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Abstract

Background Pediatric esophageal stenosis can be challenging to manage due to post-dilation tissue response involving
fibroblast activity resulting in scar reformation. The functional lumen imaging probe (FLIP) uses high-resolution impedance
planimetry to measure key luminal parameters during a volume-controlled distension. We sought to evaluate the safety as
well as possible settings of EndoFLIP and EsoFLIP in the pediatric population.

Method We performed a retrospective chart review of all patients that had EndoFLIP (with and without balloon dilation)
or EsoFLIP done between July 2017 and May 2018.

Results Eighteen patients were identified and 19 FLIP procedures were performed during esophagogastroduodenoscopy (10
EndoFLIP, 6 EndoFLIP + traditional balloon dilation, 3 EsoFLIP). Median age for the population was 13.7 years. Dysphagia
was the most common chief complaint prior to endoscopic intervention. EndoFLIP measurements were most commonly taken
at 20 ml and/or 30 ml of infusion. Diameter, compliance, cross-sectional area, and distensibility index were similar between
infusion volumes. Median procedure time of the EndoFLIP + traditional balloon dilation group was longer (60.5 min) than
the median procedure time of the EsoFLIP group (35 min, p =0.12). Median fluoroscopy time of the EndoFLIP + traditional
balloon dilation group was 0.6 min and the median fluoroscopy time of the ESoFLIP group was 0.5 min (p =0.79). EndoF-
LIP + traditional balloon dilation was associated with a smaller diameter increase compared to EsoFLIP (2.2 mm vs. 4 mm;
p=0.09). There were no complications.

Conclusion Functional lumen imaging probe (FLIP) can safely provide important luminal measurements in pediatric patients
with esophageal stenosis, and may guide therapy. Esophageal dilation using EsoFLIP may yield a larger diameter change and
may potentially reduce procedure time when compared to traditional balloon dilation. Pediatric patients with epidermolysis
bullosa and esophageal stenosis responded well to EsoFLIP dilation.
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Abbreviations Pediatric esophageal stenosis is the consequence of many
CRE Controlled radial expansion conditions and can be associated with substantial morbid-
CSA  Cross-sectional area ity. Causes include repaired congenital conditions (i.e.,:
EB Epidermolysis bullosa esophageal atresia and tracheoesophageal fistula) as well as
EGD Esophagogastroduodenoscopy acquired conditions such as eosinophilic esophagitis, caustic
FLIP Functional lumen imaging probe injury, genetic disorders, and peptic disease [1-6]. Most con-
LES Lower esophageal sphincter ditions are associated with fibrosis formation, which leads

to luminal narrowing and symptoms such as difficulty in
swallowing, chest pain, sore throat, and cough. After dilation
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esophageal stenting as well as electrocautery incisional
therapy [7, 8].

Although these tools yield a therapeutic effect, none accu-
rately provide details regarding the actual effect of the inter-
vention on the diameter, cross-sectional area, compliance,
pressure, or distensibility of the GI lumen. Present tools
require that the endoscopist rely on a combination of endo-
scopic landmarks, fluoroscopy, and the comparative relation-
ship between the area of narrowing and the endoscopic tool
employed to estimate the pre- and post-intervention luminal
parameters and to guide treatment. For example, the physi-
cian may subjectively use the size of the gastroscope and
whether or not there is appreciable resistance as the gas-
troscope transverses through a narrowed segment to gauge
the dimensions of the esophageal narrowing. When balloon
dilation is performed, it is typically done with fluoroscopy
to guide placement of the balloon device and to confirm
that the narrowed region, or “waist,” has been eliminated.
Although visually helpful, this form of endoscopic assess-
ment is imprecise and potentially misleading. Moreover,
there are other important luminal characteristics (such as
the distensibility and compliance) that we cannot infer with
our naked eyes yet these parameters may help determine not
only if therapy is needed but also how much. Having these
additional parameters clarifies the degree of stiffness at the
area of narrowing before and after therapeutic intervention
which better characterizes the therapeutic response.

Functional lumen imaging probe (FLIP) is an endoscopic
tool that measures pressure—geometry relationships of GI
luminal space [9]. It is a cylinder-shaped balloon with a
16-sensor catheter inside that measures electrical voltage
between neighboring sensors [10]. It provides a number of
luminal parameters including diameter, compliance, cross-
sectional area (CSA), pressure, and distensibility index (a
calculated value which equals the smallest CSA divided
by the median pressure required to maintain the smallest
CSA) [10]. The data are generated dynamically and dis-
played pictorially on a dedicated screen with the numerical
measurements. Diseases where FLIP has been employed
include esophageal stenosis, reflux esophagitis, eosinophilic
esophagitis, gastroparesis, anal sphincter disease, achalasia,
and it has also been used in peroral endoscopic myotomy
[11-15].

There are two versions of the FLIP tool, EndoFLIP and
EsoFLIP (Medtronic, Minneapolis, MN). EndoFLIP is a soft
balloon tool that is used solely for geometric measurements
and, for example, it can be used before and after intervention
to confirm effective treatment. EsoFLIP uses a stiffer balloon
analogous to a controlled radial expansion (CRE) dilation
balloon. Although EsoFLIP can only measure the diameter
and cross-sectional area of the narrowing, it can also dilate
the narrowing itself while informing the user of the exact
diameter and cross-sectional area changes in real time.

Little is known about the potential utility of FLIP in the
pediatric population and there is currently no standardized
protocol for its use in children. There was one published
pediatric manuscript that looked at the utility of EndoFLIP
in children with eosinophilic esophagitis [13]. Taylor et al.
described the use of EsoFLIP to dilate a tracheoesophageal
fistula-related stricture in a child [11]. There may be other
GI conditions where FLIP may be useful either during the
diagnostic work-up or to provide treatment. We sought to
review of our single-center experience with both EndoFLIP
and EsoFLIP in order to assess its safety, and to assess pos-
sible clinical settings for the pediatric population.

Materials and methods
Study design

We performed a retrospective chart review of all patients
under the age of 19 years who had EndoFLIP (with and
without balloon dilation) or EsoFLIP between July 2017 and
May 2018 at our institution (Fig. 1). EGD with either End-
oFLIP or EsoFLIP was performed by a single provider (KN)
at our institution. The Johns Hopkins University Internal
Review Board approved this study. Medical records of the
eligible patients were reviewed and information including
demographics, chief complaints, procedure type, procedure
length, fluoroscopy time, complication, imaging, biopsy
results, and FLIP data (i.e., diameter, cross-sectional area,
compliance, and distensibility index) were collected.

EndoFLIP procedure

Patients who received EndoFLIP were performed in the
endoscopy unit at Johns Hopkins Children’s Center (Balti-
more, MD). These patients were sedated via general anes-
thesia by a pediatric anesthesiologist. Propofol was typically
used and no paralytic agents were utilized. Pre-study cath-
eter calibration was performed via the FLIP computer by the
endoscopy nurse per manufacturer’s guidelines. The End-
oFLIP catheter was positioned under direct visualization
using an Olympus (Tokyo, Japan) gastroscope at the area of
interest. The FLIP computer was first programmed to infuse
15 ml of sodium chloride (0.30%) solution, provided by the
manufacturer, into the balloon and the catheter was subse-
quently adjusted to center the balloon at the area of interest.
Measurements were taken at 20 ml, 30 ml, and/or 40 ml
infusion at the discretion of the endoscopist. Balloon infla-
tion was stopped if balloon pressure exceeded 60 mmHg
per manufacturer’s guidelines. If this occurred, measure-
ments taken at the previous inflation settings were used.
Luminal parameters including diameter, compliance, cross-
sectional area (CSA), pressure, and distensibility index were
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Fig. 1 Cobhort distribution of
EndoFLIP and dilation proce-
dures

EndoFLIP

recorded. Once all necessary measurements were recorded,
the EndoFLIP balloon was then fully deflated and removed.
If the area of interest appeared narrowed (i.e.,: the gastro-
scope was unable to pass through), balloon dilation was
then performed using a CRE balloon. Once dilation was
completed, the EndoFLIP balloon was reintroduced into the
area of narrowing and measurements taken again following
the same steps during the pre-dilation phase. Upon comple-
tion, the balloon was deflated and removed. Biopsies were
taken at the discretion of the endoscopist.

EsoFLIP procedure

Those patients who received EsoFLIP were sedated via
general anesthesia by a pediatric anesthesiologist similar to
patients who had EndoFLIP done. Pre-study catheter calibra-
tion was performed via the FLIP computer by the endoscopy
nurse per manufacturer’s guidelines. The EsoFLIP catheter
was placed under direct visualization using an Olympus gas-
troscope at the esophageal stenotic area. The catheter was
infused with 15 ml of sodium chloride (0.30%) solution and
the catheter was repositioned to center the balloon at the area
of interest. The balloon was inflated to 20 ml and the diam-
eter of the stenotic area was recorded. Additional volumes
were infused in 2 ml increments and the volume was held
for 15-20 s increments until either effacement of the stenotic
segment was achieved or there has been approximately 3 mm
of change in the diameter of the stenotic area. The balloon
was then deflated to 20 ml and the final measurements were
taken again before the balloon was fully deflated and removed.

Statistical analysis

All statistical analyses were performed with the Statisti-
cal Package for the Social Sciences (SPSS (version 23.0,
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Armonk, NY). Categorical data were evaluated by the Chi-
square test. Independent continuous variables were compared
using the Mann—Whitney U test. Paired continuous variables
were compared using the Wilcoxon Signed-Rank Test. Two-
sided p values less than 0.05 were statistically significant.

Results
Patient characteristics

Our review identified 18 patients and a total of 19 FLIP
cases (10 EndoFLIP, 6 EndoFLIP + traditional balloon
dilation, 3 EsoFLIP) (Table 1). Median age of the entire
cohort was 13.7 years. One patient was 10 months old and
two patients were 11 months old at the time of the pro-
cedure. Most patients were Caucasian males. Dysphagia
was the most common chief complaint. The most common
diagnoses of the patients in this study were eosinophilic
esophagitis, GERD, and radiographic esophageal narrow-
ing of unclear etiology (all conditions with n=3). All 3
dystrophic epidermolysis bullosa (EB) patients had EsoF-
LIP and a history of dysphagia due to proximal esophageal
stenosis. Two of the three patients had prior esophageal
dilations. Twelve of the 18 patients had prior EGD and 8
had prior esophageal dilations. EndoFLIP measurements
were most commonly taken at 20 ml (n=14) and 30 ml of
infusion (n=12).

Safety of FLIP

There were 16 outpatient and 3 inpatient cases. There were
no complications in any of the 19 procedures. Intraoperative
esophagram were done after all dilation cases and there was
no contrast extravasation to suggest perforation. All families
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Table 1 Sample baseline characteristics

Characteristics n (%)
Number of patients 18
Age (year, median) 13.7
Male 10 (56)
Race/ethnicity
Caucasian 14 (78)
African American 3(16)
Hispanic 1(6)
Chief complaint
Dysphagia 16 (88)
Vomiting 1(6)
Abnormal imaging 1 (6)

Pertinent history
Achalasia 1(6)

Epidermolysis bullosa (EB) 3(16)
Eosinophilic esophagitis 3(16)
Esophageal atresia 1 (6)
Esophageal narrowing 2(11)
GERD 3(16)
Tracheal esophageal fistula 2(11)
SMA syndrome 1(6)
None significant 2(11)
Prior GI procedures

EGD 12 (67)
Esophageal dilations 8 (44)
Abdominal surgery 6 (33)

SMA superior mesenteric artery

had follow-up phone calls from the hospital to confirm that
there were no complications after discharge.

EndoFLIP cohort parameter comparison

Ten of the 18 patients had lower esophageal sphincter meas-
urements using EndoFLIP without requiring dilation. Seven
patients had no prior lower esophageal sphincter (LES)
reconstructive surgery (“native LES™) and 3 patients had
prior LES surgery (“reconstructed LES”) who had either a
Heller myotomy or surgical repair of a tracheoesophageal
fistula or esophageal atresia. Median age of the native LES
group was 13.3 years old and the median age of the recon-
structed LES group was 16.4 years old (p =0.08).

Median procedure time between the two groups was simi-
lar between the native LES group and the reconstructed LES
group (30 min vs. 28 min, p=0.73). Six patients had meas-
urements taken at both 20 ml and 30 ml infusions; diameter,
compliance, cross-sectional area, and distensibility index
were similar between groups suggesting that measurements
taken at different infusions were comparable (Table 2).

Table2 Comparison of parameters based on EndoFLIP infusion vol-
ume (n=06)

Parameters 20 ml 30 ml p
infusion infusion
volume volume
Minimum diameter (mm, median) 5 5.9 0.46
Compliance (mm*/mmHg, median) 130 105 0.14
Cross-sectional area (mm?, median)  18.5 31.5 0.29
Distensibility index (mm*mmHg, 3.1 35 0.79
median)

Dilation cohort analysis

Two subgroups required dilation (Table 3). Six patients had
EndoFLIP with traditional (CRE) balloon dilation; three
EB patients had EsoFLIP dilation. Median age of the End-
oFLIP + traditional balloon dilation group was 13.4 years
and the median age of the EsoFLIP group was 5.4 years
(p=0.46).

The median procedure time of the EndoFLIP 4+ traditional
balloon dilation group was longer than the median procedure
time of the EsoFLIP group (60.5 min vs. 35 min, p=0.12).
Median diameter change in the EndoFLIP + traditional
balloon dilation group was less than the median diameter
change in the EsoFLIP group (2.2 vs. 4 mm, p =0.09). Fluor-
oscopy was used during all CRE balloon dilations and at the
end of all dilation cases (CRE and EsoFLIP) to ensure there
was no obvious perforation. Median fluoroscopy time of the
EndoFLIP + traditional balloon dilation group was similar to
the EsoFLIP group (p=0.79).

Further analysis compared the EsoFLIP dilation of EB
patients to their prior esophageal dilations done with either
mechanical dilation or with CRE balloon dilation (tradi-
tional dilation vs. EsoFLIP). The median procedure time
of the traditional dilation group (n=4) appears longer than
the EsoFLIP group (n=3) (49 vs. 22 min, p=0.23). The
median fluoroscopy time in the traditional dilation group
(n=4) seems longer than the EsoFLIP group (n=3, 1.17
vs. 0.5 min, p=0.23). Fluoroscopy was not required for the
EsoFLIP dilations but the endoscopist (KN) elected to use
it to confirm that there was no perforation. Two of the three
EB patients did not require any additional dilation after their

Table 3 Comparison of dilatation parameters by EndoFLIP+CRE
versus EsoFLIP

Treatment CRE+End- EsoFLIP p
oFLIP

Procedure time (min, median) 60.5 35 0.12

Diameter change (mm, median) 2.2 4 0.09

Fluoroscopy time (min, median) 0.6 0.5 0.79
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EsoFLIP dilation and remained asymptomatic as of this
report (1 year after their procedure). The third patient had 3
prior dilations over 3 months before his EsoFLIP dilation,
and after the 1st EsoFLIP dilation did not require another
EsoFLIP dilation for 9 months.

Discussion

This report showed that both EndoFLIP and EsoFLIP can
be safely used in pediatric patients as young as infants.
EndoFLIP can be utilized in native esophagus or surgically
corrected esophagus, and procedure lengths are similar
regardless of surgical history. Luminal measurements taken
at 20 ml and 30 ml infusions appear to be comparable. Our
study suggested that esophageal dilation with EsoFLIP may
yield a larger diameter increase as well as shorter proce-
dure time compared to traditional CRE balloon dilation.
Our data also suggested that procedure time and fluoros-
copy time were shorter in the EsoFLIP cases when compared
to other traditional dilation methods in EB patients. Most
importantly, two of the three EB patients have not required a
repeat dilation for at least 12 month and our third EB patient
with multiple previous CRE balloon dilations was symptom
free for 9 months. These data suggest that there is utility of
EsoFLIP in the pediatric population.

Esophageal stenosis in the pediatric population can be
challenging to manage and may require multiple rounds of
treatment due to scar tissue formation. We postulate that
knowledge of crucial luminal parameters (such as compli-
ance and distensibility) can better guide endoscopic inter-
ventions by helping the endoscopist decide how much dila-
tion is needed and how much dilation has been done. This
in turn may reduce scar tissue formation post intervention.
FLIP provides key GI luminal values and therefore can play
an important role in esophageal stenosis treatment. EsoFLIP
is unique since it can provide real-time measurements (diam-
eter and cross-sectional area) of the stenotic area before, dur-
ing, and at the end of the dilation without radiation. If com-
pliance, pressure, and/or distensibility index measurements
are needed, the endoscopist needs to measure the stenotic
area with EndoFLIP before and after the EsoFLIP dilation.

There is limited pediatric data on the use of FLIP and
there is no standardized protocol for FLIP in children. We
took measurements most commonly at 20 ml and 30 ml
which correlated in terms of diameter, cross-sectional
area, compliance, and distensibility index. Measurements
taken at these settings were well tolerated without any
complications. Since the measurements were expected to
be similar with incremental volume increase, we elected
to not take measurements at higher settings (i.e.,: 50 ml,
60 ml, 70 ml) to avoid extending the length of the cases.

@ Springer

We used fluoroscopy after all dilations to confirm that
there was no perforation. However, neither EsoFLIP nor
EndoFLIP require fluoroscopy, which is important espe-
cially when considering their use in children.

There were limitations in this study. This was a retro-
spective single-center study that captures our experience
with a small cohort. In our analysis, we did not measure
how much time was added onto the EGD for EndoFLIP
measurements in the non-dilation cases. Interestingly, the
median procedure time of the first five EndoFLIP (non-
dilation) cases was 32 min and the last five EndoFLIP
(non-dilation) cases were 25 min, which likely reflects the
learning curve using the new equipment. Our initial pro-
tocol was derived from the adult experience and higher
volume measurements were taken in the earlier cases; in
hindsight this approach may not have been necessary as it
added to the procedural time. There is currently no pub-
lished study comparing EsoFLIP against traditional dila-
tion tools. Future directions should include a multi-center
prospective study to compare the traditional dilation meth-
ods versus EsoFLIP for better generalizability. Nonethe-
less, this study offers new insight about new devices that
enhance our understanding of GI luminal characteristics
as well as a new dilation technique for pediatric patients.

Conclusion

Functional lumen imaging probe (FLIP) can safely provide
important luminal measurements in pediatric patients with
esophageal stenosis and in turn may help guide therapy.
More studies are needed but our limited data showed that
esophageal dilation using EsoFLIP may yield a larger
diameter change and may potentially reduce procedure
time when compared to traditional balloon dilation. EsoF-
LIP appears to be a reasonable alternative to traditional
balloon dilation devices in pediatric patients with epider-
molysis bullosa and esophageal stenosis.
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