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BACKGROUND & AIMS:

Evaluation and treatment of children with eosinophilic esophagitis (EoE) requires serial endoscopic, visual, and histologic assessment by sedated esophagogastroduodenoscopy (EGD). Unsedated transnasal endoscopy (TNE) was reported to be successful in a pilot study of children. We
evaluated video goggle and virtual reality–based unsedated TNE in children with EoE, collecting
data on rates of completion, adverse events, and adequacy of visual and histologic ﬁndings.

METHODS:

We performed a retrospective study of 190 children and young adults (age, 3–22 y) who underwent video goggle or virtual reality–based unsedated TNE from January 2015 through
February 2018. We analyzed data on patient demographics, procedure completion, endoscope
type, adverse events, visual and histologic ﬁndings, estimated costs, and duration in the facility.
Esophageal biopsies from the ﬁrst 173 subjects who underwent TNE were compared with those
from previous EGD evaluations.

RESULTS:

During 300 attempts, 294 TNEs were performed (98% rate of success). Fifty-four patients (age,
6–18 y) underwent multiple TNEs for dietary or medical management of EoE. There were no
signiﬁcant adverse events. Visual and histologic ﬁndings were adequate for assessment of EoE.
TNE reduced costs by 53.4% compared with EGD (TNE $4393.00 vs EGD $9444.33). TNE was used
increasingly from 2015 through 2017, comprising 31.8% of endoscopies performed for EoE. The
total time spent in the clinic (front desk check-in to check-out) in 2018 was 71 minutes.

CONCLUSIONS:

In a retrospective study of 190 children and young adults (age, 3–22 y) who underwent video
goggle or virtual reality–based unsedated TNE, TNE was safe and effective and reduced costs of
EoE monitoring. Advantages of TNE include reduced risk and cost associated with anesthesia as
well as decreased in-ofﬁce time, which is of particular relevance for patients with EoE, who
require serial EGDs.

Keywords: Eosinophilic Oesophagitis; Anesthesia; Adverse Events; Transnasal Esophagoscopy; Endoscopy; Transnasal
Esophagogastroduodenoscopy.

isease monitoring in eosinophilic esophagitis
(EoE) is performed primarily by visual assessment of esophageal mucosa and by histopathologic
analysis of biopsy specimens obtained during esophagogastroduodenoscopy (EGD), and, in pediatrics, with
sedation or anesthesia.1,2 Treatment options for EoE
include proton pump inhibitors, topical corticosteroids,
and dietary therapy. Empiric elimination diets, the 6-food
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or 4-food elimination diet, require complete removal of
foods for 6 to 8 weeks, followed by endoscopic and histologic assessment to evaluate response. If responsive to
the elimination diet, foods are individually re-introduced
to identify food triggers, which could require 6 to 8 endoscopies over 2 years.
Repeated EGD can be time consuming, place a ﬁnancial burden on families, increase health care costs, and
have potential risks related to anesthesia.3,4 These risks
are particularly relevant in pediatrics.3 Repeated use of
anesthetics has been of increasing concern to parents,
particularly with the US Food and Drug Administration
“Drug Safety Communication” issued in December 2016
warning that repeated use of anesthetics “may affect the
development of children’s brains” (https://www.fda.
gov/Drugs/DrugSafety/ucm532356.htm). In our clinical
experience, many parents have other generalized concerns regarding repeated anesthesia to assess disease
activity in EoE.
The technique of unsedated transnasal esophagoscopy or more complete transnasal EGD has been
developed over the past several years to assess the
esophagus, stomach, and duodenum in adults.5,6 In
contrast to traditional EGD, transnasal endoscopy (TNE)
collectively offers several distinct advantages. TNE can
obtain gastrointestinal biopsy specimens to evaluate
diseases such as EoE or Barrett’s esophagus without
sedation during an outpatient visit, as compared with an
ambulatory surgery encounter.6–8 Working with pulmonology and otolaryngology departments, which routinely
use bronchoscopes to intubate nasal passages in children, led to the development of unsedated TNE in pediatrics.9 Unsedated TNE was performed successfully in
a small pilot cohort of 21 pediatric patients as an alternative to EGD under anesthesia for EoE surveillance.9
The aim of this study was to evaluate the ongoing clinical use of pediatric TNE using pediatric bronchoscopes
as esophagoscopes to evaluate the completion rate,
adverse events (AEs), and adequacy of visual and histologic ﬁndings in EoE. We hypothesized that clinic-based
TNE would expand in use, have improved in-ofﬁce
implementation, procure adequate biopsy samples,
visualize esophageal mucosa, have minimal AEs, and be a
lower-cost, well-tolerated, anesthesia-free method to
monitor disease activity in EoE.

Methods
A retrospective study of children who underwent
unsedated TNE at a single academic pediatric medical
center between January 2015 and February 2018 was
performed using data from the program’s clinical database. Subjects referred by their gastroenterologist for
TNE were given a web-based video to watch on the
process of TNE (http://www.pediatricendoscopy.com)
and received a telephone call from the endoscopist.
Subjects were asked not to eat or drink for 2 hours
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What You Need to Know
Background
Evaluation and treatment of children with eosinophilic esophagitis requires serial endoscopic visual
and histologic assessment by sedated esophagogastroduodenoscopy. We evaluated the use of video
goggle and virtual reality patient and provider
disassociation to enable in-ofﬁce transnasal endoscopy in pediatric patients with eosinophilic
esophagitis.
Findings
Unsedated, video-goggle or virtual reality–assisted,
in-ofﬁce transnasal endoscopy is a safe, effective,
cost-saving tool for monitoring the activity of eosinophilic esophagitis in children. Mucosal evaluation
and biopsy specimens obtained were adequate for
evaluation.
Implications for patient care
Inclusion of virtual reality and video goggles could
improve patient experience and expand the use of
unsedated transnasal endoscopy. Advantages of
transnasal endoscopy include reduced risk, cost, and
time spent in the ofﬁce. This is of particular relevance
for patients with eosinophilic esophagitis, who must
undergo serial esophagogastroduodenoscopies for
monitoring of disease activity.

before the TNE. In an outpatient clinic room, subjects sat
in a chair designed for outpatient laryngoscopy procedures. Staff were pediatric advanced life support certiﬁed
and rooms had available oxygen, suction, air, and
resuscitation equipment.
Subjects wore video goggles for distraction with Sony
HMZ-T3W 3-dimensional movie goggles (Tokyo, Japan)
or Cinemizer Goggles (Oberkocken, Germany), or Samsung Gear virtual reality system (Seoul, South Korea) and
chose a video program associated with the goggles. The
virtual reality system was used starting in November
2016 as a result of technology availability. Parents
remained in the room for the TNE. Based on the size of
the patient, 4 to 6 sprays of topical 4% aerosolized
lidocaine or single-dose aerosolized benzocaine was
administered intranasally and orally.
All TNEs were performed by 1 gastroenterologist
(J.A.F.), and 3 fellows assisted for their training. TNE was
performed with a small bronchoscope/endoscope,
deﬁned as having a 2.8- to 3.1-mm outer diameter with a
1.2-mm channel (BF XP160 or BF XP190; Olympus,
Shinjuku, Tokyo, Japan), or a large bronchoscope/endoscope, deﬁned as having a 4.0- to 4.2-mm outer diameter
(BF MP160F, BF P190; Olympus) or a 4.9-mm outer
diameter (N180; Olympus). Size was dictated by the
current model available and by the endoscopist (J.A.F.)
based on a visual examination of the patient’s nasal
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passage size and tolerance through the nasal passage.
The Olympus FB-56D-1 or Boston Scientiﬁc Spybite
Forceps (Marlborough, MA) were used in a 1.2-mm
channel and a Boston Scientiﬁc Radial Jaw 4 Pediatric
Biopsy Forceps with Needle was used in a 2.0-mm
channel. Patients were discharged after completion of
the procedure and asked to maintain clear liquids for 30
minutes.
Demographics, procedural numbers, completion rate,
endoscope type, AEs, charges, and duration in the facility
were collected. AEs were collected both during and after
the procedure to characterize postprocedure events.
These were classiﬁed per reported pediatric grading
structure.10 Brieﬂy, grade 1 AEs require telephone
management, reassurance, and supportive care. Grade 2
AEs result in a referral to the Emergency Department or
an unanticipated evaluation by a physician. Grade 3 AEs
result in admission or signiﬁcant intervention such as a
blood transfusion or repeat endoscopy. Grade 4 AEs
result in signiﬁcant morbidity and mortality, such as
unplanned surgery or intensive care unit admission.
Grade 5 AEs are deﬁned as death. Serious AEs are
deﬁned as grade 2 or above because further medical
intervention is recommended or required.10
A review of esophageal biopsy histology of the ﬁrst
173 subjects who underwent TNE (TNE with a 1.2-mm
channel, n ¼ 61; TNE with a 2.0-mm channel, n ¼ 112)
was performed by a pediatric pathologist blinded to
which biopsy forceps were used (K.E.C.). The complete
presence of the epithelium and lamina propria (LP) were
evaluated. The same subjects’ previous EGD under
anesthesia also was evaluated for the same features (n ¼
125). Subjects had 3 to 4 biopsy specimens taken from
both the distal esophagus and proximal esophagus. Some
subjects also had gastric or duodenal biopsy specimens
when requested by the ordering physician. This study
was approved by the Colorado Multiple Institutional
Review Board (16-1796). Statistical analysis of data was
performed by 1-way analysis of variance with the Tukey
post hoc test. Data are expressed as means  SEM and a
P value less than .05 was considered statistically significant. GraphPad Prism 7 (GraphPad Software, La Jolla,
CA) was used to generate ﬁgures.

Results
Demographics and Clinical Utilization of
Transnasal Endoscopy
During 300 attempts, from January 2015 through
February 2018, 294 TNEs (98% success rate) were
performed on a total of 190 patients, ages 3 to 22 years.
Six subjects were not able to complete a TNE as a result
of patient movement before starting. The TNEs were
performed in an outpatient clinic room designated for
procedures. Demographics and the number of endoscopies performed with each channel endoscope are
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Figure 1. Transnasal endoscopies (TNEs) performed from
January 2015 to February 2018 and demographics.

shown in Figure 1. TNE was performed in patients ages 3
to 22 years with a mean and median age of 11.5 years
and 11 years, respectively. Age ranges were similar using
the 1.2-mm TNE channel endoscope and the 2.0-mm TNE
channel endoscope.
The total number of TNEs performed increased every
year during this period: 48 in 2015, 91 in 2016, 131 in
2017, and by February 2018, 24 in 2018 (Figure 2A).9
This reﬂects an increasing percentage of TNEs of total
upper endoscopies performed for EoE from 15.7% in
2015 to 31.8% in 2017 (Figure 2B). The time from
subject check-in to discharge improved from 2015 to
2018 (Figure 2C). Fifteen subjects were excluded from
the time analysis owing to an error in the automated
time stamp information. The average time from subject
check-in until discharge in 2014, during the initial
research study, was 89 minutes.9 In 2015, 2016, and
2017, the average times were 72 minutes, 79 minutes,
and 79 minutes, respectively (Figure 2C). In 2018, the
average time was 71 minutes.
The average charge, adjusted for inﬂation in 2018, for
TNE with a biopsy per visit was $4393.00. The estimated
charge for a sedated EGD with a biopsy under general
anesthesia in 2018 was $9444.33 (Figure 2D). This does
not include pathologist charges. This was a 53.4%
reduction in charges for TNE in 2018 compared with
EGD.

Transnasal Endoscopy Use in Disease
Management
Of 294 TNEs performed, 287 (97.6%) were performed for evaluation of EoE. Fifty-four subjects underwent multiple TNEs for assessment of changes in
treatment for EoE (Figure 3). A total of 159 TNEs were
performed on these subjects. The age range for multiple
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Figure 2. (A) Number of transnasal endoscopies (TNEs) performed from 2015 to 2017. (B) Number of TNEs performed
compared with all diagnostic upper endoscopic procedures. (C) Time from patient front desk check-in to patient discharge
from ofﬁce for TNE (minutes) from 2015 to 2018. (D) Average charge per visit for TNE vs esophagogastroduodenoscopy (EGD).

TNEs was 6 to 18 years (mean, 11.2 y; median, 10 y).
TNE was performed to assess changes in treatment
(Figure 3), with the majority undergoing multiple TNEs
to assess after dietary changes (100 TNEs; 62.8%).
One subject who previously did not undergo an EGD
because of parental concerns related to anesthesia underwent a TNE for dysphagia and was diagnosed with
EoE. Although the majority of patients underwent TNE
for EoE, 7 subjects underwent TNE for other indications
including dysphagia, follow-up evaluation for non-EoE
esophagitis, and Barrett’s esophagus. One adolescent
subject underwent a transnasal EGD, including assessment of the duodenum, for evaluation of celiac disease.
In addition, 1 subject with a history of tracheal esophageal ﬁstula/esophageal atresia (TEF/EA) underwent a
TNE for esophagitis monitoring.

Transnasal Endoscopy Adverse Events
All AEs during TNE were grade 1 or lower, requiring
no unanticipated medical evaluation or treatment
(Figure 4). Notably, there were no AEs postprocedure.
The 3-year-old subject successfully completed TNE, but
needed to be held during nasal intubation.

Transnasal Endoscopy Findings
Visual ﬁndings of the esophagus are shown in
Figure 5. Eighty-eight percent of esophageal biopsy
specimens (N ¼ 53) obtained with the 1.2-mm channel
TNE endoscope had full thickness of the epithelium,
whereas 94% of esophageal biopsy specimens (N ¼ 110)

obtained with the 2.0-mm channel TNE endoscope had
full thickness of the epithelium (Figure 6A). Of the
available esophageal biopsy specimens from the subject’s
previous EGD (2.8-mm channel), 89% of esophageal biopsy specimens (N ¼ 123) contained full thickness of the
epithelium. All biopsy specimens from both endoscope
models and forceps were adequate for evaluation
deﬁned as including mucosa, with full representation of
the epithelial layers from ﬂattened surface epithelium to
the basal lamina and submucosa. With TNE, LP was obtained 35% and 40% of the time with biopsies obtained
from the small and large endoscope, respectively. LP
procured in this cohort’s previous EGD was 49%. The
evaluation of histologic samples also included 18 subjects who had gastric biopsy specimens and 2 subjects
who had duodenal biopsy specimens, when requested by
the ordering physician, and also were adequate for
evaluation.

Discussion
Pediatric TNE is a rapidly expanding, well-tolerated,
safe, and lower-cost clinical tool to monitor EoE in children and young adults that requires no anesthesia. In
this study, we showed that TNE is safe because there
were no signiﬁcant AEs. TNE is effective in monitoring
disease activity in EoE because it allows for adequate
endoscopic visual and histologic assessment of ﬁndings
in EoE. TNE increasingly is used because of its efﬁcacy,
safety, efﬁciency, and lower cost at our center from the
initiation of TNE in 2014 to the time of this publication.
We showed that TNE is tolerated in a wide range of
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Figure 3. (A) Number of
subjects who underwent
multiple transnasal endoscopies (TNEs). (B) Indication for TNE in the
management of eosinophilic esophagitis (EoE).
PPI, proton pump inhibitor.

children and young adults. Although we performed
TNE in a 3-year-old, based on our clinical experience,
we would recommend offering it starting at the age of
5 for monitoring EoE in patients without a known
esophageal stricture who do not need esophageal
dilation. Based on results from a variety of age groups,
we provide the following guidance: in children
younger than age 5 years, select children may be able
to undergo TNE, therefore we would recommend a
detailed discussion. In children ages 5 to 10, TNE can
be performed using the small-diameter endoscope. In
children older than 10 years, TNE can be performed
using a large-diameter endoscope.
One major advantage of TNE is that patients do not
require anesthesia for repeated endoscopies in the
management of EoE. General anesthesia is used more
commonly in pediatric endoscopy, unlike adults who
may use conscious intravenous sedation.4 Repeated use
of anesthetics in children has been of increasing
concern.3 Several clinical studies are ongoing to better
understand these effects in young children.11,12 This
literature, although mostly on children younger than 3
years of age, has raised parental awareness and concern
surrounding anesthesia for procedures, even in older

children.3 In addition, previous pediatric studies have
shown risks associated with EGD under general anesthesia and conscious sedation, particularly cardiopulmonary complications in children of all ages.4 Pediatric
studies evaluating AEs associated with EGD under
anesthesia found a total AE rate of 2% and a grade 2 or
higher AE rate of 1.2%.4,10 In TNE, there were no AEs
grade 2 or higher. Another advantage of TNE is time
savings for families, which also could have an effect on
adult patients and their providers. Time from check-in to
discharge improved over time, and in 2018 the average
time from check-in to the completion of the procedure
for discharge was 71 minutes. This is shorter than the

Figure 4. Adverse events during transnasal endoscopy (TNE).
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Figure 5. (A) Visual ﬁndings of the esophagus with transnasal
endoscopy (TNE). Representative images from TNE including
(B) normal esophageal mucosa; (C) edema and linear furrows;
and (D) exudate, edema, and linear furrows.

average 3-hour, in-hospital time for EGD, not including
time needed at home for recovery.9
This was a large report of in-ofﬁce, video-goggle, and
virtual reality–based unsedated TNE in pediatrics. This
study used virtual reality goggles as a distraction technique to enable TNE in both children and adults. This
technique has the potential to improve the patient’s
experience and expand the use of unsedated TNE in
children and adults. The total number of TNEs performed
increased every year during this period, encompassing
31.8% of upper endoscopies performed for EoE in 2017.
Implementation of TNE over the past 4 years has allowed
for a better understanding of utilization and integration
into clinical practice. TNE was performed in an outpatient clinic room designated for procedures, not in a day
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surgery, operating room, or procedure center. Because
TNE was performed in a clinic, it did not hinder
anesthesia-based procedures and potentially allowed for
expanded procedural opportunity. We showed that TNE
is particularly useful in the management of EoE in which
repeated endoscopies often are necessary for endoscopic
and histologic assessment after changes in treatment.
The majority of subjects in this study underwent multiple TNEs after the introduction or removal of foods. Dietary therapy is one of the mainstays of treatment in EoE.
Studies have shown 75% effectiveness with the 6-food
elimination diet.13 Elimination diets require complete
removal of these foods for at least 6 to 8 weeks, followed
by endoscopic and histologic assessment with an EGD to
assess for response to the elimination diet.13,14 If
responsive to the elimination diet, foods are individually
re-introduced to identify food triggers in EoE. This could
require 6 to 8 endoscopies over 2 years. In addition, we
show that TNE can be used to assess for a proton pump
inhibitor (PPI) response. An increasing body of evidence
has shown that up to 50% of patients with histologic
ﬁndings consistent with EoE may respond to PPI therapy, and recently published updated consensus recommendations have suggested that PPIs may serve as
treatment for EoE.1,15
Alternative methods to measure esophageal inﬂammation with more favorable risk-beneﬁt proﬁles
compared with EGD under anesthesia potentially could
change the practice of long-term surveillance in patients
with EoE. Although other techniques have been developed to assess mucosal inﬂammation, including the
Cytosponge (Medtronic, Minneapolis, MN), esophageal
string test (EnteroTrack, Centennial, CO), endoluminal
functional lumen imaging probe (Crospon, Galway,
Ireland), and confocal tethered endomicroscopy, they
currently are available only in research settings.16–20

Figure 6. (A) Percentage of esophageal biopsy specimens with full thickness of the epithelium obtained by transnasal
endoscopy (TNE) with 1.2-mm biopsy forceps (2.8- to 3.1-mm TNE), 2.0-mm biopsy forceps (4.0- to 4.9-mm TNE), and by
esophagogastroduodenoscopy (EGD) with 2.8-mm biopsy forceps. (B) Representative images of esophageal biopsy specimens obtained from 1.2-mm biopsy forceps, (C) 2.0-mm biopsy forceps, and (D) 2.8-mm biopsy forceps.
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Current guidelines continue to recommend endoscopy
with visual and histologic evaluation for monitoring of
disease activity.1,2 TNE, as shown by this study, allows
for this assessment with lower cost, greater efﬁciency,
and without the need for anesthesia.
In this study, we found a 53.4% reduction in charges
for a TNE with biopsy compared with an EGD with biopsy. This mostly was owing to the lack of anesthesia
charges. Patients with EoE have an estimated annual
health care cost of $1.4 billion in the United States, and
that cost is higher in children compared with adults.21
Costs from EoE include off-label medications often not
covered by insurance, serial EGDs under anesthesia, food
substitutions, and elemental formulas that can be more
expensive than regular diets.21,22 TNE allows for cost
savings related to decreased anesthesia charges, operating room monitoring and postanesthesia monitoring,
and decreases the overall economic burden to the health
care system, which likely will continue to increase as the
incidence of EoE continues to increase in this chronic
disease. In addition, aside from the cost of serial endoscopies under anesthesia, there are direct and indirect
costs that are difﬁcult to truly estimate, such as time lost
from work and school, and expenses related to travel for
the procedure incurred by the caretaker for serial endoscopies under anesthesia.
We show that biopsy specimens from TNE were
adequate for epithelial evaluation. Full thickness of the
epithelium was obtained 88%, 94%, and 89% of the time
using a small TNE endoscope, a large TNE endoscope,
and EGD, respectively. Although there was a statistically
signiﬁcant difference between the groups, the clinical
signiﬁcance of this is difﬁcult to interpret because the
biopsy specimens obtained through the 2.0-mm channel
with TNE had a higher rate of procurement of full
epithelium than with EGD. Evaluation of LP has become
of increasing interest. In this study, LP yields from TNE
were 35% and 40% with endoscopes containing 1.2-mm
and 2.0-mm channels, respectively. LP yield varied
signiﬁcantly, both in pediatric and adult studies, ranging
from less than 4% to more than 90%.23–25 In this study,
procurement of the LP using TNE was consistent with
other pediatric literature in which 41% and 31% of
esophageal biopsy specimens from an EGD in patients
with and without EoE contained adequate LP, respectively. Adult studies in EoE found LP yields ranging from
55% to 97%, depending on the type of biopsy forceps
used.25 The type of biopsy forceps may play a role in LP
procurement and further studies are needed as LP
evaluation becomes increasingly important.25
Although the primary use of TNE in this study was for
EoE, it also was used for other indications including
evaluation of Barrett’s esophagus, celiac disease, followup evaluation for esophagitis, and monitoring of pediatric patients with TEF/EA. Recent guidelines for TEF/EA
management recommend an endoscopy with a biopsy for
monitoring gastroesophageal reﬂux disease in symptomatic patients with TEF/EA.26 In addition, because of
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the absence of correlation between symptoms and
esophagitis in this high-risk population, guidelines also
recommend routine endoscopy 3 times during childhood: after stopping PPI, before the age of 10 years, and
at transition to adulthood; therefore, children with TEF/
EA may beneﬁt from a TNE for monitoring this.26
Although Barrett’s esophagus is rare in children, multiple studies have documented the use of TNE in adults for
monitoring disease, although it is controversial.7,8
Further studies evaluating the use of TNE for non-EoE
pediatric esophageal disease are needed.
There were limitations to this study. This was a
retrospective study performed in a pediatric setting in
lower-risk children, who were assessed by their gastroenterologist as capable of undergoing TNE to assess EoE.
Thus, our ﬁndings may not be applicable to all children
or adults. This cohort likely represents a highly motivated group of EoE patients and families who have undergone a previous EGD under anesthesia. Pediatric EoE
families may have fears regarding repeated anesthesia
events. The lower-risk children in this study potentially
may have skewed our data toward success and safety,
although there are adult studies that have documented
safety in high-risk adults.27 Unsedated TNE has been
reported in adults since the 1990s with high tolerability
and efﬁcacy, however, there still is limited use in pediatric populations and outside Japan and parts of
Europe.5,6,28,29 There have been multiple indications reported for unsedated TNE in adults including EoE, reﬂux
esophagitis, Barrett’s esophagus, esophageal varices, and
ﬁrst-look gastrointestinal bleeding.6–8,29,30

Conclusions
In summary, video-goggle and virtual reality–based,
unsedated, in-ofﬁce TNE is safe and effective in monitoring disease activity in EoE in children and young
adults ages 3 to 22 years. Advantages of TNE include
decreasing the risk and cost associated with anesthesia
and decreasing in-ofﬁce time, particularly in EoE, for
which serial EGDs are necessary to monitor disease activity. Mucosal evaluation and histologic sampling obtained from small- and large-channel endoscopes are
adequate to evaluate EoE and potentially other esophageal pathology. Because of its safety proﬁle, further
consideration should be given to unsedated TNE in pediatrics, and by extension in adults, to potentially
optimize disease monitoring while simultaneously
decreasing cost.
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