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Abstract

Background—Radiofrequency ablation (RFA) has become an accepted form of endoscopic
treatment for Barrett’s esophagus (BE), yet reported response rates are variable. There are no
accepted quality measures for performing RFA, and provider-level characteristics may influence
RFA outcomes.

Objective—To determine whether endoscopist RFA volume is associated with rates of complete
remission of intestinal metaplasia (CRIM) after RFA in patients with BE.

Design—Retrospective analysis of longitudinal data.
Setting—Three tertiary-care medical centers.
Patients—Patients with BE treated with RFA.

Intervention—RFA.
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Main Outcome Measurements—For each endoscopist, we recorded RFA volume, defined as
the number of unique patients treated as well as corresponding CRIM rates. We calculated a
Spearman correlation coefficient relating these 2 measures.

Results—We identified 417 patients with BE treated with RFA who had at least 1 post-RFA
endoscopy with biopsies. A total of 73% of the cases had pretreatment histology of high-grade
dysplasia or adenocarcinoma. The procedures were performed by 7 endoscopists, who had a
median RFA volume of 62 patients (range 20-188). The overall CRIM rate was 75.3% (provider
range 62%-88%). The correlation between endoscopist RFA volume and CRIM rate was strong
and significant (rho = 0.85; P =.014). In multivariable analysis, higher RFA volume was
significantly associated with CRIM (P for trend .04).

Limitations—Referral setting may limit generalizability. Limited number of endoscopists
analyzed.

Conclusion—Endoscopist RFA volume correlates with rates of successful BE eradication.
Further studies are required to confirm these findings and to determine whether RFA volume is a
valid predictor of treatment outcomes in BE.

Barrett’s esophagus (BE) is the premalignant lesion of esophageal adenocarcinoma (EAC),
histologically characterized by the metaplastic conversion of the cells of the distal
esophagus from normal squamous epithelium to intestinal-type columnar epithelium.
Alarmingly, the incidence of EAC has risen dramatically over the past several decades in
Western countries,:2 and the prognosis associated with esophageal cancer continues to be
poor, with 17% 5-year survival in the United States.3 As a result, endoscopic surveillance is
recommended for patients with BE in an attempt to detect neoplastic changes at an early
juncture, and endoscopic therapy is subsequently performed in many of those who progress
to dysplasia or cancer.

Radiofrequency ablation (RFA) is an efficacious treatment for BE with dysplasia, with
excellent short-term outcomes.? In fact, the most recent American Gastroenterological
Association position statement advocates RFA as part of endoscopic therapy as the preferred
management strategy for BE with high-grade dysplasia.® The use of RFA for BE is
expanding rapidly, as evidenced by data from RFA registries in the United States and the
United Kingdom,%7 and treatment with RFA has spread beyond specialized academic
centers into the community setting.8

Despite this, there is a paucity of literature to date on quality and endoscopy in BE. The few
studies on quality in endoscopic surveillance of BE have found wide variation in practice
patterns. For example, there is poor adherence to recommended biopsy guidelines in both
community and academic settings.910

In the quality literature examining other endoscopic procedures, especially screening
colonoscopy, associations between provider-level characteristics and outcomes have been
examined extensively. Most prominently, endoscopist adenoma detection rates have been
recognized as an independent predictor of interval colorectal cancer after screening
colonoscopy.1! Other studies have identified provider-level factors that influence adenoma
detection rate, including endoscopist specialty and colonoscopy volume.12-17 Similar
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relationships between higher procedural volumes and improved outcomes exist for other
endoscopic procedures such as ERCP18-22 a5 well as for surgeries such as
esophagectomy.23:24 However, no studies to date have evaluated provider-level
characteristics and RFA outcomes in BE.

In light of established associations between procedure volume and outcomes in various other
settings, we sought to determine whether there is an association between endoscopist RFA
volume and the rate of success in achieving complete remission of intestinal metaplasia in
patients with BE.

METHODS

We performed a multicenter, retrospective review of patients with BE who had undergone
RFA. By using a combination of electronic medical record review and a query of electronic
endoscopy reporting systems (ProVation MD; ProVation Medical, Minneapolis, Minn) for
Current Procedural Terminology codes 43228 and 43258, we identified 601 patients with
BE who underwent RFA between January 1, 2006 and June 30, 2012 at 3 tertiary-care
referral centers (Columbia University, University of Pennsylvania, and Mayo Clinic-
Rochester). We collected information regarding patient characteristics including age, sex,
baseline BE length, pretreatment histology, dates of first and last RFA, total number of
RFAs, RFA treatment type (circumferential, focal, or both), and date of the endoscopy
during which biopsy specimens demonstrated complete remission of intestinal metaplasia
(CRIM), if such histology was achieved. There was no protocol for a stopping point for RFA
treatment; the decision of when to perform biopsies after initiating RFA therapy was at the
discretion of the individual endoscopist. We defined CRIM as the absence of intestinal
metaplasia or worse pathology from all esophageal or gastroesophageal junction biopsy
specimens on the first post-RFA endoscopy. The first post-RFA endoscopy represented
either (1) endoscopy with no visible BE or (2) endoscopy with residual visible suspected
BE. Biopsy specimens of these tissues with suspected residual BE were taken instead of
retreatment with RFA (we termed these incompletely treated, because these patients were
successfully retreated based on biopsy findings or were ultimately treatment failures).
Because this was a retrospective analysis, there was no standardized biopsy protocol. In
general, the practice of all the endoscopists included in the study was to perform random, 4-
quadrant biopsies from the gastroesophageal junction and every 1 to 2 cm along the original
BE length. This study was approved by the institutional review boards of Columbia
University, University of Pennsylvania, and the Mayo Clinic-Rochester.

We chose to restrict analyses to providers who had performed RFA on at least 10 unique
patients during the study period because we believed that CRIM rates calculated from data
on fewer than 10 patients lacked sufficient precision to contribute meaningfully to the
analyses. Patients were excluded from analysis if they had RFA performed by more than 1
endoscopist (n = 5) or by an endoscopist who performed RFA on fewer than 10 patients
within the study period (n = 19); if their pretreatment histology was without intestinal
metaplasia, dysplasia, or EAC (n = 27); if their pre-RFA biopsy results were unavailable for
review (n = 10); or if their post-RFA biopsies were performed after the conclusion of the
study period (n = 1). For each endoscopist, we assigned an anonymous identifier and
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recorded annual endoscopic volume (any procedure type) and years since completing
fellowship.

Based on the remaining 539 patients, for each endoscopist we determined RFA volume,
defined as the number of unique patients on which each endoscopist performed RFA. In
order to account for variability in ablation practice patterns between endoscopists, we
decided to analyze the total number of RFA procedures as a secondary measure of RFA
experience. We subsequently calculated each endoscopist’s CRIM rate, which equaled the
proportion of unique patients treated who achieved CRIM. Patients for whom we lacked
data from post-RFA endoscopies (n = 122) were not included in this calculation (Fig. 1).

For descriptive purposes, we calculated proportions for categorical variables. For continuous
variables, we reported medians with interquartile ranges (IQRs) or, for normally distributed
data, means with standard deviations. We then plotted endoscopist RFA volume by CRIM
rate. We calculated a Spearman coefficient to assess the relationship between these two
variables. Next, we repeated these analyses comparing CRIM rate with number of RFA
procedures, our secondary measure of RFA experience. Last, we classified the endoscopists
into approximate tertiles of RFA volume and performed multivariable logistic regression
analyses to assess whether RFA volume was associated with CRIM after adjustment for age,
sex, BE length, pre-treatment histology, RFA treatment type, and year. We defined
statistical significance as P < .05.

RESULTS

We identified 12 endoscopists who had performed RFA for BE during the study period, of
whom 7 had performed procedures on more than 10 patients within that period. In total,
those endoscopists performed RFA on 539 patients during that period (Table 1). The
patients were overwhelmingly male (83%), and the mean age was 65 years. Most had either
high-grade dysplasia (60%) or adenocarcinoma (13%) as the highest histology before
initiation of RFA therapy. The patients underwent a median of 2 RFA procedures (IQR 1-
3).

Of those 539 patients, 417 had at least 1 post-RFA EGD with biopsies. The overall rate of
CRIM was 75% (provider range 62%-88%) (Table 2). There was a wide range in the
number of patients on whom each endoscopist performed RFA, from 20 to 188 patients. The
same was true of the number of RFA procedures per endoscopist, ranging from 54 to 470.
Persistent intestinal metaplasia was found at the gastroesophageal junction only (no visible
BE endoscopically) in 33 patients (34.4% of persistent intestinal metaplasia, 8.0% of all
patients), and there was residual visible BE (incompletely treated) in 63 patients (65.6% of
persistent intestinal metaplasia, 15.2% of all patients).

Endoscopist RFA patient volume correlated strongly with CRIM rate (rho = 0.85; P =.014)
(Fig. 2). Similarly, the total number of RFA procedures performed by each endoscopist also
strongly correlated with the CRIM rate (rho = 0.89; P =.007). In multivariable logistic
regression analysis, tertile of RFA volume was significantly associated with CRIM (P for
trend .04) (Table 3). Older patient age (per year, odds ratio [OR] 0.95; 95% confidence
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interval [Cl], 0.93-0.98) and longer length of BE (per cm, OR 0.80; 95% ClI, 0.73-0.87)
were both inversely associated with CRIM.

Because the threshold for deciding whether RFA is or is not working for a particular patient
may differ markedly between endoscopists, we repeated the analyses excluding all of the
incompletely treated patients. There remained a positive but nonsignificant correlation
between endoscopist RFA volume and CRIM rate (rho = .52; P = .23). We subsequently
analyzed incomplete RFA rates by endoscopist and found a nonsignificant inverse
association between RFA volume and incomplete RFA rates (rho = —-0.57; P = .18).

We also assessed whether overall endoscopist experience could be associated with RFA
treatment outcomes. We found no correlation between CRIM rate and yearly endoscopic
volume (P =.76) or with years since completing gastroenterology fellowship (P = .59).

DISCUSSION

In this study of patients with BE treated with RFA at 3 tertiary-care referral centers, we
found that greater endoscopist RFA volume was associated with increased rates of achieving
complete remission of intestinal metaplasia. Both the number of patients treated with RFA,
our primary measure of endoscopist experience, and the total number of RFA procedures
performed by each endoscopist correlated strongly and significantly with CRIM rate. Tertile
of endoscopist volume also was associated with CRIM after adjusting for age, sex, BE
length, pre-RFA histology, and year. We found a relatively broad range of CRIM rates by
provider, indicative of significant provider-level variability with regard to outcomes of RFA.
Older age and greater BE length were inversely associated with CRIM, consistent with
results of prior studies.6:2526 Additionally, the overall CRIM rate of 75% among the patients
we studied is similar to previously reported rates.46:25.26

To our knowledge, this is the first report of a correlation between endoscopist experience
with RFA and outcomes in the ablation of BE. Prior studies have reported correlations
between provider volume and outcomes for endoscopic procedures spanning the range of
technical difficulty from colonoscopy!2-17 to ERCP.18:19 Although findings in colonoscopy
studies are heterogeneous, there is a common trend of an association of experience with
markers of colonoscopy quality, such as adenoma detection rate or procedure completion. In
studies of ERCP, data on volume and outcomes are more homogenous, showing correlations
between ERCP volume and higher procedural success rates and fewer adverse events.18:21:22
These studies linking volume and outcomes have led to changes in standards for endoscopy
practice, such as minimum acceptable adenoma detection rates?” and defining the difficulty
of a planned ERCP to identify procedures that should be referred to more experienced
endoscopists.28 The literature in surgery also supports a volume-outcome relationship,
leading to similar standards. For esophagectomy, centers performing at least 20 resections
per year had markedly reduced operative mortality rates, leading to a recommendation that
only higher-volume centers perform esophagectomy.24

It is unclear whether the endoscopist CRIM rate is an appropriate metric of RFA quality in
BE, because the CRIM rate for the provider with the highest volume was modestly lower
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than that for other high-volume endoscopists. Patients treated by endoscopist G were not
older and did not have longer BE segments compared with patients treated by other
endoscopists. There may have been patient-level differences, such as greater number of
comorbidities, resulting in a more conservative treatment strategy in which dysplasia
eradication might have been the goal of care. However, this and other patient-related factors
that may have affected endoscopic management decisions were not accounted for in this
retrospective analysis. It is also plausible that there is a CRIM plateau around 80% (a figure
consistent with other published data*®:8) and that the 88% data point for endoscopist F is
itself an outlier. Future studies with data from larger numbers of endoscopists can help shed
light on these questions.

There may be other factors to explain variable CRIM rates. If one endoscopist
systematically performed biopsies less in the treated esophagus, then the CRIM rates could
be higher simply because of less sampling. In this case, we might expect to see variable rates
of detection of subsquamous intestinal metaplasia after RFA. However, only 2 patients had
subsquamous intestinal metaplasia on post-RFA esophageal biopsies. Therefore, we do not
believe that between-endoscopist differences in sampling intensity of the neosquamous
esophagus explain the observed differences in CRIM rates. Fellow involvement in cases also
may have impacted CRIM rates, but this was not captured in our analyses.

The current study has several strengths. We analyzed data from a large number of BE
patients who underwent treatment with RFA at 1 of 3 major referral centers. The large
majority of patients included in the analyses had high-grade dysplasia or intramucosal
adenocarcinoma, reflecting the current recommended practice for this patient population.
We examined data for specific endoscopists, which provided a much more informative
picture of outcomes related to procedure volume than would analyses of hospital or center
volume.

Our study also has limitations to be considered. Despite examining all RFAs performed at 3
major referral centers, we identified only 7 endoscopists who performed RFA for BE on
more than 10 patients during the nearly 6-year study period, potentially limiting
generalizability of the findings. This study was a retrospective review rather than a
prospective trial with a uniform treatment and follow-up protocol. Therefore, although
similar standards were practiced by the endoscopists at all 3 centers, slight variations in
management style may have influenced CRIM rates as measured in this study. Last, in our
study, the number of patients treated by each endoscopist varied greatly (20-188), limiting
our ability to identify a learning curve for RFA and a threshold above which CRIM rates
may plateau.

Additional research is warranted to evaluate associations between provider-level
characteristics and outcomes of RFA. Analysis of larger numbers of endoscopists is needed
to validate RFA volume as a predictor of CRIM. Whether CRIM rate is an appropriate
metric for quality in RFA is open for debate, because durable remission of intestinal
metaplasia and ultimately the prevention of EAC are the most meaningful outcomes. Recent
data examining the durability of CRIM after RFA have found differing rates of CRIM
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maintenance,26.29:30 suggesting that provider-level differences may influence not only
response but recurrence as well.

In this study of patients treated with RFA for BE, we found that both endoscopist patient
volume and endoscopist case volume were associated with the rate of CRIM. Nonetheless,
further research involving larger numbers of endoscopists is required to confirm our
findings, perhaps ultimately leading to the creation of quality metrics for RFA.

Abbreviations

BE Barrett’s esophagus
CRIM complete remission of intestinal metaplasia
EAC esophageal adenocarcinoma
RFA radiofrequency ablation
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Figure 1.
Flow diagram of patients reviewed for analysis of association between complete remission

of intestinal metaplasia rates and endoscopist radiofrequency ablation volume. RFA,
radiofrequency ablation; BE, Barrett’s esophagus.
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Figure 2.
Significant positive correlation between the total number of patients treated by

radiofrequency ablation by each endoscopist and the rate of complete remission of intestinal
metaplasia. CRIM, complete remission of intestinal metaplasia; BE, Barrett’s esophagus;
RFA, radiofrequency ablation.
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TABLE 1
Characteristics of patients with BE treated with RFA

Total 539
Male sex, % 83
Age, mean (+ SD), y 65+ 11

Baseline BE length, cm 4 (IQR 1-6)

Baseline histology, no. (%)

IM, no dysplasia 65 (12)

LGD (or indeterminate) 86 (16)

HGD 320 (60)

EAC 68 (13)

Total no. RFA treatments 2 (IQR 1-3)

RFA device used, no. (%)

Circumferential only 73 (14)
Focal only 272 (50)
Both 193 (36)

Year of first RFA, no. (%)

2006 15 (3)

2007 73 (14)
2008 136 (25)
2009 119 (22)
2010 124 (23)
2011 72 (13)

BE, Barrett’s esophagus; RFA, radiofrequency ablation; SD, standard deviation; IQR, interquartile range; IM, intestinal metaplasia; LGD, low-grade
dysplasia; HGD, high-grade dysplasia; EAC, esophageal adenocarcinoma.
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TABLE 2

Individual endoscopist RFA volumes (no. of unique patients treated), procedure volumes (no. of RFA
procedures performed), and rates of CRIM

Endoscopist  Patient volume  Procedure volume CRIM rate (%)
A 20 54 61.5
B 21 61 66.7
C 55 151 71.4
D 62 118 69.6
E 81 196 80.6
F 113 251 88.0
G 188 470 72.2
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RFA, Radiofrequency ablation; CRIM, complete remission of intestinal metaplasia.
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TABLE 3

Multivariable logistic regression analysis of association between tertile of endoscopist RFA volume and
CRIM rate

Tertile Odds ratio* 95% CI

Lowest 1.00 Referent
Middle 1.54 0.58-4.07
Highest 2.34 0.95-5.77

RFA, Radiofrequency ablation; CRIM, complete remission of intestinal metaplasia; Cl, confidence interval.

P for trend = .04.

*
Adjusted for age, sex, Barrett’s esophagus length, pre-RFA histology, year, and RFA treatment type.
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