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Abstract

Gastroparesis, a chronic condition with complex etiopathogenesis, is associated with considerable
symptom burden and significant morbidity. Dietary modifications and pharmacotherapy exhibit
limited long-term efficacy, while surgical interventions are characterized by higher morbidity
and variable efficacy. Endoscopic procedures, because of their less invasive nature, have been
the focus of past and ongoing research. The majority of endoscopic treatment modalities target
the pylorus: e.g., gastric peroral endoscopic pyloromyotomy, botulinum toxin injection, pyloric
balloon dilatation, and transpyloric stent placement. Endoscopic feeding tube placement,
endoscopic gastric electrical stimulation, and endoscopic ultrasound-guided gastroenterostomy
have also been used to treat gastroparesis; however, these procedures are less well-studied.
This critical review provides a detailed overview of the available endoscopic procedures for the
management of gastroparesis, with emphasis on their pros and cons, quality of data and overall

efficacy.
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Introduction

Gastroparesis is a complex chronic disorder characterized
by delayed gastric emptying in the absence of mechanical
obstruction, presenting with symptoms such as nausea,
vomiting, early satiety, postprandial fullness and epigastric
pain [1]. Diabetes mellitus is the most commonly identified
systemic condition associated with gastroparesis, while other
causes include postsurgical complications, medications and
neurologic disorders. In up to one third of cases, no clear
etiology is identified, a condition referred to as idiopathic
gastroparesis [1]. In terms of diagnosis, gastric-emptying
(GE) scintigraphy remains the gold standard, with gastric
retention rates of >60% at 2 and >10% at 4 h being considered
diagnostic [1].

Managing patients with gastroparesis poses a significant
challenge in everyday clinical practice. Dietary advice and
pharmacologic therapy, particularly prokinetic drugs such as
metoclopramide and domperidone, are first-line treatment
modalities. In patients with refractory gastroparesis, surgical
interventions such as pyloroplasty, pyloromyotomy, subtotal
gastrectomy and gastric electrical stimulation (GES)
implantation may be considered. These invasive procedures
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are associated with considerable morbidity and exhibit variable
efficacy across different patients [1]. Meanwhile, with the
widespread use of gastrointestinal endoscopy, less invasive
therapeutic modalities have emerged, such as endoscopic
feeding tube placement, botulinum toxin injection, pyloric ring
balloon dilatation, transpyloric stent placement and gastric
peroral endoscopic pyloromyotomy (G-POEM) [1-3]. Most
of these procedures target the pylorus, as pyloric dysfunction,
particularly pylorospasm, has been identified as a key
pathophysiological mechanism in a significant proportion of
patients with gastroparesis.

The scope of the current review extends beyond a narrative
overview of available methods, as it aims to provide a detailed
assessment of each endoscopic procedure, while looking into
its efficacy and safety profile across different patient subsets.
Moreover,ananalysis of each technique’s prosand consfacilitates
a clearer understanding of its role in patient management.
Finally, a critical evaluation of study limitations and literature
gaps is presented, along with procedure-related aspects
requiring further investigation, with the aim of encouraging
and guiding more focused future research.

Materials and methods

Literature search

A systematic search for original articles published through
May 2025 was performed across PubMed, Embase, Scopus, and
Google Scholar. The list of keywords that were used to identify
relevant publications included: gastroparesis, endoscopy,
therapy, dilatation, botulinum toxin, stent, gastric peroral
endoscopic myotomy, endoscopic ultrasound, endoscopic
gastrojejunostomy, endoscopic gastroenterostomy. Where
applicable, keywords were combined in a literature search
string: gastroparesis AND endoscopy OR endoscopic therapy
OR dilatation OR botulinum toxin OR stent OR electrical
stimulation OR gastric peroral myotomy OR endoscopic
ultrasound OR gastroenterostomy.

The extensive literature search yielded 2534 articles.
Articles in full paper format that were not written in English
were excluded. Likewise, unrelated articles and narrative
reviews were not included. Following the elimination process
200 articles remained for further assessment (Fig. 1).

Parameters assessed

Based on the aforementioned search, 7 distinct endoscopic
procedures used for the management of gastroparesis were
identified. All relevant articles were examined with emphasis
on diagnostic criteria, clinical success definitions and rates,
procedural safety, including the rates and severity of adverse
events, and patient and disease characteristics as predictors of
treatment success and failure.
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G-POEM

Despite its relatively recent introduction, G-POEM has
been extensively studied as an endoscopic treatment option
for refractory gastroparesis. During an upper endoscopy,
submucosal injection of a dye-containing solution is followed by
alongitudinal or transverse mucosal incision, 3-5 cm proximal
to the pyloric sphincter, usually along the greater curvature.
The endoscope is then advanced into the submucosal space,
and a tunnel extending to the pylorus is created. Myotomy is
performed, and finally the mucosal incision is closed, either
with endoscopic clips or suturing. When adequate expertise is
available, G-POEM is consistently feasible, with most studies
reporting a 100% technical success rate [2,3].

Clinical efficacy

Khashab et al described the first case of G-POEM in a human
patient in 2013, with a significant decrease in gastroparesis
symptoms noticed during a follow-up period of 12 weeks [4].
The short-term clinical efficacy (3-6 months) of G-POEM in
patients with gastroparesis ranges from 58-90% [5-7], while
few recent meta-analyses have reported a pooled clinical
success rate of 71-84% [8-10]. It is noteworthy that there was
no standardized definition of clinical success among studies,
with clinical success being expressed either as an improvement
in the Gastroparesis Cardinal Symptom Index (GCSI) score,
or as a subjective improvement in patients’ symptoms. In cases
where the GCSI score was applied, a decrease of at least 1
point in the average total GCSI score, with more than a 25%
reduction in at least 2 subscales of cardinal symptoms, was the
most frequent definition [11]. The major studies that assessed
G-POEM outcomes beyond 12 months are summarized in
Table 1. The clinical efficacy of G-POEM ranges from 33-94.3%
at 1 year, from 50-89.9% at 2 years, and from 65.2-82.9% at
3 years, according to a recent systematic review [12-14]. In
another recent meta-analysis, the pooled clinical success rate
at 1 year was 72% (I*=94.9%) and remained favorable at 2 and
3 years (71% and 58%, respectively) [15]. Three prospective
studies, on the other hand, found lower I-year clinical
success rates, i.e., 33-56% [5,16,17]. Hernandez Mondragén
et al assessed the efficacy of G-POEM during a 4-year follow
up in patients with refractory gastroparesis and found a
remarkable clinical success rate of 77.5%, also accompanied
by a significant decrease in hospitalizations (from 51.3% to
12.3%) [18]. Notably, the efficacy of G-POEM is evident for all
the major symptoms of gastroparesis, as reflected by significant
improvements in all GCSI subscales across studies [19,20].
A recent meta-analysis also demonstrated that G-POEM is
equally effective across all major etiologies of the disease [21].

To our knowledge, there are 2 randomized trials
evaluating the efficacy of G-POEM. Martinek et al reported
the first randomized trial comparing G-POEM (n=21) with
a sham procedure (n=19) for the treatment of refractory
gastroparesis [22]. After 6 months, clinical success was
significantly higher for patients in the G-POEM group
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Figure 1 Schematic representation of study selection process

compared to the sham group (71%vs.22%). Moreover, crossover
G-POEM was performed in 12 patients from the sham group,
with clinical success observed in 9 (75%) after 6 months [22].
In the second randomized trial, Gonzalez et al found a higher,
though not statistically significant, clinical efficacy of G-POEM
compared to botulinum toxin injection at both 3 months and
1 year [23]. In terms of GE, recent meta-analyses have reported
a 22-26% reduction in 4-h gastric retention rate following
G-POEM, with significant heterogeneity across studies [10,24].
Another meta-analysis involving 8 studies reported an 84%
rate for GE improvement (95% confidence interval [CI] 77-
90%; I’=0%; P=0.46) and a 53% rate for GE normalization
(95%CI 39-66%; P=46%; P=0.10) [8].

Endoscopic functional luminal imaging probe (EndoFLIP) as
a tool for assessing pyloric dysfunction and G-POEM success

EndoFLIP serves as a tool for estimating the distensibility
of sphincters, as it measures pressure and cross-sectional
area (CSA). Despite being introduced for the evaluation of
the esophageal sphincter, various studies have described the
utility of EndoFLIP for detecting pyloric dysfunction, which
may help identify gastroparesis patients who could potentially
benefit from pyloric interventions [25,26]. A few studies have
also used EndoFLIP to evaluate the improvement in pyloric
function following G-POEM. A retrospective study, conducted
by Vousoughi et al [26], aimed to assess whether changes in

pyloric characteristics after G-POEM were correlated with
clinical efficacy. According to the authors, G-POEM led
to significant increases in both the CSA and distensibility
index (DI), which were correlated with the clinical response
of patients after 1 year. Moreover, post-procedural CSA was
determined as the only significant predictor of clinical success
(odds ratio [OR] 1.02, 95%CI 1.01-1.04; P=0.008) [26].
Similarly, a prospective study reported a significant correlation
between DI improvement, measured 3 months postoperatively,
and clinical efficacy at 6 and 12 months (%*=8.6, P=0.003 and
x*=3.5,P=0.06, respectively) [16]. Regarding the predictive role
of preoperative measurements, the data are more conflicting.
Jacques et al [6], in their prospective study, reported that low
pyloric distensibility before intervention, indicated by a DI of
less than 9.2 mm*/mmHg, was predictive of clinical success
after 3 months, with 100% specificity and 72.2% sensitivity
(P=0.04). In contrast, in the study by Vousoughi et al [26],
patients with a clinical response 1 year after G-POEM had
higher CSA and DI compared to non-responders.

Other predictors of clinical success

Setting aside pyloric function, additional factors that may
influence G-POEM outcomes have been investigated. A few
studies revealed an inverse relationship between gastroparesis
duration and both the short- and long-term clinical efficacy of
G-POEM based on GCSI score [11,18,20]. Ragi et al [20], in
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Table 1 Summary of studies assessing >1 year clinical efficacy of gastric peroral endoscopic pyloromyotomy (G-POEM)

Author [ref.] Study design ~ Number  Gastroparesis Clinical success Longest Clinical Gastric
(year) of etiology definition follow up success rate emptying
patients (% of the
available
cohort)
Mekaroonkamol Single-center 30 Diabetic, A >1-point reduction 12 months 57% at Improved in
etal [12] retrospective idiopathic, in total GCSI score 12 months 78%
(2019) post-surgical with >25% decrease in Normalized
at least 2 subscales in 48%
Vosoughi Multicenter 37 Diabetic, A >1-point reduction 12 months 70% at Improved in
et al [25] retrospective idiopathic, in total GCSI score 12 months 46%
(2020) post-surgical with >25% decrease in Normalized
at least 2 subscales in 32%
Shen et al [14] Single-center 23 Diabetic and A >1-point reduction 24 months 87% at Improved in
(2020) retrospective other causes, in total GCSI score 12 months 80%
idiopathic with >25% decrease in 77% at
at least 2 subscales 24 months
Conchillo Single-center 24 Diabetic, At least a 1-point 12 months 33% at NA
et al [16] prospective idiopathic, decrease in the mean 12 months
(2021) post-surgical overall GCSI score
Abdelfatah Single-center 97 Diabetic, A >1-point reduction 36 months 69% at Normalized
etal [19] (2021) retrospective idiopathic, in total GCSI score 12 months in 63%
post-surgical with >25% decrease in
at least 2 subscales
Ragi et al [21] Multicenter 76 Diabetic, At least a 1-point 24 months 66% at Significant
(2021) retrospective idiopathic, decrease in the mean 12 months reductions in
post-surgical overall GCSI score 74% at 2hand4h
24 months retention rate
were noticed.
Tan et al [15] Single-center 79 Post-surgical A more than 25% 24 months 59% at NA
(2021) retrospective decrease in at least 2 12 months
subscales of the GCSI 82% at
scale 24 months
Gregor et al [6] Single-center 52 Diabetic, A >1-point reduction 24 months 48% at Gastric
(2021) prospective idiopathic, in total GCSI score 12 months emptying
post-surgical with >25% decrease in improved
at least 2 subscales compared to
baseline
Vosoughi Multicenter 75 Diabetic, A >1-point reduction 12 months 56% at Evaluated in
etal [17] prospective idiopathic, in total GCSI score 12 months 53 patients
(2022) post-surgical with >25% decrease in Improved in
at least 2 subscales 64%
Normalized
in 47%
Hernandez Single-center 374 Diabetic, A >1-point reduction 48 months 94.3% at 4 h retention
Mondragén retrospective idiopathic, in total GCSI score 12 months rate
et al [18] post-surgical with >25% decrease in 89.9% at improved
(2022) at least 2 subscales 24 months from 44%
82.9% at (IQR 11-68)
36 months to 15.5%
77.5% at (IQR 0-36;
48 months P=0.021)
Labonde Retrospective 46 Diabetic, A decrease of at least 36 months 69.5% at NA
et al [20] (using idiopathic, 1 point in the GCSI 12 months
(2022) prospectively post-surgical compared with the 69.5% at
collected and other preprocedural GCSI 24 months
data) causes. score 65% at
36 months

GCSI, gastroparesis cardinal symptom index; NA, not available; IQR interquartile range
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their retrospective multicenter study, showed that patients with
clinical failure at 24 months after G-POEM had a significantly
longer disease duration compared to those who achieved a
clinical response (92 months, interquartile range [IQR] 62-
120 vs. 40 months, IQR 19-82; P=0.046, respectively). These
findings were not replicated in a recent prospective study, as
no significant correlation between symptom duration and
response was recorded [19]. With regard to the etiology of
gastroparesis, Hernandez Mondragén et al [18] reported
that, among 374 patients with refractory disease, the presence
of diabetic gastroparesis increased the odds of long-term
G-POEM success (OR 5.113, 95%CI 1.643-5.981; P=0.035).
Nevertheless, other studies observed no association between
etiology and outcomes [9,19]. In a multicenter prospective
study, overall baseline symptom severity was correlated with
the clinical efficacy of G-POEM at 1 year (OR 3.23, 95%CI;
P=0.04) [17]. Various reports showed mixed results regarding
the role of individual symptoms as predictors of clinical success.
A higher GCSI satiety score was predictive of clinical success in
2 studies [19,20], while the presence of nausea or vomiting was
related to clinical success in the study by Hernandez Mondragén
et al [18]. There is no agreement on whether severely impaired
GE affects clinical outcomes after G-POEM [17,22]. Finally,
G-POEM may have a particularly favorable effect in patients
who previously responded to botulinum toxin injection. In
a retrospective study of 119 patients who underwent both
procedures, a prior response to toxin injection was predictive
of clinical success after G-POEM (OR 2.3, 95%CI 1.2-4.6) [27].
Similar results were observed in 2 additional studies with
smaller patient cohorts [5,28].

Safety

Recent meta-analyses have reported an overall pooled
adverse event rate related to G-POEM of 6-12% [8,29].
A multicenter retrospective study assessed the safety of
G-POEM in 216 patients with refractory gastroparesis [30].
Overall, 31 adverse events were reported, most of which (73%)
were classified as mild, and occurred within the first 48 h
post-procedure (58%). Abdominal pain was the most frequent
adverse event, affecting 15 patients; however, only 1 case was
severe enough to require a laparotomy. Mucosotomy (n=5) and
capnoperitoneum (n=4) were the most common adverse events
during the procedure, and were managed with endoscopic clip
placement and needle decompression, respectively. Another
multicenter study including 217 patients found a 0.4% rate
of serious adverse effects [31]. Abdominal pain was present
in 32 patients (14.7%), but required only analgesics in almost
all cases. Four patients experienced bleeding within 24 h post-
procedure, which resolved spontaneously without the need
for endoscopic intervention. Additional studies found a rate
between 3% and 7% for bleeding, managed either endoscopically
or medically [20,32]. There have been concerns that G-POEM
might lead to rapid gastric emptying and dumping syndrome,
as observed with other pyloric interventions. Although data on
this issue are limited, a recent meta-analysis reported that the
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risk appears to be relatively low, with incidence rates ranging
from 1.38-3.23% [33].

Botulinum toxin injection

Botulinum toxin, produced by Clostridium botulinum,
suppresses acetylcholine secretion at the neuromuscular
junction, leading to transient paralysis. Botulinum toxin
injection in the esophageal sphincter is used for the treatment
of achalasia. This practice has been utilized for other functional
disorders, including gastroparesis. It is hypothesized that the
relaxation of the pyloric sphincter induced by toxin injection
may improve GE and alleviate symptoms, particularly in
cases where pyloric dysfunction is the primary underlying
mechanism. To ensure this, botulinum toxin is injected
intramuscularly into each of the 4 quadrants of the pyloric
sphincter during an upper endoscopy. Many studies have
assessed the efficacy of botulinum toxin in patients with
gastroparesis of different etiologies, but they have yielded
contradictory results. Small, open-label studies initially
demonstrated significant improvements in both symptoms
and GE [34-36]. Miller et al [36] reported on a prospective
study of 10 patients with idiopathic gastroparesis who were
treated with botulinum toxin (80-100 units). At 4 weeks post-
procedure, improvement in symptoms and GE of solids was
achieved in 90% and 70% of patients, respectively. However,
after 6 months, a second injection was required in half of the
patients because of symptom relapse. In order to confirm the
results of the open-label studies, 2 randomized controlled
studies were subsequently conducted. The first trial included
23 patients with predominantly idiopathic gastroparesis
who underwent 2 upper endoscopies, separated by a 4-week
interval, and received either 100 units of botulinum toxin or
saline in a crossover strategy [37]. The authors reported no
significant difference in symptom improvement between the
2 procedures, as both led to significant decreases in symptom
severity, assessed by the GCSI score. Friedenberg et al [38]
conducted the second randomized trial, which included
32 patients who were randomized to receive either 200 units
of botulinum toxin (n=16) or saline (n=16). In line with
the findings of the previous study, significant reductions in
symptom severity were documented in both groups, with
no statistically significant difference between them (37.5%
improvement with toxin vs. 56.3% with saline, P=0.29).
Notably, a significant effect on GE of solids was observed only
in patients treated with toxin, although this effect was not
significantly greater compared to the saline group (P=0.27). In
both studies, botulinum toxin injection demonstrated a safety
profile equivalent to that of the placebo.

To overcome the limitations associated with small sample
sizes, Coleski et al [39] conducted a large retrospective study
of 179 patients to identify factors predictive of a clinical
response after the procedure. Clinical success was significantly
greater with a higher dose of toxin injection (200 units)
compared to a lower dose (100 units), with an odds ratio of
2.79 (95%CI 1.20-6.51). This dose-dependent effect was more
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evident for women, patients with idiopathic gastroparesis, and
those under 50 years old. Approximately half of the patients in
this cohort required repeated injections; however, improvement
was sustained in most of them after the additional injection.
Similarly, a recent prospective study found a favorable response
to 200 units of botulinum toxin, with 16 of 25 patients (64%)
experiencing symptomatic improvement at 1-month post-
procedure [40]. Recently, endoscopic ultrasound (EUS)-guided
botulinum toxin injection has garnered increasing attention
for its potential to provide a more accurate delivery of the
toxin into the muscularis propria. To our knowledge, only case
reports exist on this subject, which have demonstrated clinical
improvement in patients with diabetic gastroparesis [41,42].
Lastly, a recent study aimed to assess whether pyloric
distensibility, as measured by endoFLIP, could predict the
clinical response to toxin injection [43]. Among 35 patients,
those with altered preprocedural pyloric distensibility
(<10 mm?’mm Hg) exhibited superior improvement in
symptoms, quality of life and GE at 3 months, compared to
patients with normal distensibility values (>10 mm?*/mm Hg).

Pyloric balloon dilatation

Although less commonly used, pyloric balloon dilatation
has been applied in clinical practice for gastroparesis. Two
recent studies evaluated through-the-scope (TTS) balloon
dilatation for the treatment of refractory gastroparesis.
Jehangir et al [44] reported on a prospective study involving
13 patients with symptoms refractory to pyloromyotomy/
pyloroplasty, who underwent TTS balloon dilatation of the
pyloric sphincter up to 20 mm. Symptomatic improvement
was found in 5 patients (38%) at 1 month. EndoFLIP
measurements revealed significantly lower preprocedural
pyloric distensibility in patients who responded to dilation
compared to non-responders, with significant differences
noted at 30 mL (4.7+0.8 vs. 13.2+2.9 mm?* mmHg, P=0.04),
40 mL (7.2£1.0 vs. 13.942.1 mm*mmHg, P=0.02), and
50 mL (4.9+1.0 vs. 10.2+1.9 mm*/mmHg, P=0.04). No major
adverse effects occurred. Moreover, in a retrospective study
of 47 patients, TTS balloon dilation demonstrated a clinical
success rate of 53% and 40% at 2 and 6 months, respectively, as
characterized by a 1.0-point reduction in GCSI score [45]. This
study also evaluated long-term efficacy, with a 32% clinical
response after 2 years (median follow up: 27.0+10.4 months).
Another retrospective study assessed the efficacy and safety of
pyloric dilation with the esophageal FLIP (EsoFLIP), allowing
for pyloric measurements during the dilation procedure [46].
Among 46 patients, the intervention was well-tolerated, with
no severe adverse effects noticed except for epigastric pain
post-procedure in 23 patients. Clinical success, defined as
a >0.5-point decrease in GCSI score, was observed in 53%
of patients after a mean follow-up period of 4 months.
Additionally, significant improvements were achieved in both
GE (from 211 to 179 min, P=0.001) and pyloric distensibility
(from 9 to 13 mm?*/mm Hg, P<0.001). Finally, in a small cohort
of 10 patients, pyloric dilation with a 20 mm balloon improved
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pyloric compliance, GE and quality of life after 10 days of
follow up [47].

Transpyloric stent placement

Transpyloric stent placement is another pylorus-targeted
therapy; however, its efficacy in gastroparesis management
has been investigated in only a handful of studies. A self-
expandable metallic stent (SEMS) is advanced over a guidewire
during upper endoscopy and deployed across the pylorus.
The proximal flange of the stent is then usually anchored to
the gastric wall, by either clips or endoscopic suturing, to
reduce the risk of migration. Clarke et al [48] first reported the
placement of SEMS in 3 patients with refractory gastroparesis,
and showed improvement in both symptoms and GE.
A retrospective study involving 30 patients with refractory
gastroparesis found a 75% clinical response rate following
SEMS placement, with the greatest improvement seen in
symptoms of nausea and vomiting [49]. Notably, the authors
also reported a high incidence of stent migration, occurring
in 59% of patients, regardless of the anchorage method used.
Another retrospective study aimed to identify whether lumen-
apposing metal stent (LAMS) placement would reduce the
risk of migration compared to SEMS. The broad flanges on
both ends of the LAMS result in a better anchoring, thereby
decreasing the risk of migration. In fact, LAMS placement
demonstrated lower migration rates compared to SEMS
(38% vs. 78%, P=0.07), while the clinical success rates were
comparable between the 2 types of stent [50].

Endoscopic ultrasound-guided gastroenterostomy (EUS-GE)

EUS-GE incorporates the fusion of the stomach and small
intestine, most commonly the jejunum, using LAMS. To
achieve this, an EUS-guided puncture of the targeted intestinal
limb is first performed. This procedure is increasingly
performed for the treatment of gastric outlet obstruction, and
numerous studies have shown favorable outcomes in terms
of both clinical efficacy and safety [51]. To our knowledge,
only preliminary data exist regarding the role of EUS-GE in
gastroparesis management. A retrospective study including
12 patients with gastroparesis refractory to G-POEM showed
a clinical success rate of 75% at 6 months, with no reported
adverse effects [52]. Another retrospective study reported that
the clinical efficacy of EUS-GE, defined as a reduction in GCSI
score of at least 50%, was 100% in a cohort of 7 patients with
refractory gastroparesis. After 2.5 years of follow up, 5 of the
7 stents remained functional, whereas tissue ingrowth was
evident in the remaining 2 [53].

Endoscopic feeding tube placement

Endoscopically placed enteral tubes in the setting
of refractory gastroparesis management involve endoscopic



venting  gastrostomy and  endoscopic  jejunostomy.
Percutaneous endoscopic gastrostomy (PEG) tube placement
can decompress the stomach and relieve symptoms such as
nausea and vomiting. To achieve this, a PEG tube is placed
with the standard pull technique. A study by Kim et al [54]
assessed the efficacy of PEG tube placement in 8 patients with
refractory idiopathic gastroparesis and found a substantial
and durable improvement in symptoms, with a median weight
gain of 4.5 kg also observed across the group. In advanced
cases where oral feeding is not feasible because of symptoms,
or caloric intake is not optimal, post-pyloric nutrition with a
jejunostomy is indicated [1]. Besides providing nutritional
support, it also contributes to symptomatic relief by preventing
the passage of food into the stomach. Temporary nasoduodenal
or nasojejunal tube placement for 2-3 days often precedes
jejunostomy to assess tolerance to enteral feeding. Either a
PEG with a jejunal extension tube or a direct percutaneous
endoscopic jejunostomy is then performed for long-term
enteral nutrition. The former has the advantage of providing
both gastric venting and nutritional support. On the other
hand, this benefit may be counterbalanced by an increased
risk of migration of the jejunal extension tube back to the
stomach [55]. A recent meta-analysis demonstrated a higher
tube malfunction rate for PEG with a jejunal tube compared
to direct jejunostomy: 23.6% (95%CI 7.5-54.1%; I’=90.8%) vs.
10.8% (95%CI 7.0-1.6%; I*=7.8%), respectively [56]. However,
there are no studies comparing the efficacy, patency and safety
of these procedures specifically in patients with gastroparesis.
A retrospective analysis revealed that PEG with jejunal tube
extension exhibited a clinical efficacy of 37% in 19 patients
with gastroparesis who had previously not responded to
dietary advice, prokinetics and gastric rest [57]. Finally, direct
percutaneous endoscopic jejunostomy placement appears to be
associated with a lower incidence of adverse effects compared
to surgical and radiologic placement methods [58].

GES

GES, typically implanted surgically via laparoscopy or
laparotomy, involves placing leads in the gastric muscularis
propria and connecting them to a subcutaneous generator for
electrical stimulation [59]. In various randomized studies, GES
demonstrated a notable efficacy in improving symptoms [59].
An endoscopic approach using temporary electrodes has also
been described to identify likely responders to permanent
GES, thus helping to prevent unnecessary surgical procedures.
The first report on this subject came from a retrospective
study of 20 patients, in whom GES electrodes were placed
either endoscopically (n=6) or via PEG (n=14) [60]. Overall
symptom severity improved in 19 of the 20 patients, with no
significant differences in improvement observed between the
2 groups. Abell et al [61] conducted a double-blind, placebo-
controlled trial and reported a nonsignificant overall clinical
effect with temporary GES in 58 patients with gastroparesis;
nonetheless, improvement in vomiting and nausea symptoms
was documented. A novel miniature, wireless, rechargeable
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stimulator suitable for endoscopic placement has been
introduced to overcome the issues associated with surgical
GES placement while providing a durable effect; however, this
method has only been evaluated in animal studies [62].

Critical appraisal of evidence

There is a growing body of evidence regarding endoscopic
procedures, mainly targeted at the pylorus, for the treatment
of refractory gastroparesis. However, it is of paramount
importance to recognize and consider the possible limitations
inherent in the studies on this subject before drawing more
definitive conclusions regarding the role of each procedure
in patient management. First, as mentioned earlier, there is a
variation in the definition of clinical success, which may lead
to inconsistencies in the reported outcomes. Moreover, the
majority of findings come from retrospective studies, which are
susceptible to significant bias. Additionally, with the exception
of G-POEM,, there is currently a lack of data on the long-term
efficacy of these procedures. Even for G-POEM, long-term
efficacy has been evaluated primarily through retrospective
studies; thus, the interpretation of the reported outcomes
should be approached with caution. Notably, using the same
definition, the 1-year clinical success rate of G-POEM ranges
from 57-94% in retrospective studies and from 33-56% in
prospective ones [5,16,17].

Regarding botulinum toxin injection, a point of debate in
the existing literature is the dose required for a clinical effect,
as it is unclear whether the response is dose-dependent [34,39].
As mentioned earlier, Coleski et al [39] reported a greater
success rate with the injection of 200 units (76.7%) compared
to 100 units (54.2%). In contrast, Bromer et al [34] failed to
demonstrate any difference in clinical outcomes between 200
and 100 units. Studies evaluating pyloric balloon dilatation
have used various techniques, including TTS balloon
dilatation, pneumatic balloon dilatation, and more recently,
dilatation with EsoFLIP. However, there are no comparative
data to determine which of these techniques is most beneficial
for gastroparesis patients.

Another source of heterogeneity arises from the different
patient and disease characteristics among studies, which may
affect procedure outcomes. Baseline pyloric dysfunction may
be the most critical factor, as it could make certain patients
more suitable candidates for pyloric interventions. In this
regard, EndoFLIP could be a highly valuable tool, as it can assess
pyloric function pre-procedurally, and it may also play a role
post-procedurally by assessing changes in pyloric function and
helping to estimate treatment outcomes. Nevertheless, some
areas of uncertainty regarding its use and the interpretation of
its measurements are yet to be clarified. Most reports indicate
an inverse association between baseline pyloric compliance,
DI, and the clinical efficacy of pyloric interventions; however, a
definitive DI cutoft that reliably predicts favorable outcomes has
not been established. Regarding postprocedural assessment,
while improvements in both CSA and DI have been associated
with symptom reduction after G-POEM, there is no agreement
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in the current literature on which measurement carries the best
predictive value.

Clinical implications and future directions

The benefits and drawbacks of the available endoscopic
interventions refractory ~ gastroparesis are
summarized in Table 2. G-POEM has received a lot of attention
in recent years, as it appears to be effective in both alleviating
symptoms and improving GE, while also demonstrating a
favorable safety profile. This is reflected in current guidelines,
which recommend G-POEM as a treatment modality for this
condition [1,63]. That said, there still remains room to optimize
the technical aspects of the procedure to further enhance its
efficacy. Performing a single pyloromyotomy is the standard
approach, although double pyloromyotomy in 2 distinct sites
has also been described. In this context, a recent retrospective
study comparing the short-term efficacy of double (n=35) vs.
single (n=55) pyloromyotomy in 90 patients with refractory
gastroparesis found significantly greater clinical success with
double pyloromyotomy (86% vs. 67%, P=0.04), while both
methods demonstrated equivalent safety [64]. More data are
needed to determine the role of double pyloromyotomy as a
potential alternative to the standard technique. Based on case
reports, redo pyloromyotomy, involving a new myotomy at a
different site, can be considered a salvage option for patients

utilized for

experiencing a relapse of symptoms following the initial
procedure [65,66]. Moreover, it is vital to determine whether
redo pyloromyotomy, other endoscopic interventions or
surgery are the appropriate choice for patients who have not
experienced clinical improvement following G-POEM, as
data regarding the management of these patients are lacking.
Currently, G-POEM is mainly performed in specialized centers
by third-space endoscopy experts. The learning curve should be
clearly defined, and a training curriculum should be established
before this procedure can become widely adopted [67].
Despite the positive outcomes reported in open-label
studies, the lack of significant clinical efficacy demonstrated
in randomized trials led both American and European
guidelines to recommend against the use of botulinum toxin for
gastroparesis [1]. In most studies, the clinical effects last up to
6 months, so repeated injections are often necessary for patients
to maintain symptom relief. This raises concerns about pyloric
fibrosis and stenosis, as potential consequences of multiple
injections [36]. Moreover, standardization of the toxin dose and
technical aspects, such as the injection depth, should be further
evaluated. At present, EUS-guided toxin injection has been
documented solely in case reports. This technique may offer a
more accurate delivery of the toxin into the muscularis propria,
potentially leading to more effective and durable outcomes [42].
Given the short-term effect and the low adverse-events rate of
pyloric balloon dilatation, this intervention could serve as
a salvage method for prompt symptomatic improvement in
hospitalized patients. It may also have a role in cases where

Table 2 Advantages and disadvantages of endoscopic techniques for managing gastroparesis

Method Advantages Disadvantages
G-POEM Only method with efficacy validated in a randomized trial Still requires standardization
Long-term efficacy compared to other pyloric interventions, safe Mainly performed in referral centers; more
expertise required.
Often requires hospitalization
Botulinum Minimally invasive, safe Short-term efficacy

toxin injection
endoscopic treatments
Early patient discharge after the procedure

Simple procedure requiring less expertise compared to other

Multiple injections often needed for long-term
effects, increasing the risk of pyloric fibrosis and
stenosis

Technical considerations, including toxin dose and
delivery method, require standardization

Not validated in randomized trials

Short-term efficacy
Lack of prospective or randomized data

Short-term efficacy
High migration rate, often requiring reintervention
Lack of prospective or randomized data

Only preliminary data available
Technically challenging, not standardised
Mainly performed in referral centers

Lack of human studies on the novel miniature
wireless stimulator as a durable treatment option

Pyloric Minimally invasive, safe

balloon Early patient discharge after the procedure

dilation Allows simultaneous measurement of pyloric characteristics to assess
efficacy when using EsoFLIP

Transpyloric Minimally invasive

stent Early patient discharge after the procedure

placement

EUS-GE Increased patency and lower migration rates compared to transpyloric
stent placement.

Endoscopic Less invasive than surgical placement, primarily used to assess

gastric responsiveness

electrical

stimulation

G-POEM, gastric peroral endoscopic pyloromyotomy; EsoFLIP, esophageal FLIP. EUS-GE, endoscopic ultrasound-guided gastroenterostomy
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Table 3 Major studies assessing the predictive role of endoscopic functional luminal imaging probe (EndoFLIP) measurements in pyloric

interventions
Author Procedure  Study design Number Assessment EndoFLIP Findings
[ref.] of patients  timing measurement
(year)
Jacques G-POEM Single-center 20 Pre/post DI Pre-procedural DI <9.2 mm?/mmHg was
etal [7] prospective (3 months) (mm?*mmHg) correlated with clinical efficacy (100%
(2019) specificity, 72.2% sensitivity, P=0.04)
Vosoughi G-POEM Multicenter 37 Pre/post CSA (mm?) Pre: DI at 40 mL and CSA at 50 mL were
et al [25] retrospective (immediately DI significantly higher in patients with symptom
(2020) or 3 months) (mm?*mmHg) improvement after the procedure (P<0.05).
Post: Increases in both the CSA and DI, were
correlated with patients’ clinical response after
1 year. CSA >154 mm? at 40 mL had an accuracy
of 77%, sensitivity of 71%, and specificity of 91%
for predicting 1-year clinical success.
Conchillo G-POEM Single-center 24 Post DI DI improvement was significantly associated
et al [16] prospective (3 months) (mm*mmHg)  with clinical efficacy at 6 and 12 months
(2021) (x*=8.6, P=0.003
and x’=3.5, P=0.06, respectively)
Gregor G-POEM Single-center 52 Pre/post DI No association found between DI and clinical
et al [6] prospective (3 months) (mm*mmHg)  success
(2021)
Desprez Botulinum  Multicenter 35 Pre DI Decreased pre-procedural DI
et al [43] toxin prospective (mm?*/mmHg) (<10mm?/mmHg) was predictive of symptomatic
(2019) injection response 3 months after the procedure
Jehangir Pyloric Single-center 13 Pre DI Patients with symptomatic improvement
et al [44] balloon retrospective (mm?’/mmHg)  post-dilation had significantly lower baseline
(2021) dilation distensibility compared to non-responders
Murray Pyloric Single-center 46 Post DI A significant decrease in GCSI of 0.9 points was
et al [46] balloon retrospective (mm?’/mmHg)  observed for every 10 mm?/mm Hg increase in
(2021) dilation post-interventional DI (P=0.012)

EndoFLIP, endoscopic functional luminal imaging probe. G-POEM, gastric peroral endoscopic pyloromyotomy. DI, distensibility index. CSA, cross-sectional area;

GCSI, gastroparesis cardinal symptom index

G-POEM has failed, as demonstrated in the study by Jehangir
et al [44]. Long-term efficacy should be assessed to identify
whether it could function as a long-lasting treatment.

Stent migration is a serious and common drawback of
transpyloric stent placement, which, along with the lack of
prospective data, makes current guidelines advocate against its
use [63]. Methods for preventing this complication, such as the
use of LAMS, are considered mandatory.

Finally, irrespective of the exact intervention, the correct
identification of patients who may benefit the most from
pylorus targeted therapy is essential for optimizing outcomes.
EndoFLIP measurements may have a significant role in
guiding treatment decisions. The results of studies on this
aspect are summarized in Table 3. However, as previously
noted, this method currently lacks standardization because
there are insufficient data on specific pyloric parameters and
their associated cutoff values with the highest predictive value.
These aspects must be clarified in further studies to enable the
widespread and reliable use of EndoFLIP.

EUS-GE represents a promising treatment for gastric outlet
obstruction, and preliminary data suggest that this intervention
may also be effective in patients with gastroparesis. However,
it is important to note that the pathophysiology of symptoms

differs between these conditions, so more studies, especially
prospective ones, are required to assess the performance of
EUS-GE in gastroparesis. Currently, this procedure should be
performed solely in an experimental setting for this indication.

Concluding remarks

Despite recent advances in the understanding and
treatment of gastroparesis, this disorder remains associated
with considerable morbidity for patients. Moreover, it poses a
significant problem for the healthcare system, given the frequent
hospitalizations and the need for ongoing pharmacotherapyand
prescription. Currently, numerous endoscopic procedures are
available for patients who are unresponsive to pharmacological
therapy, with G-POEM showing the most compelling data
among them. However, heterogeneity in study characteristics,
particularly in patient selection, has resulted in inconsistencies
in reported outcomes and, along with the lack of randomized
trials and the limited durability of some procedures (e.g.,
botulinum toxin injection, balloon dilatation), has hindered the
widespread adoption of these techniques. Moreover, technical
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aspects, such as the lack of standardization and the high level
of expertise required specifically for G-POEM and EUS-GE,
represent additional concerns that must be addressed to enable
the broader implementation of these interventions. Future
research should focus on better elucidating the underlying
pathophysiological mechanisms responsible for gastroparesis,
allowing the application of targeted therapies tailored to the
specific mechanisms in each patient. Finally, further comparative
studies are essential to provide a clearer understanding of the
efficacy and outcomes of different endoscopic interventions.
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