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Abstract

Background Peroral endoscopic myotomy (POEM) has

been introduced as an endoscopic alternative to surgical

myotomy. The endoluminal functional lumen imaging

probe (endoFLIP) evaluates esophagogastric junction

(EGJ) distensibility based on cross-sectional area and

pressure in response to volume distension. The aim of this

study was to evaluate whether there is a correlation

between endoFLIP measurements during POEM and

postoperative clinical outcomes in terms of symptom relief

and development of post-procedure reflux.

Methods We conducted a retrospective review of acha-

lasia patients who underwent POEM and intraoperative

endoFLIP at three tertiary centers. Patients were divided

into two groups based on clinical response measured by

Eckardt score (ES): good response (ES\ 3) or poor

response (ES C 3). Post-procedure reflux was defined as

the presence of esophagitis and/or abnormal pH study. EGJ

diameter, cross-sectional area, and distensibility measured

by endoFLIP were compared.

Results Of the 63 treated patients, 50 had good and 13

had poor clinical response. The intraoperative final EGJ

cross-sectional area was significantly higher in the good-

response group versus poor-response group; median (in-

terquartile range): 89.0 (78.5–106.7) versus 72.4

(48.8–80.0) mm2 [p = 0.01]. The final EGJ cross-sectional

area was also significantly higher in patients who had

reflux esophagitis after POEM: 99.5 (91.2–103.7) versus

79.3 (57.1–94.2) mm2 [p = 0.02].

Conclusion Intraoperative EGJ cross-sectional area dur-

ing POEM for achalasia correlated with clinical response

and post-procedure reflux. Impedance planimetry is a

potentially important tool to guide the extent and adequacy

of myotomy during POEM.

Keywords Endoluminal functional lumen imaging

probe � Esophagogastric junction � Peroral endoscopic
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Abbreviations

CSA Cross-sectional areas

ES Eckardt score

endoFLIP Endoluminal functional lumen imaging probe

EGJ Esophagogastric junction

IQR Interquartile range

IRP Integrated relaxation pressure

LES Lower esophageal sphincter

Electronic supplementary material The online version of this
article (doi:10.1007/s00464-015-4574-2) contains supplementary
material, which is available to authorized users.

& Mouen A. Khashab

mkhasha1@jhmi.edu

1 Division of Gastroenterology, Johns Hopkins Hospital,

Baltimore, MD, USA

2 Department of General Surgery, University Hospital

Wurzburg, Würzburg, Germany

3 Division of Gastroenterology and Hepatology, Weill Cornell

Medical College, New York, NY, USA

4 Division of Gastroenterology and Hepatology, Johns Hopkins

Hospital, 1800 Orleans Street, Zayed Bldg, Suite 7125B,

Baltimore, MD 21287, USA

123

Surg Endosc (2016) 30:2886–2894

DOI 10.1007/s00464-015-4574-2

and Other Interventional Techniques 

http://dx.doi.org/10.1007/s00464-015-4574-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-015-4574-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-015-4574-2&amp;domain=pdf


POEM Peroral endoscopic myotomy

SD Standard deviation

Background

Achalasia is an uncommon esophageal motility disorder

characterized by loss of enteric neurons leading to impaired

relaxation of the lower esophageal sphincter (LES) and

aperistalsis of the esophageal body in response to swallowing.

This pathophysiology results in impaired flow of ingested

food into the stomach and stasis of food and secretions in the

esophagus, which causes symptoms of dysphagia and regur-

gitation [1]. All available treatment options for achalasia—

medical, endoscopic, and surgical—arepalliative anddirected

at reduction in esophageal outflow obstruction.

Peroral endoscopic myotomy (POEM) has been intro-

duced as an endoscopic alternative to surgical myotomy.

Recent studies have shown that POEM is a highly effective

treatment for achalasia in terms of symptomatic relief in

medium-term follow-up and results in improvement of

esophageal physiology [2–5]. The most common adverse

event after POEM is gastroesophageal reflux. The preva-

lence of post-POEM abnormal esophageal acid exposure

on ambulatory pH monitoring has been reported to be

between 20 and 57 % [5–8].

Physiologic evaluation of esophagogastric junction

(EGJ) opening, such as LES relaxation pressure on high-

resolution manometry and bolus retention on timed barium

esophagogram, can determine the post-treatment outcome

in achalasia [9–11]; however, these tests are suboptimal.

Intraoperative manometry [12, 13] is cumbersome and does

not provide data on EGJ distensibility. Timed barium

esophagogram cannot be used intraoperatively during the

procedure.

A novel catheter-based tool, endoluminal functional

lumen imaging probe (endoFLIP), uses impedence

planimetry to assess EGJ geometry, physiology, and pres-

sure in response to volume distension. Recent reports have

shown that endoFLIP measurements can be helpful for

evaluating efficacy of treatment for achalasia [10, 14]. This

technology allows a real-time evaluation of the LES and

EGJ during endoscopic or surgical procedures such as

fundoplication [15] or esophagocardiomyotomy for acha-

lasia [8, 16]. To date, there have been very limited data on

the utility of intraoperative endoFLIP during POEM in

predicting postoperative clinical outcomes.

The aim of this study was to evaluate whether there is a

correlation between biomechanical parameters obtained

from intraoperative impedance planimetry using endoFLIP

during POEM and postoperative clinical outcomes in terms

of symptom relief and development of post-procedure reflux.

Methods

We conducted a retrospective review of consecutive

patients between the ages of 18 and 80 years with achalasia

who underwent POEM and had intraoperative endoFLIP

measurements between May 2013 and November 2014 at

three tertiary care centers (two US and one European).

Diagnosis of achalasia was based on the absence of eso-

phageal peristalsis and impaired LES relaxation assessed

with high-resolution manometry. Exclusion criteria inclu-

ded patients with high-resolution manometry consistent

with diffuse esophageal spasm, Jackhammer esophagus or

nutcracker esophagus and those with malignant or prema-

lignant esophageal lesions. This study was approved by the

Institutional Review Board for Human Research and

complied with Health Insurance Portability and Account-

ability Act (HIPAA) regulations at each institution.

The following data were recorded: demographics, rele-

vant clinical (Eckardt scores, previous endoscopic treat-

ments), manometric (achalasia subtype, integrated

relaxation pressure [IRP]), endoscopic data (length of

submucosal tunnel, length of myotomy, orientation of

myotomy), post-procedural clinical symptoms, results of

upper endoscopy and esophageal acid exposure testing/pH-

impedance testing after POEM.

POEM operative technique

POEM procedures were performed as previously described

[17, 18]. In brief, a high-definition gastroscope, fitted with

a transparent distal cap attachment, was used. Carbon

dioxide insufflation was used during the entire length of the

procedures, and intravenous antibiotics were administered.

The lower esophageal sphincter (LES) was identified. A

submucosal bleb was created in the mid-esophagus using

saline mixed with indigo carmine. A 1.5- to 2-cm longi-

tudinal mucosal incision was made with a triangular tip

(TT) knife (KD 640L, Olympus, PA, US) using endocut

mode at 50 W, effect 3 (ERBE, Tubingen, Germany). The

endoscope was then maneuvered into the submucosal

space. Spray coagulation mode (50 W, effect 2) or swift

coagulation mode was applied to dissect the submucosal

layer using the TT knife. The submucosal tunnel was

extended, passing the LES and at least 2 cm into the

proximal stomach. Subsequently, myotomy of the inner

circular muscle bundles was performed starting 2 cm distal

to the mucosal entry point using spray coagulation current

at 50 W on effect 2 or swift coagulation mode. Larger

vessels in the submucosa were coagulated using the Coa-

grasper (Olympus) in soft coagulation mode at 80 W on

effect 5. Mucosal entry was then closed using endoscopic

clips or endoscopic suturing.
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Impedance planimetry

Intraoperative measurements were obtained using a com-

mercially available endoFLIP system (Crospon Medical

Devices, Galway, Ireland) and probes (EF-325 N). The

probe consists of a 240-cm-long catheter with a 14-cm bag

at its distal end. Within the bag, there is an 8-cm segment

with 17 electrodes at 5-mm intervals inside the bag. Using

impedance planimetry, cross-sectional areas are determined

at the level of each electrode during volume control bag

distensions. The probe also contains a pressure transducer

that measures intrabag pressure. EndoFLIP measurements

included EGJ diameter, cross-sectional areas (CSA), and

distensibility. Distensibility was defined as the minimum

CSA divided by the corresponding intrabag pressure. The

balloon was inflated to a 30- and/or 40-ml volume.

The endoFLIP pressure sensor was zeroed before insertion

of the probe. During POEM procedures and while patients

were under general anesthesia, the endoFLIP probe was

inserted through the patient’s mouth. Under endoscopic

visualization, the probe was advanced to the esophagus and

positioned at the EGJ. EGJ CSA, diameter, and pressure were

assessed at each distention volume using a median value

during each 30-s test recording. The endoFLIP measurements

were obtained at two time points: (1) baseline measurement

before creation of the submucosal tunnel and (2) final mea-

surement, after completion of the myotomy (Fig. 1).

Assessment of clinical outcomes

Symptom scores were assessed using the Eckardt score

(ES) [19]. The components of the ES include weight loss,

dysphagia, chest pain, and regurgitation. Each component

is graded from 0 to 3. The final score is the sum of the four

component scores, ranging from 0 to 12. In this study, the

patients were classified based on post-procedure ES as

having ‘‘good clinical response’’ if the ES\ 3 or ‘‘poor

clinical response’’ if the ES C 3 [10].

The presence of objective evidence of abnormal eso-

phageal acid exposure after POEM was defined as the

presence of esophagitis (grade A or higher according to

Los Angeles classification [20]) or abnormal pH study

(DeMeester score [14.72 [21]). We routinely recom-

mended POEM patients return for upper endoscopy, high-

resolution manometry, and pH monitoring as part of rou-

tine follow-up at 3–6 months postoperatively. The pH

monitoring test was performed while off PPI therapy for at

least 1 week.

Outcome measures

We compared differences of intraoperative endoFLIP

parameters between (1) clinical response: good-response

group (ES\ 3 after POEM) versus poor-response group

(ES C 3 after POEM); (2) post-procedure abnormal acid

reflux: [2.1] patients with the presence of reflux esophagitis

versus those without evidence of reflux esophagitis and

[2.2] patients with abnormal pH study versus those with

normal pH study.

Statistical analysis

Data were presented as frequencies and percentages, mean

(standard deviation, ±SD) or median (IQR; interquartile

Fig. 1 Examples of endoFLIP displayed esophagogastric junction

(EGJ) using a 40-ml volume distension, before (A) and after POEM

(B), showing improvement of EGJ opening diameter after POEM.

The narrowest diameter (‘‘waist’’) corresponded with the EGJ

opening. The corresponding cross-sectional areas (CSA) and intrabag

pressure at that point were measured. EGJ distensibility (ratio

between CSA and intrabag pressure) was based on the narrowest

CSA and the corresponding intrabag pressure at each intrabag volume
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range). Categorical data were compared by Fisher’s exact

test. Continuous data were compared by Student’s t test or

Mann–Whitney U test as appropriate. Comparisons of

paired nonparametric data were tested by using the Wil-

coxon signed-rank test. The optimal cutoff level of endo-

FLIP measurements in predicting clinical response was

calculated from receiver operator characteristic analysis.

Statistical analyses were conducted using SPSS software

(SPSS 16.0, Chicago, IL). Two-sided p values\0.05 were

considered significant.

Results

A total of 63 patients with achalasia [32 males (51 %);

mean age 48.3 years] underwent POEM and intraoperative

endoFLIP (13 type I, 42 type II, 5 type III, and 3 unspec-

ified subtype). The pre-procedure median ES was 7 (IQR

6–9). A total of 29 (46 %) patients had received prior

therapy: 11 botulinum toxin injections, 15 pneumatic

dilations, 7 laparoscopic Heller myotomy and 5 POEM.

Sigmoid esophagus was present in four patients.

The median follow-up after POEM procedure was

122 days (IQR 20–247). The median ES decreased from 7

(IQR 6–9) before POEM to 1 (IQR 0–2) after POEM

(p\ 0.001). Of these 63 patients, 50 (79 %) had ES\ 3

(good-response group) and 13 patients (21 %) had ES C 3

(poor-response group). Table 1 details the patient demo-

graphics, disease characteristics, and baseline high-resolu-

tion manometry measures. There were no significant

differences between the two groups with respect to age,

gender, race, body mass index, history of previous acha-

lasia treatment, preoperative 4sIRP, baseline ES, achalasia

subtype, and baseline endoFLIP measurements. Thirty-one

patients (50 %) underwent high-resolution manometry

after POEM procedure. Mean 4sIRP significantly

decreased from 30.78 ± 2.9 mmHg before treatment to

13.46 ± 1.4 mmHg after treatment (p\ 0.001).

Changes in endoFLIP profiles after POEM

The final endoFLIP measurements using 30- and 40-ml dis-

tension volumes were compared to the baseline measure-

ments. At 30-ml volume distension, the final EGJ diameter

and EGJ CSA data were available in all except one patient,

whereas final EGJ distensibility was measured in 47 patients

(68 %). The mean EGJ diameter and EGJ CSA significantly

increased from6.57 ± 1.60 to10.49 ± 2.03 mm(p\ 0.001)

and 36.40 ± 19.35 to 88.5 ± 29.29 mm2 (p\ 0.001),

respectively. The EGJ distensibility was significantly

improved from 1.53 ± 1.09 mm2/mmHg before myotomy to

4.75 ± 1.95 mm2/mmHg after myotomy (p\ 0.001).

At 40-ml volume distension, the final EGJ diameter

and EGJ CSA data were available in 40 patients, whereas

final EGJ distensibility was measured in 28 patients. The

mean EGJ diameter and EGJ CSA significantly increased

from 7.89 ± 2.15 to 13.15 ± 2.45 mm (p\ 0.001) and

53.32 ± 28.97 to 142.32 ± 31.39 mm2 (p\ 0.001),

respectively. The EGJ distensibility was significantly

improved from 1.72 ± 1.66 mm2/mmHg before myotomy

to 6.22 ± 2.37 mm2/mmHg after myotomy (p\ 0.001).

EGJ biomechanical measurement and clinical

response: good-response group versus poor-response

group

Comparing the good-response group versus poor-response

group, postoperative 4sIRP was significantly lower in the

good-response group (11.7 mmHg ± 6.3 vs 18.3 ± 9.7,

p = 0.03). The final EGJ diameter and EGJ CSA measured

with 30-ml volume distension were significantly higher in

the good-response group versus poor-response group: 10.9

(10.0–11.6) versus 9.9 (8.0–10.7) mm [p = 0.03] and 89.0

(78.5–106.7) versus 72.5 (48.8–80.0) mm2 [p = 0.01],

respectively. There was no significant difference in final

EGJ distensibility using 30-ml volume distension between

the two groups. At 40-ml volume distension, the endoFLIP

measurements of EGJ diameter, CSA, and distensibility

were not different between the two groups (Table 2).

Using receiver operator characteristic curve, the cutoff

value of intraoperative final EGJ CSA[ 80.0 mm2 at

30-ml volume distension yielded sensitivity of 71 % and

specificity of 84 % in predicting good clinical response

after POEM (ES\ 3) with an area under the curve of

0.74 ± 0.07 (Fig. 2). As shown in Fig. 3, 35 of 49 (71 %)

cases in the good-response group had an intraoperative

final EGJ CSA[ 80 mm2. This was in contrast to only 2 of

12 (16 %) cases in the poor-response group (p = 0.001).

EGJ biomechanical measurement and post-

procedure acid reflux

Of 63 patients, 48 (76 %) had upper endoscopy and/or pH

monitoring after POEM. There were no differences in the

intraoperative final endoFLIP measurements between

patients that did and did not have upper endoscopy and/or

pH monitoring (Supplement Table A). Of the 48 patients,

21 patients (43 %) had evidence of esophagitis during

upper endoscopy and/or abnormal esophageal acid expo-

sure during pH monitoring.

Upper endoscopy was performed in 35 patients after

POEM. Esophagitis was observed in 6 (17 %) patients (4

with grade A, 1 with grade B, and 1 with grade C

esophagitis, according to the Los Angeles classification).

Comparing patients with reflux esophagitis and those
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without reflux esophagitis, the final EGJ diameter and EGJ

CSA at 30-ml distensions were significantly greater in

those with reflux esophagitis: 11.2 (10.7–11.4) 10.1

(8.8–11.0) mm [p = 0.03] and 99.5 (91.2–103.7) versus

79.3 (57.1–94.2) mm2 [p = 0.02], respectively. There was

no significant difference in the final EGJ distensibility

using 30-ml volume distension. At 40-ml volume

distension, the endoFLIP measurements of EGJ diameter,

CSA, and distensibility were not different between the two

reflux groups (Table 3).

Of 19 patients who underwent postoperative pH moni-

toring, 16 (84 %) patients were considered to have abnor-

mal acid exposure. The small number of patients precluded

a meaningful comparison between the two groups.

Table 1 Comparison of achalasia patients based on treatment response

Total (n = 63) Good-response

group (n = 50)

Poor-response

group (n = 13)

p value

Age (mean ± SD; years) 48.3 ± 16.3 50 ± 16.6 41 ± 13.2 0.07

Male 32 (51 %) 26 (52 %) 6 (46 %) 0.76

Race 0.05

White 42 (66.7 %) 31 (65 %) 11 (84 %)

Black 12 (19 %) 11 (23 %) 1 (8 %)

Others 9 (14.2 %) 8 (16 %) 1 (8 %)

Body mass index (mean ± SD) 26.3 ± 7.0 29.3 ± 16.2 25.7 ± 10.6 0.96

Previous treatment 29 (46 %) 22 (44 %) 7 (54 %) 0.55

Botulinum injection 11 (18 %) 10 (26 %) 1 (13 %)

Pneumatic dilation 15 (24 %) 14 (37 %) 1 (13 %)

Heller myotomy 7 (11 %) 5 (13 %) 2 (20 %)

POEM 5 (6 %) 2 (5 %) 2 (22 %)

Sigmoid esophagus 4 (6 %) 3 (8 %) 1 (13 %) 0.31

Preoperative IRP (mmHg) 36.5 ± 19.6 29.3 ± 16.1 25.7 ± 10.6 0.51

Preoperative Eckardt scores (median [IQR]) 7 (IQR 6–9) 7.2 (IQR 7–9) 7 (IQR 5.5–8.5) 0.31

Achalasia subtypes 0.68

Type I achalasia 13 (20 %) 9 (18 %) 4 (31 %)

Type II achalasia 42 (67 %) 35 (70 %) 7 (54 %)

Type III achalasia 5 (8 %) 4 (8 %) 1 (8 %)

Type, unspecified 3 (5 %) 2 (4 %) 1 (8 %)

Baseline intraoperative endoFLIP measurement [median (IQR)]

30-ml volume distension

EGJ diameter (mm) 6.0 (5.2–7.2) 6.0 (5.2–7.2) 5.3 (5.0–7.2) 0.46

EGJ cross-sectional area (mm2) 28.6 (21.2–40.7) 29.0 (21.2–41.3) 22.1 (19.8–40.7) 0.49

Bag pressure (mmHg) 27.1 (20.3–35.0) 27.5 (20.3–34.0) 27.1 (16.1–51.9) 0.89

Distensibility (mm2/mmHg) 1.1 (0.75–1.94) 1.21 (0.7–2.1) 0.91 (0.73–1.46) 0.41

40-ml volume distension

EGJ diameter (mm) 7.5 (5.8–9.0) 7.5 (5.8–9.1) 6.9 (5.5–7.9) 0.61

EGJ cross-sectional area (mm2) 44.0 (28.0–65.0) 44.0 (26.5–65.0) 39.5 (29.0–68.0) 0.94

Bag pressure (mmHg) 44.0 (30.5–52.5) 38.0 (30.5–52.0) 54.6 (30.5–67.3) 0.23

Distensibility (mm2/mmHg) 1.29 (0.67–1.86) 1.29 (0.67–1.87) 1.06 (0.49–1.46) 0.35

Procedural data

Length of esophageal myotomy (cm)

(mean ± SD)

8.65 ± 3.08 8.44 ± 3.22 9.46 ± 2.40 0.29

Length of gastric myotomy (cm) (mean ± SD) 3.06 ± 0.76 3.13 ± 0.78 2.77 ± 0.59 0.13

Orientation of myotomy 0.06

Anterior myotomy 48 (76 %) 41 (82 %) 7 (54 %)

Posterior myotomy 15 (24 %) 9 (18 %) 6 (46 %)

EGJ esophagogastric junction, IQR interquartile range, IRP integrated relaxation pressure, POEM peroral endoscopic myotomy
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Comparing the patients that had evidence of esophagitis

during upper endoscopy and/or abnormal esophageal acid

exposure during pH monitoring after POEM (n = 21) and

those who had no evidence of esophagitis and/or abnormal

esophageal acid exposure during pH monitoring (n = 27),

the final EGJ diameter and EGJ CSA at 30-ml distensions

were significantly higher in the patients with evidence of

esophagitis during upper endoscopy and/or abnormal eso-

phageal acid exposure during pH monitoring: 11.1

Table 2 Comparisons between intraoperative endoFLIP measurement and treatment response [median (IQR)]

Final parameters Good-response group (ES\ 3) Poor-response group (ES C 3) p value

30-ml volume distension

EGJ diameter (mm) 10.9 (10.0–11.6) 9.9 (8.05–10.7) 0.03

EGJ cross-sectional area (mm2) 89.0 (78.5–106.7) 72.4 (48.8–80.0) 0.01

Bag pressure (mmHg) 19.7 (15.4–23.5) 19.9 (11.7–26.1) 0.81

Distensibility (mm2/mmHg) 4.83 (3.90–5.48) 3.34 (2.09–7.67) 0.15

Difference in EGJ diameter (mm) 4.7 (2.95–5.65) 2.7 (1.7–5.5) 0.26

Difference in cross-sectional area (mm2) 59.0 (39.8–74.0) 25.8 (10.3–59.9) 0.03

Difference in bag pressure (mmHg) -6.2 (-11.7 to -2.5) -2.0 (-6 to -0.6) 0.22

Difference in distensibility (mm2/mmHg) 3.41 (2.19–4.20) 1.77 (1.06–6.32) 0.36

40-ml volume distension

EGJ diameter (mm) 13.5 (12.7–14.3) 14.0 (13.1–14.0) 0.67

EGJ cross-sectional area (mm2) 145.0 (120.0–160.0) 153.0 (133.0–159.0) 0.69

Bag pressure (mmHg) 25.8 (19.9–28.6) 31.5 (13.3–56.7) 1.00

Distensibility (mm2/mmHg) 5.95 (4.55–8.90) 2.95 (1.00–9.90) 0.26

Difference in EGJ diameter (mm) 5.4 (3.8–7.4) 7.1 (5.1–8.4) 0.21

Difference in cross-sectional area (mm2) 92.5 (57.0–123.2) 117.5 (68.0–123.5) 0.56

Difference in bag pressure (mmHg) -14.1 (-19.0 to -4.3) -11.1 (-31.2 to -8.5) 0.83

Difference in distensibility (mm2/mmHg) 4.45 (2.7–5.25) 5.54 (2.22–8.64) 0.53

Fig. 2 The area under the concentration curve (AUC) of the EGJ

cross-sectional area for predicting post-POEM clinical response

Fig. 3 Values for the intraoperative final EGJ cross-sectional area

measured with 30-ml volume distension are compared for good-

response group (n = 49) and poor-response group (n = 12). Using

the cutoff value of EGJ CSA[ 80.0 mm2, 71 % of cases in good-

response group and 16 % of cases in poor-response group were above

this level; p = 0.001
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(10.3–11.8) versus 9.9 (8.6–10.9) mm [p = 0.04] and 95.0

(83.0–110.0) versus 76.4 (52.0–89.0) mm2 [p = 0.01],

respectively. There was no significant difference in the

final EGJ distensibility using 30-ml volume distension. At

40-ml volume distension, the endoFLIP measurement of

EGJ diameter, CSA and distensibility were not different

between the two groups.

Discussion

Our results indicate that POEM dramatically improved the

physiology of esophagogastric function as shown by

increasing EGJ diameter, EGJ CSA, and distensibility after

the procedure. Moreover, intraoperative endoFLIP mea-

surements correlated with treatment response and post-

procedure reflux. Patients with lower final intraoperative

EGJ CSA were more likely to have persistent symptoms

after POEM, while higher final EGJ CSA was associated

with post-procedure reflux.

POEM is a novel endoscopic procedure for the treat-

ment of achalasia and aims to relieve resistance to pas-

sage of food at the EGJ via myotomy. EndoFLIP allows

real-time assessment of EGJ physiologic changes includ-

ing CSA, corresponding pressure, and EGJ distensibility.

We noted an immediate improvement of EGJ CSA and

distensibility after POEM. These findings agree with prior

studies of intraoperative endoFLIP that demonstrated

increases in EGJ CSA and EGJ distensibility after POEM

[8, 22, 23].

Two previous studies have highlighted the utility of

endoFLIP in the evaluation of achalasia patients after

therapeutic interventions [10, 14]. Rohof et al. [14]

demonstrated that EGJ distensibility was significantly

higher in patients who were successfully treated with

pneumatic dilation and/or laparoscopic Heller myotomy

compared to patients who were treatment failures. More-

over, EGJ distensibility at 50-ml volume distension using

the cutoff of 2.9 mm2/mmHg had a sensitivity and speci-

ficity for predicting treatment failure of 92 and 72 %,

respectively. Similar results were reported by Pandolfino

et al. [10] where EGJ distensibility was significantly higher

in achalasia patients with good clinical response after

treatment with pneumatic dilation (n = 10), Heller myot-

omy (n = 10), or POEM (n = 4) than untreated patients or

patients with poor treatment response.

Our results showed that the final EGJ CSA correlated

with treatment response. Patients with intraoperative final

EGJ CSA[ 80.0 mm2 were four times more likely to have

good clinical response as compared to those with EGJ

CSA\ 80.0 mm2. In contrast to previous studies [10, 14],

we did not find correlation between EGJ distensibility and

persistent symptoms in the postoperative period. However,

it should be noted that our study aimed to evaluate the

prognostic utilities of intraoperative endoFLIP measure-

ment, whereas the endoFLIP values in previous reports were

measured during an outpatient setting [10, 14]. EndoFLIP

measurements obtained during the operation could have

been different from the measurements obtained in the

postoperative period due to many factors [15, 24, 25]. For

Table 3 Comparisons between intraoperative endoFLIP measurement and post-procedure reflux esophagitis [median (IQR)]

Final parameters Presence of reflux esophagitis Absence of reflux esophagitis p value

30-ml volume distension

EGJ diameter (mm) 11.2 (10.7–11.4) 10.1 (8.8–11.0) 0.03

EGJ cross-sectional area (mm2) 99.5 (91.2–103.7) 79.3 (57.1–94.2) 0.02

Bag pressure (mmHg) 22.8 (14.3–37.6) 16.2 (14.2–19.7) 0.40

Distensibility (mm2/mmHg) 4.9 (2.9–7.0) 4.8 (3.9–5.9) 0.82

Difference in EGJ diameter (mm) 5.1 (2.5–5.8) 4.0 (2.2–5.4) 0.41

Difference in cross-sectional area (mm2) 66.0 (39.1–74.7) 55.0 (21.8–73.5) 0.41

Difference in distensibility (mm2/mmHg) 2.3 (0.4–3.6) 3.4 (1.8–4.2) 0.15

40-ml volume distension

EGJ diameter (mm) 14.2 (13.5–14.6) 13.0 (10.9–14.7) 0.35

EGJ cross-sectional area (mm2) 160.0 (131.5–168.0) 134.0 (92.7–171.7) 0.43

Bag pressure (mmHg) 26.6 (20.6–51.8) 19.5 (15.8–25.5) 0.28

Distensibility (mm2/mmHg) 6.8 (3.3–8.7) 8.9 (1.3–9.0) 0.67

Difference in EGJ diameter (mm) 5.5 (2.7–7.9) 6.3 (4.0–8.3) 0.63

Difference in cross-sectional area (mm2) 100.0 (40.5–126.0) 105.0 (55.0–131.0) 0.63

Difference in distensibility (mm2/mmHg) 2.2 (0.3–4.5) 8.1 (3.8–8.2) 0.19
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instance, Nathanson et al. [24] demonstrated that intraop-

erative endoFLIP measurements were significantly affected

by the impact of pneumoperitoneum. In addition, we noted

that post-treatment IRP was significantly lower in achalasia

patients with good treatment response after POEM. This

finding is consistent with previous studies [10, 11].

There have only been few studies assessing the utility of

intraoperative endoFLIP during POEM [8, 16]. Teitelbaum

et al. [16] reported that intraoperative EGJ distensibility

was predictive of postoperative symptomatic outcomes in

achalasia patients after surgical myotomy and POEM.

Patients with a final EGJ distensibility of 4.5–8.5 mm2/

mmHg were twice as likely to have optimal symptomatic

outcomes (defined by ES B 1 and GERD symptoms score

B7) as those outside this range. However, this particular

study was limited by the fact that the authors combined

data of patients who underwent surgical myotomy and

POEM, and they relied on patients’ report of GERD

symptoms rather than objective evidence of abnormal

esophageal acid exposure (e.g., EGD and/or follow-up pH

study). A recent study of intraoperative endoFLIP by

Familiari et al. [8] found no significant correlation between

EGJ diameter measured with 30-ml balloon distension in

21 achalasia patients with ES of 0 and those with ES[ 0.

Variability in the number of patients and the definition of

clinical response in these studies and our study could

explain the difference in results.

One of the most common adverse events after POEM is

gastroesophageal reflux which has been reported to occur

in 20–57 % of cases [5–8]. The role of endoFLIP in

evaluating risk of gastroesophageal reflux after POEM is

evolving, although the existing data are conflicting [8, 25,

26]. Kwiatek et al. [25] showed that EGJ distensibility in

patients with reflux symptoms was twofold to threefold

higher than that of controls. However, subsequent studies

did not confirm these results [8, 26]. In our study, 43 % of

patients had evidence of abnormal acid reflux on upper

endoscopy and/or pH monitoring. We noted that achalasia

patients with wider intraoperative final EGJ diameter and

larger EGJ CSA were significantly more likely to have

reflux esophagitis after POEM. Our results suggested that

intraoperative EGJ CSA correlates with postoperative

pathologic acid reflux.

A recent study suggested that intraoperative endoFLIP

has the potential to act as a useful tool for myotomy cali-

bration during POEM. Patients within an ‘‘ideal range’’ of

endoFLIP values were more likely to have optimal out-

comes in terms of symptom relief and minimal risk of

iatrogenic reflux [16]. However, based on our results, there

was considerable overlap in the final EGJ CSA of patients

who had good clinical response and those who developed

postoperative reflux [median (IQR): 89.0 (78.5–106.7) and

99.5 (91.2–103.7) mm2, respectively]. This could mean

that while effective myotomy during POEM provides

excellent relief of dysphagia, patients are still at high risk

of the development of post-POEM reflux.

The current study has some limitations. First, this was a

non-randomized retrospective study from tertiary centers

and some elements of clinical data as well as procedural

information were not available. Second, our study was

limited by a small sample size in each group as well as

limited duration of follow-up time. However, a recent study

showed that symptom relief after POEM is immediate and

durable after an average follow-up of 11 months.5

In conclusion, intraoperative endoFLIP during POEM is

a diagnostic tool that allows prediction of symptomatic

response and post-procedure reflux after POEM. Patients

with lower final intraoperative EGJ CSA were more likely

to have persistent symptoms after POEM, whereas higher

final EGJ CSA was associated with post-procedure gas-

troesophageal reflux. Further prospective studies with

longer follow-up and higher number of patients are

required to confirm our results and assess the impact of this

technology on patient outcomes.
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