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Abstract

Background—Recent studies with functional endoluminal imaging probe (EndoFLIP®) measure 

physiologic characteristics of the pylorus. EndoFLIP® has the potential to select optimal 

candidates for gastric peroral endoscopic myotomy (G-POEM). Normative values of the pylorus 

using EndoFLIP® have not been established.

Methods: 24 healthy volunteers (20–56 years old; 15 females) underwent unsedated, transoral 

EndoFLIP® measurements of the pylorus after 8 hours of fasting. Measurements of diameter 

(DM), balloon pressure, and distensibility index (DI) of the pylorus were obtained twice over 5 

minutes at 40, 50, and 60mL balloon distensions.

Key Results: Pyloric DM at 40, 50, and 60mL balloon distensions were 13.0±2.5, 14.3±1.8, 

and 17.2±2.0 mm, respectively. DM with 60mL distension was notably higher than with 40 and 

50mL distensions. Pyloric DI at 40, 50, and 60mL distensions were 10.9±4.8, 11.3±5.8, and 

11.1±4.3 mm2/mm Hg, respectively (P=0.86). Linear regression and Bland-Altman plots showed 

similar distribution of the DM and DI during the second minute compared to the full 5-minute 

measurements at 50mL distension, as well as between two sequential measurements using 50mL 

distension. With 50mL balloon distension, intraindividual coefficients of variation (COVintra) for 

DM and DI were 13.8% and 29.6%, respectively and interindividual COV (COVinter) were 12.6% 

and 51.3%, respectively. Similar reproducibility was obtained with 40mL balloon distension.
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Conclusions & Inferences: Unsedated EndoFLIP® can be used to characterize human fasting 

pyloric diameter and distensibility, with best performance observed with 40mL and 50mL 

distensions and data collection during the second minute. Normative values reported serve as 

reference values for future studies.

Graphcial Abstract

EndoFLIP® was used to characterize fasting pyloric diameter and distensibility in unsedated 

healthy volunteers. Stable measurements were observed at 2 minutes after balloon distension with 

optimal volume of 40–50mL.
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INTRODUCTION

Pyloric dysfunction is associated with gastroparesis.1 In recent years, several open-label 

studies have suggested that gastric peroral endoscopic myotomy (G-POEM) could be a 

promising therapy for patients with refractory gastroparesis.2 Vosoughi et al. reported 12-

month clinical efficacy of 56% for 75 patients with refractory gastroparesis who received 

G-POEM.3 A preliminary report documents benefit of G-POEM in a sham-controlled trial.4 

However, predictors for the success of G-POEM remain unclear.5 This knowledge is critical 

considering the procedural risks, irreversible change in anatomy, and theoretical adverse 

events such as dumping syndrome.

Just as the endoscopic functional luminal imaging probe (EndoFLIP®) device is used to 

appraise the lower esophageal sphincter, transpylorically placed EndoFLIP® can measure 

physiologic characteristics of the pylorus, including diameter (DM) and distensibility 

index (DI), and thus has the potential to assist in selecting the optimal candidate for 

botulinum toxin injection6 or G-POEM. Pre-procedure pyloric distensibility less than 9.2 

mm2/mmHg was predictive of clinical success of G-POEM with 72% sensitivity and 100% 

specificity.7 However, there is a dearth of data on normal pyloric function to guide clinical 

decision making. Furthermore, pyloric measurements are typically obtained during the 
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G-POEM procedure under propofol anesthesia and opioid analgesia.7–12 Opioids increase 

pyloric tone and cause antral hypomotility,13,14 and propofol affects lower esophageal 

sphincter pressure,15 duodenal contractility,16 gastric emptying,17 and colonic motility.18 

Only two prior studies have reported pyloric diameter and DI in healthy volunteers, one 

at 40mL balloon distension under propofol19, and the other at 10, 20, 30, and 40mL 

balloon distensions without sedation.20 Our aim was to optimize measurement and establish 

normative diameter and DI data for the fasting pylorus in unsedated, healthy adults using the 

EndoFLIP®.

METHODS

Data Source and Participants

Twenty-four healthy volunteers (15 females) between the ages of 18 and 65 years and body 

mass index between 18 and 35kg/m2 were screened with the validated Talley Bowel Disease 

Questionnaire for gastroesophageal reflux disease and gastrointestinal symptoms21,22 and 

were selected based on the absence of heartburn, regurgitation, dysphagia, or symptoms 

suggestive of gastroparesis.

All participants underwent clinical evaluations including physical examination and review of 

their medical records to exclude confounders such as use of opioids or treatments that could 

alter gastric motility.

Written informed consent was obtained from all participants. The study was approved by 

Mayo Clinic Institutional Review Board (IRB #20–012285).

Impedance Planimetry

Device: Intraluminal measurements of the physiologic characteristics of the pylorus were 

obtained using a commercially available FLIP technology (EndoFLIP® EF-322, Medtronic 

Inc., Shoreview, MN). The assembly consists of a 240cm-long, 3mm outer diameter catheter 

with an infinitely compliant balloon mounted near the distal end of the catheter. The 

balloon assumes a 16cm-long cylindrical shape in the center, and it houses 16 impedance 

planimetry ring electrodes spaced at 1cm intervals and a solid-state pressure transducer. 

When positioned across the antropyloroduodenal junction, the electrodes simultaneously 

measure diameter corresponding to 16 channels, and intraballoon pressure (mmHg) is 

recorded by the pressure transducer.

Procedure: Participants attended the Clinical Research Trials Unit at Mayo Clinic after 

an overnight fast lasting at least 8 hours. Under local anesthesia of the throat using 20% 

benzocaine spray, the EndoFLIP® catheter was inserted transorally, advanced and positioned 

across the antropyloroduodenal junction, with the distal 2–3 impedance sensors beyond 

the pylorus, as confirmed on fluoroscopy and by demonstration of a topographic waist 

(identifying the pylorus) in the impedance planimetry segment at a balloon distension 

volume of 20–30ml. After a 5-minute rest, the balloon was sequentially inflated to 40, 50, 

and 60mL, with continuous measurements of diameter, distensibility index, and intraballoon 

pressure for at least 5 minutes with each distension. This sequence was repeated once, 

providing two replicate measurements at each distension approximately 15 minutes apart. 
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Throughout the measurement period, the transpyloric placement of the EndoFLIP® was 

continuously monitored by the study physician (TZ) and confirmed by the presence of 

distinct antral contractions (lasting >5 seconds and frequency up to 3 per minute) proximally 

and duodenal contractions (lasting <5 seconds and frequency up to 11 per minute) distal 

to the topographic waist. When catheter displacement was suspected, repositioning was 

performed under fluoroscopic guidance.

Data Analysis

EndoFLIP® data, including distension volume, intraballoon pressure, and 16 channels of 

luminal DM and DI for each subject, were exported to Microsoft Excel. Median DM and 

DI values of each channel, and intraballoon pressure during each minute of the distension at 

each volume and over the full 5-minute measurement period were calculated. The channel 

corresponding to the pylorus was identified as the one with the narrowest DM. This was 

visually cross-checked with the recorded EndoFLIP® topography by a study physician (TZ). 

The cross-sectional area (CSA) was calculated based on the assumption of circular geometry 

[area = (π*DM2/4)]. Analysis of the results for each minute during the different distensions 

showed that there was greater variation during the first minute and stable and consistent 

recordings during the second to fifth minutes. Therefore, all primary analyses were based on 

the second minute for each distension volume.

Statistical analysis consisted of descriptive analysis of mean and range for diameter, 

intraballoon pressure, CSA, and DI. Data show mean (SD) and median [10th, 90th 

percentiles]. Comparisons among all 3 balloon distension volumes were assessed by 

Repeated Measures Analysis of Variance. Intrasubject reproducibility between two replicate 

measurements of the same balloon distension for the second minute, and between the second 

minute and average over 5 minutes were assessed using correlation analysis and Bland-

Altman plots (SigmaPlot®12 Systat Software Inc., Palo Alto, California). The correlation 

between intraballoon pressure and BMI was assessed using Spearman Rank Order Test. 

These data were presented for the 50mL balloon distension studies.

RESULTS

Demographics

Twenty-four healthy volunteers were evaluated. The mean age was 34.9 (range, 20–56) years 

and 16 (67%) were females. The mean (SD) body mass index (BMI) was 26.6 (3.6) kg/m2.

Fasting Pyloric Diameter, Pressure, and Compliance

Pyloric DM and DI at 40, 50, and 60mL balloon distensions are shown in Figure 1. 

Supplemental Table 1 shows the measurements at all balloon distension volumes. Pair-wise 

comparisons showed statistical differences for pyloric DM (and correspondingly, CSA) 

across the 3 distension levels; however, only the 60mL distension resulted in notably higher 

DM, compared with 40 and 50mL distensions (Figure 1). Pyloric DI at 40, 50, and 60mL 

distensions were not different (P=0.86) (Figure 1 and Supplemental Table 1). There was no 

association between fasting pyloric intraballoon pressure and BMI (Supplemental Figure 1).
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Correlation and Bland-Altman plots (Figure 2) showed similar distributions of DM and DI 

during the second minute compared to the full 5-minute measurements at 50mL distension. 

The lower panel of Figure 2 shows the reproducibility between the replicate measurements 

during two sequential measurements (termed “episodes”) using 50mL distension. The 

intraindividual coefficients of variation (COVintra) between episode 1 and episode 2 for 

DM and DI at 50mL distension were 13.8% and 29.6%, respectively. The interindividual 

coefficients of variation (COVinter) for DM and DI at 50mL distension were 12.6% and 

51.3%, respectively (Supplemental Table 1). Similar reproducibility was obtained with 

40mL and 60mL balloon distensions.

DISCUSSION

In this study, fasting pyloric diameter of 24 unsedated, healthy volunteers measured with 

40 and 50mL balloon distensions were similar and significantly smaller than with 60mL 

balloon distension. Given that DI were not significantly different for 40, 50, and 60mL 

balloon distensions, our study suggests that pyloric diameter, pressure, and distensibility 

can be most accurately measured by EndoFLIP® with balloon distension volume of 40–

50mL. This range of balloon distension volumes was the most widely used in prior 

studies.6–12,19,20,23,24 Prior studies which used the EndoFLIP® for the assessment of the 

esophagogastric junction (EGJ) showed increasing CSA with increasing volumes of balloon 

distention from 20–50mL.25 At the pylorus, there was less prominent increase in CSA 

with increasing balloon distention, compared to the EGJ. This discrepancy may reflect the 

larger luminal size of the EGJ, compared to the pylorus. Therefore, it is conceivable that 

reported CSA of the EGJ at lower balloon volumes were confounded by under-distention. 

In a prior study, Gourcerol et al. reported increased pyloric pressure with balloon inflation 

from 10 to 40mL, yet this increase was numerically small. Similar to our study, there were 

no differences in fasting pyloric compliance (DI) across 10–40mL balloon distensions.20 

Our findings of normative values of the pylorus are partially consistent with prior studies. 

For example, at 40mL balloon distension, Jagtap et al. reported similar values of pyloric 

DM, higher values of intraballoon pressure, and lower values of DI.19 On the other hand, 

Gourcerol et al. reported higher pyloric compliance (DI) and similar pyloric pressure.20 

These reported differences highlight the need for standardization in pyloric assessment with 

EndoFLIP® and additional future studies.

Our study demonstrated excellent correlation of measurements between the second minute 

and the full 5-minute period for both pyloric diameter and distensibility. The distribution of 

measurements between two sequential periods under the same volume distensions showed 

good correlation, as reflected in the COVintra. Moreover, the COVinter are similar for 

the 40mL and 50mL balloon distensions. These results suggest that, despite differences 

in anatomy and physiology, the EndoFLIP® device initially designed to evaluate the 

esophageal sphincters can be used to study the gastric pylorus. While the COVintra and 

COVinter are similar for pyloric DM, the COVinter for DI is higher than COVintra, suggesting 

that EndoFLIP® measurements in assessing treatments might be best appraised in crossover 

studies.
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As in prior studies, we noted phasic changes in pressure, DM, and DI due to the concomitant 

antral and duodenal contractions. Prior studies have attempted to mitigate this variability by 

taking measurements over a period of seconds where the readings are steady.6,19,20 Others 

measured over a longer period of time to improve stability.8,9,11 We took the precaution to 

take 5-minute continuous measurements, and analyzed the data stability for the first, second, 

and across the full 5 minute of measurements to appraise potential effect of the phasic 

changes. Since recordings became more stable after the first minute of balloon inflation and 

there was no difference between the second minute and across the full 5-minute intervals 

as shown in the correlation analyses, these validation studies favor waiting for the second 

minute after distension, and this recommendation differs from most studies which report 

readings within 1 minute of balloon inflation.6,8,9,19,20,23,24

One of the strengths of our study is that pyloric measurements were conducted in the 

absence of confounding agents such as propofol and opioid analgesia. A limitation of this 

study was the measurement of the pylorus in a fasting state, while postprandial assessment 

may be more relevant in the clinical setting. Although the sample size is relatively small, 

with uneven number of male and female volunteers, this study provides guidance on the 

standardization of transpyloric measurement with optimal performance observed during the 

second minute with 40mL and 50mL distensions as well as normative data which are useful 

for future studies in disease states such as gastroparesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Box plot of fasting pyloric diameter (left) and distensibility index (right) for unsedated 

healthy volunteers measured by EndoFLIP® during the second minute
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Figure 2. 
Correlation analysis of pyloric diameter (DM) (A) and distensibility index (DI) (B) at 50mL 

distension for 2nd minute versus full 5-minute measurements, as well as for episode 1 (C) 

versus episode 2 (D)
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