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C,HEST aAnp CHA,DS,-VASC FOR PREDICTING RECURRENCE AFTER
CATHETER ABLATION OF PAROXYSMAL ATRIAL FIBRILLATION

The C,HEST score was developed mainly for predicting atrial fibrillation (AF) in cryptogenic stroke.
This study investigated the performance of the C,HEST score in predicting AF recurrence after

189 patients with paroxysmal AF were included in the study. AF recurrence and AF-free survival
during follow-up was analyzed. The Cox proportional-hazards model was used to identify independent
predictors of AF recurrence after RECA. Receiver operating characteristic curve analysis and the Hanley
and McNeil method were performed to evaluate the performances of the C,HEST and CHA,DS,-
VASc scores in predicting AF. AF-free periods of the with C,HEST <2 and C,HEST >2 were compared

The AF recurrence rate within 3-12 months after RECA was 17.5%. C,HEST score >2, hypertension,
left atrial (LA) diameter, and LA volume were independent predictors for AF recurrence (p<0.05).
The C,HEST score had better discriminatory performance in predicting AF recurrence than
CHA,DS,-VASc (area under curve: 0.769 vs 0.644; p=0.021). The patients with a C,HEST score
>2 had a significantly shorter AF-free period compared those with a C,HEST SCORE <2 (p<0.001).

In patients who underwent a RFCA procedure due paroxysmal AF, LA diameter and volume and
the C,HEST score were independent predictors of AF recurrence. C,HEST is a simple clinical score,
and it can be the readily performed to identify the risk of AF recurrence. The C,HEST score has greater
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Introduction

One of the most common cardiac arrhythmias
in the general population is atrial fibrillation (AF),
with a prevalence of approximately 2% suffering from
this condition [1]. It is one of the leading causes of
thromboembolism, heart failure, cardiovascular disease,
and death worldwide [2]. With the predisposing factors,
including advanced age, hypertension, heart failure,
coronary artery disease, and chronic obstructive pulmonary
disease (COPD), the incidence of AF increases significantly
[3]. Catheter ablation (CA) has recently become one of
the most widely used treatments for rhythm control in
symptomatic AF that has failed to respond to antiarrhythmic
medications [4]. Nevertheless, even after catheter ablation,
AF recurrence rates as high as 20% to 45% have been
reported [S]. In previous studies, factors such as the left atrial
(LA) volume, QT interval, advanced age, smoking, and non-
paroxysmal AF were found to be associated with a higher risk
of AF recurrence after CA [6,7].

The C,HEST score [C2, coronary artery disease/ COPD
(1 point each); H, hypertension (1 point); E, elderly (age

S2

>7S, 2 points); S, systolic heart failure (HF) (2 points); T,
thyroid disease (hyperthyroidism) (1 point)] is a clinical
score validated for predicting AF in the general population
[3]. The C,HEST score has been shown to outperform
the CHA,DS,-VASc and Framingham risk scores in
determining the incidence of AF in post-ischemic stroke
patients [8].

Although a previous study showed that the C,HEST
score predicted the recurrence of AF in cryoablation
patients, no data are available for the more commonly used
radiofrequency catheter ablation (RFCA) [9]. The aim of
the study was to investigate whether the C,HEST score can
predict the recurrence of AF after RFCA.

Material and methods
Study Population

This retrospective cohort study was conducted at a single
center. 347 patients underwent RFCA for AF between April
2018 and May 2020. All patients were symptomatic and had
not responded to beta-blockers or antiarrhythmic drugs
(AAD). Patients with persistent AF, moderate-to-severe
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valvular heart disease or a history of cardiac surgery other
than coronary artery bypass grafting were excluded from
the study. Two or more episodes of intermittent AF lasting
fewer than seven days during the last 12 mos and ending
spontaneously were defined as paroxysmal AF. This study
defined persistent AF as the occurrence of an episode of AF
lasting over 7 days that required cardioversion to restore
sinus rhythm. 189 patients were eligible for the study after
the exclusion criteria were applied (Figure 1).

Data Collection, Calculation
of CHA,DS,-VASc and C,HEST Scores

The patients’ clinical, demographic, and laboratory data
were recorded. Patients with signs and symptoms of HF
were considered to be HF positive. Patients with an ejection
fraction of less than 40% by the Simpson method were
considered to have systolic HF. Patients who had a brachial
blood pressure >140/90 mmHg at least twice during
hospitalization or who were treated with antihypertensive
medications were considered hypertensive. Patients who
received antidiabetic therapy or whose fasting blood glucose
was >126 mg/dl during hospitalization were defined as
diabetic. A history of peripheral arterial disease, previous
myocardial infarction, or presence of aortic plaque were
considered to have a vascular disease. Patients with a history
of coronary revascularization or an invasive coronary
angiogram showing >50% stenosis in at least two major
epicardial arteries were considered to have coronary artery
disease. Patients who were diagnosed with COPD and
had started medical treatment by pulmonologists were
considered COPD positive. Patients who were evaluated as
hyperthyroid when calculating the C,HEST score included
those who previously had hyperthyroidism but had become
euthyroid with pre-procedural treatment.

Echocardiography

A transthoracic echocardiogram was performed within
one week before the ablation procedure by two clinicians
using a Vivid-6 system (Vivid S6; GE Healthcare, Horten,
Norway) with a 3.6-MHz probe. All the patients were in sinus
rhythm during the procedures. The Bland-Altman analysis
showed that the agreement between the measurements of
the two clinicians (inter-observer agreement) performing
echocardiography was very good (r: 0.995 CIL: 0.0991-
0.997, p<0.01). Echocardiographic measurements were
performed according to the expert consensus document of
the European Association of Cardiovascular Imaging [10].

RFCA Procedure

AlIRFCA procedures were performed by a single operator.
Before the procedure, all patients were informed about
the ablation procedure in detail, and all provided written
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Figure 1. Study flowchart
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RFCA: Radiofrequency catheter ablation,
AF: atrial fibrillation, PAF: paroxysmal atrial fibrillation,
CABG: coronary’ artery bypass grafting

informed consent. Transesophageal echocardiography
was performed within 24 hr before the procedure to
determine the structure of the interatrial septum and to
rule out the presence of a potential LA thrombus. During
the periprocedural period, neither NOACs nor oral vitamin
K antagonists were discontinued, except for an INR value
greater than three in patients treated with oral vitamin
K antagonists. To achieve sedation during the ablation
procedure, midazolam and fentanyl were administered.
Regarding the ablation procedure: First, a decapolar
catheter was placed into the coronary sinus via the left
femoral venous access. The double transseptal puncture
catheterization was performed under fluoroscopic guidance.
A bolus of unfractionated heparin (UFH) was administered
immediately after the transseptal puncture, and the infusion
was titrated to maintain an activated clotting time (ACT)
of 300-350 sec throughout the procedure. The ACT
was measured every 45 min. The esophagus was not
monitored during the ablation procedure. The duration
of the procedure, from femoral vein puncture to sheath
removal, and the fluoroscopy duration were recorded for
each case. A LASSO® circumferential mapping catheter
(CMC) (Biosense Webster, Irvine, CA 92618 USA) was
inserted into the LA with an 8.5 Fr SL1 sheath. Subsequently,
a Thermocol® SmartTouch® contact force (CF) sensing,
ablation catheter (Biosense Webster) was advanced into
the LA simultaneously with the CMC using a second 8.5 Fr
SL1-longsheath. Reconstruction and mapping of pulmonary
veins (PVs) and LA were performed through the CMC and
the ablation catheter using the CARTO® Mapping System
(Biosense Webster, Inc). The ablation strategy consisted of
pulmonary vein (PV) isolation (PVI), defined by creating
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large circumferential radiofrequency lesions (RF) around
both ipsilateral PVs with verification of complete isolation.
The circumferential lesions were generated at the level of
the PV-LA junctions, i.e,, the PV antrum, using the point-
by-point technique. 35-40 W power (flow rate, 17-
20 ml/min) was used until there is an initial impedance
reduction>10 ohm. As necessary, a lower power of 25-
30 W (flow rate, 17 ml/min) and time settings were used to
avoid damage to the esophagus and the formation of vapor
bubbles on the posterior LA wall and roof area. CF data were
displayed to the operator during the procedure. RF energy
was delivered with a target CF of 10-40 g until a bipolar
signal reduction of at least 70% was achieved. Successful
PVI was defined as the recording of both the entry and
exit block (bidirectional block) for the four PVs after the
ablation procedure. RF energy was delivered in the earliest
potential recorded in the carina between the superior and
inferior PVs when the bidirectional block was not achieved
with antral isolation. At the end of the procedure, a waiting
period of at least 20 min was observed to evaluate the LA-
PV connections, and then the bidirectional block was
reevaluated.

Follow-up after RFCA

After discharge, patients were followed up in the out-
patient clinic every 2 wks for the first 3 mos if no symp-
toms, and care was taken to send a new ECG recording by
telephone or by direct contact in the outpatient clinic af-
ter the procedure. After the blanking period, patients were
asked to call to report any symptoms. When symptoms
persisted, the ECG recordings were examined by telephone
or, in some cases, directly in the clinic. During first three
months following ablation, known as the blanking period,

Figure 2. The distribution of patients
according to the C,HEST score
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anti-arrhythmic drugs (AADs: propafenone, amiodarone,
sotalol or flecainide) was used to prevent early recurrences.
If symptomatic recurrence occurred after the blanking
period, ablation was repeated. In some asymptomatic
patients, AADs were resumed and assessed every three
months or when symptoms reappeared. A 24-hour Holter
ECG recording was performed at each three-month clinic
visit. Holter monitoring was extended to 48 hr in evident
symptomatic patients. A recurrence AF was defined as an AF
episode of 230 sec duration during the Holter recording.

Statistical Analysis

with normal distribution

according to the Kolmogorov—Smirnov test are expressed

Continuous  variables
as mean+standard deviation (SD) values, and those that
did not have a normal distribution are expressed as median
and 25*-75% quartiles. Categorical variables were expressed
as numbers (n) and percentages (%). The variables were
compared between two groups (recurrence/no recurrence)
using the Chi-square test, Mann-Whitney U-test, and
the Independent Samples t-test. Multivariate Cox regression
analysis was conducted to identify independent predictors
of AF recurrence after ablation. The variables determined as
statistically significant in the univariable analysis were used
in a multivariable analysis.

The diagnostic significance of the C,HEST and CHA,DS,
VASc scores for predicting AF recurrence was assessed by
receiver operating characteristic (ROC) curve analysis.
The Cox proportional-hazards model was used to identify
independent predictors of AF recurrence after RECA. Which
C,HEST score to use as the threshold value in the Kaplan-
Mayer and regression analysis was decided according
to the ROC curve analysis. Accordingly, the threshold value
with the optimal sensitivity and specificity values was selected.
The ROC curves of the two scores were statistically compared
using the Hanley and McNeil method [11]. Kaplan-Meier
survival analysis and the log-rank test were used to compare
the AF-free periods at different C,HEST scores (<2 and>2).
The Bland-Altman test was conducted in 30 randomly
selected patients to analyze correlations between clinicians’
transthoracic echocardiographic measurements. The results
were considered significant at p<0.0S. The Hanley and
McNeil method and the Bland-Altman test were conducted
using MedCalc statistical software (MedCalc Software
Ltd, Ostend, Belgium). The other analyses were conducted
using IBM® SPSS® vr. 25.0 software (International Business
Machines Corporation, Armonk, NY, USA).

Results

The study incorporated 189 patients, 45.5% males and
54.5% females, with a mean age of 59.81+10.25 yrs, and
a follow-up period of 12 mos post-operatively. All patients
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Figure 3. TROC curve analysis for C,HEST and CHA,DS,-VASc
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underwent a technically successful procedure. 33 patients
(17.5%) had AF recurrence after the blanking period.
The recurrence rates according to the C,HEST score were
as follows: 6.7% with score 0, 14.3% with score 1, 47.1%
with score 2, 33.3% with score 3, 100% with score 4, S, or 6.
The distribution of patients based on score is illustrated in
Figure 2.

Anti-arrhythmic medications used during the blanking
period included propafenone (63%), amiodarone (23.3%),
sotalol (10.6%), and flecainide (3.2%). No significant
difference was found between the AF recurrence (+)
and the AF recurrence (-) groups regarding the use of
antiarrhythmic drugs (p=0.504). The rates of diabetes and
hypertension were significantly higher in AF recurrence
(+) patients (p<0.05). The C,HEST and other clinical risk
scores (CHA,DS,-VASc, HAS-BLED) were higher in AF
recurrence (+) patients (p<0.05). Table 1 summarizes
the clinical and demographic characteristics of the patients.

Patients with AF recurrence (+) had significantly
shorter mean procedure times (p=0.027). Bland-
Altman analysis revealed a strong correlation between
the measurements made by the two clinicians performing
the echocardiography  (r=0.995  CI:0.0991-0.997,
p<0.01). LA diameter, LA volume index, and E/¢’ ratio
were significantly higher in the AF recurrence (+) group
(p<0.001). The echocardiographic and laboratory findings
of the subjects are shown in Table 2.

The ROC curve analysis indicated that the C,HEST
score has good diagnostic power for predicting AF
recurrence, with an area under the curve (AUC) of
0.76 (95% CI:0.670-0.868; p<0.001). The C,HEST
score had a significantly better predictive value than the
CHA,DS,-VASc score (0.769 vs 0.644; p=0.021) (Figure

ISSN 0022-9040. Kapauoaorus. 2023;63(6). DOI: 10.18087/cardio.2023.6.n2426

Table 1. Demographic and clinical characteristics
of the patients according to AF recurrence

AF recur- AF recur-

Variable rence (-) rence (+) p value
Age 59.43+10.11  61.64+10.87 0.262
Male 71 (45.5) 18 (54.5) 0.345
BMI 28.67+4.37 29.75+5.23 0.220
Hypertension 44 (28.2) 17 (51.5) 0.009
Diabetes 35(22.4) 13(39.4) 0.042
CAD 31(19.9) 11(33.3) 0.091
Smoking 46 (29.5) 8(24.2) 0.545
COPD 6(3.8) 4(12.1) 0.054
Hyperthyroidism 8(5.1) 3(9.1) 0.377
Stroke 5(3.2) 3(9.1) 0.127
Beta blocker 120 (76.9) 26 (78.8) 0.816
CCB 37(23.7) 9(27.3) 0.666
ACE inh/ARB 65 (41.7) 16 (48.5) 0.509
Antiarrhythmic drug 124 (79.5) 26 (78.8) 0.928
SHF 9(5.8) 4(12.1) 0.190
CHA,DS,-VASc 2 (1-2) 2 (1-3) 0.007
HAS-BLED 1(0-1) 1(1-2) <0.001
C,HEST 0(0-1) 2(1-3) 0.004

Data are mean+SD, number (percent), or median

(25%-75% quartiles). ACE inh, angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; BMI, body mass
index; CAD, coronary artery disease; CCB, calcium channel blocker;

COPD, chronic obstructive pulmonary disease;
SHE. systolic heart failure.

Table 2. Laboratory and echocardiographic
findings of the patients according to AF recurrence

Variable fnl;zc?g iizzc(‘f)_ p value
Procedure time (min) 115.02+37.23  99.03+38.59  0.027
Zgﬁ’;t(exbll‘z)‘;‘/il) 7.74+1.81 7.56+1.72  0.611
Lymphocytes (x 10°/1) 2.32+0.74 2.27+0.59 0.728
Neutrophils (x 10°/1) 4.64+1.35 4.53+1.24 0.673
Hemoglobin (gr/dl) 14.69+1.12 13.61+1.33 0.583
LDL (mg/dl) 110.65+35.05 106.98+33.31 = 0.587
Triglyceride (mg/dl) 149.59+66.67 166.88+73.91  0.191
HDL (mg/dl) 45.06+9.857 46.47+10.908  0.469
Creatinine (mg/dl) 0.96+0.30 0.92+0.22 0.551
TSH (mIU/1) 1.76+1.27 1.38+1.01 0.120
LVEF (%) 52.34+6.41 51.13+6.36 0.327
LA diameter (mm) 40.63+2.48 44.58+4.25 <0.001
LAVI (ml/m?) 24.99+3.58 28.79+4.28 <0.001
E/e’ ratio 9.7142.56 12.31+3.50 <0.001
LVEDV (ml) 103.70+17.37 105.21+17.30 = 0.651
LVESV (ml) 50.14+14.54  52.30+15.28 0.444

Data are mean+SD, HDL: high-density lipoprotein,
LAVI: Left atrium volume index, LDL: Low-density
lipoprotein, LVEDV: Left ventricular end-diastolic volume,

LVEE: Left ventricular ejection fraction, LVESV: Left ventricular

end-systolic volume, TSH: Thyroid-stimulating hormone.
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Figure 4. Kaplan-Meier curve for the rates of freedom from
AF recurrence C,HEST by score equal to 2 and higher
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3). With a score of >2 for C,HEST, the sensitivity of the
test decreased to 51.5% and specificity increased to 91.6%.
CHA,DS,-VASc >2 score had a sensitivity of 69.7% and
specificity of 47.4% in the ROC curve analysis. The Kaplan-
Mayer analysis revealed that patients with a C,HEST score
>2 had a significantly shorter AF free period than those with

Table 3. Cox regression analysis
to determine predictors of AF recurrence

Univariate Analysis

Variable HR 95% CI p value
Diabetes 1.479 0.726-3.013 0.282
Hypertension 2.453 1.157-5.200 0.019
COPD 0.570 0.194-1.669 0.305
CAD 1.514 0.726-3.160 0.269
C2HEST score >2 7.358 3.706-14.608 <0.001
CHA,DS,-VASc >2 1.967 0.936-4.132 0.074
Leftatral 1.346 12331470 <0.001
LAVI 1.269 1.154-1.394 <0.001
Procedure time 0.987 0.975-0.999 0.034
E/e 0.983 0.886-1.090 0.740

Multivariate Analysis

Variables HR 95%CI p value
Hypertension 2.783 1.362-5.685 0.005
Procedure time 1.003 0.991-1.016 0.579
C,HEST score >2 3.792 1.784-8.062 0.001
Left atrial diameter 1.324 1.193-1.468 <0.001
LAVI 1.164 1.055-1.284 0.002

CAD: Coronary artery disease, COPD: Chronic obstructive
pulmonary disease, LAVI: Left atrium volume index.

S8

a C,HEST score of 0 or 1 (mean months: 9.10 vs 11.49; log-
rank p <0.001) (Figure 4).

Univariate Cox regression analysis revealed that
hypertension, C,HEST score >2, LA diameter, LA volume
index, and shorter procedure time was significantly
correlated with AF recurrence. In the multivariate analysis,
C,HEST score>2, hypertension, LA diameter, and LA
volume index remained independent predictors of AF
recurrence (Table 3).

Discussion

Based on current results, patients who underwent RECA
for paroxysmal AF experienced a 17.5% recurrence rate
after a blanking period of 3-12 mos. According to ROC
curve analysis, the C,HEST score was significantly more
effective in predicting AF recurrence after RECA than the
CHA,DS,-VASc score.

In a study of 1188 patients, Gaztanaga et al. reported an
AF recurrence rate of 30.5% within 3—-12 mos after CA [12].
In the CABANA study, AF recurrence rate within 3—12 mos
after CA was 36.4% [13]. 1t is important to highlight
the main factors contributing to the lower recurrence rate of
AF observed in our study. First, in previous studies, patients
with long-standing AF as well as those with paroxysmal AF
were included, while in the present study, only the cases of
paroxysmal AF were included into the analysis. A higher rate
of AF recurrence after PVI has been reported in persistent
and long-standing AF than in paroxysmal AF [14]. Second,
in both the studies of Gaztanaga et al and the CABANA
group, transtelephonic electrocardiographic monitoring
(TTM) was preferred to detect recurrent AF in the follow-
up after CA, which may facilitate detecting AF at an earlier
stages. CABANA used 24-hr Holter recording with TI'M,
Gaztanaga et al used TTM.

Several scores have been previously studied for
predicting recurrences after ablation. The CHADS2 and
CHA,DS,-VASc scores have been reported to have moderate
predictive power for arrhythmias after RFCA [15]. Two
scores were developed to predict the recurrence of AF after
CA, the ALARMEc and APPLE scores have been shown to
be superior to the CHADS, and CHA,DS,-VASc scores for
predicting arrhythmias after CA [16, 17]. The BASE-AF2
successfully predicted rhythm outcomes after cryoablation
(AUC:0.94) [18]. Another validated score, the ATLAS
score, identified the risk of the developing of AF recurrence
at a high accuracy rate among patients who underwent
PVI [19]. In the present study, the C,HEST score with an
AUC value of 0.769, was found to be a stronger index than
the CHA,DS,-VASc for predicting AF recurrence. As only
patients with paroxysmal AF were included in the study,
the C,HEST was not applied to patients with persistent AF,
unlike in other studies.
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Also the present study showed that LA diameter and
LAVI can independently predict AF recurrence. In line
with these findings, a metanalysis conducted by Njoku et al.
demonstrated that large LA volume and LAVI increases
the likelihood of AF recurrence after RECA [7]. Likewise,
another metanalysis showed that LA diameter was signi-
ficantly associated with AF recurrence in patients after
catheter ablation [20]. Although it is still not clear whether
AF is the cause or consequence of LA dilatation, there
is much evidence to support that a large LA contributes
to the structural and electrical changes leading to AF [21].

Moreover, there is insufficient evidence showing
a relationship between advanced age and the recurrence
of AF, since the vast majority of studies of AF ablation
excluded patients with advanced ages. It has been shown
that COPD, another variable in the C,HEST score, is
also related to an increased incidence of recurrence of AF
following catheter ablation [22]. The increased rate of AF
recurrence in COPD is associated with mechanisms such
as sympathetic system activation due to hypoxia, increased
pulmonary artery pressure on the LA and PV, chronic
inflammation, use of beta-2 agonists and steroids, and
prolonged atrial depolarization [22]. Hypertension, another
variable included in the score, is associated with an increased
rate of recurrence of AF after CA [23]. The increased
recurrence of AF in hypertensive patients was attributed
to atrial remodeling as a consequence of hypertension. In
cohorts of AF and HF, validated predictive risk scores for
recurrent AF after catheter ablation have limited predictive
capabilities [24]. In patients with concomitant HE,
additional tools are needed to facilitate risk stratification
and patient selection for AF ablation. Wongcharoen et al.
showed a relationship between increased AF after an
ablation procedure and hyperthyroidism, which is one
of the variables in the C,HEST score [25]. It has been
suggested that mechanisms such as increased automaticity
in PVs, shortened action potential duration, formation of
non-pulmonary venous foci, and simultaneous activation
of the sympathetic and parasympathetic nervous systems

may be responsible for increased AF recurrence in such
hyperthyroid subjects [13, 25]. In the present study,
the evidence that COPD, hypertension, advanced age, low
LVEF, and hyperthyroidism were associated with increased
AF recurrence after RFCA might explain why the C,HEST
score was found to be an independent predictor of AF
recurrence at follow-up after ablation.

Limitations

Patients with persistent AF were excluded from this study,
so the role of the score in these patients is unknown. The only
way to differentiate between paroxysmal and persistent AF
was by clinical diagnosis. During the follow-up, no devices
other than 24-hour Holter monitoring, such as TI'M and
internal loop recerders, were used to record the rhythm,
since those facilities were unavailable. Therefore, perhaps,
AF recurrence could have been detected at lower rates. Only
PVI with circumferential antral RF ablation was performed;
no additional ablation lines were used except for recurrences.
It was not tested whether the ablation procedures reduced
AF recurrence. Finally, rather than predicting recurrence
rates exclusively, the study tested the validity of the C,HEST
score.

Conclusion

In patients who underwent RFCA procedure because
of paroxysmal AF, together with LA diameter and volume,
the C,HEST, a simple clinical score, identified the risk
of AF recurrence. It has greater diagnostic power than
the CHA,DS,-VASc score.
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