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ABSTRACT

Background and Objectives: Postoperative fluid collection due to pancreatic leak is the most frequent complication after
pancreatic surgery. EUS-guided drainage of post-pancreatic surgery fluid collection is the gold standard procedure; however,
data on outcomes of this procedure are limited. The primary endpoint of our study was relapse over longterm followup, and
the secondary endpoint was the efficiency and safety of EUS-guided drainage of post-pancreatic surgery fluid collection.
Patients and Methods: This retrospective study was conducted at a single center from December 2008 to April 2016.
Global morbidity was defined as the occurrence of an event involving additional endoscopic procedures, hospitalization,
or interventional radiologic or surgical procedures. EUS-guided drainage was considered a clinical failure if surgery was
required to treat a relapse after stent removal. Results: Fortyone patients were included. The technical success rate was 100%.
Drainage was considered a clinical success in 93% (39/41) of cases. Additionally, 19 (46%) complications were identified as
global morbidity. The duration between surgery and EUS-guided drainage was not a significantly related factor for morbidity
rate (P = 0.8); however, bleeding due to arterial injuries (splenic artery and gastroduodenal artery) from salvage drainage
procedures occurred within 25 days following the initial surgery. There was no difference in survival between patients with and
without complications. No relapse was reported during the followup (median: 44.75 months; range: 29.24 to 65.74 months).
Conclusion: EUSguided drainage for post-pancreatic surgery fluid collection was efficient with no relapse during longterm
followup. Morbidity rate was independent of the duration between the initial surgery and EUS-guided drainage; however,
bleeding risk was likely more important in cases of early drainage.
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INTRODUCTION

Postoperative fluid collection due to pancreatic leak is
the most frequent complication after pancreatic surgery.
These collections often extend into the peritoneal
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cavity between visceral organs and have an irregular
shape, thus increasing the difficulty of drainage.'! The
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frequency of fluid collection after pancreatic surgery
is not well established, but it seems to occur in 4%
to 40% of cases.”® The pancreatic duct leak rate
has been reported to be 5% to 20% for the Whipple
procedure,™® 5% to 60% for distal pancreatectomy,”
and 5% to 40% for central pancreatectomy.!'”
Frequency is extremely variable depending on series
and the definition used. In 2014, the International
Study Group of Pancreatic Study published a better
definition of pancreatic fistula, which helped establish
a more reliable frequency of post-surgical pancreatic
fistula.l"'! This frequency is as follows: between
22% and 26% for the Whipple procedure; 30% for
distal pancreatectomy;' and between 20% and 60%
for central pancreatectomy, which was the highest
reported rate and was likely due to the creation of two
pancreatic remnants and thus two potential sites of
fistula.!'”

Nearly 40% of these collections require additional
¢ that
post-pancreatectomy duct leaks can be managed
through conservative treatment. Pancreatic fistula
is classified into three grades: Grade A, spontaneous

treatmen Some authors claimed

resolution; Grade B, management with a drain 7 situ,
and Grade C, additional intervention requirement.!"”!
For a Grade C symptomatic fistula, some researchers
have proposed endoscopic drainage. However, these
studies reported varying etiologies of postoperative
fluid collection, pseudocysts, and several methods
of drainage.l'?") Regardless, endoscopic drainage
was preferred over percutaneous drainage because
percutaneous drainage led to a lower quality of
life due to the external drain®'??l and the risk of
permanent pancreaticocutaneous fistula in 25% of
cases.?" Studies investigating endoscopic treatment
of post-pancreatectomy fluid collection have focused
on transpapillary drainage;®! however, this technique
has limited efficacy due to the limitation of the size
of the pancreatic stent used.” Therefore, EUS-guided
drainage for post-pancreatitis fluid collection has also
been extensively evaluated.?”*® The same technique
was used to drain post-partial pancreatectomy fluid
collection with no differences in technical success and
procedure-related complication compared to pseudocyst
drainage, as reported by Cavallini ez a/!"") EUS-guided
drainage has replaced the transpapillary route in recent
publications; however, these previous studies included
a small sample of patients and short follow-up period.
161721241 Although the technique itself is described well,
the drainage timing, efficiency, and long-term recurrence

is not well evaluated. In this retrospective study, we
examined post-pancreatic surgery fluid collection
managed with EUS-guided drainage over long-term
follow-up.

PATIENTS AND METHODS

Aims of the study

The primary endpoint was fluid collection relapse over
long-term follow-up. The secondary endpoints of the
study were clinical and technical efficiency and the rate
of morbidity.

Study population

This retrospective study was conducted at a single
center from December 2008 to April 2016. EUS-guided
drainage data were collected using a medical endoscopic
coding database. Data on EUS-guided drainage of
pancreatic fluid collection were extracted from this
database. A retrospective analysis was performed in
July 2016 using the hospital’s prospectively collected
computerized patient file. In the absence of recent data,
patients’ physicians or referring gastroenterologists or
the patients themselves were contacted. Patients who
underwent partial pancreatectomy with EUS-guided
drainage of postoperative fluid collection were included.

Definitions

All patients underwent computed tomography (CT)
before drainage. Drainage indications were a welldefined
fluid collection on the CT scan and symptoms.
Symptoms included pain, dysphagia, vomiting, or signs
of sepsis. Collection size was defined on the CT scan.
Post-EUS morbidity was defined as the occurrence
of an event involving re-endoscopy, rehospitalization,
or interventional radiologic or surgical procedure
(disease relapse excluded) after EUSguided drainage.
An EUS-related adverse event was defined as intracystic
hemorrhage, bleeding on the puncture route, and sepsis
involving re-endoscopy. Post-EUS procedure morbidity
and EUS-related adverse event also included stent
migrations within the collection. Intraluminal stent
migrations were considered a complication only if
another endoscopy was needed. EUS-related adverse
events excluded bleeding due to arterial injuries, such
as gastroduodenal artery or splenic artery injury,
gastroduodenal ulcers, and re-hospitalization for
transfusion without obvious etiology.

Technical success was defined as successful stent
placement. Drainage was considered a clinical failure
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if another surgery was needed after the endoscopic
procedure (disease relapse excluded) with removal of
the stent during the additional surgery.

In all patients, the plastic stent was removed at
3 months post-drainage after CT scan control. The
follow-up period began at the date of drainage and
ended at either the date of the last follow-up or the
date of surgery for disease relapse or death.

Drainage technique

The EUS-guided procedure was performed under
general anesthesia with the patient in a supine position.
All procedures were performed using therapeutic linear
array echoendoscopes (EG38UTK; Pentax, Tokyo, Japan)
with large working channels of 3.8 mm, and under triple
guidance with ultrasound, endoscopic, and fluoroscopic
control. A puncture site was selected based on a
minimal distance between the EUS transducer and the
collection without interposed vessels, according to color
Doppler assessment.

We used three modified options to perform the

drainage process as follows:

1. The collection was punctured using a 19-gauge
needle (EUS19T or EUSN-19A; Cook Medical,
Bloomington, IN, USA). A standard or super stiff 0.035-
inch guidewire was passed through the needle and coiled
into the cavity under EUS and fluoroscopic guidance.
The needle was exchanged over the guidewire for a
10 Fr cystotome for electrocautery in order to create a
fistula between the digestive lumen and the collection
cavity. A second wire was inserted into the collection
through the cystotome. The fistula tract was then dilated
using an 8-mm over-the-wire biliary balloon dilator
(Hurricane; Boston Scientific, Marlborough, MA, USA).
Next, one, two, ot three double-pigtail plastic transmural
stents (Cook Medical) were deployed through the fistula
between the collection and the digestive lumen. We
attempted to place at least two stents each time

2. Puncture of the collection and dilation of the fistula
track were performed simultancously using a 10 Fr
cystotome (CST-10; Cook Medical) with an endocut
current (Erbe Medical, Ttubingen, Germany). After
insertion of a guidewire through this knife, the 10 Fr
cystotome was inserted into the collection, the metal part
and Teflon catheter of the cystotome were withdrawn,
and a second wire was placed. Dilation of the tract was
then performed using an 8-mm over-the-wire biliary
balloon dilator (Hurricane; Boston Scientific). Next,
one, two, or three doublepigtail plastic transmural
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stents (Cook Medical) were deployed through the fistula
between the collection and the digestive lumen

3. After insertion of the 10 Fr cystotome, a transmural
lumen-apposing covered metal stent (LAMS)
could be placed without dilation of the tract (Nagi
10 mm X 30 mm; Taewoong Medical Co. Ltd., Seoul,
South Korea). In this case, a 7 Fr double pigtail stent
was inserted through the LAMS to prevent migration.

Statistical analysis
Descriptive statistics were used to describe

the categorical (counts and frequencies) and
continuous (median, range, and mean) variables. The
complication rate was estimated with its bilateral
Wilson’s confidence interval. The area under the receiver
operating characteristic (ROC) curve was estimated
for the complication outcome depending on the time
from surgery to drainage, along with its bilateral Wald’s
confidence interval. The best cutoff point was evaluated
corresponding to the minimal distance to the point of
maximal sensitivity and specificity. The odds ratio (OR)
of the complication outcome associated with the time
from surgery to drainage was estimated along with its
bilateral Wald’s confidence interval. The follow-up of
patients with and without complication, respectively,
was estimated using the inverse Kaplan—Meier
method and was compared using a log-rank test. All
statistical analyses were conducted using SAS® software
version 9.3 (SAS Institute Inc., Cary, NC, USA) at a

significance level of o = 0.05.
RESULTS

Outcomes

From  December 2008 to  April 2016,
41 patients (19 males, 22 females; mean age = 61 years;
standard deviation = 12.8 years) underwent
EUSguided drainage for post-partial pancreatectomy
fluid collection (mean size = 76 mm). These data
were collected for 223 procedures performed for
EUS-guided intra-abdominal fluid collection, which were
complications of 681 partial pancreatectomies from a
total of 694 pancreatic surgeries.

Surgeries included Whipple resection for 7 patients,
median pancreatectomy for 2, left pancreatectomy for
206, and enucleation for 6. With regard to histology,
12 patients had pancreatic adenocarcinoma, 9 had
endocrine tumors, 8 had an intraductal papillary
mucinous neoplasm without carcinoma, 3 had
liposarcoma, 3 had mucinous cysts, 2 had serous cysts,
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1 had a pseudocyst, 1 had duodenal adenocarcinoma, 1
had a metastatic lesion from an ovarian tumor, and 1
had a stromal tumort.

The technical success rate was 100%. Three patients
needed postEUS-guided salvage drainage with ablation
of the stents; therefore, these were considered drainage
failures. EUS-guided drainage was considered a clinical
success in 93% (38/41) of the cases. Most of the
drainages (95%) were performed with plastic stents
and most with at least two stents (76%). No pancreatic
intraductal stents were placed [Table 1].

Complications
Mortality was not reported in the study.

The area under the ROC curve for the complication
outcome depending on the time from surgery to
drainage was quite low (0.56 [0.37-0.74]). There
was no significant effect of the duration from the
initial surgery to EUS-guided drainage on morbidity
rate (OR = 0.99 [0.98; 1.01], P = 0.841; Wald test)
19 (46% [32%; 61%])
complications were reported. EUS-related adverse
events occurred in 9 of 41 patients (22% [12%; 37%])
[Tables 2 and 3].

[Figure 1]. Moreover,

Bleeding due to arterial injuries (splenic artery and
gastroduodenal artery) during the necessary salvage
drainage procedures occurred in all the three drainage
failure cases within 25 days following the initial
surgery (day 4, day 6, and day 25). After exclusion of
the two LAMS drainages, sepsis related to insufficient
drainage occurred in one patient after early drainage
and in four cases after delayed drainages (25 days post).

Four stent migrations were observed, which comprised
three intraluminal migrations and one intracystic
migration; only two of them needed additional
endoscopy.

Followup

Median followup was 44.75 months
(range: 29.24 to 65.74 months). No differences
in follow-up and survival were reported
between patients with or without complications
(P = 0.65; logrank test) [Figures 2 and 3]. Additionally,
no relapses were noted during the follow-up.
A summary of the management and follow-up is

reported in Figure 4.

Table 1. Characteristics of the patients and the
drainage

Surgery
Enucleation 6
Whipple 7
Caudal pancreatectomy 26
Median pancreatectomy 2
Pathology
Benign 8
Malignant 33
Indications of drainage
Abdominal pain, fever 23
Abdominal pain 16
Cyst size increasement 2
Technical routes
Transgastric 39
Transduodenal 2
Method of drainage
Drainage Type 1 15
Drainage Type 2 26
Type and number of stent
LAMS 2
Plastic 38
1 stent 9
2 stents 28
3 stents 1
Nasocystic drain 1
Contributive bacteriology 4
Re-endoscopy 16

Re-endoscopy for drainage
1 re-endoscopy

Plastic stent instead of metallic stents 2

3rdstent 1

New collection 1
2 re-endoscopy

Nasocystic drain and then 3™ stent 2

LAMS: Lumen-apposing covered metal stent

DISCUSSION

The present study is the largest study on postoperative
fluid collection and EUS-guided drainage after
pancreatic surgery, even though it has a retrospective
design. EUS-guided drainage was efficient for the
drainage of this collection, with no relapse over
long-term follow-up. There was no control group
because the policy of our medicosurgical team is to
use EUS-guided drainage as a first-line treatment. This
policy allows homogeneous management of these
postoperative fluid collections, which was the main
interest of this study. In the previously largest study
by Tilara ez al,! 31 patients were included, but only 24
underwent first-line therapy of EUS-guided drainage.
Of the 7 remaining patients, 6 underwent previous
percutancous drainage and 1 underwent transpapillary
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ROC Curve - Complication depending on duration surgery-drainage
Area Under the Curve=0.56 [0.37,0.74]
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Figure 1. Receiver operating characteristic curve - complication
depending on duration surgery drainage area under the

curve = 0.56 (0.37, 0.74)

Follow-up curves - Complication
100

Follow-up (%)

p=0.65
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Figure 2. Follow-up according to the presence or not of complication

Overall Survival curves - Complication
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p=0.91
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Figure 3. Survey according to the presence or not of complication

drainage. Moreover, in a study by Varadarajulu
et al'"" of 20 included patients, 10 received additional
interventional management that included transpapillary

Table 2. Characteristics of drainage complications
with procedure before Day 26/surgery

Nature of the Date/drainage Complication treatment

complication

Bleeding on the d11 Endoscopic

puncture route

Sepsis d7 Placement of plastic
stent instead of
metallic stent

Sepsis d15 Addition of a nanocystic
drain during 7 days
and then addition
of a 3 stent

Intra-cystic d1 Endoscopic hemotasis

bleeding

Splenic artery dé Embolization +

injury salvage surgery

No resumption of d4 Placement of plastic

bowel movement stent instead of
metallic stent

Sepsis d10 Endoscopic x2 with
necrosectomy

Gastro-duodenal d4 Salvage surgery

artery injury

Anemia d20 Hospitalization for
blood transfusion

Artery bleeding d25 Total pancreatectomy

with pancreatic
anastomosis
failure

Table 3. Characteristics of drainage complications
with procedures after Day 25/surgery

Nature of the Date/drainage = Complication treatment
complication
Sepsis d2 Nasocystic drain during
5 days and then improving
placement of the stent
Intra-cystic do Removing of the stent
migration brought forward
to 2 months
Duodénal bulb d2 Endoscopic hemostasis +
ulcer bleeding radiologic embolization
Intra-abdominal dé4 Salvage surgery
bleeding without ablation of the
stent (surgical packing)
Gastric ulcer d32 Endoscopic hemostasis
bleeding
Sepsis d20 Addition of a 3™ stent
Sepsis after d15 New EUS drainage
stent migration
Sepsis d12 New EUS drainage
with a new
collection, after
intraluminal
migration stent
Persistence of d5 Endoscopic checking

abdominal pain

EUS: Endoscopic ultrasound

drainage (# = 4), percutaneous drainage (# = 3), or

both (# = 3).
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41 patients

22 drainages in the 25
days following surgery <

19 drainages after 25 days

no complication:
55%(12)

global morbidity: 45% (10)
specific morbidity 22% (5)

salvage
surgery with
ablation of

stents

success 86% (19/22)

following the surgery

global morbidity: 47% (9
specific morbidity: 21% (4

no compllcatlon:
53% (

success 100% (19/19)

v

death, disease relapse with surgery
treatment: 17

y

y

None relapse of collection was reported

no disease relapse: 24

Figure 4. Flowchart of management and follow-up

The number and type of stents inserted into the
collection varied in our study. Our experience showed
that stent migration was less frequent with double
pigtail stents than with straight stents. Additionally,
there were fewer re-interventions after placement of
two stents than after the placement of only one stent.”
Therefore, we attempted to place two double pigtail
plastic stents in each patient. During the analysis, we
considered identifying the insertion of one stent as an
incomplete drainage or a partial failure of the drainage
technique. However, we chose not to because in cases
where it was difficult to insert two stents, we rarely
attempted to insert both stents in order to minimize
time and avoid insufflation.

Further, in our series, LAMS was placed twice with
technical success, but it was necessary to replace LAMS
with plastic stents in the following days. Necrosectomy,
which could be an indication of LAMS placement, was
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not performed in the management of these collections.
Considering these results, the potential risk of arterial
bleeding in the management of postoperative fluid
collection, as well as a recent paper by Bang ez al.,’
placement of LAMS should be excluded from firstline
endoscopic treatment of postoperative fluid collection.

No transpapillary drainages were performed in our
study. We considered the occurrence of pancreatic
leakage due to the surgery, but these were without
pancreatic duct abnormalities in the remnant
pancreatic duct post-surgery. In a multicenter study of
375 patients, non-superiority of transpapillary drainage
was described. This study also reported better long-term
radiologic resolution without transpapillary drainage."!
There are multiple concerns regarding transpapillary
draining including potential injury from pancreatic duct
stenting when the pancreatic duct below the operated
lesion is healthy, and/otr pancreatic opacification
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that can induce pancreatitis and may worsen the
clinical course.”? With these concerns in mind, no
transpapillary pancreatic stents were placed in our study;
however, transpapillary stenting is described in some
cases in previous reports."'”! From this point of view,
our series is in agreement with the study by Onodera
et al., which included 6 patients with EUS-guided
drainage.!'’

The rate of complications in our study was higher than
that in other studies because we reported supplementary
endoscopy as a complication according to the current
classification of sutgical complications;™ other studies
did not use this classification. It is important to consider
that symptomatic pancreatic fistula is associated with high
morbidity. In a study of 158 patients who developed
postoperative complications, 436 CT, 310 interventional
imaging, and 26 operative procedures were required.
Additionally, there was an average of 38 days of drainage
per patient, intensive care unit/hospital re-admission
rate was 50%, and mortality rate was 5%."1 We also
know that the etiologies of complications are often
difficult to ascertain. As a result, by choosing to consider
all complications, our complication rate was more
representative of the management of post-pancreatectomy
fluid collection. We attempted to adjust the rate of
complications with the rate of EUS-related adverse
events in order to make comparisons with other studies;
however, it was not sufficient, as re-endoscopy was not
considered a complication in previous studies. When
drainage was within the first month after surgery, bleeding
was the most common complication. When drainage
occurred later (after the first month post-surgery), sepsis
was the dominant complication. This severe bleeding due
to arterial injuries (splenic or gastroduodenal arteries)
in early drainage was not significant, likely due to the
small number of patients. These results were determined
because we evaluated all morbidities and re-endoscopy as
complications.

Four stent migrations were observed; three intraluminal
migrations and one intracystic migration. In the latter
case, the stent was removed at 2 months with ablation
in the same procedure of the stent remained in place
after dilation of the fistula track. This migration
was considered a complication because ablation
was performed at 2 months instead of 3 months.
Regarding the intraluminal migrations, two patients were
asymptomatic, did not require supplementary endoscopy,
and did not present any complications regarding the
migration. The last patient presented with sepsis that
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was likely due to the stent migration; this complication
was classified as sepsis.

CONCLUSION

EUS-guided drainage for postoperative fluid collection
after pancreatic surgery was an efficient technique with
no relapse during long-term follow-up. The substantial
rate of morbidity of this technique can be explained by
the difficulty in managing patients; however, this had
no impact on patient survival. The rate of morbidity
was independent of the time between surgery and the
drainage procedure; however, it is important to note
that bleeding risk is likely more important in cases of
early drainage.
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