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Abstract

Current eosinophilic esophagitis care requires monitoring with repeat endoscopy and biopsy, which has significant cost,
risk, and inconvenience for patients. Fractionated exhaled nitric oxide testing (FeNO) is a standardized non-invasive test
with proven utility in evaluation of asthma. Elevated FeNO has reported use in other eosinophilic inflammatory conditions;
however, its use in eosinophilic esophagitis has not been fully evaluated. To assess the utility of FeNO in predicting
severity of eosinophilic esophagitis activity. Fifty patients received fractionated exhaled nitric oxide testing within 1 week
of endoscopic evaluation with biopsy for determination of peak eosinophil counts. Presence of furrows was also evaluated
with respect to FeNO levels. Spearman correlation was calculated between FeNO and peak eosinophil counts (PEC) with
subgroup analysis performed based on PPI use. Spearman correlation was performed on the change in FeNO and PEC on
the patients receiving repeat testing. FeNO was poorly correlated to PEC (Spearman correlation 0.22). With a cut-off FeNO
value of > 40 ppb, specificity of FeNO for detecting presence of > 15 eos/hpf was 0.94 and sensitivity was 0.16. FeNO
showed weak relationship to presence of furrows. Within the subgroup of patients not taking PPI, the spearman correlation
was 0.21. Delta- FeNO versus Delta-PEC had spearman correlation of 0.72 for patients receiving repeat testing. FeNO
likely has limited clinical utility for predicting severity of esophageal eosinophilia. In patients with FeNO levels > 40 ppb,
specificity of testing was high, but very few patients reached this FeNO level.
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Introduction

Eosinophilic esophagitis (EoE) is a chronic inflammatory
condition involving an antigen-immune mediated inflam-
matory process, which leads to esophageal inflammation
and remodeling. Both the incidence and prevalence of the
disease has increased over the last three decades [1]. EoE
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can respond to topical steroid and dietary therapy. Cur-
rently, endoscopic evaluation with histopathological
examination of esophageal biopsy is the gold standard for
evaluation of disease activity, required for both establish-
ing diagnosis and for accessing response to treatment [1].
Dietary therapy is effective in 70% of patients with EoE
[2, 3]. Allergy testing in adult patients with skin prick test,
serum immunocap, or patch testing, is not helpful in
identifying food triggers; [4, 5] therefore, multiple endo-
scopies are required to obtain esophageal histological evi-
dence of response to food restriction and reintroduction.
Endoscopy has significant direct and indirect costs as well
as inherent risk; making it a less than ideal method for
monitoring disease activity. Several less invasive tech-
niques have been trialed including esophageal string test-
ing, the esophageal sponge, and unsedated transnasal
endoscopy [6, 7]. Completely non-invasive testing with
serum markers of disease have been studied, but are not
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adequately sensitive or specific to predict histologic results
[8].

Fractionated oral exhaled nitric oxide (FeNO) is a non-
invasive technique, which could be an attractive option for
monitoring EoE disease activity due to its ease of admin-
istration and standardization. Inducible nitric oxide syn-
thase (iNOS) levels are increased during Th2 mediated
responses including allergic and eosinophilic inflammatory
processes [8, 9]. The up-regulation of iNOS in the eosi-
nophilic mucosa in patients with EoE leads to increased
nitric oxide production, which may be transmitted up the
esophagus and mixed with exhaled respiratory gases. This
could allow the measurement of FeNO levels to reflect
eosinophilic inflammation occurring in the esophagus.
Currently, FeNO is used for the diagnosis of eosinophilic
airway inflammation, monitoring airway inflammation, and
determining likelihood of corticosteroid responsiveness in
treatment of chronic respiratory symptoms [10]. Research
into the use of FeNO in EoE has included a 55 patient study
where 18 of the 55 patients included were found to have a
histological diagnosis of EoE; half of which were found to
have a FeNO level > 15 ppb [11]. However, the study did
demonstrate high specificity and negative predictive val-
ues, 87 and 78% respectively, for identifying patients
without EoE when FeNO level was < 15 ppb [11].
Another small study of 11 patients, found a decrease in
FeNO levels and decrease in median peak esophageal
eosinophil count in patients with EoE after 6 weeks of
treatment with topical steroids [12]. Given the ease of
obtaining FeNO level non-invasively; we performed a
prospective study to evaluate the role of FeNO in pre-
dicting persistent esophageal eosinophilic inflammation in
patients with EoE.

Materials and Methods

The study was a prospective single center pilot study
approved by the Mayo Foundation Institution Review
Board on August 7, 2013. The trial is registered with the
ClinicalTrials.gov (NCT01929824). All 50 subjects pro-
vided written informed consent. All authors had access to
the study data and approved the final manuscript.

Patients

The patients were recruited from the Esophageal Clinic at
Mayo Clinic Rochester where they were being evaluated
for EoE. Fifty-six patients were recruited between
September 2013 and April 2016. All patients had history of
symptomatic dysphagia and prior esophageal biopsy with a
peak eosinophil count of > 15 eos/hpf that persisted
despite twice daily PPI therapy. Patients with active asthma

were identified during clinical visits prior to receiving
FeNO testing, and no patients with active asthma were
included in the study. A subset of five patients participated
twice at separate time points. All subjects were between 18
and 80 years of age. Fractionated exhaled nitric oxide
testing and esophagogastroduodenoscopy (EGD) were
performed within 1 week of each other for all patients. Six
patients fell outside the 1 week time frame and were
excluded. Patients were seen by a core group of 4 gas-
troenterologists specializing in esophageal disease.

Diagnostic Testing Protocols

All endoscopies were performed with a Mayo staff gas-
troenterologist in attendance. Biopsies were obtained with
standard size biopsy forceps. At least 6 biopsies were
obtained from the entire esophagus with at least two
samples from the distal esophagus within 5 cm of the
visual squamocolumnar junction. All pathology slides were
read by one of four GI pathologists experienced in the
evaluation of EoE. The biopsy specimens, after processing
with hematoxylin and eosin stain, were reviewed using a
Nikon E600 microscope with 1025 ultra-wide eyepieces
(Nikon, Melville, NY). The area of greatest eosinophil
density was identified via low powered review of the slides.
Eosinophil counting was conducted using a field area of
0.307 mm? and field diameter of 0.625 mm at a 40
objective setting. A peak eosinophil count was reported.
FeNO testing was performed according to the American
Thoracic Society guidelines using a rapid-response
chemiluminescent nitric oxide analyzer (NIOX MINO®).

Analysis

The primary aim of the study was to identify a correlation
between FeNO and peak eosinophil counts on biopsy. The
secondary aim was to identify the correlation of FeNO to
endoscopic measures of EoE activity. Furrows were
defined as present or absent. The EOE endoscopic refer-
ence score (EREFS) was not incorporated into our clinical
practice for most of the study period and therefore, was not
reported in the study [13]. Spearman correlation was cal-
culated between the FeNO values and peak eosinophil
counts identified by biopsy. Receiver operator curves
(ROC) were used to evaluate the relationships between
FeNO and the 2 disease makers; peak eosinophil counts
> 15 eos/hpf and endoscopic findings of furrows. Sensi-
tivities, specificities, positive predictive values, and nega-
tive predictive values were also calculated for these
relationships. A separate analysis was performed on
patients who had undergone repeat FeNO and endoscopy.
The change in FeNO values and change in peak eosinophil
counts were calculated and a Spearman correlation
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coefficient was calculated to assess within-person correla-
tion. Lastly, subgroup analysis using spearman correlation
was performed on non-PPI users and PPI users. Analyses
were performed using R version 3.3.1 [14].

Results

Demographics of the patients that participated in the trial
are provided in Table 1. Sixty-seven percent of the patient
came from either Minnesota or Iowa. Despite being his-
tologic non-responders to PPI treatment, several patients
were taking PPIs at doses to control GERD symptoms.

The Spearman correlation for peak eosinophil counts vs.
FeNO is 0.22 (P = 0.122). The scatter plot for FeNO vs
peak eosinophil counts is displayed in Fig. 1. The ROC of
these variables is displayed in Fig. 2. The area under the
curve is 0.65. This ROC was further analyzed at different
FeNO cut-off values shown in Table 2. Using a cut-off
FeNO > 13.5 ppb to predict a peak eosinophil count > 15
eos/hpf produced a sensitivity of 88% and specificity of
39%. Alternatively, using a cut-off of > 36.5 ppb would
improve specificity (89%), but only 25% of patients with
peak eosinophils > 15 eos/hpf would have a positive
result.

Similarly, presence of furrows was also investigated in
relation to FeNO values with creation of a ROC (Fig. 3)
and calculation of sensitivity, specificity, positive predic-
tive value, and negative predictive values. These are
reported in Table 3. A smaller percentage of furrows was
found in the elevated FeNO group (66.7% vs 77%) and
sensitivity was low at 11%.

The change in FeNO on repeat testing was calculated
and compared to the change in peak eosinophil counts for
the patients who had received testing at 2 time points
(n =5). A scatter plot was created and spearman correla-
tion was calculated to be 0.62 (Fig. 4). This would be
consistent with the hypothesis that within an individual, a
relationship exists between EoE activity and FeNO level.
However, the trend is heavily influenced by 1 subject with
a change of more than 1 ppb in FeNO.

Lastly, subgroup analysis was performed on PPI users
versus non-PPI users via spearman correlation. Correlation
coefficients were similar in both groups (0.18 vs 0.21 for
PPI nonusers vs PPI users).

Discussion

This study evaluates the relationship between FeNO and
markers of EoE activity. Since peak esophageal eosinophil
counts are the standard for diagnosing and monitoring
disease activity, the correlation between FeNO level and
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Table 1 Patient demographics

Overall (N = 50)

Age

Mean (SD) 43.6 (13.3)

Range 18-79
Female

n (%) 23 (46%)
Seasonal allergies

n (%) 19 (38%)
History of asthma

Missing 1

n (%) 8 (16%)
History of eczema

Missing 1

n (%) 3 (6%)
Any allergy

n (%) 23 (46%)
History of heartburn

n (%) 16 (32%)
History of regurgitation

n (%) 7 (14%)
Rings

n (%) 44 (88%)
Furrows

n (%) 38 (76%)
White plaques

Missing 1

n (%) 11 (22%)
Stricture

n (%) 21 (42%)
Fragility

n (%) 16 (32%)
PPI use

n (%) 31 (62%)
Dysphagia

Missing 1

n (%) 31 (63%)
FeNO

Mean (SD) 29.8 (27.3)

Range 6-154
Peak eosinophil count

Mean (SD) 32.5 (31.7)

Range 0-105

Demographics of the 50 patients who participated in study. The
presence of dysphagia was determined by review of patients’ clinic
records near the time of testing. Patients taking any dose of a PPI
were recorded in the “Taking PPI” category. Any Allergy is defined
as any of Asthma, Eczema, or Seasonal Allergy
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Fig. 1 Scatter plot of fractionated exhaled nitric oxide (ppb) versus
peak esophageal eosinophil counts (eso/hpf). A weak spearman
correlation was observed. The large majority of FeNO values were
less than 50 ppb. The highest peak esophageal eosinophil counts
corresponded to the FeNO < 50 ppb. The 5 of the 6 highest FeNO
readings correlated with peak esophageal eosinophil counts less than
32.5, which was the mean value of the peak esophageal eosinophil
counts
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Fig. 2 Receiver operator curve for peak esophageal eosinophil counts
(Peak Eosinophil > 15 eos/hfp) versus fractionated exhaled nitric
oxide. The area under the curve is 0.65 indicating limited ability to
discern between Eoe activity using FeNO

peak esophageal eosinophil counts was the main focus of
the study. The relationship for presence furrows was
evaluated as a secondary marker because of its ability to
correlate gross endoscopic findings to disease activity.
Spearman correlation of FeNO vs peak esophageal
eosinophil count did not support a strong relationship

(r = 0.22), with a wide range of peak eosinophil counts
corresponding to similar FeNO levels.

In reviewing the ROC for FeNO versus peak eosinophil
counts, the area under the curve of 0.65 indicates a weak
ability for FeNO to discriminate between patients with and
without eosinophil counts > 15/hpf. Using a cut-off of
FeNO > 40 ppb would result in very few false positives,
but many subjects with eosinophil count > 15 would have
false negative results. Elevated FeNO was a better pre-
dictor of elevated eosinophil counts than presence of fur-
rows or dysphagia. Additionally, when using the ROC to
evaluate different FeNO cut-off values, a sensitivity of
88% is achieved when the cut-off value decreased to >

13.5 ppb with resultant fall of specify to 39%. The high
specificity of FeNO testing achieved at a cut-off of > 40
ppb indicates that the test may have utility in identifying a
subset of patients with active disease to a high degree of
certainty. This creates clinical benefit in this subset of
patients by allowing a different way to monitor disease
activity and avoid repeat endoscopy. However, only 6 of
the 50 patients in the study met this level of FeNO, pos-
sibly indicating that the number of patients who could
benefit from this testing would be relatively small.

Outside of asthma evaluation, the use of FeNO testing
has been evaluated for use in other conditions, including
eosinophilic atopic conditions, eczema, and IBD [15-23].
Furthermore, in IBD, nitric oxide levels found in serum,
urine, aspirated colonic gas, and FeNO levels have shown
to correlate with disease activity and steroid responsiveness
[16-22]. In review of the literature, there are two studies
that also evaluated the use of FeNO in patients with EoE.
One study involving children showed high specificity
(87%) and low sensitivity (50%) using a cut-off value of
FeNO > 15 ppb [11]. This study included 55 patients with
only 14 having a FeNO level > 15 ppb [11]. Of note 11 of
these 14 were also noted to have decreased FEV1 or
bronchodilator reversibly on spirometry indicating possible
confounding undiagnosed asthma. Eighteen of the 55 were
found to have EoE with only 9 of those having a FeNO
level > 15 ppb [11]. The other study was relatively small,
including only 11 patients [12]. This study evaluated FeNO
values before and after treatment with topical steroids. In
post hoc analysis, all 11 patients were evaluated together
and a decrease in both the median FeNO values and peak
esophageal eosinophilic counts occurred with steroid
treatment (20.3 ppb to 17.7 and 36 eos/hpf to 20) [12].
Only 5 of the 11 patients reached histological response that
was defined as < 7 eos/hpf and original subgroup analysis
of patients classified as responders versus non-responders
demonstrated no relationship between FeNO values and
peak esophageal eosinophil counts in either group [12].

Strengths of our study include completion of the study at
a center with eosinophilic esophagitis specialists in the
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Table 2 Performance of various

cut-offs for fractionated exhaled Cut-off performance

Cut-offs for exhaled nitric oxide

nitric oxide levels cut-offs (ppb) > 36.5 > 24 > 20.7 > 16.5 > 13.5

to predict elevated eosinophil

level (> 15 eosinophils per hfp) Sensitivity 0.25 0.50 0.66 0.75 0.88
Specificity 0.89 0.72 0.61 0.50 0.39
Positive predictive value 0.80 0.76 0.75 0.73 0.72
Negative predictive value 0.40 0.45 0.50 0.53 0.64

Note that positive and negative predictive values are dependent on sample prevalence and may not apply to

other patient populations
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Fig. 3 The receiver operator curve for presence of furrows on
endoscopy versus fractionated exhaled nitric oxide. The area under
the curve is 0.48

clinic, endoscopy suite, and pathology lab. Additionally,
there was limited exclusion criterion, with men and women
recruited equally and a wide range of ages. This population
did have a large proportion with allergies (any allergy,
46%) and 16% had history of asthma. Limitations to this
study include the number of participants, the number of
patients with FeNO levels above 40 ppb, and the retro-
spective method of identifying those with dysphagia from
chart review. Only five patients were found to have FeNO

Table 3 FeNO values compare to three clinical parameters

levels greater than 50 ppb (the cut-off for indicating high
likelihood of eosinophilic inflammation and corticosteroid
responsiveness for asthma in adults) [10]. Four of these
patients had history of asthma. This highlights a possible
draw back to this form of testing in EoE since this popu-
lation traditionally has an elevated prevalence of asthma.
Lastly, there is always the concern of generalizability of
results from a tertiary care medical center. However, over
two-thirds of our patients were from MN or A, suggesting
the patients studied may reasonably represent of a primary
or secondary referral practice.

The influence of atopic conditions on FeNO was not
fully addressed in this study. FeNO levels are known to be
influenced by systemic inflammation with increased con-
sumption of nitric oxide in higher inflammatory states. The
high number of patients with atopic conditions and
resulting increased inflammation may therefore also be
influencing the relationship seen between FeNO and eosi-
nophil counts. Although, this might not be a likely mech-
anism since this hypothesized relationship is not seen in the
testing of asthma, for which the test has known clinical
utility [9, 10]. Although not demonstrated in our study,
another possible cause for the weak correlation found
maybe the high number of patients taking PPIs. Studies of
PPIs in the cardiology field have shown PPI’s capacity to
inhibit the DDAH enzyme ex vivo [24]. The DDAH
enzyme metabolizes ADMA, which is an inhibitor of nitric
oxide synthase. This research has focused on vasodilation
of blood vessels, but it does provide a possible mechanism
for the low amounts of FeNO despite elevated eosinophil

FeNO < 40 (ppb) > 40 (ppb) Sensitivity Specificity Pos pred value Neg pred value
Eosinophil count < 15 17 1 0.16 0.94 0.83 0.39
Eosinophil count > 15 27 5
No furrows 10 2 0.11 0.83 0.67 0.23
Furrows 34 4

These tables describe the relationship of elevated nitric oxide in relation to identifying each of the two measures (eosinophil counts and presences
of furrows). Note that positive and negative predictive values are dependent on sample prevalence and may not apply to other patient populations
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Fig. 4 Change in peak eosinophil counts on repeat endoscopy versus
the change in FeNO for five patients on repeat testing. Results
indicate a possible relationship within the individual for a change in
eosinophil count resulting in a change in a FeNO level

levels seen in our study. On subgroup analysis of the non-
PPI users in our patient population, there was no
improvement in the spearman correlation of FeNO and
peak eosinophil counts decreasing the likelihood of PPI use
being a large contributing factor.

Though this study did not suggest a clinically useful
association of FeNO and EoE activity for the majority of
patients; there does appear to be a select group with very
high FeNO values that may benefit given the high speci-
ficity for active histologic disease with FeNO val-
ues > 40 ppb. Future directions for research in this area
could include a larger study that captured more patients
with high levels of FeNO or a study powered to identify the
role of the described possible confounders. This may elu-
cidate who would benefit most from FeNO testing. Addi-
tionally, a larger trial looking at FeNO testing before and
after treatment may show utility of the test in following
individual patients for responsiveness. It is possible that the
change in FeNO values for a specific patient with therapy
may predict histologic response more reliably than the
absolute values. Of note, our preliminary data with the
patients who had received testing at two times points did
not support this type of relationship.

FeNO levels seen in our clinical testing did not show a
strong relationship to histologic esophageal eosinophilia
and at this time cannot be recommended for clinical use.
Future investigations might focus on the change in FeNO
levels for an individual patient undergoing therapy.
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