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In patients who have undergone ablation therapy for treatment of Barrett's esophagus with dysplasia, histologic
features of eosinophilic esophagitis, but not lymphocytic esophagitis, have been described. We evaluated for
histologic evidence of eosinophilic esophagitis and lymphocytic esophagitis and correlated with endoscopic
findings in this population. A single-institution Barrett's esophagus registry was searched for patients who had
received radiofrequency ablation, cryotherapy, or both for treatment of Barrett's esophagus with dysplasia.
Clinical and endoscopic data were collected and biopsies were reviewed for inflammation and reactive changes
at three time points: pre-intervention, first surveillance after ablation therapy, and most recent surveillance. Of
the 173 patients initially identified, 102 met the inclusion criteria. Intraepithelial eosinophils were increased at
first surveillance (60%, P= 0.096) and last surveillance (69%, P= 0.048) compared with pre-intervention (50%),
although histologic evidence of post-ablation eosinophilic esophagitis was not significant. Prevalence of
lymphocytic esophagitis was significantly higher at first surveillance (17%, P= 0.02) and at last surveillance
(43%, Po0.001), compared with pre-intervention (7%). Smoking, hyperlipidemia, and cryotherapy were identified
as independent risk factors for developing histologic lymphocytic esophagitis. This is the first report that
histologic evidence of lymphocytic esophagitis increased over time in patients undergoing ablation for Barrett's
esophagus with dysplasia. Though the pathophysiology of lymphocytic esophagitis remains unknown, patients
in our study with a history of smoking, hyperlipidemia, or cryotherapy were more likely to develop post-ablation
lymphocytic esophagitis.
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Endoscopic ablation is commonly performed for the
treatment of Barrett’s esophagus with high grade
dysplasia and residual Barrett’s esophagus after
resection of intramucosal carcinomas. After ablation
treatments, with maximal acid suppression, the
ablated Barrett’s esophagus is replaced with
the neosquamous epithelium which is similar to
the normal squamous mucosa. Neosquamous epithe-
lium often shows regenerative changes, such as basal
cell hyperplasia and elongation of the lamina propria
papillae. These features are usually considered to be
indicative of epithelial repair when seen in the early
post-ablation period.1

Esophageal eosinophilia has been recently identi-
fied in biopsies from patients who have undergone
radiofrequency ablation for the treatment of Barrett's
esophagus with low grade dysplasia, high grade
dysplasia, or intramucosal carcinoma. Owens et al2

described eosinophilic esophagitis in patients
who had undergone photodynamic therapy or
radiofrequency ablation with or without previous
endoscopic mucosal resection. Halsey et al3

described esophageal eosinophilia in patients who
had undergone radiofrequency ablation or cryother-
apy for treatment of Barrett's esophagus-related
changes. The long-term clinical consequences of this
post-ablation esophageal eosinophilia and whether it
is related to eosinophilic esophagitis is not known.
In addition, there is no study describing histologic
evidence of other forms of esophagitis like the
newly described entity, lymphocytic esophagitis, in
patients who have undergone ablation therapy.
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Lymphocytic esophagitis is an emerging clinico-
pathologic entity that was originally described by
Rubio et al.4 Lymphocytic esophagitis is character-
ized by an increased number of intraepithelial
lymphocytes in the peripapillary region with
associated spongiosis and occasionally rare
granulocytes.4 The pathophysiology of this entity
remains unclear and it is considered a diagnosis of
exclusion.5,6

Our study aims were to (i) evaluate histological
changes in esophageal post-ablation squamous
mucosa compared with pre-ablation, (ii) evaluate
whether there is histologic evidence of the recently
described entity lymphocytic esophagitis post-abla-
tion, (iii) evaluate whether there is histologic
evidence of eosinophilic esophagitis post-ablation,
and (iv) evaluate whether there are any endoscopic
or clinical findings associated with the histologic
findings in our patient population.

Materials and methods

Study Population

All patients 18 years or older who underwent
endoscopic eradication therapy for Barrett's esopha-
gus with high grade dysplasia or intramucosal

carcinoma between January 2006 and December
2011 at our institution were included in the study.
Exclusion criteria were patients less than 18 years of
age, patients whose biopsies were not available for
histologic review, patients who had no index biopsy
on file, and patients who underwent endoscopic
mucosal resection only without biopsies. The study
was approved by the Institutional Review Board of
Cleveland Clinic, Cleveland, OH, USA.

The electronic medical record was reviewed for
demographic data such as age, gender, race, comor-
bidities such as smoking, diabetes, hypertension,
hyperlipidemia, and medication use including
aspirin, non-steroidal anti-inflammatory drugs, pro-
ton pump inhibitors, and histamine H2-receptor
antagonists. Endoscopic data such as presence of
any visible changes including strictures, erosion,
rings, and furrowing were recorded.

Histologic Evaluation

Biopsies were reviewed for inflammation and reac-
tive changes of the squamous mucosa on formalin-
fixed paraffin embedded tissue cut 5-microns thick
and stained with hematoxylin and eosin. Three time
points were studied: pre-intervention, first surveil-
lance, and last surveillance. Pre-intervention biopsy
was the biopsy before the first radiofrequency
ablation or cryoablation. First surveillance biopsy
was defined as the first biopsy after ablation therapy
with no endoscopic evidence of intestinal metapla-
sia. The last surveillance biopsy was the most recent
surveillance biopsy on file or the last biopsy with no
evidence of intestinal metaplasia after ablation
therapy. The following criteria were used to make
the diagnosis of lymphocytic esophagitis, similar to
the criteria described by Cohen et al:5 (i) ≥ 20
peripapillary lymphocytes per high power field,
(ii) peripapillary lymphocytosis with spongiosis,
and (iii) absence of significant neutrophils or
eosinophils. Eosinophilic esophagitis was defined
as greater than 15 intraepithelial eosinophils per
high power field with eosinophil microabscesses.
Reactive changes within the squamous epithelium
that have been associated with inflammation and
gastroesophageal reflux disease, specifically elonga-
tion of papillae and basal cell hyperplasia,7 were also
evaluated.

Endoscopic Therapy

Patients presenting for endoscopic therapy for
Barrett's esophagus had detailed endoscopic exam-
ination with white light and narrow band imaging.
Endoscopic ultrasound was performed at the proce-
duralists’ discretion. Any visible lesions such as
nodules, plaques, or ulcers were resected by
endoscopic mucosal resection. If at that point
patients were deemed to be candidates for endo-
scopic therapy, they underwent radiofrequency

Table 1 Demographic and baseline endoscopic characteristics

Factor n Summary

Age (years) 102 67±10
Gender 102
Male 85 (83)

Ethnicity 92
Caucasian 88 (96)
African American 2 (2)
Others 2 (2)

Smoking 101
Non-smoker 46 (46)
Ex-smoker 44 (44)
Current smoker 11 (11)

Alcohol use 100
Never 53 (53)
Mild 37 (37)
Moderate 7 (7)
Ex-alcohol use 3 (3)

Body mass index 89 31±7

Medications (non-exclusive)
Nonsteroidal anti-inflammatory 102 9 (9)
Aspirin 102 48 (47)
Statins 102 55 (54)
Anti-hypertensives 102 72 (71)
Proton pump inhibitors 102 101 (99)
Histamine H2-receptor antagonists 102 2 (2)
Hypertension 102 61 (60)

Diabetes 102 22 (22)
Hyperlipidemia 102 54 (53)
Length of Barrett’s esophagus (cm) 102 5±3
Length of hiatal hernia (cm) 101 3±2

Values presented as mean± standard deviation, median (P25, P75) or
N (column %).
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ablation or cryotherapy. Radiofrequency ablation
was performed by Halo-360 and/or Halo-90 depend-
ing on the length of the Barrett's esophagus segment.
Halo-360 is used for circumferential 360 degree
3-cm-long superficial ablation and is typically used
for long segment Barrett’s. Halo-90 is a focal ablation
device mounted on endoscope for ablation of
short segment Barrett’s or residual Barrett’s after a
Halo-360 application. This application of controlled
thermal energy causes water vaporization, coagula-
tion of proteins, and cell necrosis.8 The desiccated
tissue has much higher resistance to current
than normal tissue. This leads to an ablation depth
that is well controlled and provides a superficial
depth of injury.

Cryotherapy was performed by delivering liquid
nitrogen (−196 °C) through a long insulated catheter
passed through the endoscope. This leads to rapid
freezing of the tissue followed by slow thawing.
This contributes to cell death through several
mechanisms.9 Ablation sessions are repeated every
2–3 months until there is complete absence of visible
Barrett's esophagus, at which point patients entered
into the surveillance program. During surveillance,
four quadrant biopsies are carried out at 1-cm
intervals from the original Barrett's esophagus
segment and any visible abnormalities are biopsied,
resected, or ablated at the endoscopists’ discretion.

Statistical Analysis

Clinical and endoscopic findings were correlated
with histologic findings for all time points. Data are
presented as mean± standard deviation, median
(25th, 75th percentiles) or N (%). Paired analysis
was performed to assess differences in histologic
findings; pre-intervention findings were compared
with first and last surveillance findings separately.
McNemar’s tests were used for binary categorical
variables, Bowker’s test for symmetry was used for
eosinophil distribution and Barrett's esophagus
histology, and Wilcoxon signed rank test was used
for number of eosinophils present. In addition, a
univariable analysis was carried out to assess the
factors associated with post-ablation lymphocytic
esophagitis in subjects without lymphocytic esopha-
gitis before ablation. Analysis of variance was used
for continuous variables and Pearson’s chi-square
tests or Fisher’s Exact tests were used for categorical
factors. Multivariable logistic regression was also
performed to assess adjusted associations with
occurrence of post-ablation lymphocytic esophagitis;
all variables with Po0.10 on the univariable
analysis were considered for inclusion in the
model and those with adjusted-Po0.05 were kept
in the final model. A Po0.05 was considered
statistically significant. SAS (version 9.4, The SAS

Table 2 Histologic and endoscopic characteristics

Factor

Pre-intervention
(N=102)

First surveillance
(N=102)

Last surveillance
(N=70)

Summary Summary P-value* Summary P-valuea

Squamous mucosa present 102 (100) 101 (99) 0.32 70 (100) —

Any inflammation 102 (100) 99 (98) 0.16 70 (100) —

Eosinophils 51 (50) 61 (60) 0.096 48 (69) 0.048

If eosinophils present:
Maximum eosinophils greater than 15 per high power field 9 (18) 9 (15) 0.32 7 (15) 0.41
Eosinophil microabscess 5 (10) 6 (10) 0.99 3 (6) 0.99
Eosinophil degranulation 15 (29) 24 (39) 0.02 22 (46) 0.16
Neutrophils 31 (30) 44 (44) 0.047 19 (27) 0.55
Lymphocytes 101 (99) 99 (98) 0.56 70 (100) 0.32

If lymphocytes present:
Lymphocytic esophagitisb 7 (7) 17 (17) 0.02 30 (43) o0.001

If squamous mucosa present:
Elongation of papillae 20 (20) 14 (14) 0.26 13 (19) 0.83
Any spongiosis 89 (87) 91 (90) 0.47 67 (96) 0.21
Basal layer hyperplasia 42 (41) 52 (52) 0.1 29 (41) 0.99

If inflammation, esophagus appearance:
Normal 91 (93) 79 (82) 0.004 58 (84) 0.058
Stricture 3 (3) 7 (7) 0.046 8 (12) 0.014
Multiple rings 1 (1) 0 (0) 0.32 0 (0) 0.32
Longitudinal furrows 0 (0) 2 (2) 0.16 0 (0) —

aP-values for comparison of each follow-up to pre-intervention values and include subjects who have each post-intervention available. Bowker’s
Test of Symmetry for eosinophil distribution and Barrett’s esophagus histology, McNemar's test was used for all other categorical variables and
Wilcoxon signed rank test was used for number of eosinophils.bLymphocytic esophagitis defined as (i) ≥20 peripapillary lymphocytes per high
power field, (ii) peripapillary lymphocytosis with spongiosis, and (iii) absence of significant neutrophils or eosinophils.
Values presented as mean± standard deviation, median (P25, P75) or N (column %).
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Institute, Cary, NC, USA) and R (version 3.0.3, The
R Foundation for Statistical Computing, Vienna,
Austria) were used to perform all analyses.

Results

Patient Characteristics

A total of 173 patients underwent endoscopic
therapy for Barrett's esophagus with high grade
dysplasia or intramucosal carcinoma during the
study period. Patients were not included in the
study because either index or surveillance biopsy
slides could not be obtained for review (n= 61)
or patients had endoscopic mucosal resection only
but not ablation (n=10), resulting in 102 patients
included in the final analysis. Table 1 shows a
summary of demographic, baseline endoscopic, and
clinical characteristics.

The average time between pre-intervention biopsy
and first surveillance biopsy was 280 days, and the

average time between first surveillance biopsy and
last surveillance biopsy was 978 days.

Histology

Intraepithelial eosinophils were identified in 50% of
patients at the time of pre-intervention biopsy and
this increased to 60% (P=0.096) at the first
surveillance and 69% (P=0.048) at the last surveil-
lance. However, there were no significant differences
between the maximum number of eosinophils per
high power field or histologic evidence of
eosinophilic esophagitis (415 eosinophils per high
power field and eosinophil microabscess). Eosino-
phil degranulation and the presence of intraepi
thelial neutrophils were significantly increased at
the first surveillance as compared with the pre-
intervention biopsy (39% vs 29%, P=0.02 and 44%
vs 30%, P=0.047, respectively), but not at the last
surveillance. Esophageal erosions were also more
common at the time of first surveillance as compared

Figure 1 (a) Normal esophageal squamous mucosa has scattered intraepithelial lymphocytes, as indicated by black arrows (hematoxylin
and eosin stain, original magnification, 200× and, inset, 400×). (b) Prevalence of lymphocytic esophagitis increased in the first and last
surveillance biopsies as compared with the pre-ablation biopsy. Example of post-ablation lymphocytic esophagitis characterized by
increased intraepithelial peripapillary lymphocytes with associated spongiosis (intercellular edema) of the squamous epithelium, low
power (c) and high power (d) (hematoxylin and eosin stain, original magnification, 100× and 400× respectively).
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with pre-intervention (12 vs 4%, P=0.035), but not at
the last surveillance. Table 2 shows detailed histo-
logic findings.

Nearly all patients had intraepithelial lympho-
cytes at each biopsy (Table 2 and Figure 1a).
Prevalence of peripapillary lymphocytes with
spongiosis in the absence of significant neutrophils
or eosinophils (defining lymphocytic esophagitis)
was significantly higher at the first surveillance
(17%, P=0.02) and at the last surveillance (43%,
Po0.001), as compared with pre-intervention (7%)
(Figure 1b-d). Similarly, in patients with any type of
inflammation, prevalence of endoscopically identi-
fied strictures (Figure 2) was significantly higher
during both the first surveillance (7%, P=0.046) and
last surveillance (12%, P=0.014), as compared with
pre-intervention (3%). Strictures and erosions
were not specifically associated with post-ablation
lymphocytic esophagitis.

Clinical Correlation

Patients with post-ablation lymphocytic esophagitis
were more likely to have a history of smoking
(P=0.03) and have received cryotherapy (P=0.015)
(Table 3). In addition, there was a trend toward
association with use of statins and hyperlipidemia.
These four factors were further explored in multi-
variable analysis. The final logistic regression model
contained smoking, hyperlipidemia, and cryother-
apy (Table 4). After adjusting for hyperlipidemia
and cryotherapy, patients who had a history of
smoking were three times more likely to develop
post-ablation lymphocytic esophagitis (P=0.038). In
addition, patients with hyperlipidemia were 3.5
times more likely to have post-ablation lymphocytic
esophagitis than those without hyperlipidemia
(P=0.017). Lastly, after adjusting for smoking
and hyperlipidemia, patients who received cryother-
apy were almost five times more likely to develop
post-ablation lymphocytic esophagitis (P=0.005).

Discussion

We found that histologic evidence of lymphocytic
esophagitis increased over time in patients under-
going ablation for Barrett's esophagus with dysplasia
or intramucosal carcinoma. This has not been
previously described. Patients with a history of
smoking or hyperlipidemia and patients who had
undergone cryotherapy were more likely to develop
post-ablation lymphocytic esophagitis. The patho-
physiology of lymphocytic esophagitis has not been
clearly defined. Lymphocytic esophagitis has been
described as a clinicopathologic condition4 and in a
series of 42 lymphocytic esophagitis cases, no
association was found between histologic lympho-
cytic esophagitis and any clinical characteristic,
medication, concurrent disease, or symptoms,
suggesting that the finding may be a response to
pathologic stimuli.10 Our study supports this
suggestion, and further suggests that in patients
who undergo endoscopic procedures like ablation
and biopsy, histologic lymphocytic esophagitis
could be a non-specific response to esophageal
mucosal injury, and that a history of hyperlipidemia,
smoking, or cryotherapy may be related to an
increased susceptibility to this type of immune
response. This phenomenon may be similar to the
reported association of erosive esophagitis in
patients with metabolic syndrome because of an
increase in proinflammatory adipokines.11 Hyperli-
pidemia is one of the components of metabolic
syndrome and, though not extensively studied, may
have a similar role related to a proinflammatory
qstate in our patients who developed post-ablation
lymphocytic esophagitis.

Lymphocytic esophagitis is an emerging entity
which is being diagnosed with increasing
frequency.5 The clinical presentation may be similar

Figure 2 (a) Example of a stricture identified at endoscopy in a
post-ablation patient. (b) Prevalence of endoscopically identified
strictures increased in the first and last surveillance endoscopy as
compared with the pre-ablation endoscopy.

Modern Pathology (2016) 29, 599–606

Ablation-associated lymphocytic esophagitis

J Kissiedu et al 603



to that of eosinophilic esophagitis or gastroesopha-
geal reflux disease, with dysphagia, chest pain,
heartburn, and odynophagia.5,6 Symptom improve-
ment has been reported with proton pump
inhibitors,5 bringing into question whether this
entity is actually a form of gastroesophageal reflux
disease, although others have postulated that it may
be a common histologic response to a variety of
possible etiologic pathways.10 A range of endoscopic
findings in patients with lymphocytic esophagitis
have been reported, from normal to rings, strictures,
or other features usually associated with eosinophi-
lic esophagitis.5,6 In our study, esophageal strictures
and erosions were found.

We did not find eosinophilic esophagitis in
patients who have undergone ablation therapy for
the treatment of Barrett's esophagus. This differs

from a previous report which did find eosinophilic
esophagitis in the setting of ablation therapy for
Barrett's esophagus with dysplasia.2 We did find an
increased number of patients with intraepithelial
eosinophils in the first surveillance biopsy, which,
along with increased neutrophils and endoscopic
erosions/fissures at the same time point, may be
attributable to an injury/repair process related to the
ablation procedure or to underlying gastroesopha-
geal reflux disease. This finding is similar to that of
Halsey et al, who described esophageal eosinophilia
(≥5 eosinophils per high power field), but not
specifically eosinophilic esophagitis, in Barrett's
esophagus patients post ablation.3

Although the current definition of lymphocytic
esophagitis includes having no more than rare
granulocytes, it is known that lymphocytes are
present in both gastroesophageal reflux disease and
eosinophilic esophagitis,12 and it has been postu-
lated that the phenotype of intraepithelial lympho-
cytes may have a role in the development of Barrett's
esophagus.13 The role of lymphocytes in relation to
neutrophils and eosinophils has also been studied in
the context of infectious esophagitis.14

A few lymphocytes are normally present in
the esophageal squamous mucosa, however, a
normal number is not defined. An early study by

Table 3 Post-ablation lymphocytic esophagitis

No post-ablation lymphocytic
esophagitis (N=62)

Post-ablation lymphocytic
esophagitis (N=33)

Factor Summary Summary P-value

Age (years) 68±11 67±10 0.61
Gender 0.96
Female 11 (18) 6 (18)
Male 51 (82) 27 (82)

Caucasian 56 (98) 28 (90) 0.12F

Any smoking 30 (48) 23 (72) 0.03
Any alcohol 28 (46) 17 (53) 0.51
Body mass index 31±7 31± 7 0.96

Medications
Aspirin 30 (48) 16 (49) 0.99
Nonsteroidal anti-inflammatory 4 (7) 5 (15) 0.17
Statins 31 (50) 23 (70) 0.065
Antihypertensive 42 (68) 26 (79) 0.26
Proton pump inhibitors 62 (100) 32 (97) 0.35F

Histamine H2-receptor antagonists 2 (3) 0 (0) 0.54F

Family history of esophageal cancer 1 (2) 3 (9) 0.13F

Comorbidities (non-exclusive)
Hypertension 36 (58) 21 (64) 0.6
Diabetes 12 (19) 8 (24) 0.58
Hyperlipidemia 30 (48) 22 (67) 0.088

Fundoplication 2 (3) 1 (3) 0.99F

Length of Barrett’s esophagus (cm) 6±3 5±4 0.69
Length of hiatal hernia (cm) 3±2 3±1 0.37
Any endoscopic mucosal resection 34 (55) 21 (64) 0.41
Any radiofrequency ablation 39 (63) 17 (52) 0.28
Any cryotherapy 29 (47) 24 (73) 0.015

Values presented as mean± standard deviation with analysis of variance or N (column %) with Fisher's Exact test (F) or Pearson's chi-square test.

Table 4 Post-ablation lymphocytic esophagitis: multivariable
logistic regression

Factor
Odds ratio

(95% confidence interval) P-value

Any smoking 2.9 (1.06, 7.9) 0.038
Hyperlipidemia 3.5 (1.2, 9.7) 0.017
Any cryotherapy 4.6 (1.6, 13.1) 0.005
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Mangano et al15 reported 0.8 mononuclear cells per
high power field in benign squamous epithelium in
areas away from resected tumor, and up to 6.3
mononuclear cells per high power field in cases with
active esophagitis and infection. A type of intra-
epithelial T lymphocyte, which has irregular
nuclear contours, or squiggle cells, has been reported
in normal esophageal squamous epithelium, active
esophagitis, infection, Barrett's esophagus, and
esophageal carcinoma15 as well as in pediatric
gastroesophageal reflux disease.16 Intraepithelial
lymphocytes in the esophagus have also been
reported in association with inflammatory bowel
disease,17,18 although an association specifically
between lymphocytic esophagitis and inflammatory
bowel disease has not been a universal finding.4–6,10
Rarely, primarily cutaneous diseases, such as
lichen planus, can present in the esophagus with
a marked increase in intraepithelial lymphocytes;
pill-esophagitis and medication injury to the
esophagus can also have intraepithelial lympho-
cytosis.19

There are a few limitations to our study. All of the
patients in our study had an established diagnosis of
gastroesophageal reflux disease. As intraepithelial
lymphocytes and eosinophils, as well as reactive
changes such as spongiosis, are known to be present
in gastroesophageal reflux disease, this may have
had an impact on our results. We attempted to
reduce this impact by counting intraepithelial
eosinophils and by using definitions of eosinophilic
esophagitis and lymphocytic esophagitis which
would be more specific than what might be
explained by gastroesophageal reflux disease alone.
However, the possibility still remains, as suggested
by others, that the histologic finding of lymphocytic
esophagitis is within the spectrum of gastroesopha-
geal reflux disease clinically.

Another limitation to our study is that we did not
separate our patients into more specific therapy
groups. Some of our patients received both radio-
frequency ablation and cryotherapy so the histologic
findings of lymphocytic esophagitis could be asso-
ciated with the combination of radiofrequency
ablation and cryotherapy and not just cryotherapy
alone, although cryotherapy was an independent risk
factor for lymphocytic esophagitis. In addition,
because there are no specific symptoms to
differentiate gastroesophageal reflux disease from
lymphocytic esophagitis, we did not evaluate for
symptoms in our patient population.

We describe for the first time histologic lympho-
cytic esophagitis in Barrett's esophagus patients who
have undergone ablation therapy. In these patients,
lymphocytic esophagitis was associated with prior
cryoablation, hyperlipidemia, and history of smok-
ing. We also found more patients with intraepithelial
eosinophils post ablation, but no increase in eosino-
philic esophagitis. Lymphocytic esophagitis is a new
entity that needs further characterization as to
etiology and clinical significance. It is important for

a pathologist to report the histologic findings in
order to help clinicians look for signs or symptoms in
the patient, and exclude other histologically similar
entities.
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