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Background: Functional luminal imaging probes (EndoFLIP) have shown potential as both diagnostic tools and intraoperative
guides during achalasia interventions. This systematic review and meta-analysis aim to evaluate the intraoperative use of EndoFLIP
during surgical procedures for achalasia, with a focus on its impact on the distensibility index (DI) and treatment outcomes.
Materials and methods: A literature search of Medline, Embase, and the Cochrane Library was conducted for studies reporting
the use of EndoFLIP and DI in achalasia treatment from January 2000 to January 2024. Meta-analysis was performed using
random-effect models to assess treatment effects, with heterogeneity between studies evaluated.
Results: A total of 32 studies with 2681 patients were included in the qualitative synthesis, and 17 studies with 1734 patients were
included in the quantitative synthesis. A pooled random-effects analysis demonstrated a significant reduction in DI following
myotomy, with a weighted mean difference (WMD) of −3.72 (95% CI: −4.16 to −3.28; I2 = 90%). The Eckardt score analysis,
including data from 1009 patients, showed a significant reduction by −5.21 (95% CI: −5.8 to −4.6; P < 0.001, I2 = 89.4%). The
random-effects analysis of DI pre- and post-myotomy without an endoscope demonstrated a significant increase with a WMD of
−2.402 (95% CI: −3.175 to −1.6; P < 0.001, I2 = 85.6%). A larger WMD was observed with endoscope placement above the FLIP
device, measuring −4.14 (95% CI: −5.4 to −2.8; P < 0.001, I2 = 91.2%). For the 30 mL balloon fill, the WMD in the DI post-myotomy
was −2.89 (95% CI: −3.2 to −2.4; P < 0.001). For the 40 mL balloon fill, the WMD was −4.02 (95% CI: −4.8 to −3.1; P < 0.001).
Conclusions: EndoFLIP enhances achalasia treatment by offering real-time feedback on the DI, allowing for more tailored
interventions and improved outcomes. A standardized protocol for EndoFLIP usage is necessary to further validate its role in
clinical practice and ensure consistent, comparable measurements.
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HIGHLIGHTS

● Endoscopic functional luminal imaging probe for intra-
procedural guidance of achalasia treatment: A systematic
review and meta-analysis

● EndoFLIP Accuracy: EndoFLIP provides real-time accu-
rate measurements of esophagogastric junction distensi-
bility during achalasia procedures.

● Intraoperative Guidance: EndoFLIP is highly beneficial
for intraoperative decision-making, enabling tailored
myotomies based on real-time feedback on distensibility
index (DI).

● Improvement in Outcomes: Use of EndoFLIP during pro-
cedures is associated with a significant improvement in
postoperative outcomes, including a reduction in Eckardt
scores.

● Comparison of Balloon Pressures: The study reveals that
a 40 mL balloon fill provides more accurate and sensitive
DI measurements compared to a 30 mL fill.

● Standardization Needs: Despite its advantages, there is
a need for standardized EndoFLIP protocols to ensure
consistent clinical results and facilitate comparisons
across studies.
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Introduction

Achalasia is a motility disorder characterized by the selective loss
of inhibitory neurons from the esophageal myenteric plexus,
resulting in a failure of the lower esophageal sphincter (LES) to
relax on swallowing[1,2]. It has a global prevalence estimated at 10
cases per 100 000 person-years, usually presenting with progres-
sive dysphagia, regurgitation and weight loss[3]. Diagnostic mod-
alities for achalasia include esophagogastro-duodenoscopy
(EGD), barium swallow, and gold standard high-resolution
manometry (HRM)[2]. Achalasia is defined via HRMas an abnor-
mally high median integrated pressure at the LES and failure of
peristalsis during swallowing[4].
Management strategies for achalasia aim to reduce lower eso-

phageal pressures, so that food boluses can pass freely through the
LES. There are two definitive approacheswith long-term efficacy to
achieve this objective: via laparoscopic surgery, in the form of
a Heller’s cardiomyotomy (LHC), or endoscopically with per-oral
endoscopic myotomy (POEM), which involves formation of
a submucosal tunnel and division of the inner circular muscle
layer of the LES[5,6]. Both procedures are highly effective with
comparable success rates of around 90% at 2 years[7] and 80% at
5 years[8,9]. A major limitation of disturbing the muscular integrity
of the LES is the development of post-procedural gastro-esophageal
reflux disease (GERD). For this reason, LHC is invariably comple-
mented with an anti-reflux procedure, most typically an anterior
(Dor) fundoplication. Patients treated with POEM are at much
greater risk of developing symptomatic and objective GERD than
those undergoing LHC with partial fundoplication[7], although
early indications suggest that the novel procedure of POEM and
fundoplication could mitigate this complication[10,11].
In some cases, for example, where there is a co-existing hiatus

hernia, HRM findings do not correlate with symptoms or are
difficult to interpret. Endoscopic functional luminal imaging
probe (EndoFLIP) may be helpful in such cases to assess
achalasia[12]. EndoFLIP consists of an endoscopic probe which is
covered by an 8 cm-long balloon. This is sited across the LES,
before being distended by injection of a predetermined volume.
Simultaneous impedance planimetry is used to assess the cross-
sectional area (CSA) at 16 equally-spaced points along the length
of the balloon. This enables simulation of a 3D representation of
the region, including sphincter length and width. The distensibil-
ity index (DI) is defined as the minimum CSA (narrowest area)
divided by the intrabag pressure, representing compliance of the
LES. Patients with achalasia have a lower DI than healthy volun-
teers and DI negatively correlates to Eckardt score (self-reported
symptomatic severity score for achalasia)[13,14]. Patients with a DI
<0.8 have >99% probability of having achalasia[15], and therefore
treatment of achalasia is associated with an increase in DI[13].
EndoFLIP can be utilized intraprocedurally to calibrate extent of

myotomy[16]. DI decreases with each myotomy increment, thus
intraoperative EndoFLIP can be used to calibrate myotomy
length[17]. However, determining a DI that correlates to clinical
success has been more difficult to achieve. Some reports
indicate that the ideal DI to balance dysphagia and GERD symp-
toms is within the range of 4.5–8.5 mm3/mmHg following
intervention[18,19], while Pandolfino, et al[20] showed good treat-
ment response for patients with a post-procedure median DI of
3.4 mm3/mmHg.

Achalasia is a rare condition and most studies investigating
EndoFLIP as an intraprocedural guiding device present a limited
number of measurements. The absence of procedural guidance
and standardized techniques for using EndoFLIP leads to a wide
variability in measurement outcomes[12]. Current controversies
include whether to place the probe “blindly” post-endoscopy, or
alongside the endoscope and what volume to inflate the balloon
to (e.g. 20–60 ml).
The aims of this systematic review and meta-analysis are as

follows:

a. To summarize the available data on intraoperative use of
EndoFLIP during interventional procedures for achalasia;

b. To determine if the change in DI following the procedure
differs depending on the volume of balloon distension or if
the device is placed with or without endoscope.

Materials and methods

A systematic literature search was conducted based on a pro-
spectively developed protocol and is reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement[21] and the AMSTAR (Assessing
the methodological quality of systematic reviews) guidelines[22].
The review was registered on PROSPERO Centre for Reviews
and Dissemination (registration number CRD42024589079).

Search strategy

A systematic literature search was performed in the following
electronic medical databases PubMed/Medline, Embase/Ovid
and the Cochrane library between 1 January 2000 and 1
January 2024. The exact search strategy has been provided as
supplementary material. http://links.lww.com/JS9/E187 (Supp. 1.
http://links.lww.com/JS9/E187). Specific research equations
were formulated for each database using the following Medical
Subject Heading terms: oesophageal achalasia, achalasia car-
diae, cardiospasm, oesophageal aperistalsis, FLIP, functional
luminal imaging probe, EndoFlip, impedance planimetry,
laparoscopy Heller Myotomy, and per-oral endoscopic myot-
omy. Studies identified from the search strategy were entered
into Covidence (Victoria, Australia) for bibliographic manage-
ment and removal of duplicates.

Inclusion and exclusion criteria

The following criteria were applied for inclusion in the study:

a. Randomized controlled trials (RCT), prospective or retro-
spective cohort studies, case-control studies and cross-sec-
tional studies;

b. Articles reporting on interventional treatment of achalasia
with the use of intraoperative EndoFLIP;

c. Reported outcome of interest including resolution of acha-
lasia symptoms and perioperative complications;

d. Original, full-length publications published in English.

Animal studies, reviews, abstracts, conference presentations,
case reports, editorials, and unpublished studies were excluded
from the analysis.
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Screening of articles and data extraction

Three authors (MF, IM, and ERM) independently screened to
identify relevant studies and any discrepancies were resolved by
consensus with the help of a fourth author (SK). Two authors
(MF and IM) independently extracted all relevant data and
metadata, including study design, sample size, gender, age, mod-
ality of treatment, resolution of achalasia and post-procedural
complications and DI pre-and post-procedure. Any discrepancy
was resolved by SK.

Risk of bias assessment

The quality of all observational studies was assessed using the
Newcastle–Ottawa Scale (NOS)[23]. This was calculated by
examining method of patient selection, comparability of the
study groups, and assessment of outcomes reported. The full
score was nine stars, and studies that had a score of seven stars
or more were considered high quality. All studies were rated
independently by two authors (MF and IM), with any differ-
ences resolved by consensus. The strength of clinical data and
subsequent recommendations were also graded according to the
Oxford Centre for Evidence-Based Medicine[24]. Levels of evi-
dence were as follows: level 1, properly powered and conducted
RCT or systematic review with meta-analysis; level 2, well-
designed controlled trial without randomization or prospective
comparative cohort trial; level 3, case-control study or retro-
spective cohort study and level 4, case series or cross-sectional
study.

Statistical analysis

Meta-analysis was completed using STATA version 13. Where
studies investigated cohorts of patients undergoing LHC and
POEM data for each group was considered separately.
Weighted mean differences (WMD) and mass effect were calcu-
lated for each treatment cohort using random-effects analysis.
The distension pressures of 30 and 40 mmHg values used in the
analysis were based on those reported in the original studies.
Data were summarized using a random effects inverse-variance
model and is presented as WMD (95% confidence interval).
Statistical heterogeneity was estimated with I2: we considered
an I2 of 30% or less as low, between 30% and 60% to be
moderate, and 60% or over as high heterogeneity[25].

Results

Study selection

The search identified 1588 relevant citations and one additional
article was included from a manual search. After removing
duplicate results, 1191 articles were screened for titles and
abstracts and 125 studies were included for full-text review.
A total of 96 articles were excluded after full-length review
due to reasons outlined in (Fig. 1). Thus, 32 studies[15-19,26-51]

were eligible for inclusion for critical appraisal and
17[15-19,26,27,29,31,33,35,36,38,41,47,49-51] studies for quantitative
synthesis. All studies were cohort studies, of which six were
prospective but non-randomized and 23 were retrospective
(Table 1). Twenty-two studies scored 7 or above on the NOS
quality assessment; the remaining studies scored 6.

Treatment effect on EndoFlip readings

EndoFLIP can be used to evaluate real-time motility changes
during intervention for achalasia. Overall, our search detected
34 cohorts of patients undergoing either LHC or POEM in 32
studies. The baseline study characteristics are displayed in
Table 1. In total, data from 2681 subjects were included in the
qualitative synthesis, with data from 1734 subjects were
included in the meta-analysis. Across 17 studies involving
1173 patients, a pooled random-effects analysis of the WMD
in the DI demonstrated a reduction of −3.72 (95% CI: −4.16 to
−3.28; I2 = 90%) following myotomy (Fig. 2).
Campagna, et al[41] compared achalasia subtypes, demon-

strating that intraoperative contractility was uncommon in
patients with types I and II achalasia but occurred in 100% of
patients with type III achalasia. Following completion of LHC,
there was an immediate reduction in the frequency of repetitive
retrograde contractions and contractile vigor in those with type
III achalasia.
Intraoperative EndoFLIP measurements in patients with

achalasia showed a significant increase in DI following LHC
compared to prior to surgery and a subsequent significant
decrease in DI following completion of Dor fundoplication
compared to after LHC[15]. Furthermore, Hsing, et al[29] also
showed that the presence of contractility on manometry post-
POEM is associated with the presence of repetitive antegrade
contractions (RACs) with EndoFLIP. These findings further
support the utility on EndoFLIP as a potential intraoperative
tool to help when there is diagnostic uncertainty and to provide
an objective measure to assess outcome following intervention
for achalasia.

Treatment effect on Eckardt score

Our search identified 13 cohorts in 12 studies, where an Eckardt
score was measured pre- and post-EndoFLIP-guided myotomy.
The data comprised 1009 patients with achalasia. Random-
effects analysis demonstrated a significant reduction in Eckardt
score by −5.21 (95 CI% −5.8 to −4.6; P < 0.001, I2 = 89.4%)
(Fig. 3).
In a study of patients undergoing POEM, those who under-

went intraoperative FLIP (65% of whom had additional myot-
omy performed following the initial post-myotomy FLIP) had
significantly more clinical success (Eckardt score 3 or lower)
than those without intraoperative FLIP[16]. Compliance may be
a better measure than DI to predict postoperative Eckardt
score[26].

Use of EndoFlip to calibrate myotomy

EndoFLIP can be used to intraoperatively measure the effect of
variable distal myotomy lengths on oesophago-gastric junction
(OGJ) distensibility[18,19]. A creation of the submucosal tunnel
close to myotomy resulted in a marked improvement in OGJ
physiology. Myotomy extension across the LES and to 2 cm
onto the gastric wall resulted in the normalization of OGJ dis-
tensibility. Further extension to 3 cm distal to the OGJ did not
increase compliance further. Similar findings were described by
Knowles, et al[17] whom also evaluated change in DI with short
and long myotomies. They found similar outcomes of DI for
most patients following a short (2–4 cm) myotomy than with
a long myotomy (8 cm). Findings of these studies suggest that
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a shorter myotomymay be appropriate for selected patients, and
the use of the EndoFLIP intraoperatively may allow for
a tailored myotomy length.
Attaar, et al evaluated long-term changes in EndoFLIP mea-

surements by comparing values from the time of surgery and at
follow-up EGD[33], suggesting that esophageal remodeling may
cause changes in LES geometry after POEM. They concluded
that postoperative EndoFLIP targets immediately post-myotomy
should be adjusted to account for these changes. Amundson,
et al[26] focused on improving intraprocedural measurements
with EndoFLIP, with utilization of post-myotomy compliance.
They concluded that pressure over 125 mm3/mmHg at a 40 ml
fill is more closely associated with normal Eckardt scores than
defined DI and CSA scores. Jain, et al[42] looked at esophageal
anatomy versus DI as predictors of treatment response and
found that the EndoFLIP DI is the most useful metric for asses-
sing the effect of achalasia treatment. However, atypical anat-
omy is also an important factor for predicting therapeutic
outcomes.
DeHaan, et al[48] aimed to define the changes in OGJ disten-

sibility during Heller’s Myotomy with Dor fundoplication using
the EndoFLIP device. Their findings suggested that Heller myot-
omy leads to significant changes in the distensibility of the OGJ.
Minimum esophageal diameter and OGJ distensibility increased
significantly with Heller’s myotomy. Knight, et al[19] supported

the use of EndoFLIP in measuring esophageal distensibility in
order to customize myotomy length intraoperatively. Tailored
myotomies of ≤6 cm were shown to be effective and were asso-
ciated with reduced proton-pump inhibitor use postoperatively.
Holmstrom, et al[16] and Sloan, et al[34] also demonstrated a role
for EndoFLIP in the tailoring of myotomy, with an additional
myotomy lengthening procedure being required in more than
50% of patients following EndoFLIP measurement.

DI with different balloon fills

The distension pressures of 30 and 40 mmHg in the EndoFLIP
system are used to assess esophageal distensibility. At 40 mmHg,
the balloon exerts more force on the esophagogastric junction,
potentially revealing greater distension, which can highlight
areas of increased stiffness or reduced elasticity that may not
be as apparent at 30 mmHg. There were nine studies across 12
cohorts, with a total of 391 patients, demonstrated a significant
change in the DI before and after myotomy using a 40 mmHg
balloon pressure. The random-effects analysis showed a marked
reduction in DI of −4.02 (95% CI: −4.8 to −3.1; P < 0.001)
(Fig. 4). Similarly, a significant increase in DI was reported in 12
studies involving 586 patients using 30 mmHg balloon pressure,
with a reduction of −2.89 (95% CI: −3.2 to −2.4; P < 0.001)
(Fig. 5). This analysis showed greater DI improvement with

Figure 1. PRISMA flowchart of study selection.

4168

Fehervari et al. International Journal of Surgery (2025) International Journal of Surgery



T
a
b
le

1
B

as
el

in
e

st
ud

y
ch

ar
ac

te
ri

st
ic

s
an

d
q

ua
lit

y
as

se
ss

m
en

ts
co

ri
ng

o
fs

tu
d

ie
s

in
cl

ud
ed

in
sy

st
em

at
ic

re
vi

ew
.B

T
I,

b
o

tu
lin

um
to

xi
n

in
je

ct
io

n;
LH

C
,l

ap
ar

o
sc

o
p

ic
H

el
le

r’
s

ca
rd

io
m

yo
to

m
y;

N
O

S
,N

ew
ca

st
le

–O
tt

aw
a

sc
al

e;
P

D
,p

ne
um

at
ic

d
ila

ta
ti

o
n;

P
O

E
M

,p
er

-o
ra

le
nd

o
sc

o
p

ic
m

yo
to

m
y;

S
D

,s
ta

nd
ar

d
d

ev
ia

ti
o

n;
—

=
in

fo
rm

at
io

n
no

t
av

ai
la

b
le

Au
th
or
,y
ea
r

Co
un
tr
y

St
ud
y
de
si
gn

(le
ve
lo
f

ev
id
en
ce
)

Nu
m
be
r

of
pa
tie
nt
s

Ag
e
±
SD

Nu
m
be
r
of

fe
m
al
e

pa
tie
nt
s

En
do
sc
op
ic
/

op
er
at
iv
e

pr
oc
ed
ur
e

Sp
ec
ifi
c

pr
oc
ed
ur
e
ty
pe

Ba
llo
on

fil
l(
m
l)

Nu
m
be
r
of

pa
tie
nt
s
w
ith

ac
ha
la
si
a

Ec
ka
rd
t

sc
or
e
pr
e-

tr
ea
tm
en
t

Ec
ka
rd
ts
co
re

po
st
-

tr
ea
tm
en
t

NO
S

Am
un

ds
on
,e
ta
l[5

1]
US

A
Re

tro
sp
ec
tiv
e
(3
)

91
9

66
±
12

24
3

Bo
th

PO
EM

.P
OP

,
ZP

OE
M
,L

HM
30

an
d
40

91
9

-
-

8

Ho
w
k,
et
al
[5
0]

US
A

Re
tro

sp
ec
tiv
e
(3
)

10
13

.3
±
3.
3

7
Op

er
at
ive

Oe
so
ph

ag
ec
to
m
y

10
10

-
-

6
Ra

fe
eq
i,
et
al
[4
9]

US
A

Re
tro

sp
ec
tiv
e
(3
)

33
14

(1
0-
16

)
12

En
do
sc
op
ic

PO
EM

40
33

7
1

7
Am

un
ds
on
,e
ta
l[2

6]
20

22
US

A
Re

tro
sp
ec
tiv
e
(3
)

35
61

±
19

18
-

PO
EM

30
an
d
40

35
5.
5

1.
3

7
At
ta
ar
,e
ta
l[2

7]
20

22
US

A
Re

tro
sp
ec
tiv
e
(3
)

97
63

±
18

67
En

do
sc
op
ic

PO
EM

-
97

6.
5

1.
6

8
Kn

ow
le
s,
et
al
[1
7]
20

22
US

A
Re

tro
sp
ec
tiv
e
(3
)

16
49

±
14

6
En

do
sc
op
ic

PO
EM

40
16

-
-

6
Ic
hk
ha
ni
an
,e
ta
l[2

8]
20

22
US

A, Eu
ro
pe

an
d
As

ia

Re
tro

sp
ec
tiv
e
(3
)

12
3

53
±
21

62
Bo

th
PO

EM
an
d
LH

M
-

-
-

-
8

Hs
in
g,
et
al
[2
9]
20

22
Ko

re
a

Re
tro

sp
ec
tiv
e
(3
)

68
52

±
17

35
En

do
sc
op
ic

PO
EM

-
68

6.
48

1.
16

7
De

W
itt
,e
ta
l[3

0]
20

22
US

A
Re

tro
sp
ec
tiv
e
(3
)

87
51

±
17

36
En

do
sc
op
ic

PO
EM

-
87

-
-

7
La
w
,e
ta
l[1

5]
20

22
US

A
Re

tro
sp
ec
tiv
e
(3
)

16
9

54
.5

±
8

17
Op

er
at
ive

LH
M

30
36

4.
5

0
8

Kn
ig
ht
,e
ta
l[1

9]
20

22
UK

Re
tro

sp
ec
tiv
e
(3
)

14
2

-
-

En
do
sc
op
ic

PO
EM

-
14

2
-

-
8

Ho
lm
st
ro
m
,e
ta
l[3

1]
20

21
US

A
Pr
os
pe
ct
ive

(2
)

46
53

±
8

19
Bo

th
PO

EM
an
d
LH

M
-

53
7

2
8

M
or
an
,e
ta
l[3

2]
20

21
US

A
Re

tro
sp
ec
tiv
e
(3
)

29
0

47
.2

±
17

.4
15

4
En

do
sc
op
ic

PO
EM

-
29

0
8

1
8

At
ta
ar
,e
ta
l[3

3]
20

21
US

A
Re

tro
sp
ec
tiv
e
(3
)

43
65

±
16

20
En

do
sc
op
ic

PO
EM

-
43

6.
9

1.
6

7
Ho

lm
st
ro
m
,e
ta
l[1

6]
20

21
US

A
Re

tro
sp
ec
tiv
e
(3
)

14
3

58
±
7.
5

43
En

do
sc
op
ic

PO
EM

-
58

6
an
d
7

1
8

Sl
oa
n,
et
al
[3
4]
20

20
US

A
Re

tro
sp
ec
tiv
e
(3
)

51
54

±
25

En
do
sc
op
ic

Ba
llo
on

di
la
ta
tio
n

-
37

5
1.
5

7
Sc
hn

ur
re
,e
ta
l[3

5]
20

20
Sw

itz
er
la
nd

Pr
os
pe
ct
ive

(2
)

28
43

±
15

.7
8

En
do
sc
op
ic

Ba
llo
on

di
la
ta
tio
n

-
28

7
2

6
Ki
m
,e
ta
l[3

6]
20

20
Ko

re
a

Re
tro

sp
ec
tiv
e
(3
)

89
42

±
15

.5
-

En
do
sc
op
ic

PO
EM

-
89

6.
5

1.
5

7
Su

,e
ta
l[3

7]
20

20
US

A
Re

tro
sp
ec
tiv
e
(3
)

40
2

-
-

Bo
th

-
-

-
-

-
8

Su
,e
ta
l[3

8]
20

20
US

A
Re

tro
sp
ec
tiv
e
(3
)

77
65

±
16

-
Bo

th
PO

EM
an
d
LH

M
-

77
-

-
7

Bi
an
ca
,e
ta
l[3

9]
20

20
Sw

itz
er
la
nd

Re
tro

sp
ec
tiv
e
(3
)

93
62

±
47

En
do
sc
op
ic

-
-

-
5

-
7

Ca
rls
on
,e
ta
l[4

0]
20

20
US

A
Pr
os
pe
ct
ive

(2
)

16
0

52
±
18

20
-

-
-

14
0

-
-

8
Ca

m
pa
gn

a,
et
al
[4
1]
20

20
US

A
Re

tro
sp
ec
tiv
e
(3
)

32
50

±
15

13
Bo

th
PO

EM
an
d
LH

M
-

-
7

-
6

Ja
in
,e
ta
l[4

2]
20

19
US

A
Pr
os
pe
ct
ive

(2
)

79
49

±
16

-
-

-
-

-
-

7
Yo
o,
et
al
[4
3]
20

19
Ko

re
a

Re
tro

sp
ec
tiv
e
(3
)

52
42

±
14

.8
25

En
do
sc
op
ic

PO
EM

30
an
d
40

-
6.
4

1.
3

7
Ca

rls
on
,e
ta
l[4

4]
20

19
US

A
Pr
os
pe
ct
ive

(2
)

40
64

±
14

24
-

-
-

-
-

-
7

Ca
rls
on
,e
ta
l[4

5]
20

16
US

A
Re

tro
sp
ec
tiv
e
(3
)

14
5

60
±
16

.7
-

-
-

-
-

-
-

8
Ah

uj
a,
et
al
[4
6]
20

17
US

A
Re

tro
sp
ec
tiv
e
(3
)

70
54

±
16

-
-

-
-

-
-

-
6

Po
nd

s,
et
al
[4
7]
20

17
Ne

th
er
la
nd

s
Re

tro
sp
ec
tiv
e
(3
)

13
48

±
10

-
Bo

th
BT

I,
PD

an
d
LH

M
30

an
d
40

-
7

2
6

Ca
rls
on
,e
ta
l[4

0]
20

15
US

A
Re

tro
sp
ec
tiv
e
(3
)

61
60

±
15

.7
27

-
-

-
51

-
-

7
De

Ha
an
,e
ta
l[4

8]
20

16
US

A
Pr
os
pe
ct
ive

(2
)

14
-

-
-

-
-

-
-

-
6

Te
ite
lb
au
m
,e
ta
l[1

8]
20

16
US

A
Re

tro
sp
ec
tiv
e
(3
)

16
53

±
15

-
En

do
sc
op
ic

PO
EM

-
-

-
-

6

4169

Fehervari et al. International Journal of Surgery (2025)



a 40 mL balloon (216% increase from baseline) compared to
a 30 mL balloon (170% increase from baseline).

DI with and without flexible endoscope

Bianca, et al[39] observed a significant difference in EndoFLIP
measurements when the endoscope was present in the esophagus
during DI measurements, positioned above the balloon but
below the upper esophageal sphincter. In contrast, other studies
removed the endoscope completely during DI assessment. Three
studies, which involved 200 patients across four cohorts, pub-
lished data on DI measurements without concurrent endoscopic
assessment. Additionally, three other studies included 121
patients from four cohorts where the endoscope was present
during DI measurement. A random-effects analysis of DI pre-
and post-myotomy without the endoscope demonstrated
a significant increase in DI, with a mean difference of −2.402
(95% CI: −3.175 to −1.6; P < 0.001, I2 = 85.6%). Similarly,
a significant increase in DI was observed with the endoscope in
place, showing a greater mean difference of −4.14 (95%CI: −5.4
to −2.8; P < 0.001, I2 = 91.2%) (Figs 6 and 7). We also calcu-
lated the percentage change in DI following myotomy with both

methods. The weighted mean of percentage improvement with
endoscope placement was 529% and 314% without endoscope.
Comparing the percentage change between these groups demon-
strated significantly higher change in DI measurements with
concomitant endoscope placement (P = 0.019).

Prediction of post-procedural GERD with EndoFLIP

Holmstrom, et al[31] reported that DI measurements taken
intraoperatively post-LHCwere predictive of erosive esophagitis
on endoscopy at 12 months postoperatively. Similarly, Attaar,
et al[27] found that patients with a final DI ≥2.7 and CSA ≥83
intraoperatively with POEM were significantly more likely to
develop esophageal inflammation on postoperative EGD.
However, other groups have not found intraoperative
EndoFLIP to be predictive of post-procedural GERD.
Amundson, et al[26] looked at using EndoFLIP compliance mea-
surements to determine therapeutic success rather than the more
commonly cited DI and CSA measurements. They showed that
whilst compliance is predictive of post-treatment Eckardt scores,
its use in prediction of postoperative GERD is unreliable.
Moran, et al[32] investigated patients undergoing POEM and

Figure 2. Forest plot showing the WMD in DI before and after myotomy. The analysis demonstrates the overall change across studies, with 95% CI indicated for
each.
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demonstrated that intraoperative EndoFLIP values had low pre-
dictive value for reflux with area under the curve ranging from
0.40 to 0.62.

Discussion

The EndoFLIP has been shown to be a potentially effective
diagnostic device in achalasia and dysmotility. Some studies
demonstrated that EndoFLIP can be complementary to mano-
metry or utilized as an alternative to identify dysmotility pat-
terns where HRM is inadequate. This is also the case for hiatal
hernia detection where the EndoFLIP was able to differentiate
achalasia from hiatus hernia using DI measurements[15].
More recently, EndoFLIP has been used as an intraoperative

device to guide myotomy. It can be highly beneficial for deter-
mining the myotomy length that alleviates achalasia symptoms
whilst minimizing GERD symptoms. Our random-effects analy-
sis suggested a significant drop in Eckardt score when EndoFLIP
was used as an adjunct to myotomy, regardless of the surgical
technique being used, translating to a significant improvement in
achalasia symptoms. However, the literature differs in the role of
EndoFLIP in specifically predicting GERD postoperatively.
Whilst some suggest that the topography could be used for
predicting erosive esophagitis, others found that this predictive

value was weak[26,32]. Theoretically, an optimal DI is the value
where the procedure is of therapeutic benefit to a patient with
minimal reflux postoperatively. This is yet to be defined and it
appears from early studies that this may be difficult to assess,
suggesting a greater number of studies are required.
The most clinically beneficial measurement that the EndoFLIP

topography offers is the DI. The DI provides excellent predictive
value for clinical outcome, however, there is currently no stan-
dardized optimal DI measurement and no consistent protocol
for the EndoFLIP technique, with variability on the final mea-
surements as shown in our results. The distension pressures of
30 and 40 mmHg in the EndoFLIP system are essential for
assessing esophageal distensibility, providing insight into the
mechanical properties of the OGJ. At 40 mmHg, the balloon
applies greater force, which may reveal increased distension,
highlighting areas of stiffness or reduced elasticity that are not
as evident at 30 mmHg. It is likely that after myotomy, a 30 ml
fill is simply not enough to obtain valid readings as the balloon
would not adequately occupy the entire intraluminal space. Su,
et al[38] suggest that the optimal fill of the balloon may be 40 ml
and this is also what is recommended by the company making
the devices. The differences that this study described between the
30 and 40 mmHg balloon pressures highlight the incremental
utility of higher pressures in evaluating esophageal distensibility.

Figure 3. Forest plot showing the WMD in Eckardt score before and after EndoFLIP-guided myotomy. The analysis presents the overall change across studies,
with 95% CI provided for each.
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While both pressures yielded significant changes in the DI post-
myotomy, the greater reduction observed at 40 mmHg suggests
that this higher pressure might provide more sensitive detection
of changes in esophageal stiffness. This could be particularly
relevant in cases of severe achalasia or other conditions where
tissue stiffness is a significant factor. The smaller reduction at
30 mmHg might indicate that some structural changes are not
fully captured at lower pressures, making 40 mmHg a more
comprehensive choice for detailed assessments. However, it is
also important to consider patient comfort and procedural
safety, as higher pressures may introduce more discomfort or
risk of injury. Therefore, while the 40 mmHg pressure provides
more diagnostic sensitivity, the choice of balloon pressure
should balance the need for diagnostic accuracy with patient
tolerance and safety considerations. The presence of the endo-
scope during EndoFLIP measurements appears to affect the
results, potentially leading to greater changes in the DI. The
studies comparing DI with and without the endoscope reveal
a larger reduction in DI when the endoscope is in place. This
suggests that the physical presence of the endoscope might arti-
ficially increase the esophageal pressure or alter the distensibility
readings. This finding raises important considerations for the

standardization of EndoFLIP procedures, as differing protocols
(with or without the endoscope) may lead to variability in DI
outcomes. For more accurate comparisons across studies and in
clinical practice, a standardized approach, potentially favoring
endoscope removal, may reduce this variability. However,
further research is needed to determine the clinical relevance of
these differences and to establish the most reliable protocol for
DI measurement, balancing accuracy and patient comfort.
Furthermore, the use of EndoFLIP as a dilator for therapeutic

purposes has been described before. This is highly feasible
according to Schnurre, et al[35] providing an alternative to pneu-
matic dilatation (PD) without the topography measurements.
The EndoFLIP device enhances an already widely accepted pro-
cedure by allowing expansion of the sphincter to a DI that is
known to provide a patient with symptomatic relief. This tech-
nique may also be used to minimize the rate of esophageal
rupture, a significant risk with PD. It may be possible to do
this by only dilating the esophagus to a point where there is
adequate change in DI and no further. This technique requires
a target DI which currently is not cited in literature, which
highlights again the importance of having an operational proto-
col and therefore a defined value to guide dilatation.

Figure 4. Distensibility index before and after myotomy for the treatment of achalasia with EndoFLIP balloon pressure set to 40 mmHg. The analysis presents the
overall change across studies, with 95% CI provided for each.
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EndoFLIP has also be shown to evaluate esophageal dysmo-
tility in the literature. Diagnostically, by comparing HRM and
EndoFLIP in patients with non-obstructive dysphagia, Carlson,
et al[45] showed that all the patients with achalasia that were
picked up with HRM were also detected with EndoFLIP. In
addition, EndoFLIP was found to detect abnormal esophageal
motility that was undetected with manometry. The same group
carried out a prospective multicenter study to assess real-time
EndoFLIP at the endoscopic encounter in patients planned for
future HRM[44]. Consistent with their previous findings, all
patients with a HRM diagnosis of achalasia had an abnormal
real-time EndoFLIP at endoscopy. When compared to healthy
controls, the frequency of RAC in response to esophageal dis-
tention in patients with achalasia was found to be significantly
higher[40]. Also, when comparing patients with known achalasia
who have a normal and an abnormal integrated relaxation
pressure (IRP), EndoFLIP shows a higher DI and CSA in those
with a normal IRP[36].
In addition, some centers have used EndoFLIP to guide their

endoscopic dilatation. Schnurre, et al[35] found that an
EndoFLIP could be used for dilatation to successfully reduce
the Eckardt score in the short-term for those with achalasia.
Sloan, et al[34] looked at dilatation with EndoFLIP device as
treatment for those with achalasia and those with esophogastric

junction outflow obstruction (EGJOO). They discovered that
with balloon dilatation the Eckardt score of those with achalasia
was significantly decreased whereas in patients with EGJOO,
there was no significant change. The authors concluded that
hydrostatic balloon dilatation was a safe and efficacious method
of treatment for achalasia.

Limitations

This systematic review and meta-analysis was subject to impor-
tant limitations which should be addressed. The majority of
studies were retrospective or prospective in nature, with no
RCTs identified. Not all studies assessed every aspect reviewed
by this meta-analysis and between-study heterogeneity was pre-
sent, for example, when analyzing change in DI following myot-
omy. It should also be noted that the use of EndoFLIP is
a relatively new procedure, which some surgeons may be tech-
nically invested in which may ultimately lead to publication bias
and publication of optimal outcomes.

Conclusions

Diagnostic uncertainties and therapeutic interventions for acha-
lasia were often previously associated with failed symptom

Figure 5. Distensibility index before and after myotomy for the treatment of achalasia with EndoFLIP balloon pressure set to 30 mmHg. The analysis presents the
overall change across studies, with 95% CI provided for each.
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resolution and exacerbatedGERD. The current treatment options
for achalasia include LHC, POEM, and PD, and each has their
advantages and disadvantages, with not one method being clearly
superior. The use of EndoFLIP appears to enhance these techni-
ques, potentially offering patients a more tailored therapy with
a reduction in adverse effects. As a relatively novel device,
a defined EndoFLIP protocol needs to be standardized in order
for valid and comparable measurements to be obtained in future
studies to help with outlining the guidelines for clinical practice.
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