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QRS duration (ms)
QRS axis

g ‘,_‘ant rightward) .
V1S, QS (dommant posterior)
R, Rs, RS, qR (dominant anterior)

Responders (n=16)
158+18

Non-responders (n=24) P-value
14418 0.02

18 (75);
6 (25)

Data given as mean=SD or n (%).
ECG, electrocardiogram; LADEYV, left axis deviation.

. AQRS (ms)
QRS aX|s shift o

V1 rS QS—'F{ Rs RS qR
(emergence of antenor force)

Responders (n=16)

Non-responders (n=24) P-value
7+24 0.02

11 (46){

Data given as mean=SD or n (%).

AQRS, shortening of QRS duration after cardiac resynchronization therapy; RADEYV, right axis deviation. Other abbre-

viations as in Tables 1,2.

ed according to the jet (0, none; 1, trivial; 2, mild; 3, moderate;
4, severe). Dyssymchrony was assessed by independent cardi-
ologists who were blinded to other patient data.

CRT Device Implantation

CRT device implantation was performed transvenously. The
LV lead was advanced to a lateral vein or, when it was unat-
tainable, to a posterolateral or anterolateral vein. The right ven-
tricular (RV) lead was implanted in the apex or septum at the
discretion of the physicians. When indication for internal de-
fibrillator existed, a combined device was implanted. CRT de-
vices were then programmed at a standard atrioventricular delay
with optimization using echocardiography. Medications were
recorded immediately prior to implantation of the CRT device
with titration of medications made at the discretion of the pa-
tients’ outpatient physicians, who had no knowledge of this
study.

Definition of CRT Responder

Patients were followed up in the device clinic at 1 month after
CRT device implantation and then every 3 months. Patients
were classified at 6 months as responders to CRT if they were
alive and had no hospitalization for heart failure decompensa-
tion and a decrease in LV end-systolic volume by 215% com-
pared with baseline assessments, as described previously.51!

Statistical Analysis
Data are expressed as mean+SD for the continuous variables
and as numbers and percentage for categorical variables. Com-

parisons of clinical characteristics and ECG variables were made
using unpaired t-test in the case of continuous variables. Oth-
erwise, a non-parametric Mann-Whitney U-test was used. Uni-
variate and multivariate logistic regression analysis were used
for identifying whether variables at baseline or after CRT were
predictive of a positive response to CRT, including age, gen-
der, etiology of heart failure, NYHA functional class, history
of atrial fibrillation, LVEF, LV end-systolic volume, LV end- -
diastolic volume, medication, LV and RV pacing sites, presence
of dyssynchrony, LV-RV delay, and ECG variables. Odds ra-
tios (ORs) are presented with 95% confidence intervals (95%
CIs). P<0.05 was considered statistically significant.

Results

Patient Characteristics

The subjects consisted of 30 men and 10 women with mean
age 60£14 years. The underlying etiology of heart failure was
ischemic heart disease in 10 patients and non-ischemic heart
disease in 30 patients. At baseline, 28 patients were in NYHA
functional class I and 8 patients were in class IV. Thirty-four
patients had sinus rhythm and 6 patients had longstanding per-
sistent atrial fibrillation, and QRS durations were 120-187 ms
(mean 149419 ms). The mean LVEF was 263:10%. The presence
of dyssynchrony was observed in 21 patients. Implantation of
the CRT device was successfully performed in all patients. A
CRT device with a cardioverter defibrillator was implanted in
35 patients and a CRT pacemaker was implanted in 5 patients.
The LV pacing lead was implanted in a lateral vein in 27 pa-
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Figure 1. Representative electrocardiogram of a responder. (A) At baseline, QRS duration was 175ms. QRS axis was left axis
deviation and QRS patterns were Rs in lead | (dominant leftward) and QS in V1 (dominant posterior). (B) After cardiac resynchro-
nization therapy, QRS duration was 160ms and AQRS was 15ms. QRS axis changed from left axis deviation to right axis deviation .
and QRS patterns changed from Rs to QS in lead |.(emergence of rightward force) and from QS to RS in V1 (emergence of ante-
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were useful to predict the response to CRT.

Figure 2. Representative electrocardiogram of another responder. (A) At baseline, QRS duration was 139ms. QRS axis was left
axis deviation and QRS patterns were RS in lead | (dominant leftward) and QS in V1 (dominant posterior). (B) After cardiac resyn-
chronization therapy (CRT), QRS duration was 136 ms and AQRS was 3ms. QRS.axis changed from left axis deviation to right axis
deviation and QRS patterns changed from RS to QS in lead | (emergence of rightward force) and from QS to Rs in V1 (emergence
of anterior force). This shows that QRS axis shift from left axis and the emergence of both rightward and anterior forces after CRT

tients, in a posterolateral vein in 10 patients, and in an antero-
lateral vein in 3 patients. The RV pacing lead was implanted
in the apex in 37 patients and in the septum in 3 patients.

Response to CRT

During the 6-month follow-up period, no patient died and 5
patients were hospitalized for heart failure decompensation.
Among 40 patients, 16 (40%) responded to CRT based on the
present criteria.

Responders vs. Non-Responders
The clinical characteristics of the responders and non-responders

are summarized in Table 1. There were no significant differ-
ences in age, sex, etiology of heart failure, medications, NYHA
functional class, LV function, presence of dyssynchrony, LV-
RV delay, or pacing sites between the 2 groups. The baseline
ECG variables of the 2 groups are given in Table 2. There were
no significant differences in QRS patterns between the 2 groups,
but responders were more likely to have a wider QRS dura-
tion (158+18 vs. 144+18 ms, P=0.02) and a higher frequency
of LADEV (75% vs. 29%, P=0.004) compared with non-
responders.

The changes in ECG variables after CRT for the 2 groups are
listed in Table 3. The shortening of QRS duration after CRT
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(AQRS) was significantly greater in responders than in non-
responders (26+24 vs. 7+24 ms, P=0.02). QRS axis shift from
LADEV to RADEV was observed more frequently in respond-
ers than in non-responders (69% vs. 13%, P<0.001). In addi-
tion, the emergence of both rightward forces in lead I (R regres-
sion, Q emergence, S emergence) and anterior forces in V1 (R
emergence, QS regression) was observed more frequently in
responders than in non-responders (56% vs. 13%, P=0.003).
Representative cases of responders are shown in Figures 1,2.
In Figure 1, the shortening of QRS duration (QRS duration at
baseline, 175ms; QRS duration after CRT, 160ms; AQRS,
15ms), QRS axis shift from LADEV to RADEV, and the emer-
gence of both rightward force in lead I and anterior force in V1
were observed after CRT. In Figure 2, the shortening of QRS
duration was not significant (QRS duration at baseline, 139 ms;
QRS duration after CRT, 136 ms; AQRS, 3 ms), but QRS axis
shift from LADEV to RADEV and the emergence of both
rightward force in lead I and anterior force in V1 were observed
after CRT.

Predictors of Response to CRT

Multivariate logistic regression analysis identified the indepen-
dent predictors of response to CRT at baseline or after CRT.
Regarding the variables at baseline, LADEV remained as an
independent predictor of response to CRT (OR, 6.24; 95% CIL:
1.48-31.3, P=0.01). QRS duration, however, did not predict
response to CRT. As for the variables after CRT, AQRS (OR,
1.05; 95% CI: 1.00-1.11, P=0.04) and QRS axis shift from
LADEV to RADEV (OR, 14.5; 95% CI: 2.25-158, P=0.01)
were independent predictors of response to CRT.

Receiver operating characteristic curve analysis was per-
formed on AQRS to define an optimal cut-off for prediction
of response to CRT. The optimal cut-off was identified as
AQRS=7ms, yielding a sensitivity of 81% and a specificity of
67% (Figure 3).

When we evaluated the baseline related variables of AQRS
and QRS axis shift from LADEV to RADEV after CRT, AQRS
>7 ms was associated with baseline QRS duration (OR, 1.07;
95% CI: 1.03-1.12, P<0.001), and QRS axis shift from LADEV
to RADEV was not associated with baseline variables except
for LADEYV at baseline.

Discussion

Major Findings

There were 2 major findings in the present study. First, 40%
of the patients with IVCD responded to CRT at 6 months after
CRT. Second, variables of surface ECG at baseline or after CRT
could predict response to CRT in patients with IVCD. LADEV
at baseline, or AQRS and QRS axis shift from LADEV to
RADEV after CRT predicted the probability of response to CRT.

CRT in Patients With IVCD

There have been few studies regarding the effects of CRT in
patients with IVCD. Aranda et al reported that 19 patients with
CRT had improved quality of life at 6 months after CRT, but had
no improvement in NYHA functional class, 6-min walk dis-
tance, exercise time, or peak oxygen uptake compared with 16
patients without CRT.!2 Rickard et al found that improvements
in NYHA functional class or LVEF after CRT were signifi-
cantly less in patients with IVCD compared with patients with
LBBB.!?* Wokhlu et al also found that NYHA functional class
responders, defined those with a decrease by 0.5 point, com-
prised 33% of patients with IVCD, and LVEF responders, de-
fined as those with an increase by 25%, comprised 39% of those

AQRS =7 ms

100%

Sensitivity

0% 0%

1-specificity

Figure 3. Receiver operating characteristic curve analysis
indicating a sensitivity of 81% and a specificity of 67% at the
optimal cut-off of 7ms for AQRS. The area under the curve
was 0.74. :

patients.’ These previous studies suggested that patients with
IVCD did not respond to CRT. In the present study, 40% of the
patients with IVCD responded to CRT. This response rate was
lower compared with large major trials,!-S and the present
study therefore also suggests that patients with IVCD derive
less symptomatic and echocardiographic benefits from CRT. In
contrast, the present response rate was higher than the Wokhlu
et al response rate.'* Given that the present study likely had a
lower prevalence of ischemic heart disease and a wider QRS
duration at baseline compared with that study, these differences
at baseline could influence response to CRT. In addition, the
presence of dyssynchony might be related to CRT response rate
in the present study.

QRS Duration and Response to CRT
In the present study, baseline QRS duration and AQRS were
significantly greater in responders than in non-responders, and
multivariate logistic regression analysis showed that AQRS was
a predictor of response to CRT in patients with IVCD.

Auricchio et al and Kass et al reported that baseline QRS
duration >150ms was predictive of hemodynamic improvement
in the acute setting.!516 The COMPANION trial found that ben-
efits in terms of reduction in mortality or hospitalization were
maximal in patients with QRS duration >168 ms.3 The CARE-
HF trial also noted similar benefits in patients with QRS dura-
tion >150ms.5 It has been suggested that markedly prolonged
baseline QRS duration predicts response to CRT. Some stud-
ies, however, have shown that baseline QRS duration may not
be the optimal criterion for selecting patients for CRT, and that
the quantification of dyssynchrony on echocardiography appears
promising.!7-20 In contrast, some studies cast doubt on the util-
ity of echocardiographic parameters in predicting response to
CRT.II,ZI

There is growing evidence that AQRS is an independent pre-
dictor of response to CRT. Several studies suggest that AQRS
is a better predictor of benefits from CRT than baseline QRS
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duration.???¢ Alonso et al showed that baseline QRS duration
was similar between responders and non-responders, but QRS
duration after CRT differed between the 2 groups: responders
had a significant reduction, whereas non-responders did not have
areduction.?? Lecoq et al reported that 73% of patients respond-
ed to CRT, and that AQRS was significantly greater in respond-
ers and was the only independent predictor.?* The recent sub-
analysis of the PROSPECT Study also showed that the difference
between Bi-V and pre-implantation QRS duration can predict
positive outcomes after CRT.26 On the basis of the known patho-
physiology of electromechanical disorders, changes in QRS
duration caused by CRT may reflect the quality of electrical
resynchronization and the degree of correction of electrome-
chanical abnormalities. Thus, it is timely to revisit the useful-
ness of baseline QRS duration for CRT device implantation.

Variable Ventricular Activation Pattern and Response to CRT
Although the relationship between QRS duration and response
to CRT has been investigated, the pattern of ventricular activa-
tion sequence on ECG has not been fully analyzed as a predic-
tor. In a recent study, Sweeney et al found that characterization
of ventricular activation sequence on the ECG anticipated the
probability of response to CRT in patients with LBBB.! They
showed that ventricular activation fusion, which was QRS axis
shift from LADEV to RADEYV or increases in R-wave ampli-
tudes in V1 through V2 on the ECG during CRT, predicted LV
reverse remodeling.

Patients with IVCD have delayed activation of either some
or all of the right, left, or both ventricles. Patients with IVCD
may have less left-sided conduction delay than LBBB and there-
fore may not respond to CRT. In the present study, LADEV at
baseline and QRS axis shift from LADEV to RADEV after
CRT, indicating left to right activation reversal, were found more
frequently in responders. Moreover, on analysis of QRS patterns,
the emergence of both rightward forces in lead I and anterior
forces in V1, indicating both left to right and posterior to an-
terior activation reversal, was found in responders. Therefore,
the present study suggests that patients with IVCD who have
left-sided electrical LV conduction delay and reversal of ven-
tricular activation induced by CRT have the potential for re-
sponse to CRT.

ECG Predictors in Patients With LBBB and IVCD

Regarding the ECG predictors of response to CRT, the LBBB
activation pattern itself is considered to be beneficial 12-142627
In previous studies, in which LBBB patients comprised all or
>90% of the cohorts, it has been shown that baseline QRS du-
ration and AQRS are better predictors of response to CRT.23242829
The recent study suggested that QRS axis shift from LADEV
to RADEYV is strongly associated with response to CRT in pa-
tients with LBBB.! Little is known, however, about the ECG
predictors in patients with IVCD. In the present study, we found
that AQRS and QRS axis shift from LADEV to RADEV were
associated with response to CRT. The present results in patients
with IVCD are similar to those of previous studies in patients
with LBBB. Thus, the differences in the CRT response rate
between LBBB and TVCD may be influenced by the degree of
left-side electrical LV conduction delay and change in ven-
tricular activation after CRT.

The present study is unique because it analyzed the response
to CRT in patients with IVCD, a subject for which data are very
limited. To our knowledge, this is the first study to identify pre-
dictors of response to CRT in patients with IVCD. The present
study has clinical importance because it focuses on surface ECG,
despite its apparent simplicity. There are no previous studies

that have investigated these variables on surface ECG in patients
with IVCD.

Clinical Implications

The response to CRT is significantly different between patients
with LBBB and patients with non-LBBB, especially IVCD.
The concept of CRT is mainly to minimize LV conduction
delay, which reduces contractile asynchrony and improves LV
mechanics by coordinating contraction of the interventricular
septum and lateral left ventricle. In some cases of IVCD, how-
ever, LV conduction delay is not present in the lateral left ven-
tricle even though there is wide QRS.3 We believe that the
simple marker of LADEV at baseline ECG is a clue for predict-
ing response to CRT. Patient selection could be another factor
that determines response to CRT, and we should also consider
QRS morphology, including type of BBB, and axis deviation,
in addition to QRS duration when determining the indication
for CRT. :

Study Limitations

The present study had some limitations. First, it was a retrospec-
tive cohort study. Second, the fact that data were collected at
a single center allowed for the introduction of treatment bias,
which could influence the outcome of therapy. Third, baseline
QRS duration was wide in some of the present patients, but the
definition of IVCD was consistent with the consensus described
in the previous studies, and the QRS duration in the present
study was similar to the previous studies showing the QRS dura-
tion in patients with IVCD.1%1331 Fourth, assessment of IVCD
and changes in ventricular activation were not performed using’
other methods. Finally, because of the small number of patients
studied, the current findings regarding ECG predictors of re-
sponse to CRT.need confirmation in large prospective studies.

Conclusions

The present study confirms the midterm benefits conferred by
CRT. Among 40 patients with IVCD, 16 (40%) were considered
as clinical responders at 6 months after CRT. Patients with
IVCD may not respond to CRT, but the surface ECG variables,
such as LADEV at baseline, or AQRS and QRS axis shift from
LADEV to RADEYV after CRT, can predict the likelihood of
response to CRT. These findings suggest that left-side electri-
cal LV conduction delay at baseline and reversal of ventricular
activation after CRT on surface ECG could be important to
predict the responseto CRT in patients with IVCD.
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Appropriate Duration of Driving Restrictions After
Inappropriate Therapy From Implantable
Cardiac Shock Devices

— Interim Analysis of the Nippon Storm Study —

Takashi Noda, MD, PhD; Takashi Kurita, MD, PhD; Takashi Nitta, MD, PhD;
Haruhiko Abe, MD, PhD; Shigeyuki Watanabe, MD, PhD; Hiroshi Furushima, MD, PhD;
Naoki Matsumoto, MD, PhD; Takeshi Toyoshima, PhD; Akihiko Shimizu, MD, PhD;
Hideo Mitamura, MD, PhD; Tohru Ohe, MD, PhD; Yoshifusa Aizawa, MD, PhD

Background: Little is known regarding the appropriate duration for driving restrictions after inappropriate implant-

able cardiac shock device (ICSD) therapy.

Methods and Results: We evaluated the Nippon Storm Study data, and found that inappropriate ICSD therapy
occurred in 114 (7.6%) patients during a median follow-up of 464 days. Among those patients, 25 experienced further
inappropriate ICSD therapy during a subsequent median follow-up of 380 days. Time-dependent recurrence of inap-
propriate ICSD therapy occurred in 19 (76%) patients within 180 days.

Conclusions: The interval for driving restrictions after inappropriate ICSD therapy can be reduced. (Circ J 2014;

78: 1989-1991)

Key Words: Cardiac resynchronization therapy; Driving restriction; Implantable cardioverter defibrillator

plantable cardioverter defibrillators (ICDs) and cardiac

resynchronization therapy devices with a defibrillator
(CRT-Ds), have become an established therapeutic option for
reducing the risk of sudden cardiac death.!-> With the increase
in both the implantation of an ICD and CRT-D, the number of
patients with an ICSD who drive a vehicle has grown. In 2003,
a Joint Committee of the Japanese Circulation Society, Japanese
Heart Rhythm Society and Japanese Association for Thoracic
Surgery published a statement regarding the driving restric-
tions for patients suffering from syncope caused by a cardiac
arrhythmia,® and patients were advised not to drive for 12
months after inappropriate ICSD therapy. Because of recent
advances in detection algorithms, the occurrence of inappro-
priate shock therapies has decreased. However, sufficient data
conceming the incidence of inappropriate ICSD therapy is lack-
ing for a large Japanese population.

I mplantable cardiac shock devices (ICSDs), including im-

The purpose of this study was to investigate the incidence of
both the first and subsequent inappropriate ICSD therapy, and
to propose the appropriate duration for driving restrictions after
inappropriate ICSD therapy in Japanese patients with an ICSD.

Methods

The details of the overall study design of the Nippon Storm
Study have been published.” Briefly, patient registration was
conducted from 48 Japanese ICSD centers (Appendix), using
a web site registration (JCDTR: Japanese cardiac defibrillator
therapy registration). The clinical background of the eligible
patients was collected. All centers followed the consensus guide-
lines for implantation of an ICSD. We performed an interim
analysis of the Nippon Storm Study regarding inappropriate
ICSD therapy, which includes antitachycardia pacing and/or
shocks. Follow-up data, including the incidence of a second
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Age, years 62+14
Sex, male (%) 1,223 (78)
Indication for ICSD (%)

, pfeventlon L ',"73”5‘,(47)%;331

Secondary prevention 835 (53)

Type of ICSD (%)

" CRT-D a 506 (32)
Etiology of underlying heart disease (%)

( C chfcardlomyop,
Brug da syndrome ’

LVEF (%) 43+19

CRT-D, cardiac resynchronization therapy devices with defibrilla-
tor; ICD, implantable cardioverter defibrillator; ICSD, implantable
cardiac shock device; LVEF, left ventricular ejection fraction;
NYHA, New York Heart Association; RV, right ventricular.

inappropriate ICSD therapy, were also colleéted.

Statistical Analysis

The results are expressed as frequencies and percentages for
categorical variables and the median or mean+ SD for numeri-
cal variables. Event-free survival curves were calculated ac-
cording to the Kaplan-Meier method.

Results

Patient Registry

Data collection including the registration of new ICSD pa-
tients began in October 2010 and data accumulation for the
Registry was terminated in July 2012. A total of 1,570 patients
were enrolled.

Baseline Characteristics of Registered Patients

The baseline characteristics of the 1,570 ICSD patients are out-
lined in Table. At the time of the implantation, the mean age
was 62114 years. A total of 1,223 (78%) study subjects were
male. As for the indications for an ICSD, 735 (47%) of the study
subjects received an ICSD for primary prevention and 835
(53%) for secondary prevention. An ICD was implanted in 1,064
(68%) patients and CRT-D applied to 506 (32%). Regarding
the underlying heart disease, 493 (31%) patients with ischemic
heart disease and 357 (23%) with dilated cardiomyopathy were
included. The mean left ventricular ejection fraction was 43+19%.

Incidence of Inappropriate ICSD Therapy
Of the 1,570 patients, follow-up data were available for 1,504;
66 enrolled patients were lost to follow-up before their first
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Figure. (A)Cumulative free probability of inappropriate ICSD
therapy. The annual incidence of the first inappropriate ICSD
‘therapy was 6.7%. (B) Cumulative free probability of a second
inappropriate ICSD therapy. Among 114 1CSD patients with
an inappropriate therapy, 25 patients experienced recurrence
during a subsequent median follow-up of 380 days. (C) Time-
dependent recurrence of an inappropriate ICSD therapy. An-
other inappropriate ICSD therapy occurred in 9 (36%) pa-
tients within 90 days and in 19 (76%) patients within 180 days.

ICSD xmplantab!e oardlac shock device.

visit and therefore were not part of this analysis. The interim
analysis of the Nippon Storm Study revealed that inappropriate
ICSD therapy occurred in 114 (7.6%) patients during a mean
follow-up of 467+169 days (Figure A). The median time to
the first inappropriate ICSD therapy was 108 days (interquar-
tile range, 43-234 days). The annual incidence of the first in-
appropriate ICSD therapy in this cohort of 1,504 patients was
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6.7%. Shock deliveries induced neither fatal arthythmia nor
hemodynamic incapacitation. Atrial fibrillation or atrial tachy-
cardia was the most common trigger for inappropriate therapy
(Figure S1A); 62 (55%) patients received only antitachycar-
dia pacing and inappropriate shocks occurred in 52 (45%) of
them (Figure S1B).

Recurrence of Inappropriate 1CSD Therapy

Among the 114 patients with a first inappropriate ICSD ther-
apy, 25 (22%) received a second inappropriate ICSD therapy
during a mean follow-up of 380+194 days (Figure B). The time-
dependent recurrence of inappropriate ICSD therapy was with-
in 90 days in 9 (36%) patients and within 180 days in 19 (76%)
(Figure C).

Discussion

Several studies have investigated the risk associated with driv-
ing for patients with an ICSD#1? and based on those reports,
guidelines for driving restrictions in patients with an ICSD have
been published in some countries.!t> The Consensus State-
ment published by the European Heart Rhythm Association
recommends driving restrictions for 6 months after inappro-
priate ICSD therapy,*! whereas in the United States, the dura-
tion of he driving restriction after inappropriate ICSD therapy
is not mentioned specifically, but patients are recommended
not to resume driving until the cause of the inappropriate ther-
apy is corrected.’? The present study revealed that the time-
dependent recurrence of inappropriate ICSD therapy was with-
in 90 days in 9 (36%) patients and within 180 days in 19 (76%)
patients. Based on that data, the annual risk of recurrent inap-
propriate ICSD therapy is calculated as 19.3% with a driving
restriction of 90 days after inappropriate JCSD therapy and
13.6% with a driving restriction of 180 days after inappro-
priate ICSD therapy. According to several Western guide-
lines, 13 private automobile drivers with a 22% or lower risk
of “sustaining an annual risk of sudden cardiac incapacitation

(SCI)” should be allowed to drive. Even if all the inappropri- -

ate ICSD therapies lead to an SCI, this level of yearly risk of
inappropriate ICSD therapy is considered to be within a so-
cially acceptable level. Moreover, on the assumption that ICSD
patients drive for 1 h every day, the annual traffic accident rate
because of inappropriate ICSD therapies is presumed to be
- 0.85% with driving restriction of 180 days and 1.21% with
90-day restriction after inappropriate ICSD therapy even if all
the inappropriate ICSD therapies lead to an SCI. The former
value is less than the Japanese annual traffic accident rate in
2010 of 0.90%.14

Conclusions

The interim analysis of the Nippon Strom Study revealed that
driving restrictions after an inappropriate ICSD therapy can be
reduced.
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Background: There is little evidence of the efficacy and safety of dabigatran in Japanese patients with
non-valvular atrial fibrillation (NVAF).
Methods and Results: We evaluated 300 consecutive patients with NVAF (68 + 11 years old, 209 men, 180
paroxysmal) who received 220 mg/day (203 patients) or 300 mg/day dabigatran (97 patients) at our
hospital. Most patients (84%) had lower CHADS; (congestive heart failure, hypertension, age > 75 years,
diabetes, strokeftransient ischemic attack) scores of 0 (n=60), 1 (n=114), or 2 (n=78) and lower HAS-
BLED (hypertension, abnormal renal/fliver function, stroke, bleeding history or predisposition} scores of 0
(n=39), 1 (n=114), or 2 (n=103). The estimated creatinine clearance was 77 4+ 24 mL/min, which was
inversely correlated to age (r?=0.48, p < 0.0001). Activated partial thromboplastin time was 42 + 9 s but
was not dependent on sampling time. During follow-up of 263 + 160 days, an ischemic stroke occurred in
1 patient (0.3%), but no systemic embolism was observed. Some adverse events were reported for 70
(23%) patients, such as dyspepsia (n=42, 14%) or minor bleeding complications (n=11, 4%) resulting in
discontinuation of dabigatran for 39 patients. However, no major complications were observed, and no
patient died from adverse events or because of cardiovascular or stroke events. )
Conclusions: Dabigatran is safe and useful for the prevention of ischemic strokes in Japanese NVAF
patients, but additional care should be taken for elderly patients.

© 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.

1. Introduction

Dabigatran is a novel oral anticoagulant that is a potent, direct,
competitive, and reversible inhibitor of thrombin. The RE-LY,

The prevalence of atrial fibrillation (AF) increases with age, and
Japan has one of the fastest aging populations in the world.
Warfarin is highly effective in reducing the risk of stroke in patients
with AF. However, warfarin is subject to several shortcomings, such
as its narrow therapeutic window, need for frequent coagulation
monitoring, slow onset and offset of action, and numerous drug and
food interactions |{1,2]. Moreover, there are no net clinical benefits
of warfarin for patients with non-valvular AF (NVAF) and lower
CHADS, (congestive heart failure, hypertension, age > 75 years,
diabetes, stroke/transient ischemic attack) scores of 0-1 {3}. There-
fore, physicians have often been hesitant to prescribe anticoagulation
therapy for NVAF patients with lower CHADS, scores.

* Correspondence to: Department of Cardiovascular Medicine, National Cerebral
and Cardiovascular Center 5-7-1 Fujishiro-dai, Suita, Osaka 565-8565 Japan.
Tel.: +81 6 6833 5012; fax: +81 6 6872 7486.

E-mail address: aiba@hspanovegnip (1 Alba

a randomized evaluation trial of long-term anticoagulation therapy
and its sub-analysis, demonstrated that dabigatran (220 or 300 mg/
day) has many clinical advantages for anticoagulation in patients
with NVAF as compared with warfarin {4-7]. Therefore, dabigatran
has been approved in many countries for the prevention of strokes
in patients with NVAF {8,5]. However, there is little clinical evidence
for its use in Japanese AF patients {10-12]. Furthermore, severe
bleeding complications after dabigatran administration have been
reported in some Japanese patients {31. Thus, the aim of this study
was to clarify the efficacy and safety of anticoagulation with
dabigatran in Japanese patients with NVAF.

2. Methods
2.1. Patients

This study involved 300 consecutive NVAF patients who received
dabigatran from April 2011 to August 2012 at the Department of

1880-4276/$ - see front matter © 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.

http://dx.doi.org/10.1016/j.j0a.2013.04.010
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Cardiovascular Medicine of National Cerebral and Cardiovascular
Center. Dabigatran was prescribed at 220 mg/day (203 patients: 68%)
or 300 mg/day (97 patients: 32%). The primary physician of the patient
determined the dosage. We retrospectively analyzed the clinical
characteristics and short-term efficacy and safety after dabigatran
therapy in these patients.

2.2. Definition of stroke, hemorrhage, and renal function

Stroke was defined as the sudden onset of a focal neurological
deficit in a location consistent with the territory of a major
cerebral artery, and categorized as ischemic, hemorrhagic, or
unspecified. Systemic embolism was defined as an acute vascular
occlusion of an extremity or organ documented by imaging,
surgery, or autopsy. Intracranial hemorrhage included hemorrha-
gic stroke and subdural or subarachnoid hemorrhage [4].

Major bleeding was defined as a decrease in hemoglobinz2
g/dL, a transfusion of 22 units of whole blood or packed red blood
cells, or symptomatic bleeding in a critical area or organ. Minor
bleeding was defined as clinically overt bleeding that did not meet
the criteria for major bleeding. Estimated creatinine clearance
(eCCr) was -calculated using Cockcroft-Gault equations { 14].

_ (140-age) x body weight(kg) x [0.85 if female]

ecCr 72 x serum creatinine(mg/dL)

Deteriorating renal function was defined as an eCCr decrease to
<30 mL/min or at the discretion of the primary physician to
discontinue dabigatran due to the eCCr decrease.

2.3. CHADS,, CHA,DS,-VASc, and HAS-BLED Scores

We assessed stroke risk using the CHADS, and CHA,DS,-VASc
scores {15,16]. The CHADS; score assigns 1 point each for con-
gestive heart failure (CHF), hypertension (HT), age=75 years, and
diabetes mellitus (DM) and 2 points for a history of stroke or
transient ischemic attack (TIA) |151. The CHA,DS,-VASc score
assigns 1 point each for CHF, HT, age 65-74 years, DM, vascular
disease, female sex; and 2 points for age=75 years, and a history of
stroke or TIA {15]. The HAS-BLED (hypertension, abnormal renal/
liver function, stroke, bleeding history or predisposition, labile
international normalized ratio, elderly (275 years), drugs/alcohol)
score is used to assess the risk for cerebral and systemic bleeding,
scoring HT, abnormal renal/liver function (1 point each), stroke,

Table 1
Patient characteristics.

bleeding history or predisposition, labile international normalized
ratio, elderly (275 years), and drugs/alcohol (1 point each) {15}
If a HAS-BLED score is 23, a patient is considered to have a
measurable risk of bleeding {9,17].

2.4. Radiofrequency catheter ablation procedure

The patients for whom radiofrequency (RF) catheter ablation
was indicated for AF received dabigatran at least 30 days before RF
catheter ablation. The Supplemental Methods describe the RF
ablation procedure in detail. Periprocedural anticoagulation was
based on a predetermined algorithm. Dabigatran was discontinued

the evening prior to the day of RF ablation, and continuous heparin

infusion of 10,000-15,000 U/day was administered until 3 h before
the RF ablation procedure, and resumed after hemostasis until
24 h after the procedure. Dabigatran was resumed about 24 h after
RF ablation at the same dose as that administered before the
procedure.

2.5. Activated partial thromboplastin time measurement

Activated partial thromboplastin time (APTT) was measured
several times after dabigatran administration. Primary physician
decided when to collect blood sample. We investigated the
relationship between APTT and its sampling time in each dabiga-
tran dose. The APTT measurement was repeated at almost the
same time during follow-up, and these APTT values were com-
pared for reproducibility.

2.6. Follow-up

Patients visited our institute, another hospital, or their primary
physician within 2-4 weeks of dabigatran being first prescribed;
if no bleeding or other adverse events were observed, patients
were followed up at least every 3 months.

2.7. Statistical analysis

Data are expressed as mean+ SD. Data were analyzed by
unpaired t-test if they were normally distributed. The ¥ test was
used to analyze the independence of the 2 classification criteria in
the qualitative data. The comparison of the APTT values of each
patient was analyzed using the paired t-test, followed by the

" Dabigatran Total (n=300) Dabigatran 220 mg/day (n=203) Dabigatran 300 mg/day (n=97) p-value

Age, years 68+ 11 72+8 59+9 < 0.0001

275, n (%) 88 (29) 86 (42) 2(2) <0.0001
Sex, n (M/F) 209/91 128/75 81/16 0.0003

Weight (kg) 64+ 11 61410 70+12 < 0.0001
Serum Cr (mg/dL) 0.83 +0.16 0.834+0.17 0.83+0.14 ns

eCCr (mL/min) 77 +24 68+ 19 95+24 < 0.0001
AF, n: (paroxysmal/persistent) 180/120 123/80 57/40 ns

Previous stroke or TIA, n (%) 41 (14) 33 (16) 8(8) 0.06
LA diameter {mm) 41+7 4147 41+8 ns

Structural heart disease, n (%) 81 (27) 64 (32) 17 (18) 0.01
Congestive heart failure, n (%) 53 (18) 41 (20) 12 (12) as

Hypertension, n (%) 179 (60) 133 (66) 46 (47) 0.0028
Diabetes mellitus, n (%) 45 (15) 33 (16) 12 (12) ns

Drugs for peptic ulcer, n (%) 155 (52) 102 (50) 53 (55) ns
Concomitant use of anti-platelet agent, n (¥) 27 (9) 26 (13) 1(1) 0.0009

Previous medication use

Warfarin, n (%) 121 (40) 89 (44) 32 (33) 0.07

Anti-platelet agent, n (%) 16 (5) 10 (5) 6 (6) ns
Follow-up period (days) 263 + 160 264 + 161 259 + 159 ns

Cr=Creatinine, AF=atrial fibrillation, LA=left atrium, TIA=transient ischemic attack, eCCr=estimated creatinine clearance, ns=not significant.
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Wilcoxon signed-rank test. A p-value <0.05 was considered
statistically significant,

3. Results
3.1. Patient Characteristics

Table 1 lists the baseline characteristics of the patients in this
study. The mean age was 68 + 11 years; patients aged 70-75 years
were the most numerous in the sample (¥iz. 1a). There were 209 male
patients. On average, the patients receiving 300 mg/day dabigatran
were younger and heavier than those on 220 mg/day dabigatran were
(5949 vs. 72 + 8 years old; p <0.0001, and 70 + 12 vs. 61 + 10 ke;
p < 0.0001, respectively). Nearly all patients aged > 75 years (98%)
received 220 mg/day dabigatran. Sixty percent (n=180) of AF was
paroxysmal and the remaining 40% (n=120) was persistent. Forty-one
patients (14%) had suffered a prior stroke or TIA.

The averaged left atrium diameter was-41 + 7 mm. Eighty-one
patients (27%) had structural heart disease such as cardiomyo-
pathy (n=14) and ischemic heart disease (n=21), and 53 patients
(18%) had CHF. One hundred seventy-nine patients (60%) had HT,
and 45 (15%) had DM. The frequency of age=75 years; female sex;
and number of patients with structural heart disease, HT, and
concomitant use of an anti-platelet agent were significantly
greater in the patients on 220 mg/day dabigatran than those on
300 mg/day dabigatran were (Table 1).

70

60

# 300mg/day
# 220mg/day

50

40
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30

20
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Fig. 1. (a) Relationship between age and number of patients who received dabigatran
(red =300 mg/fday, blue=220 mg/day . 1 and (b) Relationship between eCCr and
number of patients who received dabigatran (red=300 mg/day, blue=220 mg/day).
eCCr=estimated creatinine clearance.

One hundred twenty-one patients (40%) switched from
warfarin to dabigatran and 16 patients (5%) switched from their
anti-platelet agent to dabigatran for anticoagulant therapy. An
anti-platelet agent was prescribed concomitantly with dabigatran
in 27 patients (9%) mainly due to ischemic heart disease. The
frequency of concomitant use of an anti-platelet agent was higher
in elderly patients (275 years old) as compared with younger
patients (13 of 88; 15% vs. 14 of 212; 7%, respectively; p=0.02).
RF catheter ablation was performed in 73 patients (24%).

Table 2 displays the distribution of the CHADS,, CHA,DS,-VASc,
and HAS-BLED scores. The CHADS, score was 0 in 60 patients
(20%), 1 in 114 (38%), 2 in 78 (26%), and =3 in 48 (16%); thus, the

. mean score was 1.5+ 1.2. The CHA,DS;-VASc score was 0 in 26

patients (9%), 1 in 61 (20%), 2 in 65 (22%), and =3 in 148 (49%). The
mean CHA,;DS,-VASc score was 2.6 £+ 1.7. The HAS-BLED scare was
0 in 39 patients (13%), 1 in 114 (38%), 2 in 103 (34%), and 23 in 44
(15%). The mean HAS-BLED score was 1.5 + 1.0.

The CHADS,, CHA;DS,-VASc, and HAD-BLED scores were
higher for patients receiving 220 mg/day dabigatran than those
receiving 300 mg/day dabigatran.

3.2. Thromboembolic events

Ischemic stroke occurred in one 60-year-old male patient (Table 3)
with persistent AF after RF ablation. The patient had received 220 mg/
day dabigatran for 1 month before the RF procedure. His eCCr was
91 mL/min and his CHADS, score was 1 (DM). Vision disturbance due
to left occipital lobe infarction occurred 1 day after the RF procedure.
Dabigatran was increased from 220 mg/day to 300 mg/day after the
event. His neurological symptoms improved during the follow-up
period. No stroke events occurred in the remaining patients during
follow-up of 263+ 160 days; no patient experienced systemic
embolism during the follow-up period.

3.3. Adverse events and discontinuation

Adverse events by dabigatran were observed in 70 (23%)
patients (Table 3). No major complications, including intracranial
hemorrhage, occurred during the follow-up period. Minor bleed-
ing complications occurred in 11 patients (4%), including 1 patient
with gastrointestinal bleeding. Forty-two (14%) patients had

Table 2
CHADS;, CHA3DS;-VASc, and HAS-BLED scores.

Dabigatran Dabigatran Dabigatran p-value
Total 220 mg/day 300 mg/day
(n=300) (n=203) (n=97)
CHADS, 15+12 18+13 0.9+08 < 0.0001
score, mean
0; n (%) 60 (20) .25(12) 35 (36) < 0.0001
1;n (%) 114 (38) " 74 (36) 40 (41) ns
2, n{%) 78 (26) 60 (30) 18 (19) 0.04
23;n(%)  48(16) 44 (22) 4(4) 0.0001
CHA,DS,- 26+ 17 31+16 14+ 12 <0.0001
VASc score,
mean )
0;n(%) ~ 26(9) 1(0.5) 25.(26) < 0.0001
1, n (%) 61 (20) 27 (13) 34 (35) <0.0001
2; n (%) 65 (22) 47 (23) 18 (19) ns
3: n (%) 74.(25) 59 (29) 15 (15) 0.01
4; n (%) 40 (13) 35 (17) 5(5) 0.004
25; n (%) 34 (11) 34 (17) 0(0) < 0.0001
HAS-BLED 1.5+ 10 1.9+09 09+038 < 0.0001
score, mean
0, n (%) 39 (13) 5(2) 34 (35) <0.0001
1; n (%) 114 (38) 70 (34) 44 (45) 0.07
2; n (%) 103 (34) 86 (42) 17 (18) < 0.0001
23, n (%) 44 (15) 42 (21) 2(2) < 0.0001
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Table 3
Thromboembolic event, adverse events
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, and discontinuation of dabigatran.

Dabigatran Total (n=300) Dabigatran 220 mg/day (n=203) Dabigatran 300 mg/day (n=97) p-value
Thromboembolic event, n 1(03) 1(0.5) 0(0) 049
Adverse events, n (%) 70 (23) 52 (26) 18 (19) 018
Major bleeding, n (%) 0(0) 0(0) 0(0) -
Minor bleeding, n (%) 11 (4) 9(4) 2(2) 0.31
Dyspepsia, n (%) 42 (14) 32 (16) 10 (10) 0.20
Swallowing difficulty, n (%) 5(2) 3(1) 2(2) 0.71
Deteriorating renal function, n (%) 4(1) 4(2) 0(0) 016
Diarrhea, n (%) 3(1) 2(1) 1(1) 0.97
Rash, n (%) 3(1) 2(1) 1(1) 0.97
ltching, n (%) 2(1) 1(05) 1(1) 0.59
Discontinuation, n (%) 65 (22) 40 (20) 25 (26) 0.23
Temporal use for RF ablation, n (%) 23 (8) 7(3) 16 (16) < 0.0001
Side effects, n (%) 38 (13) 30 (15) 9(9) 0.19
RF=radiofrequency.
dyspepsia such as upper abdominal pain, abdominal paiﬁ, and ° - .
abdominal discomfort. None died from adverse events or cardio- 170 A * e(ZZCr = 186.4 - 1.61"age
vascular and stroke events. There was no significant difference in o RE=048

the frequency of adverse events between patients receiving
220 mg/day and 300 mg/day dabigatran.

Sixty-five patients discontinued dabigatran, with 39 patients (60%)
discontinuing it due to adverse events such as dyspepsia (n=21),
deteriorating renal function (n==4), minor bleeding (n1=3), swallow-
ing difficulty (n=2), or rash (n==2). Due to the prolongation of APTT
(65s and 595 each), dabigatran was discontinued for another
2 patients at the discretion of their primary physicians. Of these 41
patients, 26 (63%) subsequently switched to warfarin, 8 patients to
rivaroxaban, and 4 patients to aspirin. One patient died from
malignant mesothelioma during the follow-up period. The remaining
23 patients discontinued dabigatran because they used it temporarily
for RF ablation. The follow-up period (dabigatran prescription period)
of these 23 patients was 190 4 92 days. There was no significant
difference in the frequency of discontinuation between patients
receiving 220 mg/day and 300 mg/day dabigatran.

Drugs for peptic ulcer were prescribed for 155 of the 300
patients (52%): 128 patients (43%) received a proton pump
inhibitor and 17 patients (6%) received an Hy-blocker. In 42
patients with dyspepsia, drugs for peptic ulcer were prescribed
in 28 patients (67%), of whom 24 received a proton pump inhibitor
and 2 received an Hy-blocker. The drugs for peptic ulcer were
effective in curing the dyspepsia in 9 patients (proton pump
inhibitor in 8 patients, Hy-blocker in 1 patient).

3.4. Dabigatran and renal function

The averaged serum creatinine was 0.83 mg/dL, and there was
no difference between patients who received 220 mg/day and
300 mg/day dabigatran. However, as the patients on 300 mg/day
dabigatran were heavier and younger, their mean eCCr was higher
than that in those who received 220 mg/day dabigatran (95 1 24
vs. 68+19mL/min; p<0.0001). An eCCr<50mL/min was
observed in 26 of 203 patients (13%) who received 220 mg/day
dabigatran, whereas the eCCr of all 97 patients who received 300
mg/day dabigatran was > 50 mL/min (p=0.0002) (Fig. ib).

Fig. 2 illustrates the relationship between eCCr and age, where
the eCCr was inversely correlated to the age of patients (°=0.484,
p <0.0001). The eCCr at 141 + 125 days after dabigatran adminis-
tration could be calculated again in 235 of the 300 patients.
We decided to discontinue dabigatran in 3 patients because their
eCCr fell to < 30 mL/min after dabigatran administration (Tabie 4).
The baseline eCCr of these 3 patients was 62.2, 38.6, and 48.8 mL/
min, respectively, decreasing to 28.5, 28.3, and 29.5 mL/min,
respectively, during follow-up. Another 72-year-old man

eCCr (ml/min)

T ¥ T M T Al T ¥ T ¥ l

30 40 50 60

Age (years)

Fig. 2. Relationship between age and eCCr. The eCCr was inversely correlated to age
(p < 0.0001). eCCr=Estimated creatinine clearance.

Table 4
Patients for whom dabigatran was discontinued due to decrease in eCCr.

# Age Sex Dabigatran Follow-up CHADS; eCCr eCCr
(years) (mgfday)  (days) (mL/min) (mL/min)
(baseline) (on dabigatran)
1 60 F 220 369 3 62.2 285
2 76 F 220 376 3 38.6 283
3 88 M 220 404 6 48.8 295
4 72 M 220 42 2 514 36.7

discontinued dabigatran at the discretion of his primary physician
because his eCCr decreased to 36.7 mL/min from 51.4 mL/min.
These 4 patients had all received 220 mg/day dabigatran.

3.5. Dabigatran and APTT

The APTT could be evaluated in 233 patients and the mean
APTT was 42 + 9 s. There was no significant difference in mean
APTT values between patients on 220 mg/day and 300 mg/day
dabigatran (42 + 9 s vs. 41 + 9 5). Fig. 3 illustrates the relationship
between the APTT and eCCr values. APTT was inversely correlated
to eCCr (*=0.04, p=0.0087).
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Fig. 3. Relationship between APTT values and eCCr. The APTT was inversely
correlated to the eCCr. APTT=Activated partial thromboplastin time, eCCr=esti-
mated creatinine clearance.
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Fig. 4. Relationship between APTT values and sampling time (time of day). The APTT
was_not dependent on the time of day for each dabigatran dose (blue=220 mg/day,
red=300 mg/day). APTT=Activated partial thromboplastin time.

Fig, 4 depicts the relationship between APTT and its sampling
time at each dabigatran dose. There was a wide distribution in the
APTT values among patients at each dabigatran dose, and the APTT
was not dependent on the sampling time because patients were
not permitted to change the time they took the dabigatran. The
mean APTT measured on another day (41 +9s) was almost the
same as that recorded at the first use of dabigatran: 41 + 9 s. There
was no statistical difference (p=0.41) between the first and
second APTT measurements. The day-to-day difference of the
APTT values of each patient was not substantial (Supplemental
Figure), indicating that the APTT values were highly reproducible.

Patients with minor bleeding events had greater APTT values as
compared to those without minor bleeding events, but this was
not statistically significant (mean, 48 + 12 s vs. 41 £ 9s; p=0.052).

4. Discussion
4.1, Main findings

We obtained several findings from this study. First, dabigatran
is safe for the prevention of stroke in clinical practice for Japanese
NVAF patients. Second, careful monitoring of laboratory data,
including the eCCr, is necessary, especially in elderly patients
and/or those with renal dysfunction because deteriorating renal
function may occur during anticoagulation treatment using dabi-
gatran. Third, the APTT values varied greatly but had high
reproducibility; therefore, the APTT may be a suitable parameter
for screening bleeding risk.

4.2. Advantages of dabigatran

Although patients with CHADS; scores of 0 or 1 face a certain
degree of stroke risk, the bleeding risk with warfarin may out-
weigh the benefit {3l On one hand, sub-analysis of the RE-LY
indicated that dabigatran is more effective and safer for AF
patients with lower CHADS2 scores (0 or 1) as compared to
warfarin {5]. The European AF guidelines propose that when
anticoagulation for AF is recommended, a direct thrombin inhi-
bitor (dabigatran) or a factor Xa inhibitor should be considered
based on their net clinical benefit rather than adjusted-dose
warfarin for most patients with NVAF {41. The sub-analysis of
the RE-LY demonstrated that the efficacy and safety profiles of
dabigatran for Japanese AF patients were almost the same as that
for the entire study population in the RE-LY | 10}. Based on the RE-
LY, the Japanese Circulation Society recently released a statement
recommending the use of dabigatran for patients with a CHADS,
score of 1, whereas the use of warfarin remained within con-
sideration for a CHADS2 score of 1 {18}. No major bleeding event
occurred in this study. Therefore, dabigatran is safe for the
prevention of ischemic stroke for Japanese NVAF patients in
clinical practice as well.

4.3. Utility of APTT

Although it has been reported that the APTT is correlated with
the anticoagulant effect of dabigatran at lower plasma concentra-
tions, it does not denote an accurate quantitative value of the
anticoagulant effect at higher concentrations {19,20]. In addition,
the time to peak concentration of dabigatran is affected by factors
such as age, sex, and renal function {21,22], and there is a wide
distribution in the APTT values among patients receiving dabiga-
tran, as shown in this study (Fig. 4). This study, however, demon-
strated the reproducibility of the APTT values of each patient.
In addition, we demonstrated that the APTT value is not greatly
affected by sampling time. Although it may be difficult to use APTT
as a marker of anticoagulant efficacy for dabigatran, it might be
useful for screening bleeding risk among patients receiving dabi-
gatran {11} In this study, the APTT value was higher in patients

‘with minor bleeding as compared with those with no bleeding.

Therefore, APTT, which can be measured comparatively easily
in outpatient settings, might be a useful marker for bleeding
complication.

4.4. Shortcomings of dabigatran

There is no specific antidote to reverse the effects of dabigatran.
Major gastrointestinal bleeding and dyspepsia were more common
with dabigatran than with warfarin in the RE-LY {4}]. Drugs for
peptic ulcer, including proton pump inhibitors, were more fre-
quently prescribed in this study than in the RE-LY (52% vs. 15%,
respectively), and only 1 patient suffered minor gastrointestinal
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bleeding in this study. Therefore, drugs for peptic ulcer may be
useful for the prevention of gastrointestinal bleeding. Drugs for
peptic ulcer were effective for our patients with dyspepsia to some
extent, so they may also be useful for curing dyspepsia during
dabigatran treatment.

4.5. The relationship between dabigatran and renal function

Dabigatran is often described as an anticoagulant that does not
require routine coagulation monitoring because its pharmacoki-
netics are predictable {23]. However, many patients with AF are
aged, and the elderly often have comorbidities such as DM, which
are important risk factors for the deterioration of renal function
{24} In addition, advanced age itself is a risk factor for renal
dysfunction [25]. In this study, the eCCr was inversely correlated
with age (Fig. 2). Moreover, the elderly often have vascular
diseases, e.g., ischemic heart disease, as comorbidities and require
treatment with anti-platelet agents. Eikelboom et al. reported that
the risk of bleeding increased with age, decreased CCr, and with
concomitant use of anti-platelet agents {#¢). In addition, gastro-
intestinal bleeding, which is one complication of dabigatran
treatment, is not always accompanied by epigastric symptoms
{27]. Therefore, fixed-dose dabigatran without monitoring may
lead to a higher risk of bleeding. We recommend that laboratory
data, including renal function, hematological value, and APTT, be
monitored in particular in elderly patients who possess the risk
factors for deterioration of renal function, such as DM andjor
concomitant use of an anti-platelet agent, and/or higher HAS-BLED
scores,

4.6. The relationship between dabigatran and RF ablation

There is some evidence for the efficacy and safety of dabigatran
in patients undergoing RF ablation for AF. Lakkireddy et al.
compared the efficacy and safety of dabigatran and warfarin in
periprocedural anticoagulation in patients undergoing RF ablation
for AF [28]. They reported that periprocedural use of dabigatran
significantly increased the risk of thromboembolic and bleeding
complications as compared with uninterrupted warfarin therapy.
In contrast, Kaseno et al. reported that the periprocedural use of
dabigatran was useful and safe in Japanese patients {12i. In this
study, ischemic stroke occurred in 1 patient as a periprocedural
complication of RF ablation. Therefore, it is necessary to investi-
gate the efficacy and safety of dabigatran in RF ablation with a
large patient sample and identify appropriate strategies for peri-
procedural anticoagulation.

4.7. Study limitations

We performed this study to evaluate the efficacy and safety of
dabigatran in Japanese patients with NVAF; therefore, we did not
compare it with warfarin. This study was retrospective and
nonrandomized, and-involved a small sample at a single cardio-
vascular center. In addition, the follow-up period was short.
Further investigations are necessary to demonstrate the efficacy
and safety of dabigatran. As the mean CHADS, score in this study
was relatively low (1.5 + 1.2 points), the efficacy and safety of
dabigatran in clinical use are uncertain in patients with high
CHADS; scores.

5. Conclusions
In clinical practice, dabigatran is useful and safe for the

prevention of ischemic stroke in Japanese NVAF patients. Monitor-
ing of laboratory data is necessary in patients receiving dabigatran,

especially for elderly patients who have renal dysfunction andjor
high HAS-BLED scores.
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Impact of Left Ventricular Diastolic Dysfunction on
Outcome of Catheter Ablation for Atrial Fibrillation in
Patients With Hypertrophic Cardiomyopathy

Hideharu Okamatsu, MD; Takahiro Ohara, MD, PhD; Hideaki Kanzaki, MD, PhD;
Tkutaro Nakajima, MD; Koji Miyamoto, MD; Hideo Okamura, MD; Takashi Noda, MD, PhD;
Takeshi Aiba, MD, PhD; Kengo Kusano, MD, PhD; Shiro Kamakura, MD, PhD;
Wataru Shimizu, MD, PhD; Kazuhiro Satomi, MD, PhD

Background: The relationship between outcome of radiofrequency catheter ablation (RFCA) for atrial fibrilfation
(AF) and the severity of left ventricular (LV) diastolic dysfunction in patients with hypertrophic cardiomyopathy (HCM)
remains unknown.

Kethods and Results: Twenty-two HCM patients (12 female, aged 65111 years) with paroxysmal (n=5; 23%} or
persistent (n=17; 77%) AF were enrolled. LV diastolic function was evaluated according to the ratio of the mitral
inflow early filling velocity to the velocity of the early medial mitral annular ascent (E/e’) measured on pulsed wave
and tissue Doppler assessments in all patients. Pulmonary vein isolation was performed in all patients. A second
procedure was performed in 3 patients. During a follow-up of 2112 months, sinus rhythm was maintained in 13 of
22 patients (59%). E/e’ was significantly higher in the patients with AF recurrence than in those without (187 'vs.
11£3; P<0.01). On Kaplan-Meier analysis the prevalence of AF recurrence was significantly higher in patients with
Ele’ 215 (n=6) than in those with Efe’ <15 (n=16; P<0.01). On multivariate Cox regression analysis the only signifi-
cant and independent predictor for AF recurrence was E/e’ (hazard ratio, 1.16; 95% confidence interval: 1.01-1.37,
P=0.08).

Conctusions: LV diastolic dysfunction evaluated using E/e’ was associated with difficulty of rhythm control after
RFCA in patients with HCM and AF.

Key Words: Atrial fibrillation; Diastolic dysfunction; Hypertrophic cardiomyopathy; Radiafrequency catheter ablation

mia in patients with hypertrophic cardiomyopathy

(HCM). AE is often poorly tolerated and is associated
with significant clinical deterioration in these patents.~
Maintenance of sinus thythm (SR) is desirable in patients with
HCM. Several studies have shown that radiofrequency cath-
eter ablation (RECA) of severely symptomatic AF is both a
feasible and sife approach in patients with BCM.*7 The pres-
ence and severity of left ventricular (LV) diastolic dysfunction
increase the risk of AF recurrence after RFCA in patients
without structural heart disease® In patients with HCM, severe
LV diastolic dysfunction is commyion due to the thickened and
non-compliant ventricular chambers. The relationship between
the outcome of RECA for AF in patients with HCM and the
severity of LV diastolic dysfunction, however, has not been

! trial fibrillation (AF) is the most commeon tachyarthyth-

fully investigated. The purpose of this study was fo evaluate
the impact of LV diastolic dysfunction, as measured on ulira-
sonography, on‘the outcome of RFCA for AF in patients with
HCM. '

- Editorial p7277

Wiethods
Subjects
Twenty-four consecutive Japanese patients with HCM under-
going RFCA of paroxysmal or persistent AF at the National
Cerebral and Cacdiovascular Center from 2009 to 2012 were
reviewed. The diagnosis of HCM was based on the presence
of myocardial hypertrophy in the absence of local or systenic
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Variable

Echogardiography
Middle LV thickness (mm) 134 1224 146 0.28
LVDd {rrim} 4546 47£2 442 0.30
LVDs {mm) 307 322 2822 0.26
LVEF (%) 57414 54213 5914 0.48
E 85x18 60274 8820 0.31
e’ 542 41 7x2 . 0.0008
Ele' 1446 1827 118 0.602
MR {>moderate) 5(22.7) 2 (22.2) 331y 0.98
LVOTO (>80 mmHg) . 3(13.6) 3{33.9) - 0{0.0) 0.08
LA diameter {mm) 48:6 4815 466

AFCA
Pulmonary vein isolation 22 (100) 9 (100) 18 (100} NS
CTIA 10 (45.5) 2(22.2) 8 (61.5) 0.12
‘Second procedure 3 (18.6) 1{11.1) 2 (15.4) 0.22

P-value

Data given as mean=SD or n (%). IMsasured oh 3-D electraphysiologic mapping. AAD am:*arrhythmxc drug, AF,
atrial fibrillation; CTIA, cavo-tricuspid isthmus ablation; E, mitral inflow eady filling’ velocity; €', velacity of early medial -
mitral annular ascent HCM, hypertrophic cardiomyopathy; LA, left atrium; LV, feft ventncle LVDd, left ventricular
dimension at end-tiiastole; LVDs, left ventricular dimension at end-systole; LVEF, left ventricular ejection fraction;
LVOTO, left ventricular outflow tract obstruction; MR, mitral regurgitation; RFGA; radiofrequency catheter ablation.

etiology. Paroxysmal and persistent AF were defined aceord-
ing to the 2012 HRS/EHRA/ECAS Expert Consensus State-
ment on Catheter and Surgical Ablation of Atrial Fibrillation.?
Two patients i whom LV diastolic dysfunction was not eval-
uated on ultrasonography were excluded. Consequently, 22
‘HCM patients were enrolled in this study. All-patients pro-
vided ififormed consent. All patients were on oral anticoagu-
lant therapy maintaining a target international normaljzed ratio
of 2-3. Transesophageal echocardiography was performed to
exclude any left atrial thrombi ptior to the procedure in all
patients.

gchocardiography

Comprehensive 2-D and Doppler echocardiography were per-

formed in each patient using commercially available instru-
ments before RFCAE SR was maintained at the time of
echocardiography in 15 of 22 patients. When echocardiogra-
phy was performed during AF, all echocardiographic param-
efers were measured with an average of 3 consecutive beats,
LV outflow tract (LVOT) gradient was measured with contin-
nons-wave Doppler in the apical 3-chamber view. LVOT ob-
struetion (LYOTO) was defined as a gradient >30mmHg.¥
LV diastolic function was evaluated as the ratio of the mitral
inflow early filling velocity to the velocity of the early medial
itral annular ascent (Bfe'), measured on pulsed wave and
fissue Doppler.

RFGA

The RFCA was performed under sedation with i.v. propofol.
All anti-arrhythmia medication, except for amiodarone, was
discontinued for at least 5 half-Hves before the procedure in -
all patients. Twy standard catheters were: positioned: a 6°F
catheter (St. Jude Medical, anctonka, MN, USA) at the His
bundle region via a femoral vein, and another 6-F catheter
(Japan Liii‘zlinei: Tokyo, Japan) in the coronary sinus via the
tight cervical vein, The transseptal procedure was performed
using fluoroscopic landmarks, and 2 SLO sheaths (St. Jude
’vIechcal) and an 8.0-F Preface sheath (Biosense Webster,
Irwindale, CA, USA) were advanced into the left atrium (LAY
After the mmsseptal procedure, a single bolus of 4,000U0
heparin was given. A continuous infusion with hepmmzed
saline was pmfonned to maintain an activated clotting time
of 300-350s. Two 7-F decapolar circular catheters (Lasso,
Biosense-Webster, Diamond Bar, CA, USA) and 2 3.5-mm
open irrigated tip ablation catheter (Navistar Thermocool,
Biosense Websgter) were inserted into the LA, We performed
3.D electroanatomical mapping (CARTO systein, Biosense
Webster) of the LA. Mapping was complete when all regions
of the LA had been systematically sampled and when a suffi-
cient density of points had been acquired to determine the LA
chamber. Afterreconstruction of the LA, the volume of the
LA chamber was automatically analyzed with the CARTO
system. Bach pulmonary vein (PV) ostium was identified on
PV venography and tagged on the 3-D electroanatomical map.
Two decapolat ¢ircular mapping catheters were placed inside
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357 - .
30 P <0.01 :
25
20 .
Efle' *
: !
3
10 * Figure 1. Efe’ vs. presence of atrial
" . fibrillation {(AF) recurrence. E/g’ was
’ N significantly higher in the patients
5 . with AF recurrence than in those
1847 1113 without {P<0.01). E, mitral inflow eatly
. ) filing velocity: e, velocity of early
Patients with AF racurrence Palignls without AF recurrerice medial mitral annular ascent.

the ipsilateral superior and inferior PV. The circumferential
ablation lines, using a 3.5-mm tip irrigated catheter Largeling
amagimum temperatare of 43°C, maximum power of 25-30W,
and infusion rate of 17ml/min, were created at a distance from
the PV ostia. The endpoint of the PV isolation was defined as
the establishment of bidirectional conduction block between
the LA and PV at least 30 min after successtul PV isolation.
Cavo-tricuspid isthmus ablation was performed at the opera-
tor’s discretion.

Post-Procedure Gare and Follow-up

After the first procedure, all patients received a follow-up
every 1-3 months in the outpatient clinie. Follow-up-included
12-lead electrocardiogram, 24-h Holter monitoring and assess-
ment of the current condition. Anti-arrhythmic agents were
resumed when there was evidence that AF recurred during the
early unstable period after the procedure. AF recurrence was
defined as sustained AF lasting >1 min, AF recurrence within
aZ-month period after the procedure was considered transient,
and a 2-month period was applied as a blanking period. Fol-
lowing the blanking period, repeat RECA was carried out in
the event of a recurrence of AF or atrial tachycardia. PV isola-
tion was assessed and further ablation delivered as necessary.

Statistical Analysis

Data were analyzed using JIMP 9.0e (SAS Institute, Cary, NC,
USA). Numeric data are expressed as the mean£SD. Chi-
squared test or Student’s ttest was used when appropriate to
test for statistical difference. P<0.03 was considered statisti-
cally significant. Receiver operating characteristic (ROC) curve
analysis was used to identify the value of Ele’ predictive of
AF recurrence. Event rate curves were plotted according to the
Kaplan-Meier method and were analyzed with the log-rank
test. Univariate Cox regression analysis was performed to
identify predictors of subsequent AF recurrence, The hazard
ratio (FIR) and 95% confidence interval (95% CI) were de-
fined. To confirm their independent predictive value, variables
with P<0.05 were tested in a multivariate model.

Hasults

Patient Characteristics
Patient clinical characteristics are listed in Table 1. Persistent

AF was found i 17 patients (77.3%). Longstanding pessistent
AF was not included in this study. The mean duration of AF
was 80£53 months. The mean of the LA diameter was
48£6mm and the mean LA volume measured on 3-D mapping
was 98+38 ml.

" Procedure Outcome

All PV were successfully isolated in all patients. The mean
procedure timme was 244460 min and the total duration of the
RF applications was 3912 min, Cavo-tricu$pid isthmus abla-
tion was performed in 10 patients (45.5%). No patients re-
ceived linear lesions in the LA or a complex fractionated
atrial electrogram ablation. In 3 patients, a second procedure
was performed for recurrence of AF. Recovered PV conduc-~
tion was found and successfully eliminated with RFCA.

Effect of Recurrence

From 21£12 months after the last procedure, maintenance of
SR was obsérved in 13 of 22 patients (59%; Table 1). Thers
were no significant differences between patients with and
without AF recurrence with réspect to age, gender, type of AR,
family history of HCM, use of anti-arrhythmic drugs, or fol-
low-up period (Table 1), The duration of AF tended 1o be
longer in the patients with AF recurrence than in those without
(P=0.052). There were also no significant differences on‘echo-
cardiography between patients with and without AF rectr-
rence except for Efe’, ¢ and number of patients with LVOTO
(>30mmHg). Compared with the patients without AF recur-
rence, Bfe’ and tumber of patients with LVOTO (>30mmHg)
were significantly higher in those witli an AF recurrence (18£7
vs. 1133; P=0.002 and 3 vs. 0; P=0.03, respectively). B was
significantly lower in those with AT recurrsnce (3.6%1.2 vs.
6.5+2.0; P=0.0009).

There was no significant difference in the number of cavo-
tricuspid isthmus ablations during the initial RFCA and the
second procedure between the patients with and without AF
recurrence, LA volume measured on 3-D electroanatomical
mapping tended to be larger in the patients with AF recurrence
than in those without (115341 vs. 861£33; P=0.08).

LV Diastolic Dysfunction and Outcome of BFCA
Comparison of B/e’ between the patients with and without AF
recurrence is shown in Figars 1. Efe” was significantly higher
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in the-patients with AF recurrence than in those without. In all
13 patients without AF recurrence, E/e’ was <15. In contrast,
in6of 9 patents (67%) with AF recurrence, Efe’ was >15. On
ROC curye analysis, the optimal threshold of Efe’ for predict-
ing AF recurrence was 15 (sensitivity, 67%; specificity,

100%3. The area under the ROC curve was 0.88. Figwre 2

shows the results of Kaplan-Meier analysis of the maintenance
of SR following RECA. Patients with Efe’ 215 had a signifi-
cantly higher risk of AF recurrence than those with B/’ <15
(log-rank, P<0.001).

Predictars of Long-Term Qulcome

The results of Cox regression analysis are shown in Table 2.
On univariate Cox regression analysis, Efe’, duration of AF
and LA volume measured on 3-D electroanatomical mapping
were significant predictors of AF recurrence. On miltivariate
Cox regression analysis Efe’ was the only predictor of AF
recurrenice following RFCA (HR, 1.16; 95% CI: 1.01-1.37,
P=0.03).

Discussion
Main Findings
The major findings of the present study are as follows: (1) Ele’

was significantly higher in patients with AF rectrrence than in
those without; (2) patients with Efe’ 215 had a significantly
higher risk of AF recurrence than those with B¢’ <15; and (3)
Ele’ was the only predictor of AF recurrence following RFCA
in the patients with HCM. To the best of our knowledge, this
is the first report to describe the relationship between LV dia-
stolic dysfunction and outcome of RFCA for AR in patieats
with HCM,

LV Biastelic Dysfunction and AF Recurrence

In the present study, we examined the correlation between LV
diastolic dysfunction, estimated as E/e’, and outcome for AF
in HCM patients. In patients with HCM, the mitral variables
of E/A ratio and deceleration time of early filling velocity
have weak to no correlations with LV filling pressures. 4 But
Efe’ correlated reasonably well with LV pre-A pressire doring
SR, which mean that B/e’ is a good parameter of LV dia-
stolic function even in patients with HCM. Efe’ was signifi-
cantly higher and ¢" was sxgmﬁcamlv lower in patients with
AF recurrence. The lower ¢ reflects 1mpq1md myocatdial re-
laxation. Severely impaired myocardial refaxation should el-
evate LA pressure, manifested as higher E/e”. 47 Blevated LA
pressure might result in continaous atrial remodeling after
RFCA, which might explain why a higher recurrence was noted.
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LV Diastolic Dysfunction and RFCA for AF With HCM

Patients with LV diastolic dysfunction and AF have a lower

- LA voltage and higher recturrence rate of AF after RECA 51512
In contrast, SR was maintained in 13 of 16 patients (82%) with
mild or mederate LV diastolic dysfunction (B/e’ <15). In those
patients, the LA pressure might not be so high and the LA
remodeling might not progress very much after RFCA for AF.
The present results are in accordance with the previous reports
showing that the presence and severity of LV diastolic dys-
function increased the risk of AF in patients with preserved
LYV systolic function »*-2*

Several stadies have demonstrated that RFCA of \sever&]y
symptomatic AF is both a feasible and safe approach in pa-
tients with HCM.*7 Di Donna et al found that the most impor-
tant independent predictors of AF recurrence following RECA
consisted of age, functional status and LA volume. H In that
study, however, the relationship between the outcome of
RFCA for AF and the severity of the L.V diastolic dysfunction
was not examined. Bunch et al showed that AF control follow-
ing RECA was less likely in patients with more advanced LY
diastolic dysfunction.” In the present study, LV diastolic dys-
function was graded as normal (grade (0), abnormal relaxation
(grade I), psendonormalization (grade If), restrictive (grade
), or irreversible advanced restrictive (grade I¥). Although
the grade of diastolic dysfunction was inversely related to the
rate of AF control, this relationship did not reach statistical
significance. Also, echocardiographic variables utilized to ag-
sess LV diastolic function were not associated with a reduced
likelihood of AF control. The severity of LV diastolic dys-
function was not assessed in some patients due to AF during
echocardiography, which might result in exclusion of the pa-
tients with severe LV diastolic dysfunction and weakening of
the inverse relationship between the severity of LV diastolic
dysfunction and the rate of AT control. .

Clinical Implication
According to the BSC guidelines for the management of AF,
RECA for symptomatic AF refractory to pharmacological
control in patients with HCM is a class Ia indication.® At the
same time, the ESC guidelines note that severe LV diastolic
dysfunction is at high risk for recwrrence. The appropriate
candidates for RFCA in patients with HCM and AF have not
been defined. We showed thal outcome: after RECA was fa-
vorable. in patients with mild or moderate LV diastolic dys-
function (Bfe’ <15). This suggests that HCM patients with
mild or moderate LV diastolic dysfunction (B/¢’ <15) and AR
might be good candidates for RFCA.

Study Limitations

This study had several limitations. First, this study was a ret-
rospective study. Second, we could have undetestimated the
recurrence rate after RFCA for AF because asymptomatic AF
recurrence could have been missed. Third, echocardiography
was performed during AF in 7 of 22 patients. Although echo-
cardiography during AF can be inaccurate, Efe’ is useful in the
estimation of LV filling pressure even in patients with AR.%28
There were no changes in LV diastolic parameters on tissue
Doppler iimaging following electrical cardioversion in patients
with persistent AF,* which means that these parameters were
used equally in the patients with SR and AF. Fourth, this was
an analysis of a small number of patients and a small number
of events, Purther examination is required with a larger num-
ber of patients to confirm the present resuits,

Gonclusions

LV diastolic dysfunction evaluated on Ele’ was linked to.the
possibility of rhythm control after RFCA in the patients with
HCM and AT, Patients with mild or moderate LV diastolic
dysfanction (B/e’ <13) might be good candidates for RFCA in
those with HCM and AF.
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