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ORIGINAL ARTICLE

Adherence to clinical guidelines for Barrett’s esophagus

Dag Holmberga , Eivind Ness-Jensena,b,c , Fredrik Mattssona and Jesper Lagergrena,d

aDepartment of Molecular Medicine and Surgery, Upper Gastrointestinal Surgery, Karolinska Institutet, Karolinska University Hospital,
Stockholm, Sweden; bDepartment of Public Health and Nursing, NTNU, Norwegian University of Science and Technology, Levanger, Norway;
cDepartment of Medicine, Levanger Hospital, Nord-Trøndelag Hospital Trust, Levanger, Norway; dSchool of Cancer and Pharmaceutical
Sciences, King’s College London, London, UK

ABSTRACT
Background and aim: Clinical guidelines recommend endoscopy surveillance at given intervals or
endoscopic therapy for Barrett’s esophagus with low-grade dysplasia (LGD) and high-grade dysplasia
(HGD). Whether these guidelines are followed in clinical practice is unknown and was assessed in this
study.
Methods: This nationwide Swedish cohort study included patients with Barrett’s esophagus with histo-
logically verified LGD or HGD from 50 centers in 2006–2013. These patients were followed up using
nationwide registers. Adherence to clinical guidelines was explored. Eight potential risk factors for
deviation from guidelines were assessed using multivariable logistic regression, providing adjusted
odds ratios (OR) with 95% confidence intervals (95%CI).
Results: Among 211 patients with Barrett’s esophagus (mean age 67.0 years, standard deviation
9.7 years, 81% male), 71% had LGD and 29% had HGD. During median 3.9 years of follow-up, 84%
underwent a follow-up endoscopy, 17% received endoscopic therapy and 8% underwent esophagec-
tomy. The clinical management deviated from guidelines in 60% of all patients (69% in LGD and 39%
in HGD), which was mainly due to under-surveillance (86%). Risk factors for deviation from guidelines
were LGD compared to HGD (OR 3.4, 95%CI 1.7–6.8), longer Barrett’s segment length (OR 2.0, 95%CI
1.0–3.9, comparing �3 cm with <3 cm), and treatment at gastroenterology compared to surgery
departments (OR 2.3, 95%CI 1.2–4.4). Age, sex, calendar period and university hospital status were not
associated with deviation from surveillance guidelines.
Conclusions: Adherence to guidelines for dysplastic Barrett’s esophagus is poor, particularly for LGD.
Efforts to implement clinical guideline recommendations are needed.
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Introduction

Barrett’s esophagus is the precursor lesion to esophageal
adenocarcinoma, a highly lethal tumor with rapidly increas-
ing incidence [1]. Esophageal adenocarcinoma develops in
an orderly sequence from gastroesophageal reflux disease, to
non-dysplastic Barrett’s esophagus, low-grade dysplasia
(LGD), high-grade dysplasia (HGD) and finally to adenocarcin-
oma [2]. Patients with Barrett’s esophagus should be regu-
larly monitored by endoscopy with biopsies to assess
whether LGD or HGD is present in order to prevent adeno-
carcinoma [3]. Clinical guidelines recommend endoscopy sur-
veillance at given intervals or endoscopic eradication therapy
for patients with LGD or HGD without focal lesions [3,4], and
endoscopic surveillance of Barrett’s esophagus prevents mor-
tality in esophageal adenocarcinoma [5]. Non-dysplastic
Barrett’s may be monitored at longer intervals because the
absolute risk of esophageal adenocarcinoma is low in these
patients [6,7]. Adherence to guidelines for non-dysplastic

Barrett’s esophagus have been reported to be poor, but no
study has evaluated how well the guidelines specifically for
dysplastic Barrett’s esophagus are followed in clinical prac-
tice, where the cancer risk is substantially higher than for
non-dysplastic Barrett’s esophagus. This study aimed to help
clarify the clinical adherence of recommended guidelines in
patients with LGD or HGD and to identify risk factors for
deviations from these guidelines.

Methods

Study design

This was a nationwide Swedish population-based cohort
study during the study period 1 January 2006 to 31
December 2013. Study participants were recruited from all
centers managing patients with dysplastic Barrett’s esopha-
gus in Sweden during the study period. Data on risk factors
and outcomes were collected from medical records and four
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nationwide health data registers. Ethical approval was
obtained from The Regional Ethical Review Board in
Stockholm, Sweden.

Study cohort

Figure 1 shows a flowchart of the identification and selection
of the study participants. The source cohort included all
8185 patients aged >18 years with Barrett’s esophagus iden-
tified in the Swedish Patient Register (by the International
Classification of Diseases [ICD] code K227) during the study
period. As part of a case-control study nested within the
source cohort, endoscopy and histopathology reports from
1368 patients with Barrett’s esophagus at 83 endoscopy cen-
ters were retrieved and reviewed [8]. Based on this review,
299 patients with dysplastic Barrett’s esophagus, according
to the histopathology reports, were considered for this study,
identified from 50 centers. Among these 299 patients, we
excluded those with a history of esophageal adenocarcinoma
(n¼ 36), indefinite dysplasia (n¼ 16), dysplasia without evi-
dence of specialized intestinal metaplasia (n¼ 9), and those
ineligible for surveillance because of a too short follow-up
due to death, early diagnosis of esophageal adenocarcinoma,
or end of study period (n¼ 27). After these exclusions, 211
patients remained for final analysis.

Data sources

The endoscopy and histopathology reports provided data
regarding indication for endoscopy, hiatal hernia, esophagitis,
Barrett’s segment length, type of metaplasia and degree of
dysplasia (LGD or HGD).

The Swedish Patient Register was used to identify all
patients with Barrett’s esophagus for the source cohort as
explained above, and to identify comorbidities, endoscopies,

treating departments and hospitals. The Patient Register con-
tains demographic and clinical data of all in-patient health-
care and all specialized out-patient healthcare in Sweden
from 2001 onwards. The clinical data of interest included
diagnoses, surgical and diagnostic procedures and hospital-
izations. Data from the Swedish Patient Register have been
validated for their usefulness in research [9].

The Swedish Cancer Register was used to identify patients
with esophageal adenocarcinoma. This register contains data
of all incident cancers in Sweden since 1958, including infor-
mation regarding site, tumor stage and histopathology. The
register has been validated for the recording of esophageal
adenocarcinoma with 98% completeness for recording, 98%
completeness for tumor staging and 100% for histological
confirmation [10,11].

The Swedish Cause of Death Register was used to assess
mortality for descriptive and censoring purposes. The register
records date and cause of all deaths of Swedish residents
from 1952 onwards. The completeness of the register is
almost 100% for both date of death and cause of death [12].

The Swedish Prescribed Drug Register was used to identify
participants using proton pump inhibitors. The register
records dispensations, package sizes and doses of all pre-
scribed medications in Sweden. The registration is auto-
mated, making the completeness and quality of the data
excellent [13].

Risk factors

Eight variables were considered as possible risk factors for
deviation from guidelines: age, sex, comorbidity, degree of
dysplasia, Barrett’s segment length, calendar period, type of
hospital and type of department. Data on age were available
from the endoscopy report. Data on sex and comorbidity
were available from the Patient Register. Comorbidity was
assessed based on the most recent version of the well-vali-
dated Charlson Comorbidity Index, a score based on specific
ICD codes [14]. Data on degree of dysplasia (LGD or HGD)
were retrieved from the histopathology reports. Information
about Barrett’s segment length was available from the
endoscopy reports. Calendar period data were available
from the endoscopy reports. Information about type of hos-
pital and type of department was available from the Patient
Register.

Outcomes

The outcome was deviation from recommended guidelines
for dysplastic Barrett’s, which was defined depending on the
degree of dysplasia. The recommended surveillance intervals
and treatment regimens were derived from published guide-
lines just before or during the study period, which were all
very uniform for dysplastic Barrett’s esophagus (Appendix)
[15–19]. For LGD, adherence to guidelines was defined as
repeat endoscopy with biopsies within 6–12 months of the
baseline assessment. For HGD, adherence to guidelines was
defined as repeated endoscopy with biopsies, endoscopic
eradication therapy or surgical resection (esophagectomy)

Figure 1. Flowchart of the identification and selection of the final study cohort
available for analysis. EAC: esophageal adenocarcinoma.
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within 3 months of baseline assessment. Any management
other than this was classified as deviation from guidelines.
Deviation was further categorized into under-surveillance
and over-surveillance. Under-surveillance was defined as lack
of surveillance or treatment after the recommended time
interval, while over-surveillance was defined as surveillance
before the recommended time interval (relevant for LGD
only). Data on endoscopy with biopsies, endoscopic eradica-
tion therapy and esophagectomy were retrieved from the
medical records or the Patient Register (details are given in
the Appendix).

Statistical analysis

Follow-up started from the date of index endoscopy with
biopsies and ended at death, diagnosis of esophageal adeno-
carcinoma or end of the study period, whichever occurred
first. The data were explored for adherence to guidelines and
also stratified by degree of dysplasia (LGD or HGD). The eight
potential risk factors presented above were assessed using
logistic regression to calculate crude and adjusted odds
ratios (OR) with 95% confidence intervals (CI). In the analysis
of a specific risk factor, all other seven potential risk factors
were adjusted for in the model, with the following categori-
zations: age was categorized into <65 or �65 years, Barrett’s
segment length into <3 or �3 cm, comorbidity as Charlson
Comorbidity Index 0 or �1, calendar period of index endos-
copy into <2010 or �2010, type of hospital into university
hospital or non-university hospital, and type of department
into surgical, gastroenterological or other. All statistical analy-
ses adhered to a detailed study protocol that was agreed
upon by all authors before the data collection. The data
management and statistical analyses were performed in
STATA (version IC 15.1, StataCorp, College Station, TX).

Results

Study participants

Among the 211 study participants with dysplastic Barrett’s
esophagus, 149 (71%) had LGD and 62 (29%) had HGD.
These patients were followed up for a median of 3.9 person-
years (interquartile range 2.2–5.6 years). The mean age at
baseline was 67.0 years (standard deviation 9.7 years, range
28.8–89.3 years) and 81% were male. Maximum (Prague M)
and circumferential (Prague C) segment length were
reported in 90 and 76%, respectively. Compared to patients
with LGD, those with HGD were more likely to be older,
male, have concomitant hiatal hernia or esophagitis, have
longer circumferential Barrett’s segments, have more comor-
bidity, and use antireflux medication with a proton pump
inhibitor (Table 1).

Adherence to guidelines

Deviation from guidelines occurred in 60% of all participants
(Table 2). Deviation was more common in patients with LGD
(69%) than in those with HGD (39%). Under-surveillance was

the most common cause of deviation from guidelines (86%),
while over-surveillance was less frequent (14%). Endoscopic
eradication therapy was performed in 39% of participants
with HGD and 8% of participants with LGD, while 19% of
participants with HGD and 3% of participants with LGD
underwent esophagectomy. Esophageal adenocarcinoma
developed in four patients in the LGD group (6.5 cases per
1000 person-years) and four patients in the HGD group (16.3
cases per 1000 person-years). Inadequate surveillance was
not associated with death during follow-up (OR 0.8,
95%CI 0.4–1.8).

Risk factors for deviation from guidelines

The results of the analyses of risk factors for deviation from
guidelines are presented in Table 3. Age was not associated
with deviation from guidelines (OR 1.1, 95% CI 0.6–2.1, com-
paring ages �65 and <65 years). Women had an increased
point estimate of deviation from guidelines compared to
men (OR 1.4, 95% CI 0.6–3.1), but this was not statistically
significant. Likewise, the OR of deviation from guidelines was
non-significantly increased in patients with more comorbidity
(OR 1.7, 95% CI 0.8–3.5, comparing Charlson score �1 with
0). LGD was associated with an increased OR of deviation
from guidelines compared to HGD (OR 3.4, 95% CI 1.7–6.8).
Barrett’s maximum segment length was associated with
increased OR of deviation from guidelines (OR 2.0, 95% CI
1.0–3.9, comparing �3 cm length with <3 cm). The OR of
deviation from guidelines was non-significantly increased in
those endoscope prior to 2010 compared to 2010 or later
(OR 1.5, 95% CI 0.8–2.8). Management at a non-university
hospital was associated with a non-significantly increased
point estimate of deviation from guidelines compared to uni-
versity hospitals (OR 1.3, 95% CI 0.5–2.8). Management at a
gastroenterology department was associated with a 2-fold
increased OR of deviation from guidelines compared to man-
agement in surgery departments (OR 2.3, 95% CI 1.2–4.4).

Risk factors for under- and over-surveillance

Among the eight tested potential risk factors, management
at a gastroenterology department was associated with an
increased risk of under-surveillance (OR 1.8, 95% CI 1.1–3.4)
(Supplementary Table 1) and age �65 years was associated
with a decreased risk of over-surveillance (OR 0.3, 95% CI 0.
1–0.9) (Supplementary Table 2). No other risk factors were
statistically significantly associated specifically with under- or
over-surveillance.

Discussion

This study indicates that adherence to clinical guidelines of
dysplastic Barrett’s esophagus is poor, particularly in patients
with LGD, who often were under-surveyed. Guidelines were
more strictly enforced in surgery departments compared to
gastroenterology departments, and patients with long-seg-
ment Barrett’s esophagus more often received inappropriate
surveillance. The other studied potential risk factors were not
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statistically significantly associated with deviations from
guidelines.

Methodological strengths of the study include the popula-
tion-based design and the extensive data collection from
medical records and histopathology reports, combined with
data from nationwide high-quality health data registers. The
diagnosis of dysplastic Barrett’s esophagus was validated

through manual review of histopathology reports. The
nationwide design ensured that patients who switched
healthcare provider or moved house were still followed up.
The study also has weaknesses. Despite the nationwide
approach, the sample size was limited, which might explain
why several increased point estimates were statistically non-
significant. Some deviation from guidelines might have been

Table 1. Characteristics of 211 patients with dysplastic Barrett’s esophagus.

Number (%)

Total (n¼ 211) LGD (n¼ 149) HGD (n¼ 62)

Age (years) – mean (standard deviation) 67.0 (9.7) 66.3 (9.2) 68.7 (10.8)
<60 39 (19) 30 (20) 9 (15)
60–70 87 (41) 67 (45) 20 (32)
>70 85 (40) 52 (35) 33 (53)

Sex
Men 171 (81) 117 (79) 54 (87)
Women 40 (19) 32 (21) 8 (13)

Comorbidity
0 118 (56) 87 (58) 31 (50)
�I 93 (44) 62 (42) 31 (50)

Diabetes 27 (13) 18 (12) 9 (15)
Hypertension 66 (31) 47 (32) 19 (31)
Chronic obstructive pulmonary disease 25 (12) 16 (11) 9 (15)
Hiatal hernia 162 (77) 110 (74) 52 (84)
Esophagitis 24 (11) 15 (10) 9 (15)
Segment length (cm) – median (interquartile range)
Maximum extent (n¼ 189) 5 (2–9) 5 (2–9) 5 (3–9)
Circumferential extent (n¼ 160) 2 (0–7) 1 (0–6) 3.5 (0–9)

Use of proton pump inhibitor 198 (94) 137 (92) 61 (98)
Calendar period of index endoscopy
2006–2009 111 (53) 80 (54) 31 (50)
2010–2013 100 (47) 69 (46) 31 (50)

Indication for endoscopy
Surveillance 131 (62) 101 (68) 30 (48)
Reflux 21 (10) 14 (9) 7 (11)
Anemia 23 (11) 16 (11) 7 (11)
Missing 36 (17) 18 (12) 18 (29)

Prior endoscopies – min–max 0–11 0–11 0–9
0 61 (29) 42 (28) 19 (31)
1 53 (25) 41 (28) 12 (19)
�2 97 (46) 66 (44) 31 (50)

Hospital
University hospital 56 (27) 38 (26) 18 (29)
Non-university hospital 155 (74) 111 (75) 44 (71)

Department
Surgery 104 (49) 69 (46) 35 (57)
Gastroenterology 99 (47) 76 (51) 23 (37)
Other 8 (4) 4 (3) 4 (7)

IQR: interquartile range; HGD: high-grade dysplasia; LGD: low-grade dysplasia; SD: standard deviation.

Table 2. Clinical management of 211 patients with dysplastic Barrett’s esophagus.

Number (%)

Total (n¼ 211) LGD (n¼ 149) HGD (n¼ 62)

Deviation from surveillance guidelines 127 (60) 103 (69) 24 (39)
Under-surveillance 109 (86) 85 (83) 24 (100)
Median time to first follow-up endoscopy – months 18 24 7
Over-surveillance 18 (14) 18 (17) 0 (0)
Median time to first follow-up endoscopy – months 2 2 –

Follow-up endoscopy
Yes 177 (84) 117 (79) 60 (97)
No 34 (16) 32 (21) 2 (3)

Endoscopic treatment 36 (17) 12 (8) 24 (39)
Esophagectomy 17 (8) 5 (3) 12 (19)
Death 27 (13) 12 (8) 15 (24)
Total follow-up – years 862.7 616.6 246.1
Median follow-up time – years (IQR) 3.9 (2.2–5.6) 4.0 (2.4–5.6) 3.2 (1.7–5.9)
Median time to first follow-up endoscopy – months (IQR) 9 (3–16) 13 (7–22) 3 (2–6)
Median time to endoscopic treatment – months 13 39 7
Median time to esophagectomy – months 17 26 6

HGD: high-grade dysplasia; IQR: interquartile range; LGD: low-grade dysplasia.

948 D. HOLMBERG ET AL.



due to factors impossible to assess in this study, e.g., patient
frailty and refusal by the patient to participate. In addition,
although the recording of data was prospective, the study
was conducted after all data collection were completed, why
some variables of interest were incompletely recorded, e.g.,
Barrett’s segment length.

This was to our knowledge the first study to evaluate
adherence to clinical guidelines specifically of patients with
dysplastic Barrett’s esophagus. Previous studies examining
adherence to guidelines have mainly considered non-dys-
plastic Barrett’s esophagus, which represents the vast major-
ity of Barrett’s patients. A large cohort study from the United
States indicated that only a minority (23%) of non-dysplastic
Barrett’s patients had regular surveillance, but could not
identify any specific risk factor for deviation from guidelines
[20]. A recent United States single-center study found that
only 16% of patients with non-dysplastic Barrett’s received
appropriate surveillance, and risk factors for under-surveil-
lance were male sex and comorbidity, while long-segment
Barrett’s was associated with over-surveillance [21]. Another
study from the United States found that poor health insur-
ance coverage was a risk factor for under-surveillance. This
latter factor is not applicable to Sweden, where healthcare
insurance is paid by taxes and equally distributed among all
residents [22]. A recent Danish study indicated poor endo-
scopic reporting and sampling of suspected Barrett’s esopha-
gus [23], and limited use of the widely recommended Prague
criteria for assessing segment length and the Seattle protocol
for tissue mapping [24,25].

The results of this study extend the findings of poor
adherence to guidelines also to include patients with dys-
plastic Barrett’s esophagus. Yet, compared to studies investi-
gating non-dysplastic Barrett’s esophagus, the guidelines

were followed to a greater extent in dysplastic Barrett’s
esophagus. Indeed, as participants with LGD were at
increased risk of deviation from guidelines compared to
HGD, adherence seems to improve with degree of dysplasia.
This pattern is likely due to the higher incidence of esopha-
geal adenocarcinoma for each of these conditions, from 0.2%
annually in non-dysplastic Barrett’s esophagus, to 0.5% in
LGD, and 5–10% in HGD [26,27]. Likewise, because Barrett’s
segment length is a risk factor for neoplastic progression it
may lead to over-surveillance [21]. Also in this study, long-
segment Barrett’s esophagus was more frequently associated
with deviation from guidelines, indicating that surgeons and
gastroenterologists manage these patients differently to
patients with short-segment Barrett’s esophagus.
Questionnaire data have indicated that most gastroenterolo-
gists (particularly at university hospitals) largely follow guide-
line recommendations for Barrett’s esophagus [28], but that
gastroenterologists often use sub-selection based on age,
Barrett’s segment length, or presence of an ulcer or stricture
[29]. However, in a large cohort study from the United
States, only 45% patients received a follow-up endoscopy,
indicating a discrepancy between reported and actual man-
agement [20]. Because gastroenterologists are often medic-
ally responsible for surveillance of Barrett’s esophagus, they
might more often consciously deviate from guidelines, which
was observed in this study.

Several of the studied potential risk factors for deviation
from guidelines indicated increased point estimates but were
statistically non-significant. Whether the lack of statistical sig-
nificance was due to limited power or a lack of association
remains to be clarified in further original studies or meta-anal-
yses. Speculatively, deviations from guidelines might be more
common in women than men because esophageal

Table 3. Risk factors for deviation from guidelines in 211 patients with dysplastic Barrett’s esophagus.

Number (%) Odds ratio with 95% CI

Deviation from guidelines (n¼ 127) Adherence to guidelines (n¼ 84) Crude Adjusteda

Age (years)
<65 47 (37) 34 (40) 1.0 (Reference) 1.0 (Reference)
�65 80 (63) 50 (60) 1.2 (0.7–2.0) 1.1 (0.6–2.1)

Sex
Men 100 (79) 71 (85) 1.0 (Reference) 1.0 (Reference)
Women 27 (21) 13 (15) 1.5 (0.7–3.1) 1.4 (0.6–3.1)

Comorbidity
0 70 (55) 48 (57) 1.0 (Reference) 1.0 (Reference)
�I 57 (45) 36 (43) 1.5 (1.0–2.1) 1.7 (0.8–3.5)

Dysplasia
High-grade 24 (19) 38 (45) 1.0 (Reference) 1.0 (Reference)
Low-grade 103 (81) 46 (55) 3.5 (1.9–6.6) 3.4 (1.7–6.8)

Segment length
Short (<3 cm) 34 (30) 30 (40) 1.0 (Reference) 1.0 (Reference)
Long (�3 cm) 80 (70) 45 (60) 1.6 (0.9–2.9) 2.0 (1.0–3.9)

Calendar period
�2010 59 (46) 41 (49) 1.0 (Reference) 1.0 (Reference)
<2010 68 (54) 43 (51) 1.1 (0.6–1.9) 1.5 (0.8–2.8)

Hospital
University hospital 34 (27) 22 (26) 1.0 (Reference) 1.0 (Reference)
Non-university hospital 93 (73) 62 (74) 1.0 (0.5–1.8) 1.3 (0.7–2.8)

Department
Surgery 51 (40) 53 (63) 1.0 (Reference) 1.0 (Reference)
Gastroenterology 70 (55) 29 (34) 2.5 (1.4–4.5) 2.3 (1.2–4.4)
Other 6 (5) 2 (3) 3.1 (0.6–16.2) 8.1 (0.7–91.5)

aAdjusted for all other listed variables.
CI: confidence interval.
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adenocarcinoma develops more often in men, and comorbid-
ity associated with frailty and decreased life expectancy might
decrease compliance. The tendency for improvement during
later calendar periods is encouraging, but efforts are needed
to improve compliance with recommended guidelines. While
guidelines regarding surveillance interval and treatment
remained largely unchanged during the study period, in
recent years guidelines have advocated more use of endo-
scopic eradication therapy for HGD and in selected cases of
LGD [30]. This may help increase the adherence to guidelines.

The poor adherence to surveillance guidelines is troubling
given the potentially lethal outcome of patients with dys-
plastic Barrett’s esophagus. Several observational studies sug-
gest that surveillance of Barrett’s esophagus improves the
prognosis of esophageal adenocarcinoma, although the
improved outcomes may be a result of lead and length time
bias [31,32]. However, high-quality data from randomized
studies are lacking. Based on the premise that surveillance
endoscopy for Barrett’s esophagus prevents death in esopha-
geal adenocarcinoma, the results from this study highlight a
potential to improve survival in this cancer.

Although this study does not provide any definitive area
to target to improve the adherence to guidelines, it is worth
noting that most patients were treated in low-volume
departments. Given that dysplastic Barrett’s esophagus is
uncommon, these patients should be referred to dedicated
centers with equipment for detecting mucosal abnormalities
and with the most updated treatment modalities available,
including radiofrequency ablation and endoscopic resection.
The quality of treatment improves with endoscopist volume:
volume of radiofrequency ablation is associated with both
decreased risk of incomplete eradication of the metaplasia
[33] and fewer number of sessions needed for complete
eradication [34]. It is likely that centralization of these
patients will improve adherence to surveillance guidelines.

In conclusion, this first study evaluating the adherence to
clinical guidelines in patients with dysplastic Barrett’s
esophagus found that the guidelines were poorly followed,
particularly for LGD and for long-segment Barrett’s, mainly
due to under-surveillance. Management at surgery depart-
ments decreased the risk of deviation from guidelines. These
findings indicate that the clinical management of patients
with dysplastic Barrett’s esophagus need to be improved and
efforts to better implement guidelines in clinical practice are
warranted. By extension, improved adherence to guidelines
may reduce the mortality in esophageal adenocarcinoma.
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Appendix 1 – diagnostic and procedural codes used
in the study

Endoscopy
� Nordic Medico-Statistical Committee Classification of Surgical

Procedures:

� Esophagoscopy: UJC02, UJC05, UJC12, UJC15

� Gastroscopy: UJD02, UJD05

Charlson Comorbidity Index

� International Classification of Diseases, 10th Revision

� Myocardial infarction: I21-I22, I12, I252

� Heart failure: I11, I13, I255, I43, I50, I517

� Peripheral vascular disease: I70-I73, I770, I771, K558, K559, Z958,
Z959, K551, R02

� Cerebrovascular disease: G45-G46, I60-I69

� Dementia: F00-F03, G30-G31, A810, F051

� Chronic obstructive pulmonary disease: I26-I27, J40-J47, J60-J67,
J684, J701, J703

� Rheumatic disease: M05-M06, M32-M36, M09, M120, M315

� Liver disease: K70-K71, B18, I85, I864, I982, K721, K29, K76,
R162, Z944

� Diabetes (type 1 and 2): E10-E14

� Hemi-/paraplegia: G81-G83, G114

� Renal disease: N01, N03, N05, N07-N08, N171, N172, N18, N19,
N25, Z49, Z940, Z992

� AIDS/HIV: B20-B24

� Malignancy: C00-C26, C30-C34, C37-C41, C43, C45-C58, C60-C76,
C80-C85, C88, C90-C97

� Metastatic tumors: C77-C79

Esophageal adenocarcinoma

� International Classification of Diseases, 7th Revision

� Esophageal cancer: 1500–1509

� Cardia cancer: 1511

in combination with:

� C24 Histology code

� 096 (adenocarcinoma)

Endoscopic eradication therapy

� Nordic Medico-Statistical Committee Classification of Surgical
Procedures:

� Endoscopic contact coagulation in esophagus: JCA35

� Other endoscopic hemostatic procedure in esophagus JCA42

� Endoscopic mucosal or submucosal resection in esophagus:
JCA45

� Other endoscopic procedure using diathermy or heat in
esophagus, incl. destruction of lesion and

� Incision of stenosis: JCA 52

Esophagectomy
� Nordic Medico-Statistical Committee Classification of Surgical

Procedures:

� Esophagectomy: JCC00, JCC10, JCC11, JCC20, JCC30, JCC96 and
JCC97

� Partial gastrectomy: JDC00, JDC10, JDC11, JDC20, JDC30, JDC40,
JDC96 and JDC97

� Total gastrectomy: JDD00, JDD96
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Appendix 2 – guidelines during the study period

Published guidelines for surveillance intervals and treatment regimens just before or during the study
period.

Guideline Recommendation

Sampliner et al. [15] LGD – 12 months follow-up endoscopy
HGD – 3-month follow-up endoscopy or surgical treatment

Hirota et al. [16] LGD – 6–12 months follow-up endoscopy
HGD – 3-month follow-up endoscopy or surgical treatment

Wang et al. [17] LGD – 12 months follow-up endoscopy
HGD – 3-month follow-up endoscopy or surgical treatment

Spechler et al. [18] LGD – 6–12 months follow-up endoscopy
HGD – 3-month follow-up endoscopy or surgical treatment

Evans et al. [19] LGD – 6–12 months follow-up endoscopy
HGD – 3-month follow-up endoscopy or surgical treatment
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