
Introduction
Patients with malignant periampullary tumors frequently pres-
ent with gastric outlet obstruction (GOO) [1]. Most of these pa-
tients have advanced, non-resectable tumors and thus, symp-
tom palliation and improving quality of life are the usual goals
of any intervention [1]. Some patients are candidates for
neoadjuvant chemoradiation therapy. Palliation of GOO symp-
toms and maintaining adequate nutritional status are crucial in
this difficult-to-treat population. The current most common in-
terventions performed in such patients for the treatment of
GOO are placement of enteral self-expandable metallic stents
(SEMS) or surgical gastrojejunostomy (SGJ) [2, 3]. Three ran-
domized trials have compared outcomes of both approaches
with mixed results [4–6]. The main shortcoming of enteral
SEMS placement is recurrent GOO due to tumor ingrowth/over-

growth, which occurs in the majority of patients who survive
longer than 6 months [6]. On the other hand, the main limita-
tion of SGJ is its invasive nature, especially in such patients with
advanced malignancies and poor nutritional status. In addition,
SGJ is associated with frequent complications, such as perio-
perative infections and gastroparesis [7].

EUS-guided gastroenterostomy (EUS-GE) is the latest break-
through technique for management of patients with benign
and malignant GOO [8, 9]. EUS provides ready access to small
bowel loops distal to the site of obstruction through a transgas-
tric approach. With the recent availability of lumen-apposing
metal stents (LAMS) [10], creation of an endoscopic GE under
EUS guidance became feasible [11]. Several case reports and
case series demonstrated the feasibility, efficacy and safety of
EUS-GE [9, 11–13]. However, there currently exist no studies
comparing EUS-GE to the other currently practiced treatment
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ABSTRACT
Background and study aims EUS-guided gastroenterostomy (EUS-

GE) is a novel procedure that potentially offers long-lasting luminal

patency without the risk of tumor ingrowth/overgrowth. This study

compared the clinical success, technical success, adverse events

(AEs), length of hospital stay (LOHS) and symptom recurrence in

EUS-GE versus SGJ.

Methods This was a multicenter international retrospective com-

parative study of EUS-GE and SGJ in patients with malignant gastric

outlet obstruction (GOO) who underwent either EUS-GE or SGJ.

EUS-GE was performed using lumen apposing metal stents.

Results A total of 93 patients with malignant GOO treated with

either EUS-GE (n=30) or SGJ (n= 63) were identified. Peritoneal

carcinomatosis was present in 13 (43%) patients in the EUS-GE

group and 7 (11%) patients in the SGJ group (P<0.001). Although

the technical success rate was significantly higher in the SGJ group

as compared to the EUS-GE group (100% vs. 87%, P=0.009), the

clinical success rate was not different (90% vs. 87%, P=0.18, OR

0.8, 95%CI 0.44–7.07). The rate of AEs was lower in the EUS-GE

group, but the difference was not statistically significant (16% vs

25%, P=0.3). The mean LOHS was similar in the EUS-GE group

compared to SGJ (P=0.35). The rate of recurrent GOO was not dif-

ferent between the two groups (3% vs. 14%, P=0.08). Similarly,

the mean time to reintervention was similar (88 days vs. 121

days, P=0.83).

Conclusions EUS-GE is associated with equivalent efficacy and

safety as compared to surgical GJ. This is the first comparative trial

between both techniques and suggests EUS-GE as a non-inferior

but less invasive alter to surgery.
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modalities. The aim of this study is to compare the clinical suc-
cess, technical success, adverse events (AEs), length of hospital
stay (LOHS) and reintervention rates between EUS-GE and SGJ.

Patients and methods
This was a multicenter, international, retrospective compara-
tive study of EUS-GE vs SGJ in patients with malignant GOO.
The cohort study included consecutive patients who under-
went either EUS-GE at 4 centers (3 United States, 1 Japan) be-
tween January 2013 and August 2015, or SGJ at 1 US center be-
tween January 2006 and December 2011 for the management
of GOO. In the EUS-GE cohort, 23 patients were previously re-
ported by our group in a separate study [8, 13]. The SGJ cohort
came from a preexisting database for open gastrojejunostomy.

The study was approved by the Institutional Review Board
for Human Research and complied with Health Insurance Port-
ability and Accountability Act (HIPAA) regulations at each of
the participating institutions. Inclusion criteria were as follows:
(1) documented malignancy; (2) gastric outlet obstruction as
defined by symptoms that resulted in decreased oral intake (an-
orexia, nausea, vomiting, and/or abdominal pain); (3) docu-
mentation of obstruction of the gastric outlet endoscopically
or radiographically; and (4) EUS-GE or SGJ. Patients who under-
went prophylactic SGJ during surgical exploration and before
development of symptomatic GOO were excluded.

By using electronic medical records, we recorded demo-
graphics, type of malignancy, site of obstruction, date of
endoscopy or surgery, endoscopy procedural details, evidence

of carcinomatosis, need for and type of reinterventions, date
of reintervention, and AEs.

EUS-GE procedure

The procedure was performed as was previously described by
Khashab et al. and Itoi et al [8, 13]. Briefly, patients were given
intravenous antibiotics immediately prior to the procedure.
EUS-GE was performed using balloon-assisted EUS-GE tech-
nique, EUS-guided balloon-occluded gastrojejunostomy bypass
(EPASS) or direct puncture technique (.▶Fig. 1a–f).

Briefly, the balloon-assisted EUS-GE involves passing a retrie-
val or dilating balloon catheter over a wire placed in the small
bowel, which is then inflated with fluid (contrast/water) while
positioned in the duodenum or jejunum distal to the site of ob-
struction. The fluid-filled balloon is localized transgastrically by
EUS and is punctured with a 19-g needle. Bursting of the bal-
loon indicates correct positioning of the needle tip within the
small bowel lumen. A guidewire is advanced through the fine-
needle aspiration (FNA) needle with subsequent placement of
LAMS (cautery tip or regular Axios stent (Xlumena Inc., Moun-
tain View, CA, USA) or Niti-S Spaxus stent (Taewoong Medical
Co., Ltd., Ilsan, Korea). Intravenous glucagon injection is given
as needed to decrease small bowel peristalsis.

The EPASS approach is performed by first inserting a specia-
lized double balloon enteric tube (Tokyo Medical University
Type; Create Medic, Yokohoma, Japan) though the obstruction
over a guidewire. Water with contrast is then used to inflate
both balloons to anchor and seal the small bowel at two ends.
Saline is then infused generously between the 2 balloons. This

▶ Fig. 1 EUS-guided gastrojejunostomy using the direct puncture technique. a The small bowel is filled with fluid (saline, contrast and methy-
lene blue) and is easily visualized transgastrically with EUS. It is first punctured with a 19-gauge fine-needle aspiration needle under EUS gui-
dance with aspiration of blue-tinged fluid. Needle is removed and then the loop is directly accessed using the lumen apposing stent system.
b The distal anchor flange is deployed first under EUS guidance followed by c deployment of the proximal flange under either endoscopic or
sonographic guidance. c Stent is dilated with a balloon to 15mm under endoscopic and fluoroscopic guidance. e The jejunum can be seen from
within the deployed stent. f Contrast material is injected and confirms absence of leakage.
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saline insufflation allows for approximation of small bowel loop
to the gastric wall leading to easier and safer transgastric EUS
puncture and stent insertion with the LAMS.

Lastly, the direct approach entails direct puncture of a small
bowel loop adjacent to the gastric wall after initial infusion of
fluids into the small bowel. The small bowel is either punctured
with a FNA needle followed by advancement of wire and place-
ment of LAMS over the wire or is punctured directly with the
cautery tip LAMS.

All patients remained in the hospital after the procedure and
antibiotics were continued for 3 days. Liquid diet was com-
menced the following day and diet was advanced as tolerated.
Patients were discharged home when they demonstrated ade-
quate tolerance to oral diet.

Surgical GJ

Patients in the SGJ group underwent an open gastrojejunost-
omy, either antecolic or retrocolic, while under general anes-
thesia.

Measured outcomes

Technical success was defined as adequate positioning and de-
ployment of the stent as determined by the endoscopist and
confirmed radiographically. Technical success of SGJ was de-
fined as technical feasibility to perform a gastrojejunostomy.
Clinical success or effectiveness of treatment was defined as
the ability to tolerate oral intake without vomiting. Recurrent
GOO was defined as recurrence of initial symptoms of nausea,
vomiting, etc. The need for reintervention (repeat endoscopic
or surgical procedures due to recurrent GOO symptoms) was
also considered a surrogate for recurrent GOO. The endoscopic
and surgical groups were compared in terms of technical suc-
cess, clinical success, reintervention rates, LOHS, and AEs (in-
fections, perforation, pancreatitis, bleeding, leak, and in-hospi-
tal mortality). Severity of AEs was graded according to the ASGE
lexicon [14].

Statistical analysis

Results are reported as mean ± standard deviation (SD) for
quantitative variables, and absolute and relative frequencies
for categorical variables. Statistical analyses were performed
using the Student’s t test and the Mann Whitney U for normally
distributed and non-normally continuous variables, respective-
ly. The chi-square or fisher exact test was used to compare ca-
tegorical variables. Univariable logistic regression analysis was
performed to evaluate possible factors associated with clinical
success of GOO treatment. Multivariable analysis was per-
formed adjusting for clinically relevant patient characterstics:
age, gender, type of intervention (EUS-GE vs SGJ), absence of
carcinomatosis, etiology, and site of obstruction. Patient survi-
val time was estimated by the Kaplan-Meier analysis method
and the difference between EUS-GE and SGJ groups was tested
using Tarone-Ware log rank. Patients were censored at time of
analysis or date of last follow up.We also calculated hazard ra-
tios using cox regression adjusting for the same patient charac-
teristics described in the multivariable regression model. A P
value <0.05 was considered to be statistically significant. All

statistical analyses were performed using the SPSS v 21.0 soft-
ware (SPSS, Chicago, IL, USA).

Results
A total of 93 patients with malignant GOO were included in the
study, who underwent either EUS-GE (n=30) or SGJ (n =63).
Pancreatic cancer was the most common cause of malignant
GOO in our study (n =70, 75%), followed by ampullary cancer.

▶Table 1 displays the baselines characteristics stratified ac-
cording to modality of treatment. Peritoneal carcinomatosis
was present in 20 (21%) patients. The mean duration of fol-
low-up of the entire cohort was 155 days (range 17–688) and
was longer in the SGJ group (EUS-GE 115±63 vs SGJ 196±155,
P=0.02).

EUS-GE cohort

EUS-GE was attempted in 30 patients with malignant GOO. The
mean age was 70±13.3 years and 57% were men. Most com-
mon etiology for GOO was pancreatic cancer (n=17, 57%).
Location of GOO was most commonly in the second duodenum
(n=15, 50%) and peritoneal carcinomatosis was present in 13
(43%) patients. Regarding the techniques of EUS-GE, 22 pa-
tients (73.3%) underwent EPASS, 6 patients (20%) underwent
balloon assisted GE, and 2 patients underwent direct EUS-GE.
The most common type of the stent used was cautery tip axios
stent (70%, n =21), followed by regular axios stent (23.3%,
n =7), and Spaxus (6.6%, n =2). Successful EUS-GJ with place-
ment of a LAMS (technical success) was achieved in 26 (87%)
patients. Four patients had unsuccessful EUS-GE, 2 patients
treated with enteral SEMS placements (One patient had stent
migration and underwent SGJ) and the other 2 patients under-
went SGJ. Clinical success was achieved in all patients who un-
derwent successful LAMS placement (87% of initial cohort). A
total of 5 (16%) AEs occurred and included 3 misdeployment
of the stent first flange in the peritoneum and 2 abdominal
pain episodes requiring hospitalization. In terms of severity of
the AEs, as per the ASGE lexicon, 2 were deemed mild and 3
were severe. There were no fatal AEs. Three patients with stent
misdeployment (10%) were classified as severe AEs based on
prolonged hospitalization >10 days, although all of them were
treated conservatively with antibiotics and stent removal. The
mean length of hospital stay was 11.6 days (range 2–30). One
patient experienced recurrent symptoms of GOO 88 days after
the index procedure. Upper endoscopy revealed stent obstruc-
tion with food impaction, which was successfully treated with
endoscopic extraction.

SGJ cohort

SGJ was attempted in 63 patients with malignant GOO. The
mean age was 68 ±9.6 year years and 52% were men. The
most common etiology for GOO was pancreatic cancer (n =53,
84%). Location of GOO was most commonly in the second duo-
denum (n=57) and peritoneal carcinomatosis was present in 7
(11.12%) patients. Successful SGJ (technical success) was
achieved in all (100%) patients. Clinical success was achieved
in 57 (90%) patients. A total of 16 (25%) adverse events occurr-
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ed and included infection in 8 patients, anastomotic leak in 4,
postsurgical persistent ileus in 1, agitation/delirium in 2, and
pulmonary embolism in 1. A total of 13 AEs were rated as mild,
3 as moderate, and 0 as severe. There were no fatal AEs. The
mean length of hospital stay was 12 days (range 3–39). A total
of 9 (14%) patients experienced recurrent symptoms of GOO at
a mean of 121 days (range 17–154) after the index procedure.
Upper endoscopy was performed only in 5 patients and re-
vealed a stricture of the afferent limb or kink in the efferent
limb in 4 patients and suggested delayed gastric emptying
without obstruction in 1 patient (balloon dilation of the GJ in 3
patients, enteral stent placement in 1 patient, and Peg J place-
ment in 1 patient).

Comparison of EUS-GE and SGJ

Baseline characteristics between the 2 groups were equivalent
except for the etiology of GOO, site of the obstructions and the
rate of peritoneal carcinomatosis. The rates of pancreatic can-
cer, gastric cancer and extrinsic/metastatic cancer were higher
in the EUS-GE group. Patients in SGJ more frequently presented
with abdominal pain (41 vs 4, P≤0.001) (▶Table 1). The clini-
cal outcomes of the two groups are summarized in ▶Table 2.

Although the technical success rate was significantly higher in
the SGJ group as compared to the EUS-GE group (100% vs. 87%,
OR 3.4, P=0.009), the clinical success rate was similar between
both groups (90% vs. 87%, P=0.18, OR 1.7, 95% CI: 0.44–
7.07). Univariable and multivariable analyses showed that both
techniques were not different in terms clinical success. The only
independent predictor of clinical success was absence of peri-
toneal carcinomatosis (▶Table 3). The rate of AEs was lower
in the EUS-GE group, but the difference was not statistically sig-
nificant (16% vs 25%, p=0.3). The mean LOHS was also similar
in the EUS-GE group compared to SGJ (11.6 days ± 6.6 vs. 12
days ± 8.2 days, P=0.35). The rate of GOO recurrence was not
different between the two groups (3% vs. 14%, P=0.08). Simi-
larly, the mean time to reintervention was similar (88 days vs.
121 days, P=0.83). Despite survival being longer for EUS in the
surgical arm (log rank test, p =0.006) ( ▶Figure 2), the hazard
ratio was not significant when other relevant variables were
considered (HR 1.5, 95% CI 0.8–2.9, P=0.18) (▶Table 4).

▶ Table 1 Comparison of baseline patient characteristics of patients undergoing EUS-GE and surgical GJ.

EUS-GE (n=30) Surgical GJ

(n=63)

P value

Age (y), mean ± SD 70±13.3 68±9.6 0.8

Sex, n (%)

Male 17 (57) 32 (52) 0.6

Female 13 (43) 31 (49)

Symptoms, n (%)

Nausea 23 (76) 35 55) 0.06

Vomiting 17 (56) 35 (55) 1

Abdominal pain 4 (13) 41 (65) < 0.001

Weight loss (Kg) 28 (93) 61 (98) 0.6

Etiology, n (%)

Gastric cancer 5 (17.6) 0 (0) 0.002

Ampullary cancer 2 (6.7) 9 (14) 0.49

Duodenal cancer 0 (0) 1 (1.5) 0.9

Pancreatic cancer 17 (56) 53 (84.5) 0.003

Biliary/gallbladder cancer 2 (6.7) 0 (0) 0.1

Extrinsic/metastatic cancer 4 (13) 0 (0) 0.009

Site of the obstruction, n (%)

Pyloric/duodena bulb 7 (23) 2 (3) 0.004

Second part of the duodenum 15 (50) 57 (90) < 0.001

Distal duodenum/proximal jejunum 8 (27) 4 (7) 0.01

Peritoneal Carcinomatosis, n (%) 13 (43) 7 (11) < 0.001
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Discussion
Management of malignant GOO has changed in recent years
with the widespread availability and ease of placement of ent-
eral SEMS [15]. Currently, most of these patients are managed
endoscopically as surgery is considered invasive, especially in
these often terminally sick patients [7]. Nonetheless, the opti-
mal treatment modality continues to be controversial especially
in view of mixed results from 3 randomized trials comparing
enteral SEMS to SCJ, with 2 trials favoring enteral SEMS [4, 5]
and 1 favoring SGJ [6]. Overall, SEMS is primarily offered to
these patients as a minimally invasive palliative modality with
the understanding that recurrent GOO due to tumor ingrowth/
overgrowth is a common phenomenon [7]. The advantage of
SCJ is long-lasting palliation with low risk of symptom recur-

rence [6]. However, surgical complications are not uncommon
and include delayed gastric emptying, prolonged hospital stay,
increased costs, and delay in cancer treatment [7].

Advances in interventional EUS techniques coupled with re-
cent development of LAMS have rendered EUS-GE feasible [16].
In principle, EUS-GE offers the advantage of enteral stenting
due to its minimally invasive nature. At the same time, it poten-
tially offers long-lasting symptom palliation similar to that of-
fered by SGJ as the LAMS is placed away from the site of malig-
nant luminal obstruction without risk of tumor ingrowth/over-
growth [8]. Comparative trials are needed to confirm these as-
sumptions. The current study is the first to compare outcomes
of EUS-GE to that of SGJ in patients with malignant GOO. A total
of 93 patients were studied and the rate of clinical success was
similar between both groups (92% vs. 87%, P=0.42). There was
no significant difference in the rate of AEs between both groups
(16% vs 25%, P=0.3). Importantly, the rate of GOO recurrence
was equally low in both groups (3% vs. 14%, P=0.08), which
suggests that EUS-GE provides long-lasting symptom palliation
of GOO similar to that of surgical bypass. The duration of fol-
low-up was, however, longer in the surgical arm, possibly due
to longer survival. Type of intervention (EUS-GE or SGJ) did not
affect survival when other relevant variables were factored in
(▶Table 4).

Outcomes of patients who underwent EUS-GE are in line
with recently reported results. Khashab et al. reported on the
first US clinical experience with EUS-GE in 10 patients with be-
nign (n =7) or malignant GOO (n=3) [11]. Technical success oc-

▶ Table 2 Outcome comparisons of patients who underwent EUS-GE or surgical GJ for malignant gastric outlet obstruction.

EUS-GE (n=30) Surgical GJ (n =63) OR (95%CI), P value

Technical success, n (%) 26 (87) 63 (100) 0.009*

Clinical success, n (%) 26 (87) 57 (90) 0.8 (0.44 –7.07), 0.18

Recurrent GOO, n (%) 1 (3) 9 (14) 0.2 (0.02 –1.45), 0.08

Adverse events, n (%) 5 (16) 16 (25) 0.3 (0.19 –1.79), 0.3

Mean length of hospitalization (days), mean ± SD 11.6 ±6.6 12±8.2 0.35*

EUS-GE, endoscopic ultrasound-guided gastroenterostomy; ES, endoscopic enteral stenting; OR, odds ratio; CI, confidence interval
* P value

▶ Table 3 Univariable and multivariable analysis of predictors of
clinical success.

Univariable analysis Clinical success,

OR (95%CI)

P value

Modality (EUS-GE/
Surgical GJ)

0.8 (0.44 –7.07) 0.18

Age 0.9 (0.94 –1.05) 0.95

Gender (M/F) 0.6 (0.16 –2.81) 0.59

Absence of carcinomatosis 19 (3.61–103.88) 0.001

Site of obstruction (Distal
vs. others)

1 (0.12 –10.05) 0.91

Etiology (pancreatic cancer
vs others)

1 (0.23 –4.01) 0.95

Modality (EUS-GE/
Surgical GJ)

0.1 (0.85 –77.76) 0.06

Age 0.9 (0.92 –1.07) 0.89

Gender 0.2 (0.03 –2.38) 0.24

Absence of carcinomatosis 58 (6.7 –498.40) < 0.001

Site of obstruction (distal
vs others)

3.7 (0.19 –73.15) 0.38

Etiology (pancreatic
cancer vs others)

1.5 (0.19 –11.68) 0.7

▶ Table 4 Hazard ratios from Cox regression analysis

Variable HR (95% CI) P value

EUS-GE vs SGJ 1.5 (0.8–2.9) 0.18

Pancreatic cancer vs others 1.6 (0.89–2.95) 0.11

Site of obstruction (distal
vs others)

1.2 (0.50–2.92) 0.67

Absence of carcinomatosis 0.73 (0.38– 1.38) 0.33

Gender (M/F) 0.74 (0.44– 1.25) 0.27

Age 1.0 (0.98–1.02) 0.63
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curred in 9 patients (90%). There were no procedure-related
AEs. Clinical success with resumption of solid oral intake was
achieved in all 9 patients (100%) who underwent successful
EUS-GE. There was no symptom recurrence during a mean fol-
low-up period of 150 days [11]. Tyberg et al. studied 26 pa-
tients with GOO who underwent EUS-GE [12]. Technical suc-
cess was achieved in 24 patients (92%) and clinical success in
22 patients (85%). AEs, including peritonitis, bleeding, and sur-
gery, occurred in 3 patients (11.5%). One death was reported
due to peritonitis.

Despite the impressive results suggested both by the cur-
rent study and the limited available literature, EUS-GE remains
a challenging procedure and requires expertise in intervention-
al EUS. The EUS-GE technique has not been standardized yet.
The small bowel is a mobile intraperitoneal organ and can
move away from the gastric wall during the procedure. In addi-
tion, the small bowel may be pushed away from the stomach
while advancing the wire through the FNA needle after small
bowel puncture. The “throw” of the sheath of currently avail-
able LAMS is relatively short (8 cm) and it may not be feasible
to consistently reach an adjacent small bowel loop. The bal-
loon-assisted EUS-GE technique used in the current study is
crucial to ensure that a loop of small bowel rather than the co-
lon is accessed. Advancement of the balloon catheter may be
challenging at times due to looping in the stomach. Use of a
stiff guidewire and sometimes a long overtube are helpful for
overcoming this technical challenge. Small bowel section
around the ligament of Treitz is the part typically adjacent to

the stomach. Therefore, management of GOO localized to this
area may render the procedure more challenging and some-
times not possible. Lastly, currently available LAMS are relative-
ly small in diameter (10mm and 15mm); in addition, resheath-
ing of the stent is not currently possible.

The current study has multiple limitations. It was a retro-
spective comparative trial with inherent limitations due to its
design. The non-randomized nature of the study may introduce
bias. Consecutively treated patients were included to limit se-
lection bias. Patients in the SGJ group were recruited from one
center, while patients in the EUS-GE group were recruited from
multiple centers. This may have introduced heterogeneity to
the study population. All surgical and endoscopic procedures
were performed at tertiary centers and thus, results may not
be generalizable. All patients in the surgical group underwent
open surgery which may not be the standard of care at some
centers. Lastly, the majority of EUS-GE procedures were facilita-
ted using the double-balloon device [13]. This device is not
widely available yet.

Conclusions
In conclusion, EUS-GE is associated with equivalent efficacy and
safety as compared to surgical GJ. This is the first comparative
trial between both techniques and suggests EUS-GE as a non-
inferior but less invasive alternative to surgery. A prospective
comparative trial is needed to confirm these intriguing results.
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