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Background: The European Heart Rhythm Association (EHRA) score is a proven and
validated tool for assessing the symptoms of atrial fibrillation (AF). Little is known about the
variables related to this score and how it changes after cardioversion.

Methods: We analyzed 744 patients undergoing elective cardioversion in whom AF-related
symptoms were assessed at baseline and after 6 months of follow-up using the EHRA score.
We assessed the association between the EHRA score and other clinical and echocardio-
graphic variables at baseline and after 6 months of follow-up.

Results: At 6 months of follow-up, we observed a reduction in the EHRA score in 50% and
worsening in 2.8% of patients who remained in sinus rhythm (SR) compared with 34.6% and
11.3%, respectively, of patients with AF episodes (p<0.0001). Patients who maintained SR at
6 months were less symptomatic than those with AF (EHRA score 1.13 + 0.35 vs 1.42 +
0.59; p<0.0001). The independent predictors for reduction in the EHRA score after cardio-
version were NYHA >II at baseline and maintenance of SR (p<0.0001).

Conclusion: The greatest improvement in AF-related symptoms was in patients who
remained in SR at 6 months after cardioversion and in patients with worse NYHA functional
class at baseline.

Keywords: atrial fibrillation, EHRA score, cardioversion, NYHA functional class, sinus

rhythm, symptoms improvement

Introduction
It has been widely reported that patients with atrial fibrillation (AF) have signifi-
cantly poorer quality of life (QoL) than healthy controls." A substantial proportion
of patients with AF have associated symptoms,”> and the severity of these symp-
toms has been closely correlated with impaired QoL.*

The European Heart Rhythm Association (EHRA) score has been shown to be
a useful tool for assessment of AF-related symptoms and has been validated for
describing symptom severity.”® It is simple to use and is recommended by the
European Society of Cardiology guidelines for management of AF.” The EHRA
score is considered one of the strongest predictors of QoL, regardless of the type of
AF, and is commonly used to assess improvement in symptoms after treatment
of AF.®

Previous trials comparing rhythm and rate control strategies have reported neutral
effects on stroke and mortality.” ' However, very recently, the EAST-AFNET 4 trial has
shown that early rhythm-—control therapy was associated with a lower risk of
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cardiovascular outcomes.'? While both treatment strategies
have been associated with improvement in QoL,">™" it is
still unclear which is superior.""'® Cardioversion is recom-
mended as part of rhythm control therapy in symptomatic
patients with persistent or long-standing persistent AF.’
However, changes symptoms related to AF after cardiover-
sion have received little attention in the literature.

In this study, we assessed the main predictors of AF-
related symptoms based on the EHRA score at baseline

and 6 months after cardioversion.

Methods

Study Population

The CARDIOVERSE study was designed to monitor the
clinical practice of elective electrical cardioversion in
Spain by prospectively recording all patients with per-
sistent AF who underwent the procedure between
and June 30, 2012
hospitals.'”” The study population comprised 915

February 1 in 67 Spanish
patients. The inclusion criteria were age > 18 years,
duration of AF > 7 days, and absence of precipitating
conditions (eg, hyperthyroidism, fever, cardiac surgery,
and pericarditis). Pre-procedural antiarrhythmic drugs
could be prescribed at the discretion of the physician.
Those patients treated with antiarrhythmic drugs who
reverted to SR previous to electrical cardioversion
were considered who had a pharmacological cardiover-
sion. Patients were followed for 1 year (visits at 1, 3, 6,
and 12 months after cardioversion).

AF-related symptoms assessment according to the
EHRA classification was planned in the design of the
CARDIOVERSE study. In this report, we selected retro-
spectively 744 patients with a complete record of the
EHRA score before cardioversion and after 6 months of
follow-up. Patients who underwent pulmonary vein abla-
tion during follow—up were excluded.

The study was conducted according to the principles of
the Declaration of Helsinki and was approved by the local
ethic committees (Hospital Universitari Sant Joan de Reus
11-12-22/120bs3). Written informed consent was obtained
from all the patients who participated in this study.

Evaluation of Symptoms

The physician categorized AF-related symptoms according
to the EHRA classification as class I (no symptoms), class
II (mild symptoms: normal daily activity not affected),
class III (severe symptoms: normal daily activity affected),

or class IV (disabling symptoms: normal daily activity
discontinued). The EHRA score was recorded before car-
dioversion and after 6 months of follow-up. The NYHA
symptom classification was also recorded at the beginning
of the study.

Maintenance of sinus rhythm (SR) during follow-up
was defined as the absence of recurrence of AF at visit
1, visit 3, and visit 6.

Statistical Analysis
Normally distributed continuous data are presented as
mean = SD. Categorical variables are presented as fre-
quencies and percentages.

Differences in continuous variables between categories
of patients were studied using an unpaired #-test or
ANOVA, where applicable. A paired f-test was used to
analyze the differences in the mean EHRA score between
the initial score and at 6 months of follow-up.

Differences in proportions were analyzed using the chi-
square test. Correlations between the NYHA classification
and the EHRA score were assessed using Spearman cor-
relation coefficient. Univariable and multivariable regres-
sion analysis were performed to assess predictors of being
symptomatic (EHRA score > II) at baseline (logistic
regression) and to characterize predictors of a change in
EHRA score 6 months

regression).

after cardioversion (linear

All statistical tests were performed using IBM SPSS
Statistics for Windows, Version 20.0. A 2-tailed p value <
0.05 was considered statistically significant.

Results

Patient Characteristics

Cardioversion was successful in 624 of the 744 patients
included (83.9%: electrical cardioversion, n=560 [75.3%];
n=64, [8.6%]).
Cardioversion failed in the remaining 120 patients (16.1%).

pharmacological cardioversion,

The mean age was 63 years, and 77% were male.
The most common comorbidity was hypertension
(59.9%), and 29.8% of patients had structural heart
disease. Baseline clinical characteristics according to
the EHRA score are presented in Table 1. The clinical
characteristics of the patients excluded because their
EHRA score was not available were similar to those of
the patients included in this analysis (Supplementary
Table 1).
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Table | Baseline Characteristics According to EHRA Score

N=744 EHRA 1 311) EHRA 11 (363) EHRA 11V (70) P
Age 6310 629 64+ 10 65+ 11 0.004
Female 169 (22.7%) 45 (14.5%) 100 (27.5%) 24 (34.3%) <0.0001
DM 143 (19.2%) 48 (15.4%) 77 (21.2%) 18 (25.7%) 0.06
Hypertension 446 (59.9%) 169 (54.3%) 237 (65.3%) 40 (57.1%) 0.013
COPD 77 (10.3%) 25 (8%) 44 (12.1%) 8 (11.4%) 0.212
Structural heart disease 222 (29.8%) 61 (19.6%) 125 (34.4%) 36 (51.4%) <0.0001
Prior stroke 41 (5.5%) 14 (4.5%) 25 (6.9%) 2 (2.9%) 0.237
Duration of AF
Persistent AF 509 (68.4%) 185 (59.5%) 271 (74.6%) 53 (75.7%) <0.0001
Long-standing persistent AF (> year) 132 (17.7%) 69 (22.2%) 55 (15.2%) 8 (11.4%)
Unknown 103 (13.8%) 57 (18.3%) 37 (10.2%) 9 (12.9%)
CHA,DS,VASC
<2 304 (40.9%) 160 (51.4%) 125 (34.4%) 19 (27.1%) <0.0001
22 440 (59.1%) 151 (48.6%) 238 (65.6%) 51 (72.9%)
HASBLED
<2 555 (74.6%) 243 (78.1%) 265 (73%) 47 (66.1%) 0.101
22 189 (25.4%) 68 (21.9%) 98 (27%) 23 (32.9%)
NYHA classification
| 648 (87.1%) 307 (98.7%) 297 (81.8%) 44 (62.9%) <0.0001
L, 1, v 96 (12.9%) 4 (1.3%) 66 (18.2%) 26 (37.1%)
LVEF (%) 57 % 11 59+9 56 £ 12 49 £ 16 <0.0001
LA diameter 44+ 6 44+ 6 43+ 6 46 £ 6 0.032
Antiarrhythmic therapy
Flecainide/propafenone 77 (10.3%) 41 (13.2%) 32 (8.8%) 4 (5.7%) 0.593
Amiodarone 216 (29%) 83 (26.7%) 116 (32%) 17 (24.3%)
Other 19 (2.6%) 9 (2.9%) 9 (2.5%) 1 (1.4%)
Other treatment
Betablockers 465 (62.5%) 181 (58.2%) 234 (64.5%) 50 (71.4%) 0.066
Calcium blockers 133 (17.9%) 56 (18%) 67 (18.5%) 10 (14.3%) 0.704
Digoxin 76 (10.2%) 23 (7.4%) 42 (11.6%) Il (15.7%) 0.057
ACEi/ARB 390 (52.4%) 150 (48.2%) 199 (54.8%) 41 (58.6%) 0.129

DM, diabetes mellitus; LA; left atrium; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease;
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Symptom Burden at Baseline

At enrolment, 311 patients (41.8%) were classified as
having no AF-related symptoms (EHRA I). The remaining
patients were classified as having mild symptoms (EHRA
11, 48.8%), severe symptoms (EHRA III, 8.2%), and dis-
abling symptoms (EHRA IV, 1.2%). Compared with
asymptomatic patients (EHRA 1), symptomatic patients
(EHRA score > II) were older (64 £ 10 vs 62 £ 9 years;
p =0.001) and more likely to be female (28.6% vs 14.5%;
p < 0.0001). They also had a greater prevalence of struc-
tural heart disease (37.2% vs 19.6%; p < 0.0001), diabetes
mellitus (21.9% vs 15.4%; p = 0.026), and hypertension
(64% vs 54.3%; p = 0.008), as well as a higher NYHA
classification (21.2% in class II-1V vs 1.3%; p < 0.0001)
and lower left ventricular ejection fraction (LVEF) (55 =
13 vs 59 £ 9; p < 0.0001). The independent predictors for
being symptomatic (EHRA score II-IV) at baseline were
female gender (OR = 2.22; 95% CI, 1.44-3.42; p <
0.0001), and the strongest predictor was being in NYHA
class II-IV (OR = 12.5; 95% CI, 4.4-35.4; p < 0.0001).
(Supplementary Table 2)

We observed a significant correlation when comparing
baseline EHRA score with NYHA score (R = 0.334, p <
0.0001). The correlation was more pronounced in patients
with LVEF < 40% (R = 0.506, p < 0.0001) than in patients
with LVEF > 40% (R = 0.264, p < 0.0001).

Predictors of Improvement in AF-Related

Symptoms at 6 Months

During follow-up, 282 patients (37.9%) maintained SR. In
the cohort that maintained SR, mean EHRA score
improved during follow-up (1.13 + 0.35) with respect to
baseline (1.67 £ 0.63), (p < 0.0001). However, in patients
who did not maintain SR, symptoms also improved during
follow-up (1.42 £ 0.59 at 6 months vs 1.7 £ 0.7 at base-
line; p < 0.0001). Otherwise, patients who maintained SR
were less symptomatic at 6 months than patients whose
AF relapsed (1.13 £ 0.35 vs 1.42 £ 0.59; p < 0.0001),
despite having similar symptoms at baseline (1.67 + 0.63
vs 1.7 £ 0.7; p = 0.57). Figure 1.

Six months after cardioversion, the EHRA score
decreased in 301 patients (40.4%), remained unchanged
in 383 patients (51.5%), and worsened in 60 (8.1%). When
patients were stratified according to maintenance of SR,
the EHRA score fell in 50% of those who maintained SR
compared with 34.6% of those who did not maintain SR,
while no change in EHRA score was observed in 47.2% of
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Figure | Mean EHRA score at baseline and after 6 months of follow-up in the
study population, in patients who maintained sinus rhythm, and in patients who
experienced recurrence of AR

patients with SR compared with 54.1% of those whose AF
relapsed. The EHRA score increased in 2.8% of patients in
SR compared with 11.3% of those whose AF relapsed (p <
0.0001). Figure 2.

In the univariable analysis, the factors associated with
a change in EHRA score at 6 months were structural heart
disease, baseline NYHA classification > 2, LVEF, and
maintenance of SR. In the multivariable linear analysis to
predict change in EHRA score at 6 months after cardio-
version, the only statistically significant variables were
NYHA classification > 2 (B = —0.178; p < 0.0001) and
maintenance of SR (B =-0.162; p < 0.0001). (Table 2)

Discussion
In the present study, we identified variables related to the
EHRA score at baseline and to improvement in the EHRA
score after cardioversion. We highlight that maintenance
of SR at 6 months was related to an improved EHRA
score. We also highlight the influence of the NYHA as
a predictor of improvement in the EHRA score, a higher
NYHA functional class at baseline was related to a more
pronounced decrease in EHRA score at 6 months.
AF-related symptoms diminished during follow-up in
the group as a whole, probably indicating greater tolerance
and better control of heart rate. However, we observed few
symptoms in those who remained in SR, thus indicating
that maintenance of SR was the strongest independent
predictor of an improvement in AF-related symptoms.
The role of maintaining SR in improvement in symptoms
remains controversial.'®2° A recent subanalysis of the
CABANA trial showed that higher rates of maintenance
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Figure 2 Change in EHRA at 6 months after cardioversion in patients who maintained sinus rhythm and in patients with recurrence of AF.

of SR achieved using AF ablation were related to
a significant improvement in QoL.?' On the other hand,
a report from the ORBIT-AF registry which compared
matched cardioverted and non-cardioverted patients,
showed an improvement in AF-related symptoms and
quality of life with both strategies.”> However, in that non-
randomized study, which included all types of AF, main-
tenance of SR during follow-up was not considered in the
analysis. Given our results and these observations, indivi-
dualized decisions should be based on AF-related symp-
toms, and the probable benefit of maintaining SR should
be taken into consideration. Therefore, in many cases, it

may be necessary to consider complementing the rhythm

Table 2 Univariable and Multivariable Linear Regression Analysis
for Prediction of Change in EHRA Score

Univariable Multivariable

B p value i} p value
Age (years) -0.012 0.74 - -
Female sex -0.07 0.055 -0.61 0,1
Structural heart disease -0.112 0.002 -0.23 0.584
NYHA classification =2 -0.214 | <0.0001 | —0.178 | <0.0001
LVEF -0.146 | <0.0001 | —0.065 0,128
Maintenance of SR —-0.17 | <0.0001 | —0.162 | <0.0001
Antiarrhythmic treatment | —0.096 0.09 - -

Abbreviations: LVEF, left ventricular ejection fraction; NYHA, New York Heart
Association; SR, sinus rhythm.

control strategy with cardioversion followed by pulmonary
vein ablation.

The many variables that may influence the EHRA
score have been reported in different registries and include
female gender, coronary artery disease, heart failure, AF
type, chronic obstructive pulmonary disease, sleep apnea,
limited physical activity, and poor sleep quality.> ***> The
relationship between heart failure and AF has been exten-
sively investigated in the literature, which shows that both
diseases are linked by similar risk factors, share a common
24,25

pathophysiology, and frequently present with similar
symptoms. The NYHA scale has been widely used to
assess symptoms of heart failure, although, to the best of
our knowledge, the relationship between the NYHA scale
classification and the EHRA score had not been previously
evaluated. In our study, we observed a direct correlation
between baseline NYHA functional class and the EHRA
scale, suggesting that the greater the deterioration of the
functional class, the worse the tolerance to AF. This cor-
relation was even stronger in patients with reduced LVEEF,
probably owing to the well-documented heterogeneity in
heart failure with preserved LVEF. At the same time, after
cardioversion, we observed a greater symptomatic benefit
related to AF in patients with a worse baseline NYHA
functional class; those with a worse functional class at
baseline were those who had a greater opportunity to
improve during follow—up. On the other hand, there is
likely to be an overlap in the patient’s interpretation of
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heart failure and symptoms of AF, as dyspnea on exertion
is one of the main symptoms of AF.*

We found that patients who were symptomatic at base-
line (EHRA II-IV) were older and more likely to be
female. Other reports point to older age as a significant
predictor of asymptomatic AF.> However, we previously
reported the predominance of older men undergoing car-
dioversion. Our results suggest a trend toward selecting
older and more symptomatic patients for cardioversion.

Although current recommendations state that rhythm
control therapy is indicated to improve symptoms,’ we
were surprised by the high proportion of asymptomatic
patients (41.8%) who underwent cardioversion. Other stu-
dies have reported a high proportion of asymptomatic
patients undergoing AF ablation.”® This may reflect the
perception among clinicians that rthythm control therapy
has favorable effects on cardiovascular hemodynamics.

Limitations

Around a quarter of the patients included in this study
(19%) did not have an EHRA score at enrolment or during
follow-up. However, no significant differences in clinical
characteristics were found with respect to those included
in the analysis.

While a modified EHRA score is now available, it had
not been developed at the time this study was performed.
In any case, the classic EHRA score continues to be the
most widely used.

Although it might seem obvious that the patients who
maintained SR at 6 months had a score of 1 in the EHRA
score at 6 months, we must consider that the patients could
have had a certain burden of AF during this period that was
reflected in their assessment. However, a certain overlap of
the symptoms that the patient could attribute to AF with
other pathologies such as heart failure cannot be ruled out.

Conclusions

In this cohort of patients undergoing elective cardioversion,
those who maintained SR after 6 months of follow-up
experienced the most marked improvement in AF-related
symptoms. NYHA functional class was directly related to
the improvement in the EHRA score after cardioversion.
These findings should encourage us to investigate appropri-
ate strategies for maintaining SR after cardioversion.
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