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Abstract

Background Indirect consequences of COVID-19 in eosinophilic esophagitis (EoE) are not known.

Aim To determine the impact of COVID-19-related endoscopy cancellations on outcomes in EoE patients.

Methods In this retrospective cohort study, we assessed whether adult EoE patients who had routine endoscopy scheduled
from mid-March 2020 to May 2020 (pandemic start) were canceled or proceeded, and if canceled, ultimately returned. We
extracted clinical, endoscopic, and histologic data for their pre-COVID procedure as well as the next procedure performed,
if a patient returned. Outcomes included histologic response (< 15 eos/hpf) and endoscopic severity. Those with delayed
care were compared to those who returned as scheduled.

Results Of 102 patients identified, 75 had procedures canceled, and 20 (27%) never returned. For the 55 who were canceled
but returned, mean time between procedures was 1.140.7 years with a delay of 0.5 +0.3 years. While treatment rates were
similar between the pre- and delayed post-COVID EGD, more patients required a dilation after their return (71% vs 58%;
p=0.05) and their esophageal diameter had significantly decreased (16.8 mm to 15.0 mm; p <0.001). Of 17 individuals who
did not have stricture, narrowing, or dilation pre-pandemic, during their next endoscopy 5 (29%) had a stricture, 1 (6%) had
a narrowing, and 7 (41%) required dilation.

Conclusion Of EoE patients with canceled endoscopies during the beginning of the COVID-19 pandemic, > 25% never
returned for care, which is a previously unmeasured impact of the pandemic. Those who returned had > 1 year between
procedures with progression of fibrotic features and need for esophageal dilation.
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Introduction monitoring intervals for patients with EoE under control

after treatment, there is substantial evidence that with

Eosinophilic esophagitis (EoE) is an inflammatory and
allergic disease that is characterized by increased num-
bers of eosinophils in the esophageal mucosa which lead to
symptoms of esophageal disfunction [1-4]. While there is
currently some controversy related to the most appropriate
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increasing symptom duration prior to diagnosis, EoE will
present as a fibrostenotic phenotype in the majority, but not
all, patients [2, 5-9]. In addition, even after diagnosis EoE
can progress to fibrostenosis if patients do not have regular
monitoring [10, 11].

In the current pandemic, coronavirus disease 2019
(COVID-19) is caused by severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2), which is also now
known to involve the gastrointestinal (GI) tract [12, 13].
Given the unprecedented nature of COVID-19, it has had
a substantial impact on the field of GI overall, including
restricting non-urgent endoscopic procedures, and impacting
operations and staffing of endoscopy units as well as endo-
scopic training and education [14—19]. In addition, data have
begun to emerge on the direct impact of COVID-19 on EoE
and other eosinophilic gastrointestinal disorders (EGIDs).

@ Springer


http://orcid.org/0000-0003-1167-1101
http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-022-07610-9&domain=pdf

Digestive Diseases and Sciences

Interestingly, patients with EGIDs have not been found to
have an increased risk of COVID-19 infection or compli-
cations [20-25]. This may be due to patients with eosino-
philic gastrointestinal disorders having reduced RNA levels
of Angiotensin Converting Enzyme (ACE) type 2 and serine
protease TMPRSS?2, both important mediators for SARS-
CoV-2 entry into host cells [20, 23].

Despite this ongoing research into the effects of COVID-
19 in patients with EoE, the non-infectious impact the pan-
demic has caused in these patients has not been previously
explored. For example, at the beginning of the pandemic,
we observed that many EoE patients at our center had their
scheduled endoscopies canceled and delayed, but the scope
of this and ultimate effect on patients were not known, par-
ticularly given the potential for disease progression in EoE.
Therefore, we aimed to determine the impact of COVID-
19-related endoscopy cancellations on clinical outcomes in
EoE patients. We hypothesized that patients who had their
endoscopic procedures canceled because of the pandemic
would have worse clinical, endoscopic, and histological out-
comes once they returned.

Methods
Study Design and Patient Selection

We conducted a retrospective cohort study of the University
of North Carolina (UNC) EoE Clinicopathologic database,
which has been previously described [26—31]. In brief, this
database includes data from newly diagnosed EoE cases
of all ages based on consensus guidelines at the time of
their diagnosis [2, 4, 32, 33]. For this study, patients were
included if they were originally scheduled to undergo an
upper endoscopy at our center during the period of time
between mid-March and May of 2020. This period was spe-
cifically chosen because it was at the beginning of the pan-
demic and a time when the number of non-urgent medical
procedures that were performed was abruptly limited [34,
35]. At our center, all elective outpatient endoscopies were
canceled during this time period. In order for a procedure to
be retained on the schedule and performed, justification was
required to document the clinical urgency and patient ben-
efit as balanced by the risk of COVID-19 in the expanding
pandemic. We felt that this situation therefore provided an
opportunity for a natural experiment to determine outcomes
in this set of EoE patients with their procedures canceled.
This study was approved by the UNC Institutional Review
Board.
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Data Elements and Outcomes

Once patients were identified, data were extracted from the
medical record using a standardized collection form. Data
of interest included clinical, endoscopic, and histological
features. Specifically, we collected demographics, EoE his-
torical data, treatments, details about endoscopy done most
recently prior to the pandemic (“pre-pandemic endoscopy’),
and, for patients who returned for their next procedure
during the pandemic, details about that endoscopy (“next
endoscopy”).

The primary outcome of interest was histologic response
(defined as < 15 eos/hpf) [36, 37]. Endoscopic findings
were compiled individually as dichotomous variables (for
example, rings: yes/no), and with the EoE Endoscopic Ref-
erence Score (EREFS) [38, 39]. For this, the overall worse
score from throughout the esophagus was extracted (exu-
dates: 0-2; rings: 0-3; edema: 0-1; furrows: 0-2; stric-
ture: 0—1) [40]. When present, the smallest diameter of an
esophageal stricture or area of narrowing was estimated by
the endoscopist (typically using the dilator to measure the
size) [41], and if dilation was performed, the post-dilation
largest size achieved was also noted. Because this was a
retrospective study, we were not able to assess validated or
prospectively obtained patient-reported outcomes. Instead,
we extracted the global patient-reported symptom response,
as indicated in the chart, which is a metric we have success-
fully used previously [28, 31, 42].

Analysis

We used descriptive statistics to summarize the character-
istics of the study population. Patients who were scheduled
during the study timeframe were divided into several groups:
those who had the procedure as scheduled, those who were
canceled, and of those who were canceled, those who ulti-
mately returned for a procedure. We compared features and
outcomes between several groups (Fig. 1). These compari-
sons included patients who were canceled to those who were
not canceled for their pre-pandemic endoscopy, as well for
their next endoscopy. Additionally, we compared in paired
fashion the pre-pandemic endoscopy for canceled patients
who then ultimately returned to the next endoscopy. For all
comparisons, two-sample t-tests and Chi-squares were used
for means and proportions, respectively, for between group
comparisons, and paired t-tests and McNemar’s tests were
used for means and proportions, respectively, for within-
group comparisons. Analyses were performed using Stata
version 12 (StataCorp, College Station, TX).
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Non-cancelled patients
(n=27)

Cancelled patients

Non-cancelled patients
(n=27)

7'y

Cancelled patients

(n=75)

v

who returned (n=55)

Cancelled patients
who did not return
(n=20)

Fig. 1 Patient groups, time points, and comparisons for the study. The timeline is noted at the top of the figure, and comparisons are indicated

with double-headed arrows

Results

There were 102 patients who had an endoscopy scheduled
for EoE during our specified timeframe. Of these, 27 under-
went their endoscopy as planned and 75 had their proce-
dure canceled because of the pandemic. When comparing
patients who had their endoscopy canceled to those who did
not, most demographic and clinical features were similar
(Table 1). However, compared to those who were canceled,
patients who were not canceled had previously required
more esophageal dilation (100% vs 75%; p=0.004), had
more severe fibrosis (pre-dilation esophageal diameter 13.6
vs 15.1 mm; p=0.04), and were more likely to have a higher
proportion on an elimination diet (56% vs 33%; p=0.04). Of
the 75 patients who had their original endoscopy canceled,
20 (27%) never returned. Few differences were detected
when we compared the patients whose appointment was
originally canceled but returned to those who were canceled
but did not return, though those who returned had a higher
use of topical corticosteroids (tCS) (51% vs 15%; p=0.005)
and were more likely to be returning for a surveillance
endoscopy (Supplemental Table 1).

Of the subgroup of patients whose appointment was
canceled but who eventually returned (n=55), the mean
time between their pre-pandemic endoscopy and the
rescheduled next endoscopy was 1.1 +0.7 years. The mean
time between the endoscopy that was canceled and their

eventual next endoscopy was 0.5 +0.3 years. When these
two endoscopies were compared, even though treatments,
most endoscopic findings, and symptom and histologic
responses were similar, after the COVID-induced cancel-
lation and delay a higher proportion of patients required
dilations (71% vs 58%; p=0.05) and had a smaller esopha-
geal diameter than the size achieved before the start of the
pandemic (16.8 mm to 15.0 mm; p <0.001) (Table 2). In
addition, there were 17 patients in this group who did not
have strictures, narrowing, or required dilation during their
pre-pandemic endoscopy. Of these, 5 (29%) progressed to
have strictures, 1 (6%) to narrowing, and 7 (41%) to dila-
tion when they returned for their next endoscopy.

We were not able to identify features related to treat-
ment or adherence that were associated with progression as
the majority of patients remained on some treatment (PPI,
steroids, or diet) and were adherent to treatment (Table 2).
Of the 22 patients on diet elimination 17 were on a sta-
ble diet and 5 were in the reintroduction phase, and there
was no pattern related to this or the type of diet elimination
and progression; the types of diet were variable (n=3 for
6FED, none for 4FED, 1 for 3FED, 7 for 2FED, and 11 for
other types of elimination). There were 17 patients identi-
fied who were on PPI but not on diet or steroids, and only 6
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Table 1 Clinical, endoscopic and histologic data for EoE patients
who underwent endoscopy during the initial part of the COVID-19
pandemic compared to those whose procedure was canceled

Scoped Canceled pf
(n=27) (n=175)
Age (mean years + SD) 33.8+11.3 39.8+13.9 0.05
Male (n, %) 18 (67) 54 (72) 0.60
White (n, %) 26 (96) 73 (97) 0.63
EoE historical details
Duration of EoE (mean 43+4.2 4.1+3.5 0.82
years + SD)
Ever had histologic response (7, 16 (59) 43 (57) 0.86
%)*
Ever had esophageal dilation (n, 27 (100) 56 (75) 0.004
%)
Details about last “pre-COVID-19”
EGD
Reason for EGD (n, %) 0.10
Diagnostic procedure 2(7) 11 (15)
Treatment change 15 (56) 51 (68)
Surveillance on stable treatment 10 (37) 13(17)
Treatments (n, %)
PPI 11 (41) 36 (48) 0.52
Topical steroids 9 (33) 31 (41) 0.47
Elimination diet 15 (56) 25 (33) 0.04
Adherent to treatment 24 (89) 60 (80) 0.30
Endoscopic findings (n, %)
Exudates 17 (63) 40 (54) 0.46
Rings 17 (63) 49 (66) 0.76
Edema 15 (56) 46 (62) 0.55
Furrows 17 (63) 54 (73) 0.33
Stricture 22 (81) 49 (66) 0.14
Narrowing 7 (26) 8(11) 0.06
Crepe-paper 2(7) 2(3) 0.28
Dilation performed 19 (70) 43 (58) 0.26
Initial size (mean mm + SD) 13.6+35 15.1+22 0.04
Final size (mean mm + SD) 155+3.1 17.0£19 0.02
Total EREFS (mean+ SD) 3.8+2.3 37+19 0.69
Symptom response (1, %) 13 (48) 44 (59) 0.35
Peak eosinophil count (eos/ 44.9+40.3 35.0+389 0.27
hpf +SD)
Histologic response (n, %)* 8 (30) 22 (30) 0.99

*Histologic response defined as < 15 eos/hpf

"Means compared with 2 sample t-tests; proportions compared with
chi-square

(35%) were in histologic remission when they returned for
the endoscopy.

When we compared the second endoscopy from the non-
canceled patients to the endoscopy after the eventual return
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of the canceled patients, non-canceled patients more fre-
quently had strictures (93% vs 65%; p=0.008), narrowing
(33% vs 9%; p=0.006) and dilation (93% vs 71%; p=0.03),
with narrower esophageal calibers (pre-dilation esophageal
diameter 13.4 vs 15.0 mm; p=0.01) compared to those who
were canceled but eventually returned (Table 3).

Discussion

EoE is a chronic condition, and upper endoscopy is impor-
tant for monitoring endoscopic and histologic response, and
for performing esophageal dilations in patients with stric-
tures or narrowing. The COVID-19 pandemic has not only
had a direct impact on patients with EoE and on GI practice
in general [14-20, 23], but indirect impacts are likely though
not yet extensively studied. The goal of our study, therefore,
was to determine the impact of endoscopic procedure can-
cellations due to COVID-19 on outcomes in our EoE patient
population. There were several notable findings of this natu-
ral experiment. First, of the 75 patients canceled, just over
a quarter never returned for their routinely scheduled care.
This is a surprisingly high number for a set of patients who
were being followed, had previously had an endoscopy, and
were already scheduled for a monitoring procedure. How-
ever, emerging data have highlighted loss to follow-up as a
problem in EoE patients, both at the time of presentation
with a food impaction, and after diagnosis [43, 44]. Second,
of the patients who ultimately returned, their follow-up was
delayed by an average of 6 months (with the next endoscopy
more than a year after the previously scheduled procedure),
and when they returned they tended to require higher rates
of dilation and lost some esophageal caliber; some had even
developed de-novo fibrostenosis. This adds to the emerging
literature about EoE disease progression even after diagno-
sis and may inform discussions about the most appropriate
monitoring intervals [10, 11].

A survey conducted by Spindel and colleagues assessed
reasons why patients missed healthcare appointments during
the beginning of the COVID-19 pandemic [45]. This study,
as well as others, found that procedural appointments, such
as endoscopies, were missed much more often than primary
care appointments due to the increased use of telehealth vis-
its and associated fear of contracting COVID-19 during an
in-person visit [34, 35, 45, 46]. Although our study could
not assess reasons that a large number of canceled patients
did not return despite being contacted to reschedule, these
explanations have face validity in EoE as well. Other studies
implicate reasons outside patient’s control, such as: hospital
policy limiting the number of procedures [14, 22, 34], being
unable to secure a pre-procedure COVID screening test [35,
46], and testing positive on a screening test and having to
cancel again [34, 46, 47].
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Table 2 Clinical, endoscopic,

; . ! Last procedure After returned pt

and histologic data for patients (pre-COVID) (during COVID)

who were canceled and

ultimately returned for their Treatments (1, %)

o conparng v gy 20 2404

endoscopy performed during Topical steroids 28 (51) 24 (44) 0.29

the pandemic (n=155) Elimination diet 19 (35) 22 (40) 0.26
Adherent to treatment 41 (75) 46 (84) 0.16

Endoscopic findings (n, %)
Exudates 30 (55) 26 (47) 0.41
Rings 38 (69) 35 (64) 0.37
Edema 32(58) 32 (58) 1.0
Furrows 39 (71) 24 (62) 0.25
Stricture 38 (69) 36 (65) 0.48
Narrowing 8 (15) 50) 0.26
Crepe-paper 24 0(0) 0.16
Dilation performed 32 (58) 39 (71) 0.05
Initial size (mean mm + SD) 149+2.4 15.0+2.7%* 0.67
Final size (mean mm + SD) 16.8 £2.0%* 16.8+1.8 0.70
Total EREFS (mean+ SD) 35+19 3.1x21 0.19
Symptom response (1, %) 35 (64) 32 (58) 0.47
Peak eosinophil count (eos/hpf +SD) 29.9+34.1 349+42.3 0.35
Histologic response (1, %)* 18 (33) 21 (38) 0.65

*Histologic response defined as < 15 eos/hpf

"Means compared with paired t-tests; proportions compared with McNemar’s test

**For the comparison of the final size (pre-COVID) to initial size (during), the decrease is significant,

p<0.001

In our study population, it is also interesting to note that
approximately one quarter of EoE patients were not canceled
in the first place. Per health system policies put into place
at the beginning of the pandemic, procedures could only
be performed if there was a compelling indication with a
risk—benefit ratio that still favored patient benefit. It is not
surprising, then, that these subjects had more severe fibro-
stenotic disease, all procedures were therapeutic (100%
underwent dilation), and a subset had already embarked
on food elimination dietary therapy and monitoring for
response was also needed. For the canceled patients, an
important finding was the worsened fibrostenotic features
compared to their pre-pandemic endoscopy. In a previous
study by Chang and colleagues, the longer that there was
a “gap” in routine EoE care and monitoring, the higher the
chance of having increased stricture, narrowing, and dila-
tion rates [10]. While that study evaluated a minimum gap
of 2 years (with some patients having as long as 8 or more
years), our study suggests that a shorter mean delay may
lead to the same type of progression, though we note that our
study population tended to be more severe and had high rates
of fibrostenosis as demonstrated by esophageal dilation in
58%-70% at baseline. A recent study by Bon and colleagues
analyzed long-term follow-up in the Swiss EoE cohort and

found that absence of close follow-up, defined as a year or
less, was associated with stricture develop after controlling
for potential confounding factors. These data are also con-
sistent with our findings [11].

There are several limitations to our study. First, we rec-
ognize that this study stems from a single academic center.
However, we believe the study design and population were
appropriate to test our hypothesis, but acknowledge that the
results may not be generalizable given the relatively severe
baseline features of our population. Second, given the ret-
rospective nature of the study, we were not able to use vali-
dated patient-reported outcomes and instead had to rely on
global symptom response, but this is still informative. Third,
we were not able to explore the reasons why people did not
reschedule their appointments, and future work should inves-
tigate these reasons to facilitate follow-up in EoE and mini-
mize disease progression. Strengths of the study included
utilization of a natural experiment design, with procedure
cancellations from the COVID-19 pandemic that could not
be mimicked in a different setting, rigorous and standardized
data collection, and a well-characterized patient population.

In conclusion, a large number of EoE patients had
their endoscopies canceled during the initial part of the
COVID-19 pandemic. Many of the patients who were not
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Table 3 Comparison of

Next exam of those After return for those pt
the foll.ow—up endoscopy initially scoped initially canceled
for patients who were not (n=27) (n=55)
canceled at the beginning of the
pandemic to return endoscopy Time between prior EGD and return EGD ~ 0.8+£0.6 1.1£0.7 0.02
after for patients who were (mean years + SD)
initially canceled Treatments (n, %)
PPI 6 (22) 24 (44) 0.06
Topical steroids 12 (44) 24 (44) 0.95
Elimination diet 15 (56) 22 (40) 0.18
Adherent to treatment 26 (96) 46 (84) 0.13
Endoscopic findings (1, %)
Exudates 18 (67) 26 (47) 0.10
Rings 20 (74) 35 (64) 0.35
Edema 21 (78) 32 (58) 0.08
Furrows 19 (70) 24 (62) 0.45
Stricture 25 (93) 36 (65) 0.008
Narrowing 9 (33) 509) 0.006
Crepe-paper 14) 0(0) 0.15
Dilation performed 25 (93) 39 (71) 0.03
Balloon 12 (48) 23 (59) 0.39
Savary 13 (52) 16 (41) 0.39
Initial size (mean mm + SD) 13.4+3.0 15.0+2.7 0.01
Final size (mean mm + SD) 15.8+2.2 16.8+1.8 0.01
Total EREFS (mean +SD) 4.1+1.9 3.1+2.1 0.05
Symptom response (1, %) 14 (52) 32 (58) 0.59
Peak eosinophil count (eos/hpf +SD) 43.6+36.3 349+423 0.30
Histologic response (n, %)* 8 (30) 21 (38) 0.45

*Histologic response defined as <15 eos/hpf

"Means compared with 2 sample t-tests; proportions compared with chi-square

canceled demonstrated more fibrostenosis and required
more dilations than those who were canceled. Moreover,
greater than 25% of those canceled never returned for care,
which is an unmeasured impact of the pandemic, and it
is uncertain whether EoE findings have worsened in this
group. Those whose appointment was canceled had pro-
gression of some fibrostenotic features once they returned
for endoscopy, which took longer than a year from their
prior procedure, with an average delay of 6 months. More
work is needed in the future to better understand the rea-
sons behind the progression of EoE over a relatively short
period of time in this population. However, these worsened
EoE outcomes provide additional justification to a growing
literature that should stress the importance of routine fol-
low-up and monitoring endoscopy in many EoE patients,
and especially those with pre-existing fibrostenosis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10620-022-07610-9.
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