following advantages over surgery: faster recovery,

less pain, shorter procedure time and less time fasting. All

of these factors together have a shorter hospital stay and

lower costs as a consequence. Besides that, in our study,

the majority of the endoscopic procedures were performed

as outpatients (11/21; 52.3 %). As previously reported in a

Table 2 Types of surgeries

Type of surgery n = 43

n (%)

Open drainage 13 (30.2)

Cystogastrostomya 10 (23.3)

Cystojejunostomyb 8 (18.6)

Distal pancreatectomy with splenectomy 6 (14)

Pseudocyst resection 5 (11.6)

Pancreato-jejunostomy 1 (2.3)

a 9 (90 %) open
b 5 (62.5 %) laparoscopic

Table 3 Outcomes of

endoscopic and surgical

treatments

Characteristic Endoscopic (n = 21) Surgery (n = 43) P value

Clinical success, n (%) 19 (90.5) 39 (90.7) 0.74

ICU stay, mean ± SD, days 0.19 ± 0.13 1.4 ± 0.72 0.25

Complication rate, n (%) 5 (23.8) 11 (25.6) 0.87

Recurrence, n (%) 2 (9.5) 2 (4.6) 0.59

Follow-up, median (IQR), days 270 (30–1915) 580 (0–4320) 0.26

Mortality, n (%) 0 (0) 1 (2.3) 0.48

Hospital stay, median (IQR), days 0 (0–10) 7 (2–42) \0.0001

Cost, mean ± SD, USD 3092 ± 1705 7734 ± 623 \0.001

ICU intensive care unit, IQR interquartile range

Table 4 Findings of the main pancreatic duct according to treatment

group

Endoscopy (n = 21)

n (%)

Surgery (n = 43)

n (%)

MRCP 3 (14.3) 2 (4.6)

ERP 15 (71.4) 8 (18.6)

MPD findings

PDD 7 (39) 3 (30)

DPDS 6 (33.3) 4 (40)

Normal 5 (27.7) 3 (30)

MRCP magnetic resonance cholangiopancreatography, ERP endo-

scopic retrograde pancreatography, MPD main pancreatic duct, PDD

partial ductal disruption, DPDS disconnected pancreatic duct

syndrome

1462 Surg Endosc (2016) 30:1459–1465

123



retrospective analysis of 19 pancreatic fluid collections

(PFC), with 14 (73.6 %) of them being PPC, the authors

found that only 32 % of them required hospitalization and

concluded that an endoscopic drainage of PFC is feasible

as an outpatient in selected cases [24]. In this study, we

found that the surgical treatment was approximately two

times the cost for endoscopic drainage, similar to that

reported in a RCT and one retrospective study [14, 17]. The

differences between total costs reported by our group and

previous studies are evident; we consider that total cost in

both treatment groups (surgical and endoscopic) was

probably lower in our country because the study was

conducted in an Public Institution, but the relationship (two

to one) is maintained and the cost in our institution might

reflect the cost in other Latin-American and developing

countries.

The clinical success of both treatment groups was 90 %,

similar to that reported by other authors (95–100 % for the

endoscopic group [14, 17] and 87–98 % for the surgical

group [15, 25] ); however, the clinical success rate previ-

ously reported for the surgical group is mainly

laparoscopic.

The complication rate and recurrence of the endoscopic

group was 23.8 and 9.5 %, respectively, which is higher

than previous reports [14]. Although the use of balloon

after the puncture has been reported [14], we used a needle

knife in our patients to create a bigger fistula because we

had difficulties introducing the balloon just after the

puncture was done, which might explain the bleeding cases

in our series. Other authors recommend the use of a cys-

tostome 6 F after the puncture; however, unfortunately, this

is not widely available in our country. There are the slight

variations in the literature between different techniques for

fistula creation. In our experience, the needle knife is a

useful tool for creating a bigger fistula, avoiding difficulties

and time in introducing the balloon. Little information

about this interesting topic has been reported, and we

consider this a focus for future research. The recurrence

rate published is between 0 and 25 %. Our recurrence rates

are as expected [26]. In total, we had five cases of stent

migration, but only one case fulfilled the most recent def-

inition [19]. In the remaining four patients, two had clinical

and radiological resolution and no further treatment was

needed, while in the other two, the PPC recurred, requiring

a second drainage. If we consider all cases of stent

migration separately, we found a migration rate of 23.8 %

(5/21), which is consistent with that reported in two pre-

vious studies, including one randomized trial, where the

reported migration rate was 20–30 % [27, 28].

Unlike the only RCT published to date [14], our study

included different routes of endoscopic drainage, with

76 % performed via transgastric and the remaining via

transduodenal routes, as well as different surgical approa-

ches (open and laparoscopic). This could explain the dif-

ferences found in the complication rate of the surgical

group (10 vs. 30 %), although the recurrence remained the

same (5 %) [14]. The reported complication rate and

mortality following a laparoscopic approach is similar to

ours (10–30 % and 1–5 %, respectively) [29]. However, a

systematic review of 118 patients reported a complication

rate of 4.2 % and a mortality of 0 % for the laparoscopic

group [15].

The time in which to perform an ERP is a debated issue.

The majority of publications report performing an ERP

previous to the transmural drainage; however, there is no

evidence to support this approach [30–32]. We evaluated

the MPD anatomy either by ERP or MRCP 8 weeks after

the drainage was performed with a cannulation failure rate

of 16.6 % and a DPDS rate of 33.3 %, similar to those

previously reported [14, 31]. This might suggest that the

time in which the ERP or MRCP is conducted does not

influence the success, complication rate or recurrence rate,

but might have an impact on the total cost; therefore, RCTs

about this issue in particular are needed. Regarding the

surgical group, there is no evidence about the relevance of

evaluating the MPD before surgery. However, in our study,

Table 5 Complications

according to treatment group
Complication Endoscopic group (n = 21)

n (%)

Surgical group (n = 43)

n (%)

Bleeding 2 (9.5) 1 (2.3)

Infection 2 (9.5)

Stent migration 1 (4.7)

Intraabdominal collection 4 (9.3)

Fistula 2 (4.6)

Pneumonia 2 (4.6)

Surgical wound infection 1 (2.3)

Septic shock 1 (2.3)

Total 5 (23.8) 11 (25.5)

Three patients (7 %) of the surgical group had more than one complication
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both patients who had PPC recurrence in the surgical group

were initially treated with an open drainage, raising the

question of whether it is necessary to perform a pancre-

atography before performing an open drainage. Regarding

the time for stent removal, one RCT showed that the short

duration of stents and the retrieval of them are associated

with recurrence [26]. We were not able to determine the

duration of the stents due to the retrospective nature of the

study and neither were we able to establish an association

between the MPD findings with recurrence.

There are some limitations of our study: firstly, the

retrospective design and consequent non-randomization,

and secondly, the time of follow-up. However, there is a

lack of information regarding this endoscopic topic, and

only one previous RCT has been published. Our data rep-

resent the first Latin-American report regarding a com-

parative analysis between endoscopic and surgical

treatments for PPC with cost analysis and could be very

significant for future meta-analysis. Besides, this is the first

report that compares endoscopic drainage with EUS guid-

ance of PPC with different surgical approaches.

In conclusion, the endoscopic treatment of PPC offers

the same clinical success, recurrence, complication and

mortality rate as surgical treatment, but with shorter hos-

pital stay and lower costs.
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