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Abstract

Background: The functional lumen imaging probe (FLIP) evaluates esophagogastric junction 

(EGJ) opening and esophageal contractility. Both post hoc and real-time analyses are possible, 

but reproducibility and reliability of analysis remain undefined. This study assesses inter- and 

intra-rater agreement of normative FLIP measurements among novice and experienced users.

Methods: Eight motility experts from different institutions independently evaluated de-identified 

video recordings from 27 asymptomatic healthy subjects using FLIP. Interpretation methods 

simulating a post-procedure and a live procedure setting were tested. Novice FLIP users (n 
= 3) received training prior to post-procedure interpretation. Experienced FLIP users (n = 5) 

interpreted using both methods. Users recorded maximum EGJ and distal esophageal body 

diameter, distensive pressure, and EGJ distensibility index (EGJ-DI), at balloon fill volumes of 

50-, 60-, and 70 ml, as well as repetitive antegrade contractions (RACs). Inter- and intra-rater 

agreements of diameters, distensive pressure and EGJ-DI were assessed by intra-class correlation 

coefficient (ICC) and Pearson’s correlation coefficient (PCC). Percentage agreement evaluated 

inter- and intra-rater reliability for RACs.

Key Results: Novice and experienced users acquired normative FLIP metrics. Good-to-excellent 

inter- and intra-rater reliability were achieved for all variables at 60 ml balloon fill volumes. 

Median parameters at 60 ml balloon fill volume were as follows: EGJ-DI 5.5 mm2/mmHg, 

maximum EGJ diameter 18.6 mm, distensive pressure at maximum EGJ diameter 48.1 mmHg, and 

distal esophageal body diameter 19.5 mm.

Conclusions and Inferences: Normative FLIP parameters can be reliably extracted from 

FLIP videos using both real-time and post hoc analyses, with high reliability between experienced 

and novice users.

Keywords

achalasia; esophageal motility; manometry; per oral endoscopic myotomy

1 | INTRODUCTION

The functional lumen imaging probe (FLIP™) assesses esophageal physiology during 

sedated endoscopy. FLIP uses impedance planimetry technology to measure esophageal 

luminal dimensions and esophageal distensibility in response to controlled volumetric 

distension of a catheter-mounted balloon.1 In addition, FLIP assesses secondary peristaltic 

contractile response to distension in the esophageal body, which is distinct from primary 

peristalsis initiated by a cued water swallow during esophageal high-resolution manometry 

Yadlapati et al. Page 2

Neurogastroenterol Motil. Author manuscript; available in PMC 2023 December 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(HRM).2 FLIP can be performed during index endoscopy if a mechanism for obstructive 

esophageal symptoms is not evident and/or if an esophageal motility disorder is suspected.3 

Alternatively, FLIP may be utilized as a complementary test to corroborate findings from 

HRM and/or barium esophagram.4 Other applications of FLIP include objective evaluation 

of esophageal luminal diameter in the management of esophageal strictures or eosinophilic 

esophagitis, and monitoring during or following foregut interventions such as myotomy or 

fundoplication.5–9

The current version of FLIP displays impedance planimetry data on screen during the 

procedure, permitting real-time interpretation in addition to traditional post-procedure 

interpretation of archived data.3 Real-time interpretation provides the potential for efficient 

diagnosis and management of the patient during index endoscopy.1 As utilization of FLIP 

grows among gastroenterologists and surgeons in clinical practice, reliability of real-time vs. 

post hoc data interpretation, as well as the learning curve to accurately interpret FLIP data 

remain incompletely understood. The aim of this study was to assess inter- and intra-rater 

agreement of normative FLIP measurements among novice and experienced users in healthy 

subjects, as well as between real-time and post-procedure analyses.

2 | MATERIALS AND METHODS

2.1 | Study design and FLIP users

Eight gastroenterologists with expertise in diagnosing and managing esophageal motility 

disorders across academic institutions with motility centers in the United States were invited 

and consented to participate in the study. Participating motility experts were separated 

into two groups based on prior experience with FLIP: experienced (>5 years clinical 

experience with FLIP) and novice (<1 year or with no clinical experience with FLIP) 

users. Experienced reviewers had an average of 5.8 years of experience (range 3–8 years) 

and had completed an average of 610 procedures (range 100–1500). Novice users had 

an average of 0.5 years of experience (range 0–1.5) and had completed an average of 

5 procedures (range 0–15). Users evaluated de-identified FLIP video recordings from an 

existing cohort of healthy asymptomatic adult patients. Interpretation was compared to the 

source interpretation of the healthy adults performed at Northwestern University, by a single 

reviewer using a customized program that generated FLIP panometry plots for analysis 

(https://www.wklytics.com/nmgi/); data analysis and normative thresholds from some of 

this cohort have been previously published.10,11 Investigators from Northwestern University 

were not included in the group of participating motility experts. Since interpretation 

methodology involved review of de-identified FLIP videos with no links to actual human 

subjects, institutional review board (IRB) approval was not deemed necessary for this study.

2.2 | Healthy volunteer cohort

FLIP videos used for this study were derived from a cohort of healthy, asymptomatic adults 

free of esophageal symptoms including dysphagia, heartburn, and chest pain, who were 

part of a prospective study at Northwestern University.10 Included subjects were not taking 

any medications that could interfere with esophageal motility. Additional exclusion criteria 

consisted of previous diagnosis of esophageal, autoimmune, or eating disorders, use of 
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antacids or proton pump inhibitors, body mass index >30 kg/m2, or a history of tobacco 

use or alcohol abuse. All healthy volunteers underwent upper endoscopy after a fast of at 

least 6 h, using conscious sedation with 5–10 mg midazolam and 100 to 200 mcg fentanyl. 

The 16 cm FLIP catheter (EF-322 N, Medtronic, Inc) was calibrated to atmospheric pressure 

before transoral placement. The balloon was positioned within the esophagus such that 1–3 

impedance sensors were located distal to the lower esophageal sphincter (LES). Stepwise 5 

ml or 10 ml balloon distensions were performed for 30–60 s each, with confirmed adequate 

FLIP positioning across the EGJ maintained through the 20–40 fill volumes. Analysis 

focused on the 50–70 ml fill volumes. Each FLIP study was recorded from insertion of the 

catheter-to-catheter removal using a digital video recorder in real-time. The study protocol 

for FLIP studies in healthy volunteers was approved by the Northwestern University IRB, 

and informed consent was obtained from all individuals prior to participation.

2.3 |  Interpretation methodology

Two methods of FLIP video analyses were utilized for the current study. Post hoc analysis 

(Method 1) provided scroll through, rewind and pause capabilities of FLIP videos to 

simulate post hoc FLIP interpretation at a post-procedure setting. Real-time analysis 

(Method 2) required users to play the video to simulate a live procedure; although scroll 

through and pause capabilities were provided, the rewind function was not available.

Novice users were provided training in FLIP methodology, acquisition, and interpretation, 

and only used Method 1 for interpretation. Novice users used the first randomly selected 

ten videos for training and used the next five randomly selected videos for independent 

testing. If novice users achieved accurate independent assessment of the five testing videos, 

based on clinical input and comparison to experienced user’s analysis of the same five cases, 

they were deemed to have successfully completed training and moved on to independently 

assess 22 videos (the remaining 12 videos and the original ten training videos which were 

re-randomized and independently interpreted after washout of at least a week), for a total of 

27 videos independently assessed (Figure 1). Experienced users interpreted using Methods 

1 and 2 at least a week apart. For each interpretation method and FLIP video, the users 

documented their readings on a standardized data form created a priori for this purpose (See 

Appendix S1).

2.4 | Data collection and management

Data were collected on standardized data forms at each fill volume of 50, 60, and 70 

ml. Three measurements were collected at each fill volume for esophagogastric junction 

distensibility index (EGJ-DI), maximum EGJ diameter, and distensive pressure at maximum 

EGJ diameter. Three measurements were collected at each fill volume for distal esophageal 

body diameter at the maximal esophageal body opening. The contractile pattern was noted at 

each fill volume including the rate of antegrade contractions (ACs) and presence or absence 

of repetitive antegrade contractions (RACs). The direction of contractions (antegrade or 

retrograde) was categorized based on a tangent line placed at the onset of contraction. 

The contractile response to distension was further categorized as repetitive if contractions 

of similar directionality occurred consecutively at a consistent time interval and then by 
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contraction direction (antegrade or retrograde).12 Data forms were uploaded by each user 

into individual folders in a secure web-based application for analysis.

2.5 | Outcomes

The primary continuous outcomes assessed were EGJ-DI, maximum EGJ diameter, 

distensive pressure at maximum EGJ diameter, distal esophageal body diameter, and rate 

of ACs. The categorical outcome assessed was contractile pattern (presence or absence of 

RACs at balloon fill volumes of 50, 60, and 70 ml).

2.6 | Statistical analysis

Descriptive statistics are used to present the data and to summarize the results. Categorical 

variables are reported using frequency distributions and cross tabulations. Continuous 

variables are summarized as median and 5th and 95th percentile values.

Intraclass correlation coefficients (ICCs) measured inter-rater reliability between 

experienced and novice users (Method 1) and among experienced users (Method 2). 

Pearson’s correlation coefficients (PCCs) assessed intra-rater reliability among experienced 

users to compare Methods 1 and 2. The level of clinical significance for both ICC and PCC 

is as follows: poor for coefficients <0.40, fair for 0.40 ≤ coefficients ≤0.59, good for 0.60 ≤ 

coefficients ≤0.74, and excellent for 0.75 ≤ coefficients ≤1.00.13

To assess the inter-rater agreement for presence or absence of RACs, percentage agreement 

analyses evaluated the reliability of measurements among experienced and novice users 

(Method 1), among experienced users (Method 2), and among experienced users to compare 

Methods 1 and 2.

Finally, interpretation metrics acquired from both Method 1 and Method 2 were compared 

to the normative value interpretation from the source institution (Northwestern University), 

which have been published as part of prior reports.10,11

All statistical analyses were performed using Statistical Analysis System (SAS) for 

Windows (version 9.4, SAS Institute Inc.).

3 | RESULTS

3.1 | Healthy volunteers

The healthy volunteer cohort consisted of 27 individuals (19 females and 8 males) with a 

mean age of 31.2 years (range 23–45 years) and BMI of 23.7 kg/m2 (range 18–30 kg/m2).

3.2 | Normative measurements

All novice users successfully analyzed FLIP data after the first cycle of training as assessed 

by clinical comparison to experienced users. Based on interpretation by the entire cohort 

of experienced and novice users, median values at 60 ml balloon fill volumes were 18.6 

mm (5th–95th percentile values of 12.8–21.6) for maximum EGJ diameter, 5.5 mm2/mmHg 

(2.8–8.0) for EGJ-DI, 48.1 mmHg (36.0–64.9) for distensive pressure, and 19.5 mm (15.0–

21.6) for distal esophageal body diameter (Table 1). Median values for all evaluated fill 
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volumes are presented in Table 2. At 60 ml, the median rate of ACs was 6.7 per minute (3.0, 

8.0). Representative patterns of ACs at all balloon fill volumes are shown in Figure 2.

Cumulative RAC presence at any of the three fill volumes evaluated consisted of 96.3% 

using Method 1 and 94.1% using Method 2. Users had ≥88.9% agreement on detection of 

the presence (vs absence) of cumulative RACs and 97.8% intra-rater agreement.

3.3 | Inter-rater reliability

Inter-rater reliability was good to excellent among novice and experienced users (Figure 3). 

Inter-rater agreement (ICC [95% confidence interval [CI]]) among novice and experienced 

users using Method 1 at 60 ml fill volume consisted of 0.83 (0.79, 0.86) for maximum EGJ 

diameter, 0.77 (0.72, 0.81) for EGJ-DI, 0.76 (0.71, 0.81) for distensive pressure, and 0.87 

(0.84, 0.90) for distal esophageal body diameter.

3.4 | Intra-rater reliability

Experienced users reported consistent values when using Methods 1 and 2. Intra-rater 

reliability values (PCC (95% CI)) were good to excellent for all measures: 0.79 (0.75, 0.82) 

for maximum EGJ diameter, 0.72 (0.66, 0.76) for distensive pressure, 0.74 (0.69, 0.78) for 

EGJ-DI, and 0.85 (0.82, 0.88) for distal esophageal body diameter (Figure 3).

3.5 | Comparison to metrics from source interpretation

Interpretation metrics from source interpretation at 60 ml balloon fill volume were as 

follows: median value for EGJ-DI: 5.5 mm2/mmHg (5th–95th percentile 3.2–7.0); maximum 

EGJ diameter: 19.2 mm (15.3–20.5); distal esophageal body diameter: 19.8 mm (18.3–21.0); 

and distensive pressure: 49.0 mmHg (37.0–69.0). Inter-rater agreements for each of these 

metrics between all users and source interpretation obtained from Method 1 analyses are 

shown in Figure 3. Agreements were similar between all users and source interpretation. 

Overall inter-rater agreements (ICC [95% confidence interval [CI]]) across the novice, 

experienced, and source interpretation metrics are as follows: maximum EGJ diameter, 0.82 

(0.78, 0.85); distensive pressure, 0.76 (0.71, 0.81); EGJ-DI, 0.76 (0.71, 0.81); and distal 

esophageal body diameter, 0.86 (0.83–0.89).

4 | DISCUSSION

In this study evaluating inter- and intra-rater agreement of FLIP interpretation using 

real-time and post hoc review methodology of FLIP videos acquired from healthy 

asymptomatic volunteers, we demonstrate that both intra- and inter-user reliability were 

good to excellent using either review methodology. Further, there was high reliability in 

post hoc interpretation of FLIP videos between novice and experienced users, and between 

these users and source interpretation, indicating that with simple training, even novice 

users can interpret normal FLIP studies, and extract reliable data. Additionally, metrics 

from real-time interpretation matched post hoc interpretation among experienced users with 

good-to-excellent reliability, indicating that real-time interpretation of normal FLIP studies 

is feasible and reliable. Finally, the cumulative normative FLIP metrics extracted from the 
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healthy volunteer cohort by the experienced panel resembles that reported from the source 

data,14 further reinforcing these normative values.

Clinical application of FLIP has expanded over the past decade, and the technology is 

increasingly utilized by clinicians in patient management across various esophageal and 

foregut symptomatic states. When utilized outside of tertiary academic motility centers, 

especially when used during index endoscopy, the likelihood of normal studies will be 

higher than that encountered in advanced centers. For this reason, the ability of especially 

novice users to extract accurate metrics and recognize normal studies is of high importance. 

In this study, we demonstrate that novice users can perform just and experienced users in 

extracting normative FLIP metrics post hoc. Novice users could be trained for accurate 

interpretation of normal studies with didactics and limited supervised review of FLIP videos 

(Ten videos in this study). These findings support use of FLIP by endoscopists in identifying 

normal studies, although further studies are needed to determine whether abnormal studies 

can be recognized with similar reliability.

An important finding of this study is that there was good-to-excellent intra-rater agreement 

in normative metrics extracted post hoc vs. real time by experienced users. This adds to 

the value and clinical utilization of FLIP, since real-time interpretation as the study is being 

performed can allow the operator to plan management strategies during the index endoscopy. 

For instance, if the FLIP study is normal in a symptomatic patient with chest pain, a 

wireless pH probe can be placed at the same setting to determine a reflux-related mechanism 

for chest pain. Previous real-time interpretation studies have indicated that FLIP findings 

correspond well to subsequent HRM studies, and may identify abnormal EGJ opening 

even in patients where HRM is not abnormal.3 The lowest (though still good-to-excellent) 

agreement was for distensive pressure. This is expected since distensive pressure changes 

related to breathing and esophageal peristaltic activity.

This study addressed several existing limitations surrounding clinical application of FLIP 

and reinforces several practical implications. These data imply that novice FLIP users 

can be trained relatively quickly to identify normal FLIP studies. Further, these results 

demonstrate the reliability of the extraction technique from FLIP videos when utilized by 

both novice and experienced users from other institutions.10 Finally, data highlight that 

real-time interpretation is feasible and reliable in identifying normal studies, indicating that 

the clinician or provider can plan patient management based on real-time data extraction 

such as at the time of index endoscopy.

There are several limitations to our study that need to be acknowledged. First, even 

our “novice users” were experts in esophageal disease and may not be representative of 

the general endoscopist who may be using FLIP. Second, the FLIP videos utilized in 

interpretation were generated from studies performed with a structured distension protocol, 

which may not be representative of the average FLIP study, though perhaps lends support 

to following the recommended FLIP study protocol. Third, our analysis and agreement are 

limited to studies from healthy asymptomatic volunteers and it is unclear if the same level 

of agreement would apply to disease states. Finally, the sample size of studies reviewed was 

still relatively small. Future studies with larger numbers of healthy volunteers, symptomatic 
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patients, and abnormal FLIP studies are needed, involving a broader cross-section of FLIP 

users, to determine how FLIP functions in real-life clinical situations. From a technical 

standpoint, the ability to incorporate the customized software analysis utilized into future 

software versions of the FLIP technology may further simplify use of FLIP in clinical and 

research applications.

5 | CONCLUSION

In summary, our data suggest that experts from multiple academic centers have good-to-

excellent agreement on key FLIP metrics from normal FLIP studies acquired from healthy 

volunteers, and that FLIP novices perform as well as experienced FLIP users after limited 

training and supervision.
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Key Points

• Functional Lumen Imaging Probe (FLIP) evaluates esophagogastric junction 

opening and esophageal contractility.

• Normative FLIP parametiers can be reliably interpreted among experienced as 

well as novice FLIP users.

• Normative FLIP parameters can be reliably extracted using real-time as well 

as post-hoc interpretation.
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FIGURE 1. 
Study flow chart.
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FIGURE 2. 
Antegrade contractions (ACs) at 50, 60, and 70 ml balloon fill volumes. The pattern of ACs 

observed at the 50 and 60 ml volumes is indicative of RACs. The pattern observed at 70 

ml volume may be classified as ACs by some physicians but not others. Figure used with 

permission from the Esophageal Center of Northwestern University.
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FIGURE 3. 
Inter-rater agreement and intra-rater agreement for normative parameters at 60 ml balloon 

fill volume. All values showed good-to-excellent agreement. Inter- and intra-rater agreement 

data are presented as ICC and PCC (95% CI). ICC and PCC agreement: <0.40 (poor); 

0.40–0.59 (fair); 0.6–0.74 (good); and 0.75–1.00 (excellent). Upper and lower limits of error 

bars represent the 95% CI. CI, confidence intervals; ICC, Intraclass correlation coefficient; 

PCC, Pearson’s correlation coefficient.
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