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Abstract: Background: Rural-urban disparities have been reported in the access, utilization, and
quality of healthcare. We aimed to assess whether use of antiarrhythmic therapies (AATs) in patients
with atrial fibrillation (AF) differs between those with rural and urban residence. Methods: The
registry-based FInACAF cohort covers all patients with AF from all levels of care in Finland. Patients
were divided into rural and urban categories and into urbanization degree tertiles based on their
municipality of residence at the time of AF diagnosis. The primary outcome was the use of any AAT,
including cardioversion, catheter ablation, and fulfilled antiarrhythmic drug (AAD) prescription.
Results: We identified 177,529 patients (49.9% female, mean age 73.0 (SD13.0) years) with incident AF
during 2010-2018. Except for AADs, the differences in AAT use were nonsignificant when patients
were stratified according to the rural-urban classification system (urban vs. rural adjusted incidence
rate ratios (aIRRs) with 95% Cls for any AAT 1.01 (0.99-1.03), AADs 1.11 (1.07-1.15), cardioversion
1.01 (0.98-1.03), catheter ablation 1.05 (0.98-1.12)). However, slightly higher use of all rhythm control
modalities was observed in the highest urbanization degree tertile when compared to the lowest
tertile (aIRRs with 95% Cis for any AAT 1.06 (1.03-1.08), AADs 1.18 (1.14-1.23), cardioversion 1.05
(1.02-1.08), catheter ablation 1.10 (1.02-1.19)). Conclusions: This nationwide retrospective cohort
study observed that urban residence is associated with higher use of AADs in patients with incident
AF. Otherwise, the observed disparities were only marginal, suggesting that in the use of rhythm
control therapies, no large rural-urban inequity exists in Finland.

Keywords: atrial fibrillation; rural-urban disparities; rhythm control therapies; antiarrhythmic drugs;
cardioversion; ablation

1. Introduction

Atrial fibrillation (AF), the most common sustained arrhythmia with a prevalence
as high as 4.1%, is associated with increased risk of ischemic stroke and mortality [1,2].
Symptoms related to AF range from none to disabling, often impacting daily life with
exercise intolerance, fatigue, and palpitations [3]. Although rate control approach is often
sufficient to improve AF-related symptoms, certain aspects clearly support electing rhythm
control strategy, referring to attempts to restore and maintain sinus rhythm. Rhythm control
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strategy may encompass a combination of antiarrhythmic therapies (AATs), including
catheter ablation, cardioversion, and antiarrhythmic drugs (AADs) [3]. While arrhythmic
symptoms are the primary indication for AATs in current guidelines, recent findings have
also suggested outcome benefits of rhythm control strategy [4-6].

Previous studies have revealed that individuals residing in rural areas have worse
outcomes in cardiovascular diseases and higher all-cause mortality [7-9]. Likewise, rural—
urban inequalities have been observed in the access, utilization, and quality of health-
care [10-13]. However, in patients with AF, prior research on treatment and outcome
disparities between rural and urban areas is limited and has shown somewhat inconsistent
results [14-18]. This nationwide cohort study covering all patients with incident AF in Fin-
land aimed to assess whether the use of rhythm control therapies varies between patients
residing in rural and urban areas.

2. Methods
2.1. Study Population

The Finnish AntiCoagulation in Atrial Fibrillation (FinACAF) Study (ClinicalTrials
Identifier: NCT04645537; ENCePP Identifier: EUPAS29845) is a nationwide historic cohort
study covering all patients with AF in Finland during 2004-2018 [2]. The study sample was
gathered from interlinked national health care registers (hospitalizations and outpatient
specialist visits: HILMO; primary health care: AvoHILMO; and National Reimbursement
Register upheld by Social Insurance Institute: KELA). All individuals with an International
Classification of Diseases, Tenth Revision (ICD-10) diagnosis code 148 (including atrial fibril-
lation and atrial flutter, together referred as AF) recorded between 2004-2018 were included
in the cohort and cohort entry was considered to occur on the date of the first recorded
AF diagnosis. The exclusion criteria were age < 20 years at AF diagnosis and permanent
migration abroad before 31 December 2018. Follow-up continued until 31 December 2018
or death, whichever occurred first. The current sub-study was conducted within a cohort
of patients with incident AF, established in previous studies of the FinACAF cohort [19-21].
In this cohort, patients with a recorded AF diagnosis during 2004-2006 were excluded
because the 2-year medical history was considered too short to exclude the presence of
an AF diagnosis before the cohort entry. Additionally, patients who had fulfilled an OAC
prescription during 20042006 or within a year before the date of first AF diagnosis were
excluded, since most of them likely had a previous diagnosis of AF. Furthermore, patients
entering the cohort before the introduction of AF specific ablation codes in 2010 were
excluded. The patient selection process is summarized in Supplementary Figure S1.

2.2. Rural-Urban Status

The patients were categorized to rural and urban groups according to Finland’s Envi-
ronmental Administration’s rural-urban classification system and patients’ municipality of
residence at cohort entry. In this classification, several variables, such as population, labor,
building, and road network data, are used to define areas rural-urban status, and urban
municipalities have a center with more than 15,000 residents [22]. Additionally, patients
were divided into tertiles according to the degree of urbanization of their municipality of
residence, acquired from Statistics Finland [23]. The degree of urbanization refers to the
proportion of people in a municipality living in localities or urban settlements.

2.3. Use of AATs

As an indicator of a pursuit of rhythm control strategy, the first-ever use of any
AAT was the primary outcome of the study, including recorded cardioversion (Nordic
Classification of Surgical Procedure (NCSP) codes: TPF20, WVA50, WX904), catheter
ablation (NCSP codes: TPF44, TPF45, TPF46), and claimed AAD prescription (ATC code
C01B antiarrhythmics class I and III, plus ATC code C07AAQ7 sotalol). The outcome
was considered to occur on the date of first AAD purchase or procedure date, whichever
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occurred first. The secondary outcomes were redeemed AAD prescription, as well as
cardioversion and catheter ablation procedures individually.

2.4. Statistical Analysis

The chi-square test was used to compare differences between proportions, and the
independent samples t-test and analysis of variance to analyze continuous variables. Pois-
son regression was used to estimate the adjusted and unadjusted incidence rate ratios
of AATs. The Poisson regression models were adjusted for age (categorical variable in
10-year groups), gender, calendar year of AF diagnosis, income quartiles, educational level,
dementia, cancer, alcohol use disorder, psychiatric disorders, prior stroke, abnormal liver
function, abnormal kidney function, diabetes, hypertension, coronary artery disease, and
heart failure. The definitions of the comorbidities are displayed in Supplementary Table S1.
Statistical analyses were performed with the IBM SPSS Statistics software (version 27.0,
SPSS, Inc., Armonk, NY, USA) and R (version 4.0.5, https:/ /www.R-project.org (accessed
on 1 March 2022)).

3. Results

We identified 177,529 patients (49.9% female, mean age 73.0 (SD13.0) years) with
incident AF during 2010-2018, the mean follow-up being 2.6 (SD 2.5) years. Patients
with rural residence had lower educational and income levels and higher prevalence of
cardiovascular comorbidities than patients with urban residence (Table 1).

Table 1. Descriptive characteristics of the cohort.

Rural-Urban Status

Urbanization Degree Tertiles

Rural Urban p-Value  1st (lowest) 2nd 3rd (highest) p-Value
n=62,836 n =114,693 n = 59,069 n = 59,531 n = 58,929

Demographics

Mean age, years 73.7 (12.5) 72.7 (13.2) <0.001 73.9 (12.4) 72.7 (13.1) 72.6 (13.4) <0.001
Female sex 30,715 (48.9) 57,880 (50.5) <0.001 29,045 (49.2) 29,731 (49.9) 29,819 (50.6) <0.001
Highest educational level <0.001 <0.001
Primary school 35,869 (57.1) 53,964 (47.1) 34,205 (57.9) 29,612 (49.7) 26,016 (44.1)

Upper secondary school 18,076 (28.8) 31,678 (27.6) 16,883 (28.6) 17,288 (29.0) 15,583 (26.4)

Higher education 8891 (14.1) 29,051 (25.3) 7981 (13.5) 12,631 (21.2) 17,330 (29.4)

Income quartiles <0.001 <0.001
1st (lowest) 19,905 (31.7) 24,250 (21.1) 19,234 (32.6) 14,027 (23.6) 10,894 (18.5)

2nd 16,698 (26.6) 28,166 (24.6) 15,815 (26.8) 15,618 (26.2) 13,431 (22.8)

3rd 14,316 (22.8) 29,838 (26.0) 13,207 (22.4) 15,542 (26.1) 15,405 (26.1)

4th (highest) 11,917 (19.0) 32,439 (28.3) 10,813 (18.3) 14,344 (24.1) 19,199 (32.6)
Comorbidities

Abnormal liver function 299 (0.5) 656 (0.6) 0.008 267 (0.5) 312 (0.5) 376 (0.6) <0.001
Abnormal renal function 2650 (4.2) 5221 (4.6) <0.001 2500 (4.2) 2556 (4.3) 2815 (4.8) <0.001
Alcohol use disorder 2610 (4.2) 5263 (4.6) <0.001 2497 (4.2) 2561 (4.3) 2815 (4.8) <0.001
Cancer 12,731 (20.3) 24,966 (21.8) <0.001 11,929 (20.2)  12,295(20.7) 13,473 (22.9) <0.001
Coronary artery disease 15,256 (24.3) 25,542 (22.3) <0.001 14,421 (24.4) 14,006 (23.5) 12,371 (21.9) <0.001
Dementia 3383 (5.4) 6258 (5.5) 0.519 3247 (5.5) 3126 (5.3) 3268 (5.5) 0.056
Diabetes 14,926 (23.8) 25,853 (22.5) <0.001 14,113 (23.9)  13,675(23.0) 12,991 (22.0) <0.001
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Rural-Urban Status Urbanization Degree Tertiles
Rural Urban p-Value  1st (lowest) 2nd 3rd (highest) p-Value
Comorbidities
Abnormal liver function 299 (0.5) 656 (0.6) 0.008 267 (0.5) 312 (0.5) 376 (0.6) <0.001
Abnormal renal function 2650 (4.2) 5221 (4.6) <0.001 2500 (4.2) 2556 (4.3) 2815 (4.8) <0.001
Alcohol use disorder 2610 (4.2) 5263 (4.6) <0.001 2497 (4.2) 2561 (4.3) 2815 (4.8) <0.001
Cancer 12,731 (20.3) 24,966 (21.8)  <0.001 11,929 (20.2) 12,295 (20.7) 13,473 (22.9) <0.001
Coronary artery disease 15,256 (24.3) 25,542 (22.3)  <0.001 14,421 (24.4) 14,006 (23.5) 12,371 (21.9) <0.001
Dementia 3383 (5.4) 6258 (5.5) 0.519 3247 (5.5) 3126 (5.3) 3268 (5.5) 0.056
Diabetes 14,926 (23.8) 25,853 (22.5)  <0.001 14,113 (23.9)  13,675(23.0) 12,991 (22.0) <0.001
Dyslipidemia 32,120 (1.1) 58,131 (50.7) 0.081 30,322 (51.3) 30,690 (51.6) 29,239 (49.6) <0.001
Heart failure 11,365 (18.1) 19,350 (16.9)  <0.001 10,914 (18.5) 10,209 (17.1) 9592 (16.3) <0.001
Hypertension 48,263 (76.8) 86,780 (75.7)  <0.001 45,423 (76.9) 45197 (75.9) 44,423 (75.4) <0.001
Prior bleeding 7166 (11.4) 13,339 (11.6) 0.154 6775 (11.5) 6898 (11.6) 6832 (11.6) 0.754
Prior ischemic stroke 7403 (11.8) 13,052 (11.4) 0.011 7063 (12.0) 6789 (11.4) 6603 (11.2) <0.001
Prior myocardial 6096 (9.7) 9893 (8.6)  <0.001 5796 (9.8) 5398 (9.1) 4795(8.1)  <0.001
infarction
Psychiatric disorder 8891 (14.1) 17977 (15.7)  <0.001 8462 (14.3) 9060 (15.2) 9346 (15.9) <0.001
Risk scores
Modified HAS-BLED score 2.6 (1.0) 2.6 (1.0) 0.007 2.6 (1.0) 2.6 (1.0) 2.6 (1.1) <0.001
CHA;,DS,-VASc score 3.6 (1.9) 3.5(1.9) <0.001 3.6 (1.9) 3.5(1.9) 3.4(1.9) <0.001

Values denote 1 (%) or mean (standard deviation). Abbreviations: CHA,;DS,-VASc, congestive heart failure,
hypertension, age > 75 years, diabetes, history of stroke or transient ischemic attack, vascular disease, age
65-74 years, sex category (female); modified HAS-BLED score, hypertension, abnormal renal or liver function,
prior stroke, bleeding history, age > 65 years, alcohol abuse, concomitant antiplatelet/NSAIDs (no labile INR, max
score 8).

3.1. Use of Any Rhythm Control Therapy

During the study period, any AAT was used in 36,668 (20.7%) patients. The crude
incidence of any AAT was higher among patients with urban residence than among those
with rural residence (Table 2 and Figure 1). After adjustments, no disparity in the rate
of any AAT use was observed based on the rural-urban classification system. However,
the highest urbanization degree tertile was associated with higher rate of AAT use, when
compared to the lowest tertile (Table 2). Use of any AAT during the first year after AF
diagnosis was consistently lower across the study period in patients with rural residence
(Figure 2).

Table 2. Incidence of AAT use during follow-up according to rural-urban status and urbanization
degree tertiles.

Interventions Patient Years Incidence Rate (per Unadjusted

Outcome Residence n (%) (in 1000 years) 1000 patient years) IRR Adjusted IRR
Rural 12,361 (19.7) 163 75.8 (74.4-77.1) (Reference) (Reference)
Any AAT
Urban 24,307 (21.2) 299 81.3 (80.3-82.4) 1.07 (1.05-1.10)  1.01 (0.99-1.03)
Rural 4407 (7.0) 192 229 (22.2-23.6) (Reference) (Reference)
AAD:
s Urban 9636 (8.4) 352 27.4 (26.8-27.9) 1.20 (1.16-1.24)  1.11 (1.07-1.15)
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Table 2. Cont.
Outcome Residence Intel;iv(e;: ;ions (f:tllg(r)l(: ;{::::) Ilr:)c()ig;r;il?eﬁs ;Z;I;;r UnaIdIilll{sted Adjusted IRR
) . Rural 9543 (15.2) 174 54.9 (53.8-56.0) (Reference) (Reference)
Cardioversion Urban 18,589 (16.2) 321 58.0 (57.2-58.8)  1.06(1.03-1.08)  1.01 (0.98-1.03)
Catheter Rural 1195 (1.9) 206 5.8 (5.5-6.1) (Reference) (Reference)
ablation Urban 2677 (2.3) 381 7.0 (6.8-7.3) 121 (1.13-1.30)  1.05 (0.98-1.12)
Oucome  Srbnizton  Inesenons Pt Y ncidens et Unadied e
1st 11,308 (19.1) 154 73.7 (72.3-75.0) (Reference) (Reference)
Any AAT 2nd 12,506 (21.0) 156 79.9 (78.5-81.3) 1.09 (1.06-1.11)  1.01 (0.99-1.04)
3rd 12,854 (21.8) 152 84.6 (83.2-86.1)  1.15(1.12-1.18)  1.06 (1.03-1.08)
1st 4002 (6.8) 180 22.2 (21.5-22.9) (Reference) (Reference)
AADs 2nd 4795 (8.1) 185 25.9 (25.2-26.7) 1.17 (1.12-1.22)  1.07 (1.03-1.12)
3rd 5246 (8.9) 179 293 (28.5-30.1)  1.32(1.27-1.37)  1.18 (1.14-1.23)
1st 8748 (14.8) 163 53.6 (52.5-54.7) (Reference) (Reference)
Cardioversion 2nd 9567 (16.1) 168 57.1 (55.9-58.2) 1.07 (1.03-1.10)  1.01 (0.98-1.04)
3rd 9817 (16.7) 164 60.0 (58.8-61.2)  1.12(1.09-1.15)  1.05 (1.02-1.08)
1st 1052 (1.8) 192 5.5 (5.2-5.8) (Reference) (Reference)
S]jlt;i‘: 2nd 1378 (2.3) 199 6.9 (6.6-7.3) 127 1.17-1.37)  1.09 (1.00-1.18)
3rd 1442 (2.4) 196 7.4 (7.0-7.8) 1.35(1.24-1.46)  1.10 (1.02-1.19)

Abbreviations: AAD, antiarthythmic drug; AAT, antiarrhythmic therapy; IRR, incidence rate ratio. 95% confidence
intervals in parenthesis. IRRs estimated by Poisson regression and adjusted for age, sex, calendar year of AF
diagnosis, education level, income quartiles, dementia, cancer, alcohol use disorder, psychiatric disorders, prior
stroke, abnormal liver function, abnormal kidney function, diabetes, hypertension, coronary heart disease, and
heart failure.

Cumulatice incidence

Cumulative incidence

0 1

Any antiarrhythmic therapy

2

Follow-up time (years)

0 1

Cardioversion

2

Follow-up time (years)

Cumulative incidence

Cumulative incidence

Antiarrhythmic drugs

2

Follow-up time (years)

Catheter ablation

2

Follow-up time (years)

Figure 1. Crude cumulative incidence curves of the use of AATs.
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Proportion of patients with event (%)

Proportion of patients with event (%)

Any antiarrhythmic therapy Antiarrhythmic drugs

: Residence

s === Rural
=== Urban

Proportion of patients with event (%)
L

2010 2011 2012 2013 2014 2015 2016 2017 2010 2011 2012 2013 2014 2015 2016 2017
Year of AF diagnosis Year of AF diagnosis
Cardioversion Catheter ablation

2.0

Proportion of patients with event (%)
5

2010 2011 2012 2013 2014 2015 2016 2017 2010 2011 2012 2013 2014 2015 2016 2017

Year of AF diagnosis Year of AF diagnosis

Figure 2. Temporal trends in the proportion of patients with AATs within one-year follow-up from
cohort entry according to the year of AF diagnosis.

3.2. Antiarrhythmic Drugs

A total of 14,043 (7.9%) patients received AADs during the study period. The unad-
justed and adjusted incidence of AAD use were higher in patients with urban residence and
higher urbanization degree tertile (Table 2). Overall, use of AADs decreased over time and
rural-urban differences between them were observed across the study period, although
the differences were nonsignificant in the last three years of follow-up (Figure 2). Regard-
ing specific AADs, patients with urban residence were more likely to receive flecainide,

dronedarone, amiodarone, and sotalol than patients with rural residence (Supplementary
Table S2).

3.3. Cardioversions

Overall, 45 868 cardioversion procedures were performed in 28,132 (15.8%) patients.
While no disparities in the adjusted rate of cardioversion procedures were observed ac-
cording to the rural-urban status, the highest urbanization degree tertile was associated
with a higher rate of these procedures (Table 2). Patients with urban residence were more
likely to undergo more than one cardioversion (Supplementary Table S2). The annual
rural-urban disparities in the performance of cardioversion within one-year follow-up
were inconsistent and not statistically significant (Figure 2).

3.4. Catheter Ablations

Altogether, 4711 catheter ablation procedures were performed on 3872 (2.2%) patients
during 2010-2018. Although the adjusted catheter ablation incidence rate did not differ
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between patients with rural and urban residence, the highest urbanization degree tertile
was associated with higher ablation rate. (Table 2). Likelihood of repeat ablation procedures
was higher in patients with more urban residence (Supplementary Table S2). While the
overall use of catheter ablation increased steadily during 2010-2018, the annual rural-urban
differences did not reach statistical significance (Figure 2).

4. Discussion

This retrospective cohort study covering all patients with incident AF in Finland
documented marginal rural-urban disparities in the use of rhythm control therapies. Al-
though the differences in AAT use were largely nonsignificant when patients were stratified
according to the rural-urban classification system, slightly higher use of any AAT, AADs,
cardioversion, and catheter ablation procedures were observed in the highest urbanization
degree tertile when compared to the lowest tertile.

Previous research addressing rural-urban disparities in the use of rhythm control
therapies in patients with AF is limited and has provided somewhat inconsistent results.
A recent study conducted in Norway among patients with AF diagnosed in specialist
health care observed a lower use of catheter ablation in the norther, more rural, regions [24].
Additionally, a study conducted in Canada among patients with new-onset AF during
2010-2012 reported that patients with rural residence have a lower likelihood of electro-
physiologist assessment, but paradoxically a higher rate of AF ablation procedures than
patients with urban residence [25]. However, these prior works may have been prone to
significant selection and confounding biases owing to inclusion of only patients diagnosed
with AF in the specialist care and limited controlling for comorbidities and other patient
characteristics. Moreover, no study has covered all modalities of rhythm control therapy.
Therefore, the results of the current study, based on comprehensive data on all patients
with AF in Finland from all levels of care, provide substantially more solid evidence and
increase our understanding on this topic. AATs were not used in a vast majority of patients
(79%), indicating that rate control predominated as the chosen treatment approach over
rhythm control strategy. The overall need of AATs in our nationwide study cohort is likely
reduced by the relatively high mean age and coverage of all types of AF, including patients
with self-limiting, infrequent, or asymptomatic AF episodes, as well as, uniquely, patients
treated solely in primary care.

The largest disparities were observed in the use of AADs, 18% higher adjusted inci-
dence rate in the highest urbanization degree tertile, when compared to the lowest. Indeed,
AAD use was the only AAT category, in which a disparity was observed also between
patients stratified according to the rural-urban classification. Overall, especially apart from
AAD use, the observed differences in the use of AATs were only marginal, suggesting that
no large inequity exists between rural and urban areas in the patient selection and utiliza-
tion of AATs in Finland. These findings are somewhat discordant with several previous
reports of lower quality of care for cardiovascular diseases in rural areas [10,26,27].

Nevertheless, small differences in the utilization of AATs were observed, with the
underlying causes likely being multifactorial. Patients from more rural areas may have a
higher threshold in seeking care for arrhythmia-related symptoms, and poorer access to
healthcare services may further hamper patients from receiving symptomatic treatment in
rural areas. Furthermore, the higher availability of private sector and specialist care in urban
areas may increase prescriptions of AADs, as well as indirectly the use of cardioversion
and ablation procedures through higher rate of hospital referrals. Additionally, both
patient advocacy and preference for more intensive or invasive AATs may differ between
patients residing in rural and urban areas. Finally, the higher prevalence of cardiovascular
comorbidities and lower income in rural areas likely impact the clinical decision making
of AATs, although these factors were controlled for in our adjusted analyses. Indeed, low
income has been previously associated with lower use of rhythm control therapies [28].

Our results must be interpreted bearing in mind the limitations of this study, chiefly
the challenges inherent to the retrospective cohort study design and use of administrative
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data. Thus, our findings represent associations and not necessarily causality. Moreover,
information bias may be present due to inaccurately recorded data in the used health
care registers. Although our analyses were adjusted for several patient characteristics,
residual confounding cannot be excluded. Varying rural-urban definitions exist in previous
literature, and additionally, peculiar differences in residence distribution between countries
may hinder the generalizability of our findings. Furthermore, we lacked data on AF
symptoms, AF subclassifications, whether the patient had atrial flutter or fibrillation,
and the actual reasons for withholding AATs. Therefore, we are unable to definitively
distinguish, whether our findings represent underuse or overuse of AATs in certain areas.
Additionally, expect for diagnosed alcohol use disorders, we lacked information on other
lifestyle-related factors. Despite these limitations, the particular strengths of the current
study are the large nationwide sample size covering all levels of care, the primary care, and
comprehensive data on comorbidities and individual-level socioeconomic factors, enabling
extensive adjusting for confounders.

5. Conclusions

In conclusion, we observed slightly higher use of AATs among patients with AF
residing in urban areas than among those with rural residence. The rural-urban differences
were most evident in the use of AADs. Otherwise, the magnitude of the observed disparities
was relatively low, suggesting that in the overall utilization of rhythm control strategy, no
large rural-urban inequity exists in Finland.
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