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Abstract
Background Endoscopic per-oral pyloromyotomy (POP) has emerged as a safe and effective first line option in medically 
refractory gastroparesis. Determining the appropriate extent of the pyloromyotomy continues to present a challenge as 
there are no standardized tools for measuring changes in pyloric distensibility during the procedure. The objective of this 
study was to evaluate the utility of using impedance planimetry with endoscopic functional luminal imaging probe (FLIP) 
to measure changes in pyloric distensibility after POP, and to compare these changes with improvement in symptoms and 
objective gastric emptying.
Methods Patients with medically refractory gastroparesis underwent POP with FLIP measurements of the pylorus (EndoF-
LIP®, Medtronic, Fridley MN). FLIP measurements, as well as changes in symptoms measured by the validated gastroparesis 
cardinal symptom index (GCSI) and scintigraphic gastric emptying studies (GES), were evaluated before and after POP.
Results A total of 14 patients underwent measurement with FLIP during POP, 12 of whom had pre- and post-POP meas-
urements. Mean pyloric diameter increased by 1.4 mm, from 13.9 mm to 15.3 mm (p = 0.0012). Mean distensibility index 
increased from 6.2  mm2/mmHg to 9.1  mm2/mmHg (p = 0.0074). Successful division of the pylorus was achieved in 100% 
of patients with a mean operative time of 36 min and no perioperative complications. The mean length of stay was 0.7 days 
(0–3 days). Post-POP mean GCSI score improved from 2.97 to 2.28 at a mean follow-up time of 27 days (p < 0.001). Objective 
improvement in gastric emptying was observed in 80% of patients with scintigraphic GES, with mean four-hour retention 
decreasing from 46.3% to 32.4% (p < 0.007).
Conclusions FLIP is a safe and feasible tool to provide objective measurements during POP. Larger cohorts with longer 
follow-up are required to determine if measured improvements in pyloric diameter and distensibility are predictive of sus-
tained improvements in GCSI and GES.
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Gastroparesis is a functional disorder of the stomach defined 
as delayed gastric emptying without mechanical obstruc-
tion. Gastroparesis is typically categorized as idiopathic, 
diabetic, or post-surgical. Among the various etiologies, 
sustained, high-amplitude contration of the gastric pylorus, 

“pylorospasm,” has been considered a potential causative 
mechanism of gastroparesis [1]. This observation has led to 
the development of pylorus-directed therapies such as endo-
scopic dilations and botulinum toxin injections to relax the 
pyloric sphincter to provide temporary relief of gastroparesis 
symptoms [2]. Surgical options, including gastric electrical 
stimulation, pyloroplasty, or subtotal gastrectomy, offer more 
sustained improvement at the expense of adding significant 
surgical morbidity [3–5].

Per-oral pyloromyotomy (POP), also known as gastric 
per-oral endoscopic myotomy (G-POEM), is a safe and 
effective endoscopic approach for gastroparesis with simi-
lar functional outcomes, less morbidity, and decreased 
length of stay when compared to surgical pyloroplasty [3]. 
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Improvements in both gastroparesis symptoms and objective 
gastric emptying are achieved in roughly 70% of patients 
after POP [6]. While these data are promising, procedural 
success and positive outcomes following POP are dependent 
on complete division of the pyloric sphincter. There are cur-
rently no standardized methods for objectively determining 
changes in the pyloric distensibility during the procedure, 
which would help to assure the surgeon that a complete pylo-
romyotomy has been performed.

Endoscopic functional luminal imaging probe (FLIP), 
EndoFLIP® (Medtronic, Fridley MN) technology, involves 
a balloon with 16 sensors mounted on a thin catheter that 
can be deployed and maneuvered endoscopically. FLIP is 
indicated to measure the intraluminal pressure, diameter, 
and distensibility index (DI) of gastrointestinal sphincters. 
Use of FLIP has demonstrated an increase in esophagogas-
tric junction diameter and distensibility after completion of 
per-oral endoscopic myotomy (POEM) for achalasia. These 
results have been correlated with clinical response after 
POEM. Several studies have also shown the utility of FLIP 
measurements in the assessment of the physiological proper-
ties of the pylorus [7–11].

The objective of this study was to determine the safety 
and feasibility of real-time, intraoperative FLIP in patients 
undergoing POP. These data could potentially help deter-
mine if increased pyloric distensibility as measured by FLIP 
correlates with improvement in GCSI and GES.

Materials and methods

Study population

This was a retrospective study performed at a single aca-
demic referral center. IRB approval was obtained through 
the Cleveland Clinic system. Consent was obtained prior 
to performing the POP and FLIP procedures. All patients 
with medically refractory gastroparesis who underwent POP 
with FLIP from April 2019 to June 2019 were included. 
Refractory gastroparesis was defined as symptoms refrac-
tory to standard medical therapy which includes diet, life 
style modification, anti-emetics, and pro-motility agents [1]. 
Patients with gastroparesis underwent work-up in a stand-
ardized manner consisting of preoperative assessment with 
symptom severity scoring via the validated Gastroparesis 
Cardinal Symptom Index (GCSI) and 4-h objective emp-
tying measured by nuclear gastric emptying scintigraphy 
(GES). GCSI scores are divided into three subcategories: 
post-prandial fullness/early satiety (4 items); nausea/vomit-
ing (3 items), and bloating (2 items) whereby higher scores 
in each subcategory are correlated with worse symptoms 
[12]. Patient demographics, etiology of gastroparesis, pro-
cedure details, complications, pre- and post-GCSI data were 

collected from the electronic medical record. Post-procedure 
GCSI scores were initially obtained at routine 1-month clinic 
visits. Follow-up nuclear GES was performed 3 months post 
procedure. Clinical outcome was measured by an improve-
ment in the GCSI and GES after the POP procedure [1].

FLIP and POP procedure

All procedures were performed by surgical endoscopists 
experienced in performing POP, with patients under general 
anesthesia with endotracheal intubation. The procedure is 
typically performed as an outpatient procedure at our institu-
tion. Rarely, a patient may be admitted overnight for obser-
vation. Patients are maintained on a full liquid diet followed 
by soft diet for two weeks which is advanced as tolerated. 
Patients are educated to eat small portions 4–5 times daily.

EndoFLIP® technology was employed to provide an 
objective measurement of pyloric diameter and distensibil-
ity immediately before and after POP. The device employs 
impedance planimetry technology to measure cross-sec-
tional area, diameter, and distensibility within a balloon-
tipped catheter. The catheter contains a series of small paired 
electrodes. A small electrical current is passed through the 
balloon filled with conductive fluid to the paired electrodes. 
This voltage gradient between electrodes is used to meas-
ure the diameter and cross-sectional area of the lumen, as 
there is an inverse relationship between cross-sectional area 
and the voltage gradient at the midpoint between electrodes. 
The change in cross-sectional area along with the change in 
pressure measured via balloon catheter is used to calculate 
the distensibility index [13]. The EndoFLIP® software uses 
these data to generate a topographic image of the pressure 
dynamics, which can be viewed by the surgeon in real time.

Fig. 1  Passage of the balloon-tipped catheter through the pylorus
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FLIP procedure

The FLIP catheter may be placed using an endoscopic 
grasper or in a through-the-scope method. A standard upper 
gastroscope (GIF-HQ190, Olympus, Tokyo, Japan) is used 
in the endoscopic grasper approach, the FLIP catheter is 
passed through the patients mouth into the stomach, and a 

grasper, which is passed though the endoscope, is used to 
manually advance the FLIP probe into the pylorus (Fig.  1).

In the through-the-scope method, the catheter is passed 
through the channel of a therapeutic videogastroscope with 
a 6 mm working channel (GIF-XTQ160, Olympus, Tokyo, 
Japan) into the pylorus. Endoscopes with a larger working 
channel may also be employed. For ease of catheter place-
ment and manipulation, we opted to predominantly use this 
technique.

A 240 cm catheter with an 8-cm-long 3-mm balloon tip 
(EF-325 N) was used in all cases. A 16 cm balloon tip length 
(EF-322 N) is also available; however, we chose the 8 cm 
balloon due to the small size of a pylorus and to limit vari-
ability of devices used. The FLIP balloon was stabilized and 
inflated to a fixed volume of 40 cc in all cases, which has 
been shown to be the optimal volume for evaluating pyloric 
sphincter contour [8] (Fig. 2). After waiting at this fixed 
volume for thirty seconds, the median cross-sectional area/
diameter and distensibility were measured at the most nar-
row part of the pylorus as represented on the topographic 
map (Fig. 3).

POP procedure

A standard upper gastroscope (GIF-HQ190, Olympus, 
Tokyo, Japan) with an attachable silicone cap (Barrx™ 
RFA Cleaning Cap, Medtronic, Fridley MN) was used to 
perform POP. After baseline FLIP measurements, POP was 
performed in a consistent stepwise manner for each patient: 

Fig. 2  Starting inflation of the balloon-tipped catheter while travers-
ing the pylorus

Fig. 3  Pre-POP topographic image generated by FLIP software demonstrating the pressure dynamics within the balloon catheter while the bal-
loon is inflated. D-10 mm, DI-3.61  mm2/mmHg
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(1) diagnostic endoscopy is performed without passing the 
scope through the pylorus to reduce tissue trauma, (2) crea-
tion of a submucosal bleb 2 cm proximal to the pylorus on 
the lesser curve, followed by a 1.5–2 cm transverse mucosot-
omy, (3) submucosal tunnel creation (Fig. 4), (4) pyloromy-
otomy (Fig. 5), and (5) mucosotomy closure with clips. The 
technical aspects of the POP have been previously described 
[14]. Technical success of the POP procedure was defined 
by successful completion of all of the aforementioned steps. 
Immediately following the pyloromyotomy, FLIP measure-
ments of diameter and distensibility were again performed 
in an identical fashion to the initial assessment (Fig. 6). In at 
least one patient, the FLIP data before and after the POP did 
not demonstrate a substantial change and therefore further 

myotomy was performed and the DI did demonstrate an 
appropriate improvement.

Statistical analysis

Data were described using means and standard deviations or 
medians with interquartile ranges for continuous variables 
and counts and percentages for categorical variables. Com-
parisons of pre and post pyloric diameter and distensibility 
measurements, as well as pre and post GCSI and GES, were 
done by paired t-tests. All analyses were performed on a 
complete-case basis. All tests were two-tailed and performed 
at a significant level of 0.05. R software 3.5.0 (04/23/2018, 
Vienna, Austria) was used for all analyses.

Results

Fourteen patients with gastroparesis underwent POP with 
FLIP during the study period. Median age was 41 (IQR 
16–67). Gastroparesis etiology was as follows: diabetic 
gastroparesis (6), idiopathic (7), and post-surgical (1). The 
median pre-procedure GCSI score was 3.1 with bloating as 
the most prominent reported symptom. Median post-proce-
dure GCSI score at one month was 2.2 which demonstrated 
clinical improvement. Mean GCSI score improved from 2.97 
to 2.28 after POP at a mean follow-up of 1 month.

The median pre-POP pyloric diameter was 13.2 mm. 
On average, patients demonstrated a significant increase 
in pyloric diameter of 1.4 mm (p = 0.0012) from a mean 
diameter of 13.9 mm to 15.3 mm at the time of the POP 
procedure. The average distensibility index (DI) signifi-
cantly increased by 2.9  mm2/mmHg, from 6.2  mm2/mmHg 
to 9.1  mm2/mmHg at the time of POP (p = 0.007) [Table 1]. 
Technical success for POP was achieved in 14/14 (100%) of 
patients. Technical success for FLIP procedure was achieved 
in 12/14 (86%), where post-POP measurements were unable 
to be obtained due to catheter malfunction. Mean opera-
tive time was 36 min and mean length of hospital stay was 
0.7 days (0–3 days). There were no perioperative compli-
cations. Follow-up scintigraphic gastric emptying studies 
were available in five patients. Overall, 4 out of 5 patients 
(80%) had improvement in scintigraphic gastric emptying 
compared to preoperative assessments. One patient (20%) 
had worsening GES despite improvement in gastroparesis 
symptoms as measured by GCSI. The follow-up gastric emp-
tying study results after the POP procedure demonstrated 
an improvement from 46.3% to 32.4% (p < 0.007) [Table 2] 
[15].

Fig. 4  Pylorus muscle visualized as a thickened white band prior to 
performing a pyloromyotomy

Fig. 5  Pylorus muscle divided after a POP procedure
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Discussion

Prior to the use of FLIP, improvement in the pyloric diam-
eter after POP was largely based on visual cues and the 
ease of passage of the endoscope through the pylorus after 
pyloromyotomy. Real-time measurements of distensibility 
and pressure using FLIP, as represented by a topographical 
image displayed during the procedure, give instant feed-
back to the endoscopist that can be used during the proce-
dure to evaluate the extent of the pyloromyotomy and to 
make appropriate adjustments at that time.

The results from the present study support that FLIP is 
safe and feasible, and a significant improvement in pyloric 
diameter and distensibility was seen in patients who under-
went POP for gastroparesis of varying etiologies. This is 
consistent with previously reported use of this technology 
following POP or pyloric botulinum toxin injection [16]. 
Patients also experienced significant improvements in both 
gastroparesis symptoms and objective gastric emptying 
times, although the cohort size was too small to evaluate 
the relationship between improvement in distensibility 
and GCSI/GES measurements. We used a standardized 
approach in measuring distensibility via FLIP, which was 

Fig. 6  Post-POP FLIP topographic image generated by FLIP software demonstrating the pressure dynamics within the balloon catheter while the 
balloon is inflated. D-14 mm, DI-10.34  mm2/mmHg

Table 1  Demographics and 
comparison of pre- and post-
POP diameter and distensibility

*Missing data were due to technical issues involving the FLIP catheter
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done immediately before and after pyloromyotomy. Using a 
non-standardized approach for FLIP measurements, which 
were taken intraoperatively and up to 3 months post POP, 
Vosoughi and colleagues were able to demonstrate a corre-
lation between higher distensibility indices/cross-sectional 
areas and clinical success after POP in a study of patients 
with gastroparesis. Additionally, post-POP cross-sectional 
area was predictive of clinical improvement with a high 
specificity (91%) and reasonable sensitivity (71%) [1]. A 
case series of four patients with pre and post POP FLIP 
procedures showed increased cross-sectional area was asso-
ciated with clinical response at 3 months [1]. Finally, these 
investigators demonstrated that immediate post-POP evalu-
ation of cross-sectional area and distensibility index was a 
better predictor of clinical success compared to measure-
ments at 3 months. Performing the FLIP data at 3 months 
is reasonable; however, it requires an additional endoscopic 
procedure which is not part of our standard practice. In addi-
tion to being a better predictor of clinical success, immedi-
ate post-POP measurements with FLIP allows for real-time 
evaluation of extent of myotomy such that further myotomy 
can be performed and outcomes immediately evaluated. This 
pilot study aimed to assess safety and efficacy of this tech-
nology but real-time use of the FLIP technology can be used 
in the future to guide further myotomy as appropriate. It is 
likely the delta change in values of diameter and DI will be 
more valuable than absolute values with a target of delta 
change > 2 or DI greater than 10 if technically possible.

Routine use of FLIP during POP could help to identify 
which patients may have the greatest clinical improvement 
based on their baseline pyloric measurements. Previous 
studies have demonstrated that higher pre-POP distensi-
bility indices were associated with 1-year clinical success 
and improvement in abdominal pain [1, 17]. Routine use 
of FLIP may help to establish a goal range of improvement 
in pyloric distensibility, where measurements below this 

threshold could indicate a need to perform a more exten-
sive pyloromyotomy. In at least one patient the results of the 
FLIP technology were used in real time to perform a more 
extensive myotomy which demonstrated noticeable change 
in the distensibility index. A change in the DI appears to be 
more valuable than the actual recorded value. The degree 
of improvement in distensibility may also predict clinical 
response, which warrants further study with larger cohorts. 
This may be the case, as low pyloric compliance has been 
shown to correlate with worse gastroparesis symptoms [11]. 
In our patient group, four out of five patients who had a 
follow-up gastric emptying scintigraphy demonstrated objec-
tive improvement in gastric emptying times which is con-
sistent with previous studies demonstrating an improvement 
rate of 78.3% [15]. The ability to see measurements using 
the FLIP technology in real time and to understand the cor-
relation to clinical outcomes will allow this technology to 
be used to ensure the adequacy of myotomy and to make 
appropriate changes at the time of the procedure.

There are several technical considerations regarding 
endoscopic placement of the FLIP catheter at the pylorus. 
First, the catheter relies on the communication of a series 
of electrodes which can be compromised by manipula-
tion during the procedure. Post-POP FLIP measurements 
were not able to be obtained in two patients, likely due to 
disruption of the electrodes that occurred during place-
ment into the stomach. Additionally, the catheter tends 
to lose tensile strength with manipulation, making posi-
tioning more difficult during post-POP measurements. 
This challenge was mitigated by eventually switching 
to a therapeutic videogastroscope with a 6 mm working 
channel to reduce manual manipulation of the catheter. 
Alternatively, if this is not available, a raptor forceps may 
be used to drag the catheter alongside the scope into the 
duodenum but this is more technically challenging and 
causes greater catheter manipulation. Second, the device 

Table 2  Demographics and Pre- 
and Post-POP GCSI and GES
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employs a balloon at the tip of the catheter with a prese-
lected volume of 40 mL, which is thought to be optimal for 
the pylorus [18]. The pylorus can be quite narrow in some 
gastroparesis patients and inflating the balloon within the 
pyloric channel appeared to dilate the muscle in some 
cases, leaving a visibly larger channel when the balloon 
was removed. The pre-POP diameter and distensibility 
may be underestimated if the balloon is causing a degree 
of pyloric dilation or relaxation, and attempts at using a 
smaller volume of 30 cc did not produce similar quality 
topographic images of the pylorus [19]. Additionally, there 
is a theoretical risk of pyloric trauma which may obscure 
tissue planes making POP more challenging, although we 
did not experience this in our series. Ultimately, the risk of 
catheter malfunction is a real possibility. To mitigate this 
risk one may first trial the technology on a model or use it 
while supervised by a proctor or company representative. 
We identified a learning curve that improved considerably 
after five uses of the catheter. We recommend using the 
technology at least 5 times to lessen the learning curve and 
consider being proctored with initial uses. Additionally, 
it is preferable to use a therapeutic endoscope which will 
allow passage of the FLIP catheter directly through the 
channel into the duodenum. If this is unavailable, a raptor 
grasper may be used but requires grabbing the tip of the 
catheter and dragging it alongside the endoscope into the 
duodenum. In our experience this was more likely to cause 
catheter malfunction than with the therapeutic endoscope. 
Also, we recommend obtaining the FLIP measurements 
prior to placing clips which may cause damage to the bal-
loon on the catheter.

There are several limitations to this study. First, the 
study was conducted at a single, tertiary care institution 
with very high volume of POP procedures, which may 
limit generalizability. Second, data were gathered prospec-
tively although the analysis was completed retrospectively. 
Lastly, the small sample size resulted in lack of statisti-
cal power to perform an in-depth analysis of subgroups 
of gastroparesis, including comparisons of improvement 
in pyloric distensibility with improvements seen in GCSI 
scores and gastric emptying. Additionally, gastroparesis 
patients may use different medications to help with symp-
tomatic relief including but not limited to anti-emetics and 
pro-motility agents. The use of these medications prior to 
and after the POP procedure has been shown to decrease 
demonstrating symptomatic release in previously pub-
lished studies; however, the use of these medications was 
not tracked in this study evaluating EndoFLIP at the time 
of POP but would be beneficial to evaluate in future stud-
ies. Despite these limitations, this series described a real-
time intraoperative FLIP protocol to evaluate improve-
ments in pyloric diameter and distention in patients 
undergoing POP.

Conclusion

FLIP is a novel technology that may be used to pro-
vide objective measures of pyloric physiology in real 
time before and after POP. Data from our study suggest 
improvements in pyloric distensibility occur immediately 
after POP. Larger studies with long-term follow-up are 
needed to elucidate correlations between an increase in 
pyloric diameter/distensibility and the improvement in 
symptoms and gastric emptying times. Such data may be 
used in real time to ensure adequate pyloromyotomy and 
to predict the response to POP in patients with medically 
refractory gastroparesis.

Compliance with ethical standards 

Disclosures Dr. Rodriguez reports personal fees from Cook Medical, 
personal fees from Gore, personal fees from Medtronic, personal fees 
from Pacira Pharmaceuticals, outside the submitted work. Dr. Ponsky 
reports personal fees from Boston Scientific, from null, outside the 
submitted work. Drs. Alisan Fathalizadeh, Michael Klingler, Joshua 
Landreneau, Matthew Allemang, and Kevin El-Hayek have no conflicts 
of interest to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Vousoughi K, Ichkhanian Y, Jacques J et al (2020) Role of endo-
scopic functional luminal imaging probe in predicting the out-
come with gastric peroral endoscopic pyloromyotomy. Gastroin-
test Endosc. https ://doi.org/10.1016/j.gie.2020.01.044

 2. Lebares C, Swanstrom LL (2016) Per-Oral Pyloromyotomy (POP): 
An Emerging Application of Submucosal Tunneling for the Treat-
ment of Refractory Gastroparesis. Gastrointest Endosc Clin N Am 
26(2):257–270. https ://doi.org/10.1016/j.giec.2015.12.012

 3. Landreneau JP, Strong AT, El-Hayek K et al (2019) Laparoscopic 
pyloroplasty versus endoscopic per-oral pyloromyotomy for the 
treatment of gastroparesis. Surg Endosc 33:773–781. https ://doi.
org/10.1007/s0046 4-018-6342-6

 4. Koul A, Dacha S, Mekaroonkamol P et al (2018) Fluoroscopic 
gastric peroral pyloromyotomy (G-POEM) in patients with a 
failed gastric electrical stimulator. Gastroenterol Rep (Oxf) 
6(2):122–126. https ://doi.org/10.1093/gastr o/gox04 0

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.gie.2020.01.044
https://doi.org/10.1016/j.giec.2015.12.012
https://doi.org/10.1007/s00464-018-6342-6
https://doi.org/10.1007/s00464-018-6342-6
https://doi.org/10.1093/gastro/gox040


752 Surgical Endoscopy (2022) 36:745–752

1 3

 5. Zihni AM, Dunst CM, Swanstrom LL (2019) Surgical Manage-
ment of Gastroparesis. Gastrointest Endosc Clin N Am 29(1):85–
95. https ://doi.org/10.1016/j.giec.2018.08.006

 6. Rodriguez J, Strong AT, Haskins IN et al (2018) Per-oral Pylo-
romyotomy (POP) for Medically Refractory Gastroparesis: Short 
Term Results from the First 100 Patients at a High Volume Center. 
Ann Surg 268(3):421–430. https ://doi.org/10.1097/SLA.00000 
00000 00292 7

 7. Yoo IK, Choi SA, Kim WH et al (2019) Assessment of Clinical 
Outcomes after Peroral Endoscopic Myotomy via Esophageal Dis-
tensibility Measurements with the Endoluminal Functional Lumen 
Imaging Probe. Gut Liver 13:32–39. https ://doi.org/10.5009/gnl18 
233

 8. Familiari P, Gigante G, Marchese M et al (2014) EndoFLIP sys-
tem for the intraoperative valuation of peroral endoscopic myot-
omy. United European Gastroenterol J 2(2):77–83. https ://doi.
org/10.1177/20506 40614 52119 3

 9. Su B, Callahan ZM, Novak S et al (2020) Using Impedence Plani-
metry (EndoFLIP) to Evaluate Myotomy and Predict Outcomes 
After Surgery for Achalasia. J Gastrointest Surg. https ://doi.
org/10.1007/s1160 5-020-04513 -w

 10. Malik Z, Sankineni A, Parkman HP (2015) Assessing pyloric 
sphincter pathophysiology using EndoFLIP in patients with gas-
troparesis. Neurogastroenterol Motil 27(4):524–531. https ://doi.
org/10.1111/nmo.12522 

 11. Gourcerol G, Tissier F, Melchior C et al (2015) Impaired fasting 
pyloric compliance in gastroparesis and the therapeutic response 
to pyloric dilatation. Aliment Pharmacol Ther 41(4):360–367. 
https ://doi.org/10.1111/apt.13053 

 12. Revicki DA, Rentz AM, Dubois D et al (2004) Gastroparesis Car-
dinal Symptom Index (GCSI): development and validation of a 
patient reported assessment of severity of gastroparesis symptoms. 
Qual Life Res 13:833–844

 13. Rubenstein J. A Better View of Esophagus Dysfunction. 09 Jun 
2016. https ://labbl og.uofmh ealth .org/healt h-tech/a-bette r-view-
of-esoph agus-dysfu nctio n

 14. Allemang MT, Strong AT, Haskins IN et al (2017) How I Do It: 
Per-Oral Pyloromyotomy (POP). J Gastrointest Surg 21(11):1963–
1968. https ://doi.org/10.1007/s1160 5-017-3510-2

 15. Mekaroonkamol P, Dacha S, Wang L et al (2018) Gastric Peroral 
Endoscopic Pyloromyotomy Reduces Symptoms, Increases Qual-
ity of Life, and Reduces Health Care Use for Patients with Gas-
troparesis. Clin Gastroenterol Hepatol. https ://doi.org/10.1016/j.
cgh.2018.04.016

 16. Malik Z, Kataria R, Modayil R et al (2018) Gastric Per Oral Endo-
scopic Myotomy (G-POEM) for the Treatment of Refractory Gas-
troparesis: Early Experience. Dig Dis Sci 63:2405–2412

 17. Jacques J, Pagnon L, Hure F et al (2019) Peroral endoscopic pylo-
romyotomy is efficacious and safe for refactory gastroparesis: 
prospective trial with assessment of pyloric function. Endoscopy 
51:40–49

 18. Jacques J, Legros R, Moteil J et al (2019) Outcomes and Future 
Directions of Per-Oral endoscopic Pyloromyotomy: A View From 
France. Gastrointest Endosc Clin N Am. 29(1):139–149. https ://
doi.org/10.1016/j.giec.2018.08.008

 19. Snape WJ, Lin MS, Agarwal N, Shaw RE (2016) Evaluation of 
the pylorus with concurrent intraluminal pressure and EndoFLIP 
in patients with nausea and vomiting. Neurogastroenterol Motil 
28:758–764

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.giec.2018.08.006
https://doi.org/10.1097/SLA.0000000000002927
https://doi.org/10.1097/SLA.0000000000002927
https://doi.org/10.5009/gnl18233
https://doi.org/10.5009/gnl18233
https://doi.org/10.1177/2050640614521193
https://doi.org/10.1177/2050640614521193
https://doi.org/10.1007/s11605-020-04513-w
https://doi.org/10.1007/s11605-020-04513-w
https://doi.org/10.1111/nmo.12522
https://doi.org/10.1111/nmo.12522
https://doi.org/10.1111/apt.13053
https://labblog.uofmhealth.org/health-tech/a-better-view-of-esophagus-dysfunction
https://labblog.uofmhealth.org/health-tech/a-better-view-of-esophagus-dysfunction
https://doi.org/10.1007/s11605-017-3510-2
https://doi.org/10.1016/j.cgh.2018.04.016
https://doi.org/10.1016/j.cgh.2018.04.016
https://doi.org/10.1016/j.giec.2018.08.008
https://doi.org/10.1016/j.giec.2018.08.008

	Real-time intraoperative functioning lumen imaging probe during endoscopic per-oral pyloromyotomy (pop)
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Study population
	FLIP and POP procedure
	FLIP procedure
	POP procedure

	Statistical analysis
	Results
	Discussion
	Conclusion
	References




