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Borg's exertion scale did not coincide with ventilatory
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The determination of precise exercise intensity is essential for effective
exercise rehabilitation. The Borg rating of perceived exertion category
ratio (CR) scale is utilized to prescribe an appropriate level of exertion
intensity. A Borg CR of approximately 13 coincides with the ventilatory
aerobic threshold (VAT). Patients with atrial fibrillation (AF) exhibit vari-
ous symptoms. We hypothesized that the workload at Borg CR13 (Borg
CR13-Watt) differs from the workload at the VAT level (VAT-Watt) in AF
patients with restored sinus rhythm (SR) following ablation. According-
ly, the relationship between Borg CR13-Watt and VAT-Watt was studied
in patients with restored SR. Cardiopulmonary exercise testing (CPET)
was performed at 101+ 88 days after ablation in 150 patients using a bi-
cycle ergometer. No adverse events were observed during CPET. Borg
CR13-Watt was significantly higher than VAT-Watt (67.2+ 27.8 Watt vs.
54.7+17.6 Watt, P<0.0001). Borg CR13-Watt showed significant linear

INTRODUCTION

Cardiopulmonary exercise testing (CPET) has been used to eval-
uate the prognosis and risk stratification of pathological conditions
in various heart diseases (Albouaini et al., 2007; Balady et al., 2010).
The concept, methodology, and physiological basis have been well-
established (Albouaini et al., 2007). To conduct effective exercise
rehabilitation, the determination of adequate exercise intensity is
essential. The workload at the ventilatory aerobic threshold (VAT)
has been widely used to prescribe a reliable exercise intensity regi-

regression with VAT-Watt (regression coefficient, 0.49, P<0.01; correla-
tion coefficient, 0.80, P<0.01). Higher Borg CR13-Watt was associated
with greater differences between Borg CR13-Watt and VAT-Watt (AWatt).
The Bland-Altman plot showed nonconcordance between the two. Male
sex, use of antiarrhythmic drugs, and smoking had contributed to the in-
creased AWatt. Duration from ablation to time of CPET did not correlate
with AWatt. Therefore, Borg CR13-Wiatt did not coincide with VAT-Watt
in patients with restored SR. Higher Borg CR13-Watt was associated
with greater AWatt. Prescribing exertion intensity as determined solely
by perceived exertion is inadequate. CPET is required to determine the
precise exercise intensity in AF patients with restored SR after ablation.

Keywords: Cardiopulmonary exercise testing, Rehabilitation, Supraven-
tricular arrhythmia, Pulmonary vein isolation

men (Mann et al., 2013).

Borg’s rating of perceived exertion (RPE) category ratio (CR)
has been widely applied in prescribing exercise intensity for reha-
bilitation. Several studies have examined the relationship between
Borg CR scales and CPET measurements at the VAT level (Zamun-
er et al., 2011). For the RPE that was analyzed according to the
Borg CR-10 scale, the VAT points were close to a scale of 5 (“strong”
perception) (Zamuner et al., 2011). On the CR-20 scale, a cohort
study reported that a Borg CR of 11-14 corresponded with the
lactate threshold (Scherr et al., 2013); meanwhile, values between
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15—-18 were considered above the threshold (Fletcher et al., 2013).
The lactate anaerobic threshold closely coincided with Borg CR13
(somewhat hard) in healthy volunteers (Demello et al., 1987; Scherr
et al., 2013). These reported findings showed a significant rela-
tionship between CR scales and CPET measurements, and Borg
CR13 was reported to be closely identical to VAT.

Atrial fibrillation (AF), the most common sustained arrhythmia,
has a significant impact on morbidity and mortality (Calkins et al.,
2017). Catheter ablation is now widely applied for AF treatment,
and the number of ablation methods is increasing (Kumagai et al.,
2019; Nakatani et al., 2019; Yamaji et al., 2020). However, AF
and atrial tachyarrhythmia (AT) recur in certain patients. Hence,
AF/AT recurrence remains a major problem associated with AF
ablation. Patients with AF are commonly old and have diabetes
mellitus, hypertension, and other disorders affecting cardiac func-
tion. Many studies have demonstrated the importance of exercise
in maintaining and improving cardiac performance (Anderson
and Taylor, 2014; Shields et al., 2018). Self-monitoring and self-
regulation of exercise intensity for exercise training are desirable
and can be addressed using the Borg scale (Carvalho et al., 2009).
AF patients during AF rhythm present with a variety of symp-
toms including palpitation, dyspnea, and chest discomfort (Levy
et al., 1998). These patients are assumed to tolerate and adjust to
their symptoms.

Based on these considerations, this study aimed to determine
the association between the Borg CR scale and VAT in patients
with AF after a successful ablation. We hypothesized that the work-
load at the Borg CR13 level on the CR 6-20 scale (Borg CR13-
Watt) may not be similar to that observed at the VAT level (VAT-
Watt) during CPET after AF ablation in AF patients who have
achieved restored sinus rhythm (SR). Prior to this, no study has
examined the relationship between Borg CR13-Watt and VAT-
Watt in AF patients with restored SR after ablation.

MATERIALS AND METHODS

Patients

This was a single-center, retrospective study conducted at the
Okayama Heart Clinic in Okayama, Japan. Inclusion criteria: pa-
tients with re-established SR after successful AF ablation. Exclu-
sion criteria: patients with recurrent AF rhythm after ablation at
the time of CPET. We petformed CPET in 150 consecutive pa-
tients with restored SR (68+ 8 years; 45 females and 105 males)
who underwent their first successful AF ablation between January
2018 and October 2021. This study aimed to examine the useful-
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ness of Borg’s RPE CR scale in exercise prescription for patients
with re-established SR after ablation using VAT-Watt as the con-
trol standard data. Consequently, we compared Borg CR13-Watt
with VAT-Watt.

The sample size (n=150) had sufficient power to detect a dif-
ference of 15 watts by paired r-test (required minimal sample size
was n =34, a=0.05, and power=0.80 for a difference of 10 watts
and standard deviation of 20 watts). Similarly, the sample (n=150)
had sufficient power to detect the correlation between Borg
CR13-Watt and VAT-Watt (required minimal sample size was
n=14, a=0.05, and power = 0.80 for detecting a correlation coef-
ficient of 0.70, £=0.20). The study was conducted in accordance
with the principles of the Declaration of Helsinki 2000 and ap-
proved by the Institutional Ethics Committee of the Okayama
Heart Clinic for Human Research (approval number, SN1). Writ-
ten informed consent for the use of clinical data without personal
information was obtained from all patients.

Ablation

The methods of PVI have been described in detail in another
study (Yamaji et al., 2013). PVI was performed with the double
LASSO technique using an electroanatomical integration mapping
system (Ensite-NavX System, ABBOTT Japan, Tokyo, Japan).
Ablation was performed using an open-irrigated ablation catheter
(CoolFlexTM/FlexAbility, ABBOTT) via a steerable sheath. The
PVI endpoint was defined as follows: (a) elimination of the PV
potentials recorded by the two-ring catheters within the ipsilateral
PVs and lack of left atrial (LA) capture during intra-PV, isthmus,
and PV atrium pacing at least 30 min after the isolation and (b)
no recurrence of PV spikes within all the PVs after an intravenous
bolus administration of 20 to 40 mg of adenosine triphosphate
during SR or coronary sinus pacing. With this, PVI was estab-
lished.

Additional ablation in PVI was performed when required. This
included the following: prophylactic cavotricuspid isthmus abla-
tion, superior vena cava isolation, LA linear ablation, LA low-volt-
age area ablation, and ablation of complex fractionated atrial elec-
trograms in the right and left atria. The decisions to select and pet-
form these procedures were left to the discretion of the operator.

Cardiopulmonary exercise testing

All patients underwent symptom-limited CPET after AF abla-
tion using a bicycle ergometer (StrangthErgo8, Mitsubishi Electric
Engineering Co., Ltd., Tokyo, Japan). This was carried out at 101 +
88 days (25th and 75th percentiles: 43 and 99 days) after the ab-
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lation. CPET testing was performed at 9:30-10:30 a.m. or 2:30—
4:00 p.m. according to the scientific statement in a purpose-de-
signed room (Balady et al., 2010). Using a bicycle ergometer, the
exercise intensity was continuously increased by 5, 7, or 10 watts/
min of the ramping up rate after 5, 7, and 10 watts, respectively,
for a 4-min warm-up period. In addition to age, sex, and body
weight, the program was dependent on the patient’s condition
and planned to be completed within 8-12 min. The bicycle pedal
rotation speed was set to 60 cycles/min. Minute ventilation, oxy-
gen uptake (VO,), and carbon dioxide production were monitored
continuously using a respiratory mass spectrometer with a breath-
by-breath method (CPex1, OG Wellness, Okayama, Japan). The
average of the moving VO for 8 sec was continuously calculated
from the instantaneously detected VO,. Standard surface 12-lead
electrocardiography was continuously performed (CardiMax8 FX-
8800, Fukuda Denshi, Tokyo, Japan). The forearm blood pressure
was determined every 15 min by the cuff oscillometric method
with the Korotkoff Sound Technique (Tango M2, SunTach Medi-
cal, Morrisville, NC, USA). The termination criteria for CPET
were as follows: (a) intolerance to exercise and (b) slowing down of
the pedal rotation speed to 55 cycles/min by the patient.

The VAT points were determined by established methods (Bal-
ady et al., 2010; Beaver et al., 1986; Wasserman et al., 1973), and
the workload at these points was obtained from the workload curve.
Patients were asked about the subjective exercise intensity using a
panel showing Borg 6-20 scales during CPET, and the patients
pointed their fingers on the Borg scale board accordingly. The work-
load at Borg CR13 was also obtained from the workload curve.

Evaluation items

The following were analyzed: (a) a comparison of Borg CR13-
Watt with VAT-Watt (AWatt), (b) examination of the relation-
ship between AWatt and the duration from ablation to CPET, (c)
regression analyses for Borg CR13-Watt versus VAT-Watt and
Borg CR13-Watt versus AWatt, (d) evaluation of the agreement
between Borg CR13-Watt and VAT-Watt using Bland—Altman
plots, and () multivariate linear regression analysis to identify
factors associated with AWatt.

Postablation care and follow-up and the definition of
AT/AF recurrence

After discharge, the patients were followed up at our clinic at
2 weeks, 1 month, and 3 months. A telemetry electrocardiogram
was recorded for 2 weeks after every follow-up to monitor symp-
tomatic arthythmias or to transfer the telemetry electrocardiogram
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once a day if asymptomatic. AT/AF recurrence was defined as any
supraventricular tachycardia (AT and/or AF) lasting > 30 sec and
found 90 days (banking period) after the ablation.

Statistical analysis

Statistical analyses were performed using R ver. 3.2.2 (R Foun-
dation for Statistical Computing, Vienna, Austria). The Kolmog-
orov—Smirnov test and histograms were used to assess the normal
distribution of data. The Student #-test or Mann—Whitney U-test
was used to compare the data between the two groups when ap-
propriate. The homogeneity of variance was checked using the
F-test. A Smirnov—Grubbs test was performed to detect outliers
in each group’s data. Fisher exact tests with 2x 2 tables and a two-
tailed test for categorical variables were used to compare the two
groups. Linear regression and correlation analyses were used to
evaluate the relationships between Borg CR13-Watt and VAT-
Watt as well as between Borg CR13-Watt and AWatt. The power
analysis for paired comparison and correlation analysis were con-
ducted using G*Power 3.1.9.7 (Faul et al., 2009). A Bland-Alt-
man plot analysis was employed to assess the agreement between
Borg CR13-Watt and VAT-Watt. We also performed multiple
linear regression analyses to detect factors affecting AWatt. Given
the relatively small number of patients, we used a stepwise meth-
od for the multivariate analyses. Furthermore, in the multivariate
analysis, we initially chose 4-5 clinical factors, one echocardio-
graphic factor, and factors of drug treatment in addition to age
and sex. The analyses were performed repeatedly while changing
the aforementioned factors. Afterwards, the final model was ob-
tained. Data were expressed as mean + standard deviation. Differ-
ences were considered significant at P <0.05.

RESULTS

Patients’ characteristics

The clinical characteristics of the patients are summarized in
Table 1. The data distribution of N-terminal prohormone of brain
natriuretic peptide (NT-proBNP) was considerably skewed to the
left and did not show a normal distribution pattern. The data for
NT-proBNP were logarithmically transformed and presented
with a normal distribution. Continuous variables for the other
factors also showed a normal distribution pattern. No distinct
data were observed among the clinical factors, echocardiographic
parameters, and drug treatment.

https://www.e-jerorg 85



Nishimura S, etal. © Borg rating and VAT

Table 1. Patients’ characteristics (n=150)

Characteristic Value
Sex, female:male 45:105
Age (yr) 68.0+8.0
PAF-perAF:long-standing perAF 56 (84):36 (54):7 (11)
Body height (cm) 164+9
Body weight (kg) 66+11
Body mass index (kg/m?) 238+4.1
Hypertension 72(48)
Hyperlipidemia 58 (39)
Diabetes mellitus 20(13)
Smoking 6 (4)
Chronic kidney disease 4(3)
Ischemic heart disease 2(1)
Log 10 (NT-proBNP) 2.26+058
Left atrium diameter (mm) 392456
Left ventricular ejection fraction (%) 66.7+7.0
Beta blocker 52 (35)
Calcium channel blocker 33(22)
Angiotensin receptor blocker 42(28)
Antiarrhythmic drugs 36(24)

Values are presented as mean + standard deviation or number (%).
PAF, paroxysmal atrial fibrillation; perAF, persistent atrial fibrillation; NT-proBNP,
N-terminal prohormone of brain natriuretic peptide.

Comparison between Borg CR 13-Watt and VAT-Watt
Analysis of mean and standard values

Fig. 1 shows the results of the comparison between Borg CR
13-Watt and VAT-Watt. Borg CR-13-Watt was significantly
higher than VAT-Watt (67.2+27.8 vs. 54.7+17.6, P<0.01).

Relation of AWatt and duration between CPET and ablation

No significant correlation was observed between time from ab-
lation to CPET and AWatt. The correlation coefficient was 0.10
(P =0.21), while the regression coefficient was 0.021.

Regression analysis

Linear regression analysis found that Borg CR13-Watt was lin-
early related to VAT-Watt (Fig. 2). However, the regression coeffi-
cient and intercept were not close to 1 and 0, respectively. The
Borg CR13-Watt showed significant linear regression with AWatt
(Fig. 3).

Bland-Altman plot analysis

The Bland—Altman plot is shown in Fig. 4. The Bland—Altman
plot did not reveal that Borg CR13-Watt coincided with VAT-
Watt. The difference between Borg CR13-Watt and the average
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Fig. 1. Comparison between Borg CR 13-Watt and VAT-Watt. Bars indicate
mean + standard deviation. Borg CR13-Watt, workload (watt) obtained at the
Borg rating of perceived exertion category ratio 13; VAT-Watt, workload (watt)
obtained at the point of ventilatory aerobic threshold.

Linear regression analysis
VAT-Watt=0.51x Borg CR13-Watt+21
120 ~ (regression coefficient, P<0.0001; intercept, P<0.0001)
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Fig. 2. Linear regression analysis between Borg CR13-Watt and VAT-Watt.
Borg CR13-Watt, workload (watt) obtained at the Borg rating of perceived ex-
ertion category ratio 13; VAT-Watt, workload (watt) obtained at the point of
ventilatory aerobic threshold.

of Borg CR13-Watt and VAT-Watt increased as the average of
Borg CR13-Watt and VAT-Watt increased.

Clinical factors, drugs, and Watts

Relations of clinical and echocardiographic factors and drugs
with Borg CR13-Watt, VAT-Watt, and AWatt are shown in Ta-
ble 2. Although correlation analyses found a significant correla-
tion between body height and weight, as well as body mass index,
with respect to AWatt, the correlation coefficients were low. Male
sex and use of antiarthythmic drug treatment were significantly
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Fig. 3. Linear regression analysis for Borg CR13-Watt and AWatt. Borg CR13- Fig. 4. Bland—Altman plot for Borg CR13-Watt and VAT-Watt. Borg CR13-Watt,
Watt, workload (watt) obtained at the Borg rating of perceived exertion cate- workload (watt) obtained at the Borg rating of perceived exertion category
gory ratio 13; AWatt, differences between the workload (watt) obtained at scale 13; VAT-Watt, workload (watt) obtained at the point of ventilatory aero-
Borg CR13 and ventilatory aerobic threshold. bic threshold; SD, standard deviation.

Table 2. Relations of clinical and echocardiographic factors, and drugs used to Borg CR13-Watt, VAT-Watt, and AWatt

Variable Borg CR13-Watt P-value VAT-Watt Pvalue AWatt (Borg CR13-Watt - VAT-Watt) P-value
Age r=-0.403 <0.001 r=-0.521 <0.001 r=-0.117 0.156
Sex, male vs. female 760+27.7vs.46.7+136 <0001 609+16.8vs.402+89 <0.001 15.1+18.7vs.6.5+11.3 0.005
PAF vs. perAF vs. long-standing perAF 64.3+27.3vs. 71.1£284vs. 0291 535+18.1vs.56.5+17.0vs. 0588 10.9+16.8vs. 14.6+17.3 vs. 0.320
73.1+268 56.0+17.8 17.0£18.7
Body height r=0.489 <0.001 r=0.607 <0.001 r=0.167 0.040
Body weight r=-0.467 <0.001 r=0.567 <0.001 r=0.168 0.037
Body mass index r=0.1234 0.101 r=0.203 0.013 r=0.009 0910
Hypertension, +vs. - 68.8+320vs.65.7+233 0492 56.1+19.3vs.534+159  0.350 127+194vs.12.3+15.1 0.881
Hyperlipidemia, +vs. - 636+258vs.695+288 0208 52.1+152vs.56.4+188  0.143 115+17.3vs.130+17.3 0.594
Diabetes mellitus, +vs. - 78.7+30.0vs.65.4+27.1 0046 646+206vs.532+16.7  0.007 2.8+13.0vs.13.1£17.2 0.656
Smoking, +Vvs. - 66.3+234vs.672+280 0938 692+189vs.541+£174  0.040 14.14£156vs.122+17.7 0.026
Chronic kidney disease, +vs. - 923+531vs.665+268 0406 715+29.0vs.54.2+17.1 0.053 208+24.3vs.12.3+17.2 0.334
History of coronary stent implantation, +vs.- ~ 50.5+50vs.67.4+279 0394 360+283vs.55.0+176  0.130 145+£78vs. 1254174 0.869
Log 10 (NT-proBNP) r=-0.181 0.032 r=-0.157 0.064 r=0.081 0.352
Left atrium diameter r=0.012 0.880 r=-0.025 0.765 r=0.005 0.585
Left ventricular ejection fraction r=-0.024 0.770 r=-0.113 0.168 r=-0.081 0.344
Beta blocker, + vs. - 65.7+265vs.680+285 0640 549+182vs.546+174 0929 10.8+17.2vs. 134174 0.400
Calcium channel blocker, + vs. - 645+309vs.68.0+269 0523 538+190vs.549+17.3  0.752 106+£214vs.130+16.0 0.481
ACEI ARB, +vs. - 68.1+353vs.66.8+244 0795 56.0+224vs.542+154 0576 1214£19.7vs. 126+ 16.3 0.890
Antiarrhythmic drugs, +vs. - 747+326vs.648+258 0063 564+20.1vs.542+168 0515 18.3+18.6vs. 106+165 0.020

Borg CR13-Wiatt, workload (watt) obtained at the Borg rating of perceived exertion category ratio 13; VAT-Watt, workload (watt) obtained at the point of ventilatory anaerobic
threshold; AWatt, differences between the workload (watt) obtained at Borg CR13 and ventilatory anaerobic threshold; PAF, paroxysmal atrial fibrillation; perAF, persistent atri-
al fibrillation; longstand perAF, long-standing perAF; NT-proBNP. N-terminal prohormone of brain natriuretic peptide; ACEI, angiotensin converting enzyme inhibitor; ARB, angio-
tensin 2 receptor blocker; r, correlation coefficient.

associated with a higher AWatt. ble 3. Stepwise analyses using various combinations of indepen-
The results of the multivariate analyses are summarized in Ta- dent factors finally showed that male sex and use of antiarrhythmic
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Table 3. Results of multiple linear regression analysis

Differences between Borg CR13-Watt and VAT-Watt (AWatt Borg 13-VAT)

Variable (selected

factors) Partial regression Standard error of Standardized Partial correlation
actors i . - . - fvalue P-value -
coefficient regression coefficient  regression coefficient coefficient
Male sex 8670 3126 7.700 0.006 0.233
Antiarrhythmic drug 9.023 3314 1412 0.007 0.229
Constant 4237
Multiple regression coefficient r=0.304 P=0.001

Borg CR13-Wiatt, workload (watt) obtained at the Borg rating of perceived exertion category ratio 13; VAT-Watt, workload (watt) obtained at the point of ventilatory anaerobic
threshold; AWatt, differences between the workload (watt) obtained at Borg CR13 and ventilatory anaerobic threshold.

drugs were partially correlated with AWatt. These factors were
also associated with a higher Borg CR13-Watt (Table 2). As noted
above, a higher Borg CR13-Watt was associated with a higher
VAT-Watt. These factors contributed to a higher AWatt through
their association with a higher Borg CR13-Watt.

DISCUSSION

The main findings of this study were as follows: (a) Borg CR
13-Watt did not coincide with VAT-Watt in patients who achieved
a successful AF ablation and (b) an increase in Borg CR13-Watt
was associated with an increase in AWatt.

We performed CPET 101+ 88 days (25 and 75 percentiles: 43
and 99 days) after AF ablation, and no patient had AF/AT recur-
rence during CPET. AT/AF recurrence occurred in approximately
30% of patients within 3 months after ablation; the duration was
defined as “the blanking period.” Early recurrence during the blank-
ing period has been reported to predict late AT/AF recurrence
(Themistoclakis and China, 2017). Mechanical injury, inflamma-
tion, and autonomic dysregulation were assumed to evoke early
recurrences within the 3-month blanking period (Andrade et al.,
2012). In the present study, CPET performed during the blanking
period in approximately half of the patients was not associated
with AT/AF recurrence in any patients. Furthermore, AWatt was
not correlated with the duration between ablation and CPET,
with a relatively low regression coefficient in the linear regression
analysis. These results indicated that exercise itself did not affect
AT/AF recurrence even during the blanking period in patients
with successful ablation.

Borg CR13-Watt did not reflect VAT-Watt, and the results
showed that the Borg scale by itself was not useful for prescribing
exertion training intensity for patients with successful AF ablation.
No study has examined the relationship between subjective symp-
toms determined using the Borg RPE scale and CPET measure-
ments in these patients. Thus, the present results cannot be com-
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pared and discussed with previous reports. However, several re-
ports have shown significant relationships between the two in
healthy individuals and athletes (Garcin et al., 1999; Garnacho-
Castano et al., 2018; Morishita et al., 2021; Zamuner et al., 2011).
Furthermore, the Borg scale number at the VAT has been exam-
ined, and a Borg RPE CR of around 13 has been reported to coin-
cide with the VAT workload (Demello et al., 1987). However,
these reports were from studies on healthy volunteers. On the
other hand, there have been reports that examined the relation-
ship between the Borg scale and CPET parameters in patients
with heart failure (Carvalho and Mezzani, 2011; Carvalho et al.,
2009). These studies also showed that Borg RPE CR 11-13 is as-
sociated with VAT. A study found that Borg CR 11-13 was be-
tween the VAT and respiratory compensation points in patients
with heart failure. The workload at the respiratory compensation
point was higher than that found at the VAT. Hence, the work-
load at Borg CR 11-13 seemed to be higher than that at the VAT
level. These results suggested that the Borg scales do not corre-
spond sufficiently with the VAT. In this study, it was found that
the workload at Borg CR13 did not coincide with the workload
at the VAT level. Furthermore, Borg CR13-Watt was positively
correlated with AWatt; hence, a higher Borg CR13-Watt was as-
sociated with a greater AWatt. Univariate and multivariate analy-
ses suggested that male sex and the use of antiarrhythmic drugs
contributed to an increase in AWatt. These factors may have con-
tributed to the increase in Borg CR13-Watt and resulted in high-
er AWatt. Overall, this study indicated that the Borg scale alone
was not useful for patients with re-established SR after AF abla-
tion and suggested that the scale was not applicable for prescrib-
ing training intensity in individuals with pathological conditions.

This study did not primarily deal with the underlying mecha-
nisms of differences between the workload at Borg CR-13 and the
VAT. Symptoms in AF are well-known to vary considerably in
each patient with a wide range of symptoms and substantively
similar physiologies (Atarashi et al., 2008; Sears et al., 2005).
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Hence, relationships between symptoms in response to the physi-
cal load were estimated to be different between patients; that is,
the Borg RPE CR scale to workload intensity was different among
patients. In patients with successful ablation, it was still assumed
that different subjective exercise feelings varied among patients.
These may be the reasons for the inconsistency between the Borg
RPE scale and the VAT in patients with AF ablation. With this,
further discussion was not feasible due to the lack of relevant data.

This study had several limitations. First, this study selected Borg
CR13 for analyzing the relationships between the Borg scale and
VAT. However, Borg RPE CR12 or -14 was not examined. Work-
loads at Borg CR12 and -14 were higher and lower, respectively,
as compared to those at Borg CR13. The present results revealed
that the Borg CR13 workload itself was variable. Similarly, the
workload at each Borg CR appears to be variable. The relation-
ships between Borg CR12 or -14 and the VAT were highly pre-
sumed to show variable relationships between Borg CR-Watt and
VAT-Watt. Second, the present study did not perform CPET be-
fore ablation. This study aimed to provide information on exercise
prescriptions for patients with restored SR after ablation. There-
fore, CPET before ablation appeared not to be required. Third,
the present study did not examine healthy participants. The con-
trol standard values of the present study were VAT-Watt, which
was compared with Borg CR13-Watt. In addition, many reports
have examined the relationships between the Borg scale and aero-
bic threshold. Accordingly, the present study did not examine
healthy persons. Finally, due to the varying circumstances of the
patients, the duration of CPET after ablation could not be fixed.
However, our results were confirmed by the noncorrelation of
AWatt with the durations.

In conclusion, the Borg RPE scale was not identical to the VAT
in patients with re-established SR after successful AF ablation.
Higher Borg CR13-Watt was associated with a greater AWatt.
When prescribing exercise training intensity for patients after AF
ablation based on the Borg RPE scale, the Borg CR scale alone is
not useful; hence, adjusting Borg CR13-Watt to fit VAT-Watt is
necessary. Furthermore, CPET is recommended for patients in
whom SR was re-established after AF ablation to precisely pre-
scribe exercise intensity.
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