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Abstract

Introduction: High-resolution manometry (HRM) and functional lumen imaging probe (FLIP) 

are primary and/or complementary diagnostic tools for evaluation of esophageal motility. We 

aimed to assess the interrater agreement and accuracy of HRM and FLIP interpretation.

Methods: Esophageal motility specialists from multiple institutions completed the interpretation 

of 40 consecutive HRM and 40 FLIP studies. Interrater agreement was assessed using 

intraclass correlation coefficient (ICC) for continuous variables and Fleiss’ kappa statistics for 

nominal variables. Accuracies of rater interpretation were assessed using the consensus of three 

experienced raters as the reference standard.

Results: Fifteen raters completed the HRM and FLIP studies. Excellent interrater agreement 

was seen in supine median Integral Relaxation Pressure (ICC 0.96 (95% CI 0.95, 0.98)), and 

good agreement was seen with assessment of esophagogastric junction (EGJ) outflow, peristalsis, 

and assignment of a CCv4.0 diagnosis using HRM (κ=0.71, 0.75, and 0.70). Excellent interrater 

agreement for EGJ-distensibility index and maximum diameter (0.91 (0.90, 0.94), 0.92 (0.89, 

0.95)) was seen and moderate to good agreement was seen in assignment of EGJ opening 

classification, contractile response pattern, and motility classification (κ=0.68, 0.56, 0.59) on 

FLIP. Rater accuracy for CCv4.0 diagnosis on HRM was 82% (95% confidence interval 78–84%) 

and for motility diagnosis on FLIP Panometry was 78% (72–81%).
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Conclusions: Our study demonstrates high levels of interrater agreement and accuracy in 

interpretation of HRM and FLIP metrics and moderate to high levels for motility classification 

in FLIP, supporting the use of these approaches for primary or complementary evaluation of 

esophageal motility disorders.

Keywords

Dysphagia; achalasia; lower esophageal sphincter; esophagogastric junction; peroral endoscopic 
myotomy; integrated relaxation pressure; distensibility index; contractile response

Introduction

The Chicago Classification (CC) has standardized categorization of esophageal motility 

disorders using esophageal high-resolution manometry (HRM), especially with version 

4.0 (v4.0), the current version.(1–4) Studies which compared conventional line tracing 

with pressure topography plots consistently showed improved diagnostic accuracy, ease of 

interpretation and better interrater agreement with HRM.(5–7) As HRM gained acceptance 

worldwide, inter-rater and intra-rater agreement in classifying achalasia using CC was 

shown to be high,(8) although inter-rater agreement for diagnosing esophageal motility 

disorders overall was modest but acceptable.(9) The more expansive protocol of swallow 

positioning and provocative maneuvers with CCv4.0 has revised conclusive and inconclusive 

definitions for several motility disorders, with recommendation of supportive testing with a 

timed barium esophagram (TBE) or functional lumen imaging probe (FLIP) when diagnosis 

is inconclusive.(4, 10–15)

FLIP uses impedance planimetry technology with controlled volumetric distension of an 

infinitely compliant catheter mounted balloon during sedated endoscopy to measure lumen 

dimensions as well as distensibility along the length of the esophagus and esophagogastric 

junction (EGJ) and has burgeoning utility across several areas of clinical esophagology.

(16) Standardization of the FLIP protocol to incorporate EGJ opening mechanics and 

the contractile response to distension provides evaluation of esophageal motility, termed 

FLIP Panometry.(17) Compared to esophageal HRM using CCv4.0, FLIP Panometry 

accurately identifies clinically relevant conclusive EGJ outflow obstruction including 

achalasia spectrum disorders. Further, classification of motor disorders by FLIP Panometry 

parallels HRM classification overall, including CCv4.0 disorders of peristalsis.(18, 19) Thus, 

FLIP Panometry serves as a well-tolerated method of evaluation of esophageal motility that 

can complement or in some cases be an alternative to HRM.

This study aimed to assess inter-rater agreement of metrics and disorder definitions of both 

HRM using CCv4.0 and FLIP Panometry. A secondary aim was to determine accuracy 

of interpretation using each diagnostic modality, compared to consensus gold standard 

interpretation by experienced raters.

Chen et al. Page 3

Am J Gastroenterol. Author manuscript; available in PMC 2024 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods

Subjects

Of 17 esophageal motility specialists (all members of a FLIP working group) invited to 

participate in this study, 15 completed interpretation of identical sets of deidentified HRM 

and FLIP studies (Figure 1). Raters evaluated HRM and FLIP studies in randomized order 

(i.e. interpreted 40 HRM studies first or interpreted 40 FLIP Panometry studies first). To 

assess accuracy, interpretations by the study participants were compared against a group 

consensus interpretation by three experienced raters (JEP, PJK, and DAC) who created 

“reference diagnoses” for each HRM and FLIP study. Consensus on a reference diagnosis 

was able to be reached on 100% of studies; independent interpretation to facilitate formal 

agreement (kappa) was not assessed.

The deidentified HRM and FLIP studies were acquired from 40 consecutive, adult patients 

evaluated for dysphagia at the Esophageal Center of Northwestern, who were prospectively 

enrolled in the parent study (P01 DK117824). Patients with previous foregut surgery, 

mechanical esophageal obstruction (such as eosinophilic esophagitis, stricture, ring, or Los 

Angeles grade C-D erosive esophagitis), or hiatal hernia >3cm were excluded as these 

preclude application of CCv4.0 for diagnosis of primary esophageal motility disorders.(4) 

In each instance, HRM and FLIP studies were performed within 3 months of each other 

(36 of 40 patients had both on the same day). Raters were instructed that each patient was 

evaluated for dysphagia, had not had previous foregut surgery, and had completed upper 

endoscopy with no evidence of mechanical esophageal obstruction.

Following each study interpretation, raters were asked to select a management 

recommendation from a dropdown menu based on the HRM or FLIP findings, in the context 

of dysphagia, no previous foregut surgery, and a non-obstructive upper endoscopy. The 

menu includes common management options for esophageal conditions: obtain additional 

testing (e.g. FLIP and/or esophagram); reassurance, PPI, and/or GI-focused cognitive 

behavioral therapy; esophageal smooth muscle relaxant (e.g. off-label sildenafil); endoscopic 

dilation (≤20mm) and/or botulinum toxin injection; and POEM, laparoscopic Heller, or 

pneumatic dilation. Raters also reported the overall time spent to complete interpretation of 

each set of studies and assessed difficulty of interpretation on a scale of 1 (very easy) to 100 

(very difficult).

Informed consent was obtained from raters and patients for study participation. The study 

protocol was approved by the Northwestern University Institutional Review Board.

HRM Study Protocol and Analysis

High-resolution impedance manometry (HRM) studies and interpretation were performed 

using a solid-state assembly with 36 circumferential pressure sensors at 1-cm intervals 

and 18 impedance sensors at 2-cm intervals (Medtronic Inc, Shoreview, MN) according 

to the CCv4.0.(4) After a minimum 6-hour fast, the HRIM assembly was placed trans-

nasally and positioned to record from the hypopharynx to the stomach with approximately 

three intragastric pressure sensors. After a 2-minute baseline recording, the HRM protocol 

was performed with ten, 5-ml liquid swallows in the supine position and five, 5-ml 
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liquid swallows in the upright position. These swallows formed the basis of the rater 

impression per CCv4.0.(4) Additionally, two multiple-rapid swallow sequences (five 5-ml 

liquid swallows at 2–3 second intervals) and a rapid-drink challenge (RDC) involving rapid 

drinking of 200cc liquid were performed in the seated upright position as complementary 

components of the study. Manometry studies were analyzed using ManoView analysis 

software (Medtronic, Inc). Raters were provided with a summary of CCv4.0 criteria (Table 

S1) and the CCv4.0 associated publications.(4, 11–15) Raters recorded values for median 

supine and upright IRPs, classification of EGJ outflow, classification of primary peristalsis, 

and classification of esophageal motility.

FLIP Study Protocol and Analysis

The FLIP study using 16-cm FLIP (EndoFLIP® EF-322N; Medtronic, Inc, Shoreview, 

MN) was performed during sedated endoscopy as previously described.(20) The FLIP 

study included stepwise 10-ml FLIP distensions (each stepwise distension volume being 

maintained for 60 seconds) with the FLIP catheter positioned across the EGJ (1–3 

intragastric channels). Interpretation focused on the 50ml, 60ml, and 70ml fill volumes 

(based on the previously described FLIP classification schemes). The FLIP Panometry 

studies were reviewed by raters as deidentified recordings of real-time FLIP Panometry 

studies (FLIP 2.0, Medtronic, Inc).(18, 21, 22) Raters were instructed to view the recordings 

as they would during an endoscopic encounter, i.e. continuous forward play of the recording 

with pause of the recording allowed to review and/or record measures. Raters were provided 

with a summary of FLIP Panometry motility classification criteria (Table S2), a 20 minute 

video tutorial, and the associated publications.(18, 21, 22) Raters recorded values for EGJ-

distensibility index (DI) during 60ml FLIP fill volume and maximum EGJ diameter (60–

70ml FLIP fill volume), classification of EGJ opening, classification of contractile response 

pattern, and classification of esophageal motility.

Statistical Analysis

Interrater agreement was assessed using intraclass correlation coefficient (random rater-

random patient model) for continuous variables and with Fleiss’ kappa statistic for nominal 

variables. Degree of agreement was interpreted based on kappa values as poor (0–0.2), 

fair (0.21–0.4), moderate (0.41–0.6), good (0.61–0.8), and excellent (0.81–1). Accuracy 

was calculated for each rater as the percent agreement with the reference diagnoses; group 

accuracy was then described as the mean (95% confidence interval (CI)) among the raters. 

For additional description of accuracy, confusion matrices of all rater responses relative 

to reference were pooled per test, i.e. 600 responses (15×40) for both HRM and FLIP. 

Results of continuous variables were reported as mean (standard deviation; SD), or median 

(interquartile range; IQR) depending on data distribution. Paired t-tests were two-sided as 

appropriate and were considered statistically significant at P<0.05.

Results

Raters

Among the 15 raters that completed the study, all reported previous experience of 

interpreting >500 HRM studies (Table 1). 5 (33%) raters had previous experience of 
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interpreting >500 FLIP Panometry cases, 7 (47%) reported 100–499 previous cases, and 

3 (20%) reported 25–100 previous cases. Differences were not detected between raters 

reported interpretation time (mean (SD) 263 (73) minutes for HRM vs 221 (75) for FLIP; 

P=0.136) or interpretation difficulty (mean (SD) rating 31 (29) for HRM vs 29 (18) for 

FLIP; P=0.589. The three experienced raters (JEP, PJK, and DAC) had each completed >500 

HRM and >500 FLIP cases.

Interrater reliability

Table 2 includes the intra-rater agreement data for HRM and FLIP. For HRM interpretation, 

inter-rater agreement (intraclass correlation coefficient (95% confidence interval)) was 

excellent for supine median IRP (0.96 (0.95, 0.98)) as well as for upright (0.97 (0.96, 0.98)). 

Excellent agreement was seen whether the raters completed the HRM or FLIP studies first. 

Fleiss’ kappa indicated good inter-rater agreement in assessing normality of esophagogastric 

outflow (κ=0.71), assessment of peristalsis (κ=0.75), and assigning a Chicago Classification 

diagnosis (κ=0.70) on HRM. FLIP interpretation also demonstrated excellent inter-rater 

agreement for EGJ-DI at 60mL balloon volume (0.91 (0.90, 0.94)) and maximum EGJ 

diameter (0.92 (0.89, 0.95)); again, whether raters first completed HRM or FLIP studies. 

On FLIP studies, agreement in EGJ opening classification was good (κ=0.68) and moderate 

for contractile response pattern and motility classification (κ=0.56 and 0.59, respectively). 

Figure 2 shows examples of HRM and FLIP studies with rater diagnosis patterns.

Accuracy of HRM interpretation

The most common diagnosis by the raters for HRM and FLIP studies for each patient is 

given in Table S3 (along with experienced rater consensus agreement diagnosis). Accuracy 

of the raters, when comparing to the reference diagnosis was 0.75 (95% CI 0.71, 0.78)) for 

interpretation of EGJ outflow on HRM. The raters had an accuracy of 0.83 (0.80, 0.86) for 

interpreting peristalsis pattern (absent, premature, hypercontractile, ineffective, or normal). 

The raters had an accuracy of 0.82 (0.78, 0.85) for esophageal motility diagnosis (CCv4.0). 

Among the 111 ”inaccurate” diagnoses totaled across HRM studies by the entire group, a 

type II achalasia or EGJOO diagnosis was involved in 84 (76%); Table 3. There were 15 

rater diagnoses of type II achalasia in studies with reference diagnosis of type III achalasia 

or EGJOO. There were zero inaccuracies that involved rater diagnosis of normal motility in 

studies with reference diagnosis of achalasia (all subtypes) or absent contractility. Similarly, 

there were zero rater diagnoses of achalasia or absent contractility in studies with reference 

diagnosis of normal motility (Table 3).

Accuracy of FLIP interpretation

Rater accuracy of interpreting EGJ opening using FLIP was 0.82 (0.79, 0.85) and for 

assessing contractile response pattern was 0.74 (0.71, 0.78). Rater accuracy for FLIP 

motility diagnosis was 0.78 (0.74, 0.81). Among the 134 ‘inaccurate’ FLIP motility 

diagnoses, an ‘inconclusive’ or spastic-reactive diagnosis was involved in 93% (125/134); 

Table 4. There was 1 rater diagnosis of obstruction with weak CR among studies with 

a reference diagnosis of ‘weak’ and 12 rater diagnoses of obstruction with weak CR 

among studies with a reference diagnosis of ‘inconclusive’ (Table 4). There were zero 

inaccuracies that involved rater diagnosis of obstruction with weak contractile response or 
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spastic-reactive in studies with reference diagnosis of normal. Similarly, there were zero 

rater diagnoses of normal motility in studies with reference diagnoses of obstruction with 

weak contractile response or spastic-reactive (Table 4).

Management Decisions

Raters’ responses regarding management recommendations based on test results included a 

recommendation to obtaining additional testing after 42% of HRM interpretations and 70% 

of FLIP interpretations. Additional testing was recommended with 96% of EGJ outflow 

diagnoses on HRM and with 90% of interpretations of inconclusive FLIP. Reassurance 

and conservative management with a trial of proton pump inhibitor or neuromodulator was 

recommended after 27% of HRM cases compared to 17% of FLIP cases. When the most 

common HRM diagnosis by raters is achalasia (all subtypes), management recommendation 

most commonly (74%) involved pneumatic dilation (PD), laparoscopic Heller myotomy 

(LHM), or peroral endoscopic myotomy (POEM). Diagnoses of obstruction with weak 

contractile response on FLIP; however, triggered a recommendation for additional testing 

in 70%; the other 30% were associated with a recommendation for PD, LHM, or POEM. 

Normal HRM interpretations lead to reassurance with 67% of diagnoses and request for 

additional information with 32% of diagnoses, while normal FLIP interpretations lead to 

reassurance with 74% of diagnoses and request for additional testing with 24% of diagnoses.

Discussion

In this study evaluating reliability of HRM and FLIP interpretation among esophageal 

motility specialists, we demonstrated that raters extracted key HRM and FLIP metrics with 

moderate to almost perfect inter-rater agreement, and high accuracy compared to reference 

standard interpretations. Formal interpretation of HRM using CCv4.0 had accuracy of 82%, 

and FLIP had accuracy of 78%. Importantly, there were no FLIP diagnoses of normal 

EGJ opening in patients with established achalasia, and no FLIP diagnosis of achalasia 

in patients with normal EGJ opening and contractility; similar results were demonstrated 

using HRM. Notably, there was disagreement even among esophageal specialists in non-

obstructive motor disorders, but raters frequently indicated that they would request alternate 

confirmatory testing prior to invasive management, conforming to current guidelines and 

recommendations. We conclude that esophageal specialists follow similar interpretation 

paradigms using HRM and FLIP and recognize the complementary value of these tests when 

findings are inconclusive.

Previous studies assessing interobserver and intraobserver agreement of HRM have used 

earlier versions of the Chicago Classification and included only a small number of raters.(8, 

9, 24, 25) Rater reliabilities in HRM (using CCv4.0) and FLIP interpretation had not been 

assessed. Our study included a group of esophageal motility specialists with extensive HRM 

experience and varying experiences with FLIP interpretation to assess rater reliability. There 

was no difference reported by the raters in the time commitment or perceived difficulty 

in HRM vs FLIP interpretations. Our study shows substantial to almost perfect interrater 

agreement in assessment of esophagogastric outflow, peristalsis and a CCv4.0 diagnosis on 

HRM, and similar substantial to almost perfect agreement in EGJ distensibility, maximum 
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EGJ diameter, and EGJ opening classification using FLIP. Agreement was moderate for 

contractile response pattern and motility classification using FLIP. The high agreement in 

HRM interpretation is reassuring noting this cohorts’ experience (likely thousands of HRM 

studies interpreted) with HRM and the Chicago Classification evolution over the past 10+ 

years where HRM has been considered the primary diagnostic tool for esophageal motility. 

On the other hand, FLIP Panometry is not currently broadly used as a first-line diagnostic 

tool and the majority of our raters had less than 500 cases of experience. Thus already, the 

FLIP Panometry approach to assessing esophageal motility performed at a highly functional 

stage and likely will improve with additional evolution and experience of its users. Similar 

to the progression and standardization with the Chicago Classification of HRM, we expect 

future iterations of a FLIP Panometry classification will allow for improved agreement and 

diagnostic confidence amongst users.

There has been an increasingly recognized importance to establish accurate esophageal 

motility diagnoses in order to provide appropriate and necessary treatments, while also 

avoiding inappropriate invasive therapies. This was highlighted by the latest iteration of the 

Chicago Classification which provided both revised algorithms for diagnoses of esophageal 

motility disorders as well as recommendations for further testing during instances in which 

a conclusive motility diagnosis is not reached.(4) In our study, accuracy for interpretation 

of EGJ opening and peristalsis/contractile response pattern was high when comparing to 

the consensus agreement of experienced raters using HRM or FLIP. Of note, none of 

the patients with achalasia on HRM, regardless of subtype, were diagnosed as normal 

by the raters, and none of the normal peristalsis patients were given a diagnosis of 

achalasia by a rater. Furthermore, a FLIP Panometry accurate diagnosis of normal was never 

assessed as obstruction with weak contractile response (suggesting achalasia physiology) 

by a rater, while none of the obstruction with weak contractile response patients were 

labeled as normal by a rater as well. Thus, the overall clinical relevance of many of the 

‘inaccurate’ interpretations was minimal as they unlikely would relate to major alterations in 

management decisions. However, several cases with variation in interpretation even among 

this group of experienced providers have occurred, e.g. Figure 2B with interpretations 

of both achalasia and IEM and thus significantly different management approaches. 

Additionally, panesophageal pressurization seen in type II achalasia could potentially have 

been confused with simultaneous esophageal contractions seen in type III achalasia on HRM 

(e.g. Figure 2A), and spastic reactive features may be variable on FLIP (e.g. Figure 2D). 

These; however, may also reflect scenarios that would be circumvented by application of 

complementary test results.

The CCv4.0 provided recommendations based on the use of HRM as the primary diagnostic 

tool for esophageal motility and has included FLIP as a complementary test in cases of 

inconclusive HRM diagnoses, such as EGJ outflow obstruction. Timed barium esophagram 

was also recommended and offers an alternative complementary test for inconclusive initial 

evaluations. However, FLIP has also been suggested as a potential first-line diagnostic test 

in patients with dysphagia if performed during an index upper endoscopy, as this can both 

avoid treatment delay as well as potentially replace or determine the need for HRM and 

the discomfort associated with an intranasal catheter.(17, 23) FLIP may be particularly 

useful in identifying patients with normal motility. In our study, FLIP led to a normal 
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motility diagnosis in 1 of 5 studies overall. Thus, using FLIP as a first-line tool on index 

endoscopy in patients with nonobstructive dysphagia may eliminate need for HRM in some 

patients, such as if FLIP is normal. In this study, when the most common rater diagnosis 

was normal, the reference FLIP diagnosis was also normal in all cases, and this correlated 

with normal HRM diagnosis in 75% of cases (two cases of normal FLIP correlated with 

EGJOO on HRM, though both had normal clearance on TBE; Table S3). However, if FLIP is 

abnormal, this can alternatively emphasize the need to pursue additional esophageal motility 

testing, where the FLIP findings will still provide a potentially useful complement (e.g. an 

inconclusive HRM diagnosis such as EGJOO).

When we assessed the potential impact on management recommendations, we overall 

observed that the most frequent recommendation from this group after interpretation with 

HRM or FLIP was to obtain additional testing. This aligns with recommendations from 

CCv4.0 related to obtaining complementary testing when diagnostic uncertainty persists 

after an initial test. Further, a recommendation for additional testing was more frequent in 

FLIP than HRM, supporting that FLIP was still often recommended as a complementary 

test in this group. However, reassurance/PPI/CBT was the recommendation associated with 

74% of normal FLIP Panometry diagnoses, again, supporting that a normal FLIP on initial 

investigation can obviate the need for HRM in these cases. Overall, with the goal of an 

esophageal motility evaluation being to reach a confident diagnosis to guide treatment 

decisions, it was notable that utilization of more than a single motility test was often the 

recommendation from the individuals of this group. This also likely relates to the growing 

recognition that there is not a single ‘gold standard’ test for the diagnosis of esophageal 

motility disorders, but that instead a comprehensive evaluation may be necessary to achieve 

a diagnosis.

This study was the first to establish a baseline interrater agreement analysis for both the 

updated CCv4.0 and the latest FLIP Panometry recommended protocol. The results support 

that the present classification schemes for both testing modalities were associated with 

reliable interpretation among this group of esophageal motility specialists. A strength of the 

study was that we used consecutive HRM and FLIP studies, simulating the real-life scenario 

and including many non-classic and borderline cases. This is in contrast to the previous 

study assessing interrater agreement and accuracy of manometry interpretation in which 

non-consecutive studies were selected to represent each motility diagnosis for comparison of 

esophageal pressure topography vs. conventional line tracing that has the obvious drawback 

of being less generalizable to real life interpretation.(6) However, a limitation of the present 

study was that this patient cohort was from an esophageal referral center, particularly noting 

the high rate of patients with achalasia. While this may somewhat limit generalizability 

to other practices, this patient cohort did provide the sufficient sample size of the most 

actionable diagnosis in the esophageal motility evaluation – achalasia. Another limitation 

was the lack of patients with distal esophageal spasm or hypercontractile esophagus cases, 

which reflects the rarity of these conditions. In the current study, our raters were all motility 

specialists with a high degree of familiarity with HRM and FLIP. As a result, we were 

unable to observe and compare the learning curve and requirements for competency in HRM 

and FLIP interpretations as those previously assessed in HRM.(26, 27) However, doing so is 

an intended future direction. Further, our study that focused on interrater agreement required 
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independent review of each test, as opposed to complementary application of other clinical 

data (including FLIP, HRM, and often TBE as performed sequentially in a patient with 

borderline/inconclusive motility findings) that would often impact management decisions. 

For reference diagnoses, we used the consensus agreement of three experienced raters (who 

served integral roles in the development of the diagnostic schemes utilized for both HRM 

and FLIP) as reference diagnosis when determining accuracy. However, noting the absence 

of a true gold standard diagnostic tool, this may be viewed as a limitation.

In conclusion, interrater agreement for esophageal motility diagnosis using HRM and 

CCv4.0 and FLIP Panometry was moderate to good in our group of motility specialists. 

Raters achieved high levels of accuracy using both modalities for motility diagnosis 

when compared to the experienced rater consensus diagnoses. While these results support 

that HRM diagnoses per CCv4.0 and the novel FLIP Panometry motility classifications 

can be reliably interpreted by esophageal motility specialists, it also demonstrates that 

inconsistency may still occur. This highlights the importance of recognizing uncertainty in 

esophageal motility diagnoses and the need to seek additional complementary testing in 

order to improve confidence in an accurate clinical diagnosis – particularly prior to pursuing 

invasive therapies. Noting that studies including non-expert GI providers are needed for 

assessment of the learning curve of each testing modality, this study also highlights the 

need for development of esophageal motility learning modules and analytic tools, such as 

development of computer-assisted diagnostic support tools to further improve the reliability 

and accuracy of study interpretation. Overall, ongoing development of robust and reliable 

management algorithms based on complementary application of esophageal motility tests 

will continue to improve the standardization of care in patients with esophageal motility 

disorders.
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WHAT IS KNOWN:

• The latest Chicago Classification version 4.0 (CCv4.0) for interpretation of 

high-resolution manometry (HRM) has revised conclusive and inconclusive 

definitions of motility disorders and incorporated supportive testing when 

diagnosis is inconclusive.

• Functional lumen imaging probe (FLIP) Panometry uses impedance 

planimetry technology to measure lumen opening mechanics and contractile 

response to distension and has been implicated as a primary or 

complementary diagnostic modality for evaluation of esophageal motility.

• Interrater agreement and accuracy of both HRM using CCv4.0 and FLIP 

Panometry have not been previously assessed.

WHAT IS NEW HERE:

• Interrater agreement for esophageal motility diagnosis using HRM per 

CCv4.0 and FLIP Panometry was moderate to good among esophageal 

motility specialists.

• High levels of accuracy in motility diagnosis were achieved by raters using 

both modalities when compared to the reference diagnosis based on the 

consensus agreement of experienced raters.

• Inconsistency in interpretation of HRM and FLIP nevertheless exists among 

esophageal specialists, highlighting the importance of complementary testing 

to improve confidence in diagnostic accuracy, especially prior to pursuing 

invasive therapies.
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Figure 1. Study scheme.
Same HRMa or same FLIPb studies.
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Figure 2. 
Examples of individual HRM and FLIP studies with rater diagnostic patterns. A) shows an 

HRM study that was interpreted as type III achalasia by majority of raters, while a minority 

interpreted it as type II achalasia (reference diagnosis: type III achalasia). B) was an HRM 

study with high rater discrepancy where about half the raters interpreted the study as type 

II achalasia, and the other half interpreted as type I, EGJ outflow obstruction, IEM, and 

absent contractility (reference diagnosis: EGJOO). In panel C), majority of raters interpreted 

the FLIP study as spastic-reactive, while the others interpreted it as obstruction with weak 
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contractile response and inconclusive (reference diagnosis: spastic reactive). Majority of 

raters interpreted the FLIP study in panel D) as spastic reactive, while a minority interpreted 

as normal (reference diagnosis: normal).
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Figure 3. 
Management decision based on diagnosis. A) shows management decision by the raters 

based on HRM diagnosis and B) shows management decision by raters based on FLIP 

diagnosis. Ach, achalasia; EGJOO, esophagogastric outflow obstruction; IEM, ineffective 

esophageal motility; PPI, proton pump inhibitor; CBT, cognitive behavioral therapy; SMR, 
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systemic muscle relaxant; PD, pneumatic dilation; POEM, peroral endoscopic myotomy; 

LHM, laparoscopic Heller myotomy; CR, contractile response
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Table 1.

Rater characteristics.

Raters; n (%)

Years in practice

1–5
6–10

11–15
>15

1 (7)
5 (33)
3 (20)
6 (40)

HRM experience

25–100
100–499

>500

0
0

15 (100)

FLIP experience

25–100
100–499

>500

3 (20)
7 (47)
5 (33)

Reported experience among the 15 raters that completed the study are reported. High-resolution manometry (HRM) or functional lumen imaging 
probe (FLIP) experience reflects numbers of previous studies interpreted.
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Table 2.

Interrater agreement in HRM and FLIP interpretation.

HRM ICC (95% CI)

Supine IRP 0.96 (0.95, 0.98)

Upright IRP 0.97 (0.96, 0.98)

kappa 

EGJ outflow 0.71

Peristalsis 0.75

CCv4.0 classification 0.70

FLIP ICC (95% CI)

EGJ-DI @60mL 0.91 (0.87, 0.94)

Max EGJ diameter 0.92 (0.89, 0.95)

kappa 

EGJ classification 0.68

Contractile Response 0.56

Motility 0.59

Normal/abnormal 0.66

Achalasia/non-achalasia 0.66

ICC – intraclass coefficient. EGJ-DI – esophagogastric junction distensibility index.

Am J Gastroenterol. Author manuscript; available in PMC 2024 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chen et al. Page 21

Table 3.

Accuracy of high-resolution manometry / Chicago Classification v4.0 diagnoses.

Reference diagnoses

Type I 
achalasia

Type II 
achalasia

Type III 
achalasia EGJOO Absent 

contractility Hypercontractile DES IEM Normal

Total 4 7 4 6 3 0 0 3 13

Rater 
diagnoses

Type I achalasia 45 (75%) 0 0 2 4 0 0 0 0

Type II 
achalasia 14 98 (93%) 15 15 0 0 0 0 0

Type III 
achalasia 0 1 41 (68%) 8 0 0 0 0 0

EGJOO 0 3 4 57 
(63%) 0 0 0 2 9

Absent 
contractility 1 2 0 1 38 (84%) 0 0 0 0

Hypercontractile 0 0 0 2 0 0 0 0 3

DES 0 0 0 0 0 0 0 0 1

IEM 0 1 0 2 3 0 0 36 
(80%) 8

Normal 0 0 0 3 0 0 0 7 174 
(89%)

Numbers represent the number of studies with pooled from all rater diagnoses relative to the experienced rater consensus diagnoses. Shaded boxes 
indicate exact agreement, i.e. ‘accurate diagnosis’. EGJOO – esophagogastric junction outflow obstruction. DES – distal esophageal spasm. IEM – 
ineffective esophageal motility.
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Table 4.

Accuracy of FLIP Panometry diagnoses.

Reference diagnosis

Normal Weak Obstruction w/ weak CR Spastic-reactive Inconclusive

Total 9 7 11 7 6

Rater
diagnoses

Normal 102 (76%) 7 0 0 0

Weak 0 79 (75%) 1 1 8

Obstruction w/ weak CR 0 1 143 (87%) 8 12

Spastic-reactive 10 0 2 78 (74%) 6

Inconclusive 23 18 19 18 64 (71%)

Numbers represent the number of studies with pooled from all rater diagnoses relative to the internal reference diagnoses. Shaded boxes indicate 
exact agreement, i.e. ‘accurate diagnosis’. CR – contractile response.
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