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Abstract

Background Controlled radial expansion (CRE) balloon dilators are traditionally used to dilate esophageal strictures during
an esophagogastroduodenoscopy (EGD). EndoFLIP is a diagnostic tool used during an EGD to measure important param-
eters of the gastrointestinal lumen, capable of assessing treatment before and after dilation. EsoFLIP is a related device that
combines a balloon dilator with high-resolution impedance planimetry to provide some of the luminal parameters in real
time during dilation. We sought to compare procedure time, fluoroscopy time, and safety profile of esophageal dilation using
either CRE balloon dilation combined with EndoFLIP (E + CRE) versus EsoFLIP alone.

Methods A single-center retrospective review was performed to identify patients <21 years of age who underwent an EGD
with biopsy and esophageal stricture dilation using E + CRE or EsoFLIP between October 2017 and May 2022.

Results Twenty-nine EGDs with esophageal stricture dilation were performed in 23 patients (19 E + CRE and 10 EsoFLIP).
The two groups did not differ in age, gender, race, chief complaint, type of esophageal stricture, or history of prior gastroin-
testinal procedures (all p > 0.05). The most common medical history in the E + CRE and EsoFLIP groups were eosinophilic
esophagitis and epidermolysis bullosa, respectively.

Median procedures times were shorter in the EsoFLIP cohort compared to E 4+ CRE balloon dilation (40.5 min [IQR
23-57 min] for the EsoFLIP group; 64 min [IQR 51-77 min] for the E+ CRE group; p <0.01). Median fluoroscopy times
were also shorter for patients who underwent EsoFLIP (0.16 min [IQR 0-0.30 min] for EsoFLIP dilation; 0.30 min [IQR
0.23-0.55] for the E + CRE group; p=0.003). There were no complications or unplanned hospitalizations in either group.

Conclusion EsoFLIP dilation of esophageal strictures was faster and required less fluoroscopy than CRE balloon dilation
combined with EndoFLIP in children, while being equally as safe. Prospective studies are needed to further compare the
two modalities.
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An esophageal stricture (ES), defined as a fixed narrowing of
the esophagus, is relatively uncommon in the pediatric popu-
lation, but is associated with significant morbidities such
as failure to thrive, dysphagia, and aspiration. Etiologies
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for esophageal strictures vary and generally fall into three
major categories: congenital, acquired, or functional causes.
Congenital esophageal stenosis (CES) can be further clas-
sified according to the pathohistological type: tracheobron-
chial remnants, fibromuscular stenosis, and membranous
webbing or esophageal membrane. An estimated 10-15%
of esophageal stenosis in children are congenital, with the
three most common causes being congenital webs, tracheo-
bronchial remnants, and idiopathic muscular hypertrophy
[1-5]. Surgical intervention during infancy is often required
to treat CES [2]. Acquired esophageal stenosis (AES) in
children most often occurs secondary to caustic ingestion
(50-60%), with other causes including postsurgical anasto-
motic stenosis (10-20%), gastroesophageal reflux disease
(3-4%), inflammatory disorders (< 1%), tumors (<0.1%),
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eosinophilic esophagitis, and epidermolysis bullosa. AES
is usually managed with endoscopic balloon dilation, but
refractory cases may require surgical intervention [1-4,
6—12]. Achalasia is one of the most common functional
causes of ES in children [1, 2].

Balloon dilation of an ES occurs during an esophago-
gastroduodenoscopy (EGD), and mostly involves the use
of controlled radial expansion (CRE) balloon dilators,
which are widely used in both children and adults with a
reported success rate of 76-100%. The ease, safety, and
effectiveness of balloon dilation in the management of
pediatric ES has been demonstrated in several studies [5,
13-24]. Adjunctive fluoroscopy is often used intraopera-
tively to check for a perforation. The use of fluoroscopy
comes with dose- and time-dependent exposure to ion-
izing radiation for the patient and medical staff, which
can have both immediate and long-lasting effects [25-27].
Data have shown that even low doses of radiation, such as
those during diagnostic imaging, may be associated with
increased risk for cancer mortality [27, 28]. The Inter-
national Commission on Radiological Protection (ICRP)
recommends limiting medical radiation exposure to as low
as reasonably achievable (ALARA) [29].

Endoluminal functional lumen imaging probe (EndoF-
LIP) (Medtronic, Minneapolis, Minnesota) is a relatively
new endoscopic tool that can measure the mechanical
properties of the gastrointestinal (GI) lumen during an
EGD. Through high-resolution impedance planimetry and
volume-controlled distension, several luminal parameters
(i.e., diameter, cross-sectional area (CSA), compliance,
distensibility index (DI), and pressure) can be obtained
in real time. EsoFLIP is both a diagnostic and therapeutic
tool that, like EndoFLIP, uses high-resolution impedance
planimetry to measure esophageal luminal parameters, but
it is housed within a rigid balloon, allowing for therapeu-
tic dilation. EndoFLIP is approved by the Food and Drug
Administration (FDA) for patients 5 years of age and over,
while EsoFLIP is approved for patients 18 years of age
and over. Both modalities are available in select pediatric
centers. EndoFLIP and EsoFLIP have both been used to
evaluate several pediatric esophageal disease processes,
including esophageal stenosis, esophageal atresia, reflux
esophagitis, eosinophilic esophagitis, esophageal dupli-
cation cysts, and achalasia [30—41]. However, there are
no studies that have compared EsoFLIP with CRE bal-
loon dilation in the pediatric population. In this study, we
sought to compare the procedure time, fluoroscopy time,
and safety profile of esophageal dilation using CRE bal-
loon dilation combined with EndoFLIP (E + CRE) versus
EsoFLIP.

Materials and methods
Study design

A single-center retrospective chart review was performed
to identify all patients <21 years of age who underwent an
EGD with biopsy and dilation of an esophageal stricture
with either E + CRE or EsoFLIP between October 2017 and
May 2022. The study was approved by the Johns Hopkins
University Institutional Review Board.

Data assessment

Electronic medical records were reviewed. Demographic,
clinical, and procedural data were extracted from the record.
Procedural data included esophageal luminal parameters
(i.e., diameter, CSA, compliance, DI, and pressure). Pro-
cedural data also included the total length of the procedure
based on time from scope-in to scope-out, total fluoros-
copy exposure time, and any associated complications.
All families had a follow-up phone call from the hospital
the day after the procedure to screen for post-procedural
complications.

Endoscopy

All procedures were performed in the endoscopy unit at
Johns Hopkins Children’s Center by one pediatric gastro-
enterologist (KN). Each case was completed under general
anesthesia and sedation managed by a pediatric anesthesiol-
ogist. No paralytic agents were used. EGDs were performed
using an Olympus gastroscope (model GIF-H180 or GIF-
H190, Tokyo, Japan). Biopsies were taken at the discretion
of the endoscopist.

EndoFLIP procedure

FLIP catheter size was determined by the height of the
patient. An 8 cm catheter was used for children under 42
inches in height, and a 16 cm catheter for children 42 inches
or taller. Pre-study catheter calibration was performed by the
pediatric endoscopy nurse using EndoFLIP software per the
manufacturer’s guidelines (Medtronic, Minneapolis, Min-
nesota). EndoFLIP analysis was completed before and after
CRE dilation with placement of the FLIP catheter at the site
of stenosis under direct visualization using the gastroscope.
The catheter was inserted into the oral cavity and advanced
alongside the gastroscope. The balloon catheter’s position
was centered at the stricture after inflation to 15 mL using
a sodium chloride-based (0.30%) solution supplied by the
manufacturer in each kit. The gastroscope tip was positioned
above the top of the balloon catheter. Serial measurements
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were then recorded at 20 mL, 30 mL, 40 mL, and 50 mL
at the discretion of the endoscopist. Value sets in which
an intra-bag pressure > 15 mmHg was not achieved were
excluded based on manufacturer recommendations from
adult data [42]. Balloon inflation was stopped if the balloon
pressures exceeded 60 mmHg per the manufacturer’s guide-
lines. The DI value was calculated by the computer (CSA
(mm?) divided by the intra-bag pressure (mmHg) needed to
maintain the select area) [43]. At the end of the procedure,
the EndoFLIP balloon was deflated and removed.

CRE dilation

The size of the CRE dilation balloon selected (CRE PRO
Wireguided Esophageal Balloon Dilatation Catheter; Boston
Scientific, Marlborough, Massachusetts) was determined by
the stricture size measured by EndoFLIP (pre-dilation). Dur-
ing the CRE dilation, the middle of the balloon catheter was
centered at the esophageal stenosis under direct visualiza-
tion using the gastroscope. At the endoscopist’s discretion,
spot-film fluoroscopy was used during catheter placement,
if needed. The CRE balloon was first inflated to the near-
est millimeter from the measured value on EndoFLIP. Next,
the balloon was inflated incrementally (holding each time
for~ 60 s). The goal dilation diameter was approximately
3—-4 mm from the measured value by EndoFLIP. After
dilation, water-soluble contrast was administered into the
esophagus and fluoroscopic images were taken to assess for
esophageal perforation.

EsoFLIP

Pre-study catheter calibration was performed by the pediat-
ric endoscopy nurse using FLIP software per the manufac-
turer’s guidelines (Medtronic, Minneapolis, Minnesota). A
20 mm EsoFLIP balloon was chosen for all cases based on
the physiologic diameter of the pediatric esophagus. The
EsoFLIP catheter was advanced from the mouth alongside
the gastroscope and then positioned at the esophageal ste-
nosis. With the gastroscope tip positioned above the top of
the balloon portion, the EsoFLIP catheter was inflated to
20 mL and the diameter of the stenotic area was recorded.
Next, the catheter was inflated in 2 mL increments until there
was either complete effacement of the esophageal lumen
or an increase of ~3 mm in the diameter of the esophagus.
Once this desired change was seen and/or complete efface-
ment was achieved, the inflated balloon was left in place
for 60 s before deflation and removal. Luminal parameters
were monitored in real time throughout the procedure and
were recorded by the operating room staff. If there were any
concerns for injury beyond the mucosa, fluoroscopy, using
water-soluble contrast in the esophagus, was performed

@ Springer

at the discretion of the endoscopist prior to procedural
completion.

Statistical analysis

All statistical analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS version 25.0,
Armonk, New York). Categorical data were evaluated by
either the Chi-square test or the Fisher’s exact test. Inde-
pendent continuous variables were compared using the
Mann—-Whitney U test. Two-sided p values < 0.05 were con-
sidered statistically significant.

Results
Patient characteristics

Twenty-nine EGDs with esophageal stricture dilation were
performed on 23 patients (Table 1). Of these, 19 proce-
dures were completed using E+ CRE, and 10 were com-
pleted using EsoFLIP. The two groups did not differ in age,
gender, race, chief complaint, type of esophageal stricture
(congenital versus acquired), or prior Gl-related procedures
(all p>0.05). Eosinophilic esophagitis was more common in
the E + CRE group, while epidermolysis bullosa was more
common in the EsoFLIP group. The median age of patients
was 14.2 years (IQR 6.8-16.2) in the E 4+ CRE group and

Table 1 Demographics

Characteristic EndoF- EsoFLIP (%) p value
LIP+CRE
(%)
Number of patients 19 10
Age (years, median) 14.2 9.2 >0.05
Male 12 (63) 6 (60) >0.05
Race/Ethnicity
Caucasian 13 (69) 7 (70) >0.05
African American 5(26) 3 (30) >0.05
Hispanic 1(5) 0 >0.05
Chief complaint
Dysphagia 13 (69) 7 (70) >0.05
Previous esophageal stricture 6 (31) 1(10) >0.05
Abnormal imaging 0 2 (20) >0.05
Type of esophageal stricture
Acquired 11 (58) 8 (80) >0.05
Congenital 8 (42) 2 (20) >0.05
Prior GI procedures
EGD 19 (100) 10 (100) >0.05
Esophageal dilations 12 (63) 9 (90) >0.05
Abdominal surgery 6 (32) 0 >0.05
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9.2 years (IQR 6.15-15.75) in the EsoFLIP group. Most
patients were male and Caucasian (62% and 70%, respec-
tively). The most common chief complaint in both groups
was dysphagia (69-70% in each group). All patients had an
esophageal stricture at the time of the procedure.

Procedural data

The median scope-in to scope-out procedural time was
shorter in the EsoFLIP group compared to the E+ CRE
group (40.5 min [IQR 23-57], n=19; 64 min (IQR 51-77],
n=9; p<0.01) (Table 2). The median fluoroscopy expo-
sure time was also shorter in the EsoFLIP group than in
the E+ CRE group (0.16 min [IQR 0-0.3], n=9; 0.3 min
[TQR 0.23-0.55], n=19; p=0.03) (Table 2). There were
no unplanned hospitalizations or serious adverse events in
either group, including esophageal perforation, bleeding,
infections, pneumonia, cardiac arrest, or death.

Discussion

This is the first study to compare EsoFLIP and CRE balloon
dilation. We showed that dilation of pediatric esophageal
strictures with EsoFLIP was faster and required less fluor-
oscopy when compared to CRE balloon dilation combined
with EndoFLIP in our smaller cohort. Despite FLIP technol-
ogy being relatively new, especially in the pediatric popula-
tion, we found both EsoFLIP and E + CRE to be relatively
safe. These findings support our previously published work
comparing the use of EndoFLIP in children less than and
older than five years of age, where we found EndoFLIP to
be safe and effective in both age groups [44].

EsoFLIP is a variant of EndoFLIP that combines the
function of a balloon dilator with features of EndoFLIP.
It yields important luminal parameters (i.e., diameter and
CSA) in real time as the endoscopist dilates the gastroin-
testinal lumen. Currently, there is limited data on the use of
EsoFLIP, especially in the pediatric population. In children,
EsoFLIP has been successfully used to manage esophageal
strictures, including those associated with epidermolysis
bullosa and eosinophilic esophagitis [30, 45]. In adults,
EsoFLIP appears to be utilized more often, and has been

Table 2 Fluoroscopy and procedure times

Parameter Dilation n  Median (IQR)  p value

Fluoroscopy time (min) E+CRE* 19 0.3 (0.23-0.55) 0.03
EsoFLIP 9  0.16 (0.0-0.30)

Procedure time (min) E+CRE 19 64 (51-77) <0.01
EsoFLIP 9  40.5 (23-57)

*E + CRE =CRE + EndoFLIP

used to treat esophageal strictures [46], achalasia [47-52],
esophagogastric junction outflow obstruction (EGJOO) [51],
and refractory gastroparesis [53, 54]. Collectively, the avail-
able literature suggests that EsoFLIP is easy to use, effec-
tive, and safe. Proposed advantages of using EsoFLIP over
traditional dilation modalities include the ability to control
the exact size of dilation through volumetric expansion of
the balloon in real time without the need of fluoroscopy [46,
50]. This allows the endoscopist to better understand the
impact of the intervention. Limitations for using EsoFLIP
include inability to pass the balloon catheter through the
scope, time required to fill and empty the balloon, inability
to provide pressure values without an optional external pres-
sure monitoring tool, and a current lack of robust data on its
effectiveness [46].

Though fluoroscopy is not required with EsoFLIP, one
may elect to use fluoroscopy after EsoFLIP dilation to
ensure esophageal perforation has not occurred, especially
in cases with concern for injury beyond the mucosa. Fluor-
oscopy may also be used both during catheter placement
and after CRE balloon dilation [55, 56], though some adult
studies have shown that luminal dilation can still be safe
and effective without post-procedural fluoroscopy [57-60].
Non-fluoroscopic CRE balloon dilation has not yet been uni-
versally adopted in the pediatric population. We believe that
the decreased fluoroscopy exposure with the use of EsoFLIP
in our study may have been due to lower concerns for per-
foration in the EsoFLIP cohort, as we were able to monitor
esophageal parameters during dilation.

This study was a retrospective review of children who
underwent esophageal dilation at our center using either
E + CRE or EsoFLIP. When decisions were made regarding
the choice of dilation modality, several factors were consid-
ered, including equipment availability, provider preference
at the time of the procedure, and past medical history. We
elected to use EsoFLIP for most cases of esophageal stric-
tures in epidermolysis bullosa as data suggests that patients
with epidermolysis bullosa respond well to EsoFLIP dilation
[30]. EsoFLIP was also selected in this group of patients
to minimize mucosal trauma from instrumentation. In most
patients with eosinophilic esophagitis, E+CRE was selected
because the DI value, measured by EndoFLIP but not EsoF-
LIP, has been described as an important metric for eosino-
philic esophagitis [33]. The EndoFLIP diameter measure-
ment also helped with CRE balloon selection. Cost may be
another consideration, which can vary between centers. At
our institution, EsoFLIP catheters were more expensive than
CRE catheters, but cheaper than the two catheters required
for E+ CRE. The approximate balloon dilation equipment
costs were $313 to $403 per EsoFLIP catheter ($1566 to
$2015 for a box of 5 depending on the balloon diameter),
$167 to $213 per CRE balloon catheter, and $427 per End-
oFLIP balloon ($2135 for a box of 5). The estimated total
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balloon dilation equipment cost of each E + CRE procedure
ranged from $594 to $640.

There were some limitations to our study. First, this was
a single-center, single-operator, retrospective study that was
limited by sample size, which may impact the generaliz-
ability and power of our results. We observed no complica-
tions or unplanned hospitalizations in either group, though
complications from dilation of pediatric strictures are very
rare with an estimated rate of 1-1.5% [23, 61-63]. Another
limitation was that we did not compare the procedure times
for EsoFLIP and CRE balloon dilation alone. Comparing
these two procedures alone was considered. However, we
compared EsoFLIP and E 4+ CRE as we believed that this
comparison would provide more information on diagnostic
yield and therapeutic capabilities. For example, EndoFLIP
and EsoFLIP, but not CRE balloon dilation alone, allow for
the measurement of luminal parameters and provide objec-
tive data for direct comparisons of post-dilation changes.
Furthermore, our institutional practice is to use EndoFLIP
pre- and post-CRE balloon dilation in part to help identify
the correct CRE balloon dilator, reducing complication risk.
Although EndoFLIP did increase the overall procedure time
in the E+ CRE cohort, we estimate that this accounted for
less than 10 min for each case. We also believe that data
acquisition variability was minimized as all procedures were
performed by one single endoscopist (KN).

Conclusion

EsoFLIP is a unique tool capable of both assessing and dilat-
ing the GI lumen in real time. EsoFLIP dilation was faster
and required less fluoroscopy than CRE balloon dilation
combined with EndoFLIP for pediatric esophageal strictures
in our small cohort. Further larger-scale prospective studies
are needed to compare these two modalities.
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