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A novel EndoFLIP marker during hiatal hernia repair is associated
with short-term postoperative dysphagia
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Abstract

Background Endoluminal functional lumen imaging probe (EndoFLIP) provides an objective measure of the distensibility
index (DI) during different parts of hiatal hernia repair. However, the absolute DI measure above a cut-off after creating
a barrier alone has not shown a relationship to dysphagia after surgery. We wanted to determine if the change in DI with
volume change is associated with dysphagia.

Methods We included patients who had hiatal hernia repair with EndoFLIP values, including two values taken at the end of
the surgical case with different volumes of fluid in the balloon (30 mL and 40 mL). We compared the absolute and change
in DI during hiatal hernia repair and performed an analysis to determine if there was a correlation with short-term clinical
outcomes.

Results A total of 103 patients met the inclusion and exclusion criteria. Most of the patients underwent Toupet fundoplica-
tion (n=>56, 54%), followed by magnetic sphincter augmentation (LINX, n=28, 27%) and Nissen fundoplication (n=19,
18%). There was a significant reduction in the DI from the initial DI taken after mobilization of the hiatus (3 mmz/mmHg)
and after the creation of the barrier (1.4 mm*mmHg, p <0.001). A minority of patients had a decrease or no change in the DI
with an increase in balloon volume increased from 30 to 40 mL (n=137, 36%). Overall, after 1 month, there was a significant
decrease in the GERD-HRQL score from 23 to 4 (p <0.001) and bloat score from 3 to 2 (p =0.003) with a non-significant
decrease in the dysphagia score from 1 to O (p=0.11). Patients who had a decreased or unchanged DI with an increase in
the balloon volume from 30 to 40 mL had a significant decrease in their dysphagia score by 2 points (p =0.04).

Conclusion The decreased or unchanged DI with an increase in the balloon volume on EndoFLIP is associated with a sig-
nificant reduction in dysphagia after surgery. The decrease in DI denotes the esophagus’s ability to create higher pressure
relative to the change in the cross-sectional area with a larger bolus across the gastroesophageal junction. This measure may
be a new marker that can predict short-term outcomes in patients undergoing hiatal hernia repair.

Keywords EndoFLIP - Endoluminal functional lumen imaging probe - Hiatal hernia repair - Magnetic sphincter
augmentation - Distensibility index - Dysphagia - Bloating - GERD-HRQL

Hiatal hernia is a common condition that can cause signifi-
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dysphagia, bloating, early satiety, and extraesophageal
symptoms such as cough. The goal of the surgical repair of
a hiatal hernia is to restore the normal anatomy and create a
barrier between the esophagus and stomach, leading to the
resolution of the patient’s symptoms. This can be performed
using different surgical techniques to resolve the patient’s
symptoms [1, 2]. However, creating a barrier may lead to the
resolution of symptoms from reflux and symptoms related
to having a stomach in the chest, but it may be replaced with
symptoms related to having a barrier, such as dysphagia and
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bloating. The incidence of dysphagia and bloating after Nis-
sen fundoplication has been well documented in the litera-
ture as high as 30-50% [3]. Thus, with the presence of vari-
ation of surgical techniques with significant side effects after
surgery, multiple groups have initiated the use of endolumi-
nal functional lumen imaging probe (EndoFLIP) to obtain
objective data during the operation [3-8].

EndoFLIP is a measuring device that provides objective
quantitative data about the minimal diameter, cross-sectional
area, and distensibility index when placed across the gastroe-
sophageal junction (GEJ) and filled to different volumes [6].
The EndoFLIP uses electrical resistance or impedance to
find the cross-sectional area [9, 10]. The distensibility index
(DI) is the cross-sectional area of the balloon divided by the
pressure generated when the balloon is filled with different
volumes. Ilczyszyn et al. examined the relationship between
the DI value and outcome and found that patients with a DI
below or at 0.5 mm*mmHg after fundoplication needed a
revision of the fundoplication [11]. In our practice, we have
shown that we can obtain objective data during the opera-
tion and then modify the operation to obtain a final DI> 0.5
mmZ/mmHg at the end of the case [3, 8]. This has led to
a final DI of 1.6 mm?*mmHg for a cohort of patients who
had Nissen, Toupet, and MSA and led to patients avoiding
significant dysphagia at the end of the case [8]. However, the
key data point that was used in our previous study was the
final DI after the creation of the barrier. The relative final
DI was not associated with a short-term dysphagia score.
The possible reason for the lack of an association is that
dysphagia is a function of both tightness of the barrier and
the ability of the esophagus to push food through a barrier.
We postulated that we might be able to measure the ability
of the esophagus to push food through a barrier using the
EndoFLIP based on the amount of pressure generated by the
change in the volume in the balloon. Since DI is a measure
of the area over pressure, if the change in pressure is greater
than the change in the area, the DI will decrease. Thus, we
postulated that a decrease in the DI with an increase in vol-
ume is associated with a decrease in dysphagia since the
esophagus has the ability to push through the barrier.

Materials and methods

The institutional review board at Houston Methodist Hos-
pital Research Institute approved this study. We analyzed
an EndoFLIP database for patients who underwent primary
minimally invasive elective gastroesophageal reflux surgery
with or without hiatal hernia repair at our institute between
2018 and 2020. Typically, patients with a large type III hiatal
hernia or poor motility underwent Toupet fundoplication,
while patients with good motility underwent either LINX
or Nissen fundoplication procedures.

We obtained patient demographics, type of hiatal hernia,
manometry results, 24-h impedance, or Bravo pH testing
results. We also obtained EndoFLIP measurements of the
minimal diameter (D,;,), cross-sectional area (CSA), and
distensibility index (DI) after mobilization of the hiatus, crus
closure, barrier creation (Nissen fundoplication, Toupet fun-
doplication, or magnetic sphincter augmentation (MSA)),
and with the patient placed in a supine position with 30 mL
in the balloon (supine 30) and 40 mL in the balloon (supine
40) after removal of insufflation of the abdomen and removal
of the liver retractor. We included patients for this study if
they had complete EndoFLIP measurements using an 8§ cm
catheter (EF-325 N, Medtronic, Dublin, Ireland) at these
time points during the operation. In addition, we included
patients who completed the gastroesophageal reflux dis-
ease—health-related quality of life score (GERD-HRQL)
before surgery and one month after surgery. The GERD-
HRQL questionnaire comprises 10 categories, each meas-
ured on a scale of 0-5. We included the specific scores for
the bloating and dysphagia categories (0-5) in our analysis.

All operations were performed in a minimally inva-
sive fashion with the Da Vinci Xi Robot System (Intuitive
Surgical, Sunnyvale, CA). During robot-assisted surgery,
patients were placed in a reverse Trendelenburg position,
and pneumoperitoneum (15 mmHg) was established with a
liver retractor when placed to expose the gastroesophageal
junction. We then performed mobilization of the esophagus
by dissecting and removing the hiatal hernia sac that allowed
about 2-3 cm of the esophagus in the abdomen.

At this point in the surgery, we obtained EndoFLIP meas-
urements. The EndoFLIP catheter was zeroed to atmospheric
pressure and then advanced through the mouth into the stom-
ach. The catheter was filled to 20 mL and slowly withdrawn
until an hourglass was seen on the monitor. We then filled
the balloon to 30 mL and adequate time was given to ensure
the readings were stabilized (minimum of 30 s and up to
10 min) before recording the D,;,, DI, and CSA. (Fig. 1). We
then kept the EndoFLIP inflated with 30 mL of fluid to assist
with the closure of the crus. The crus was closed until there
was no opening between the esophagus and crus. We then
deflated the EndoFLIP to 20 mL volume and then reinflated
it to 30 mL volume to take the measurement after crus clo-
sure (Fig. 1). The EndoFLIP was deflated to create the Tou-
pet fundoplication and it was intermittently inflated for the
creation of the Nissen fundoplication. The EndoFLIP was
pulled back above the GEJ and placed around the esophagus
for placement of the MSA according to the manufacturer’s
recommendations (Johnson & Johnson, New Brunswick, NJ,
USA). After creating the barrier, the EndoFLIP was placed
at the GEJ and inflated to 30 mL to measure the values after
the creation of the barrier (Fig. 1). Next, the patient was
taken out of reverse Trendelenburg, the liver retraction was
removed, and the insufflation of the abdomen was removed.
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Fig. 1 Distensibility index through different points of the operation.
Median distensibility index after mobilization of the esophagus (Ini-
tial), after the closure of the crus (Crus), after the creation of the Nis-
sen, Toupet, or LINX (Barrier), and after removal of the liver retrac-
tor and insufflation with the patient in supine position with 30 mL in
the EndoFLIP balloon (Supine 30) and 40 mL in the EndoFLIP bal-
loon (Supine 40)

We then obtained EndoFLIP measurements with a balloon
filled to 30 mL (supine 30) and a balloon filled to 40 mL
(supine 40).

Subsequently, we analyzed the relationship between End-
oFLIP values after creating the barrier and after the patient
is supine with the removal of insufflation with 30 mL in
the balloon. We also analyzed the relationship between the
absolute EndoFLIP values with patient supine measured
with 30 mL and 40 mL volumes and the change in the DI
with an increase in volume to short-term clinical outcomes.
The change in DI was grouped into patients who had the
same or decrease in DI or an increase in DI after fill volume
from 30 to 40 mL. We also evaluated patients with a GERD-
HRQL score > 10 at one month, dysphagia score > 3, or bloat
score >3 at one month after surgery. We then determine if
any factors correlated to these scores.

Patient characteristics and EndoFLIP values were
reported as frequencies and proportions for categorical
variables and as median and interquartile range (IQR) for
continuous variables. Differences between patients having
decreased or unchanged DI and patients having increased
DI from a flat 30 to a flat 40 were compared using the Chi-
square or Fisher's exact test for categorical variables and the
Kruskal-Wallis test for the continuous variables. Univaria-
ble generalized linear models (GLM) were used to determine
the characteristics associated with GERD-HRQL score at
one month > 10, dysphagia score at one month > 3, or bloat-
ing score at one month > 3. Unadjusted risk ratios and 95%
confidence intervals were reported. Given the small number
of events and sample size, multivariable GLM was not con-
ducted. Pearson’s correlation test was used to evaluate the
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correlation of the EndoFLIP values among different time
points. Box plots and bar charts were used to present the
GERD-HRQL score, dysphagia score, bloating score, patient
satisfaction, and heartburn medication use. Differences of
these parameters at one month and before the surgery were
compared using the median sign test for the equality of
matched pairs. In some box plots, the extreme values (out-
side the range of 1st quartile minus 1.5 IQR and 3rd quartile
plus 1.5 IQR) were not presented to improve the readability
of the box plots. The exclusion of the outside values did not
affect the comparison statistics. The frequency and propor-
tion of patients who underwent an additional surgery or had
symptom improvement were also reported. All the analyses
were performed on Stata version 16.1 (StataCorp LLC, Col-
lege Station, TX, USA). A p value of <0.05 was considered
statistically significant.

Results

There were 103 patients who met the inclusion criteria. The
median age of the group was 64 (IQR 55, 71) years old.
Patient were predominantly white (n=95, 92.2%) and female
(n="78, 75%) with a median BMI of 29.6 (IQR 26.6, 33.6).
A Type III hiatal hernia was the most common type of her-
nia (n=155, 53%), followed by Type I hiatal hernia (n=42,
41%). In patients who underwent a Bravo pH probe or 24-h
impedance study, the median DeMeester score was 22.6
(IQR 10.8, 40.8). In patients who underwent manometry,
the median normal swallows were 90% (IRQ 50%, 100%).
The median initial GERD-HRQL score was 23 (IQR 13, 29),
with a dysphagia score of 1 (IQR 0, 3) and a bloat score of
3 (IQR 1, 4). The most common operation was hiatal hernia
repair (n=98, 95.15%) with Toupet fundoplication (n =56,
54%) followed by magnetic sphincter augmentation (MSA,
n=28, 27%). There were ten patients (9.7%) who had redo
surgeries (Table 1).

The cohort of the patients had an initial median DI of 3.0
mm?%/mm Hg (IQR 1.9, 4.0), which decreased to a median
DI of 1.8 mm%mm Hg after the closure of the crus (IQR 1.4,
2.5, p<0.001). The median DI further decreased after bar-
rier creation to 1.4 mm?*/mm Hg (IQR 1.1, 1.8, p<0.001).
However, there were no significant differences between the
DI after barrier formation and when the patient was supine
without insufflation and liver retractor at 30 mL filled in the
balloon of 1.4 mm?*/mm Hg IQR 1.1, 2.0, p=0.17). When
the balloon was filled to 40 mL with the patient in a supine
position, the median DI increased to 1.7 mm?mm Hg (IQR
1.3,2.2, p<0.001, Fig. 1).

There was a significant decrease in the GERD-HRQL
score after surgery from a median of 23 to 4 (p <0.001,
Fig. 2A). Analysis of the bloat score showed a significant
decrease from a median of 3 to 2 (p=0.003, Fig. 2B). There
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Table 1 Patient characteristics

Total

(N=103)
Age (years), median (IQR) 64.0 (55.0,71.0)
Male gender, n (%) 25 (24.3)
BMI (kg/m?), median (IQR) 29.6 (26.6, 33.6)
Ethnicity, n (%)

White 95 (92.2)

Black 4(3.9)

Hispanic 43.9)
Procedure, n (%)

Nissen 19 (18.4)

Toupet 56 (54.4)

LINX 28 (27.2)

LINX size 16.0 (15.0, 17.0)
Redo repair, n (%) 10 (9.7)
Hiatal hernia type, n (%)

No hernia 54.9)

Type 1 42 (40.8)

Type I 1(1.0)

Type 111 55 (53.4)
Manometry (%), median (IQR) 90 (50, 100)
IRP, median (IQR) 4.6(1.4,8.3)
DeMeester Score, median (IQR) 22.6 (10.8, 40.8)
Initial GERD-HRQL score, median (IQR) 23.0(13.0, 29.0)
Initial dysphagia score, median (IQR) 1.0 (0.0, 3.0)
Initial bloating score, median (IQR) 3.0(1.0,4.0)

IQR interquartile range, SD standard deviation, DI distensibility index

p<0.001

IS
S
IS

)
=3

N
=3
T

Dysphagia score, median

GERD-HRQL score, median

=)

was a decrease in the dysphagia score from 1 to O after
surgery, but this was not statistically significant (p=0.11,
Fig. 2C). In this cohort of patients, 12 patients (12%) had a
GERD-HRQL score > 10 at one month after surgery. There
were four patients (4%) who had dysphagia scores >3 and
16 patients (15%) who had bloat scores > 3. Univariate
analysis showed that none of the patient characteristics,
procedural characteristics, or the EndoFLIP values were
associated with a GERD-HRQL score > 10 (Supplemental
Table 1). However, univariate analysis showed that a dys-
phagia score > 3 at one month was associated with greater
change in DI from supine 30 to supine 40 (HR 4.56 95%
CI 1.02, 20.31, p=0.047, Table 2, Supplemental Table 2).
Finally, univariate analysis showed that a bloat score >3 at
one month was not associated with patient characteristics
or EndoFLIP values, but it was protected by undergoing a
LINX procedure (HR 0.11, 95%CI 0.01, 0.87, p=0.04, Sup-
plemental Table 3).

We further analyzed the change in the DI with the patient
supine from 30 to 40 mL and its relationship with dyspha-
gia. A minority of patients had a decrease or no change in
DI with an increase in balloon volume from 30 to 40 mL
(n=37, 36%). There was no significant difference in the
median DI after mobilization of the esophagus (initial,
p=0.1), after the closure of crus (crus closure, p=0.84),
creation of barrier (barrier creation, p =0.95), and patient
supine with 30 mL of volume (supine 30, p =0.36) between
patients who had a decrease or no change in the DI or
increased in DI from supine 30 to supine 40 (Table 3).

—1— B 51 [ op=0003 — [ C
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Bloating score, median
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Initial GERD-HRQL score 1-month GERD-HRQL score Initial dysphagia score

1-month dysphagia score Initial bloating score 1-month bloating score

Fig.2 Short-term outcomes after surgery. There is a significant improvement in the GERD-HRQL score (p<0.001, A) and bloat score
(p=0.003, B) after surgery, while there was no significant difference in dysphagia score (p=0.11, C)

Table 2 Characteristics
associated with dysphagia score

Total Dysphagia score at 1 month ~ Unadjusted RR p value

at 1 month>3 n=103 <3(m=99) >3(m=4)  (95%CI)

Supine 30 DI, median (IQR) 1.4 (1.1,2.0) 1.4(1.1,2.0) 1.3(1.0,1.6) 0.34(0.04,2.92) 0.33
Supine 40 DI, median (IQR) 1.7 (1.3,2.2) 1.7(1.2,2.2) 2.0(1.7,2.1) 1.06(0.39,2.87)  0.90
Change in DI from Supine 30 0.2 (0.0,0.4) 0.2(0.0,0.4) 0.6(0.5,0.8) 4.56(1.02,20.31) 0.047

to Supine 40, median (IQR)
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Table 3 EndoFLIP DI values

. DI, median (IQR) Total DI change from Supine 30 to Supine 40 p value
between group of patients DI
that decreased or did not change (N=103) Decrease or no change Increase (n=66)
with increase in balloon volume (n=37)
compared to DI that increased
in volume Initial 3.0(1.9,4.0) 2.6 (1.6,3.7) 32(2.1,42) 0.10
Crus closure 1.8 (1.4,2.5) 1.8(1.2,2.9) 1.9(1.5,24) 0.84
Barrier creation 1.4 (1.1, 1.8) 1.5 (1.0, 1.8) 1.4 (1.1, 1.8) 0.95
Supine 30 1.4 (1.1,2.0) 1.5(1.2,2.1) 1.4 (1.1, 1.9 0.36
Supine 40 1.7 (1.3,2.2) 1.3 (1.0, 1.8) 1.9(1.4,2.3) <0.001
IQR interquartile range, SD standard deviation, DI distensibility index
5. surgery to after surgery between patients with decrease or no

p=0.04

\
\
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N
1
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w
1

Change in dysphagia score, median

'
[$)]
L

Decrease or no change Increase
(n=37) (n=66)

DI change from supine 30 to supine 40

Fig.3 Dysphagia after surgery. Patients who had a decrease or no
change in the DI when the EndoFLIP volume increased from 30 to
40 mL had a significant decrease in dysphagia score than patients
who had an increase in the DI with an increase in volume (p=0.04)

However, patients who had an increase in DI had a signifi-
cantly higher median DI at supine 40 (1.9 mm*mmHg IQR
1.4, 2.3) compared to patients who had a decrease or no
change in DI (1.3 mmz/mmHg IQR 1, 1.8, p<0.001). We
discovered that the median change in dysphagia score before

Table 4 Patient outcomes

change in DI (— 2, IQR — 2,0) was significantly lower com-
pared to a patient who had an increase in DI (0, IQR — 1, 0,
p=0.04, Fig. 3, Table 4). However, there was no significant
difference in absolute and change in GERD-HRQL score and
bloat score (Table 4).

Discussion

The utilization of the EndoFLIP during creating a barrier
(Nissen, Toupet, or LINX) with or without hiatal hernia
repair provided objective data during the operation that pro-
vided overall excellent short-term clinical outcomes. Our
study showed an overall decrease in the distensibility index
as the crus was closed around the esophagus and the barrier
was created around the esophagus. This is likely the impact
of patients who underwent LINX and Nissen fundoplication
compared to patients who underwent Toupet fundoplication.
Our previous study showed that a subset analysis of patients
who underwent LINX had a significant decrease in DI, while
patients who had Toupet fundoplication did not see a sig-
nificant decrease in DI compared to after crus closure [8].
This finding is similar to Su et al. recent data that showed no
significant difference or increase in the post-fundoplication

Total (N=103) DI change from Supine 30 to Supine 40 p value
Decrease or no change (n=37) Increase (n=66)
GERD-HRQL score, median (IQR)
1 month after surgery 4.0 (2.0,7.0) 3.0(2.0,5.0) 4.0 (2.0,7.0) 0.21

Change from prior to surgery to 1 month after surgery
Dysphagia, median (IQR)

—18.0 (- 24.0, - 6.0)

—18.0 (- 25.0, — 10.0) -17.5(-23,-5.0) 043

1 month after surgery 0.0 (0.0, 2.0) 0.0 (0.0, 1.0) 1.0 (0.0, 2.0) 0.08

Change from prior to surgery to 1 month after surgery 0.0 (— 2.0, 1.0) —2.0(-2.0,0.0 0.0 (- 1.0, 1.0) 0.04
Bloating score, median (IQR)

1 month after surgery 2.0 (1.0, 3.0) 2.0 (1.0, 3.0) 2.0 (1.0, 3.0) 0.79

Change from prior to surgery to 1 month after surgery — 1.0 (— 2.0, 1.0) — 1.0 (- 2.0,0.0) 0.0 (- 2.0, 1.0) 0.26

IQR interquartile range
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DI compared to the closure of the crus with 69.1% of the
cohort undergoing Toupet fundoplication [12]. Our current
study shows that the final DI measurement after creating
the barrier is significantly decreased compared to the ini-
tial DI measurement. This outcome is similar to the finding
described by other groups that showed a significant decrease
in DI after fundoplication compared to after mobilization of
the hiatus [7, 12, 13] or pre-insufflation [14].

Overall, patients had resolution of their symptoms with-
out significant bloating, with a very rare group of patients
having high bloat scores. There was no correlation between
bloat score to either the DI value at 30 mL or 40 mL of
volume in the EndoFLIP or with the dynamic DI value at
the change from 30 to 40 mL. The reason for the lack of
correlation is that a high bloat score is related to the abil-
ity of the stomach to process the gas and the ability of the
barrier to allow the gas to escape. Since the EndoFLIP does
not measure the ability of the stomach to process the gas,
it is likely the reason for the lack of correlation. However,
our study did confirm the findings of other studies [5] that
show that LINX was associated with less bloating at short-
term follow-up. A systematic review by Schizas et al. of 35
studies with 2511 MSA patients found that postoperative
proton pump inhibitor cessation rates reached 100% with
less bloating symptoms and a better ability to belch or vomit
in comparison to fundoplication [12].

While we found no significant difference between the arti-
ficial environment of the surgery (reverse Trendelenburg,
insufflation, and liver retractor) to the patient in the natural
position (supine, no insufflation, and no liver retractor), Su
et al. found a difference between having the artificial envi-
ronment of the operating and patient in a natural state [12].
The difference seen may be due to how the measurement was
made or how the data were analyzed. In our study, we left
the EndoFLIP balloon inflated continuously and used the
balloon inflated to close the crus, while Su et al. obtained
measurement intermittently at 30 s after insufflation of the
balloon [6]. This may be the reason for the difference in
our findings with those of the Nathanson et al. study [15].
Nathanson et al. found an impact of EndoFLIP values with
pneumoperitoneum; however, they measured different
points with intermittent insufflation of the EndoFLIP [15].
In addition, Su et al. used data available, which meant that
they compared two groups with different patients [12]. For
example, in their analysis of reverse Trendelenburg, they had
n=065 without reverse Trendelenburg compared to n =95
with reverse Trendelenburg, resulting in comparing differ-
ent groups of patients. In contrast, our analysis had the same
number of patients in each group. Our study discovered that
the positioning of the patient, the presence of insufflation of
the abdomen, and liver retraction did not impact the distensi-
bility index. There was no significant difference when the DI
was measured after creating the barrier to when the DI was

measured at the end of the case, when the patient was supine
with a liver retractor, and insufflation was removed from the
abdomen. This finding implies that the values derived after
creating the barrier can be used as a surrogate for the value
obtained in a setting without the artificial environment of
the operating room. Furthermore, we confirmed that stay-
ing above the absolute value of DI>0.5 mm*mmHg led
to very low rates of significant dysphagia. However, both
DIs measured at the end of the case with the patient in the
supine position with 30 mL or 40 mL in the balloon did
not significantly correlate with short-term outcomes. Thus,
once again, the absolute value of DI with either 30 mL or
40 mL was not associated with dysphagia. Although there
is no significant difference between the EndoFLIP values in
artificial and natural positions, it has been helpful to obtain
the natural position at two different volumes of fluid. This
value can be beneficial in the future evaluation of the patient
if there is any development of recurrence of symptoms or
significant dysphagia. Those patients undergo endoscopy
and EndoFLIP measurements in a natural position, and the
values can be compared to the values obtained at the end
of the index case without the artificial environment of the
operating room.

Finally, we did discover a new marker in our analysis
that was associated with the improvement of dysphagia. We
discovered that when the DI decreased or did not change
with the increase in the full volume from 30 to 40 mL, there
was an associated decrease in dysphagia after surgery. Since
DI is a measurement of cross-sectional area (CSA) over the
pressure, for the DI not to change or decrease, the change
in pressure has to increase more or change proportional to
the change in the CSA. The likely factor that increases the
pressure is the ability of the lower esophagus to generate the
pressure against the volume. Our study also demonstrated
that patients who had decreased or no change in the DI when
the balloon was inflated from 30 to 40 mL had a statistically
significant decrease in their dysphagia score. The decrease
or no change in DI may be a marker of the ability of the
lower esophagus above the barrier to create enough pres-
sure to push the bolus through a barrier. Moreover, those
patients who have a greater change in the DI with the change
in the fill volume denote the inability for the patient to gener-
ate enough pressure through the barrier, thus leading to an
increase in dysphagia. This is the first study that shows the
correlation of the change in DI with fill volume having an
impact on dysphagia.

The limitation of the study is that the study is a retrospec-
tive analysis of data. The EndoFLIP values were collected
prospectively in a database after each case to minimize
bias from a retrospective study. We also limited this study
to patients who had recorded EndoFLIP values when they
were supine with 30 mL and 40 mL volumes in the catheter.
This limited the total number of patients in this study, but
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it provides a complete picture of the EndoFLIP values and
their relationship to short-term outcomes. Finally, the study’s
main limitation is that our research evaluated patient’s End-
oFLIP values to short-term outcomes. We decided to focus
on the short-term outcome since significant dysphagia usu-
ally improves over time [16]. Hypothetically, at a short-term
interval, the patient should have a poorer dysphagia score,
which provides a clinical data point to understand dysphagia
symptom to EndoFLIP values. In addition, the long-term
outcome may also relate to other factors, such as recurrence
of hiatal hernia or breakdown of the wrap, which may not
relate to objective measurements of the closed crus with a
barrier around the esophagus at the time of surgery. How-
ever, we certainly agree that long-term outcomes are impor-
tant, and we are currently collecting long-term data in this
group of patients for future studies.

In conclusion, we were able to show that the artificial
environment of the surgery does not lead to different EndoF-
LIP values, the static EndoFLIP values did not correlate with
the short-term clinical outcomes, but the dynamic EndoFLIP
value of the change in DI with a volume change was associ-
ated with dysphagia score. The combined information about
the barrier and the function of the lower esophagus proximal
to the barrier derived from EndoFLIP values are associated
with dysphagia. The EndoFLIP can help avoid significant
dysphagia after surgery, and it may provide predictive infor-
mation about short-term outcomes after barrier formation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-021-08817-z.
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