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Biventricular Pacing Reduces Ventricular Arrhythmic Burden and Defibrillator

Therapiesin Patientswith Heart Failure
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Cardiac Electrophysiology, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Summary

Background: Cardiac resynchronizationtherapy (CRT) has
recently emerged as anew modality for the treatment of pa
tientswith advanced heart failure (HF).

Hypothesis. Cardiac resynchronization therapy reduces
atrial and ventricular arrhythmiaburdens.

Methods. Weanalyzed theclinica dataof patientswho un-
derwent an upgrade from a dua-chamber to a biventricular
implantable cardioverter-defibrillator (ICD) at atertiary care
center.

Results: Nineteen patients (age 67 £ 10 years, 18 men, left
ventricular [LV] gection fraction 0.24 + 0.07) underwent an
upgradeto CRT-ICD. TheLV lead wasplacedin alaterd posi-
tionin 11, posterolaterd in 4, and anterolateral in 3 patients.
BasdineNew York Heart Association classof HFimprovedin
11 (58%) patients who were considered “ responders.” After
adjusting for theduration of follow-up before and after the up-
grade, the number of patients receiving any 1CD therapy de-
creased significantly from 13 to 4 (p = 0.004) and the tota
number of therapiesdecreased from 72to 17 (p=0.067). Alo,
the number of detectionsof sustained ventricular arrhythmias
decreased from 40 to 11 episodes (p = 0.05), but the decrease
in the number of detected supraventricular arrhythmias and
mode switch episodeswasnot significant. Thereductioninthe
ventricular arrhythmiaload wasindependent of whether or not
the patient responded to CRT.
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Conclusion; Our datasuggest that CRT reducesventricular
but not atrial arrhythmiaburdenin patientswith HF irrespec-
tive of their clinical response. Thissuggeststhat thereduction
inarrhythmiais primarily an electrical phenomenon. Further
studies are needed to confirm these findings and to uncover
their underlying mechanisms.
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Introduction

Cardiac resynchronization therapy (CRT) has recently
emerged asatreatment option for sel ected patientswith mod-
erate to severe heart failure (HF). Landmark biventricular
pacing trial shave demonstrated improvementsin exerciseca-
pacity, functiona class, qudity of life, and HF hospitdization
rates.13 Dataregarding the effects of CRT on arrhythmiaoc-
currence are sparse. The Multicenter InSync ICD Random-
ized Clinical Evaluation (MIRACLE-ICD) trial* showed no
sgnificant differencein ventricular arrhythmiafrequency or
appropriateimplantable cardioverter-defibrillator (1CD) ther-
apies between patients receiving biventricular pacing and
controls. However, more recent data suggest that CRT may
decrease the frequency of ventricular arrhythmias, possibly
through reverseremodeling.®

Biventricular pacing results in structural, hemodynamic,
and neurchormonal changes, which may ater arrhythmiabur-
den. We sought to test the hypothesis that, in patientswith a
dual-chamber ICD, upgradeto biventricular pacing decreases
the frequency of both atrial and ventricular rhythm distur-
bancesand ICD therapies.

Methods
Study Population
Weidentified 19 consecutive pati ents undergoing success-

ful upgrade of dual-chamber ICD to CRT-I1CD at the Univer-
sty of Pittsburgh Medica Center between October 2002 and
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October 2003. Basdlineclinica information was ascertained
from areview of themedical records. Arrhythmic eventsand
device therapies were recorded from ICD-stored electro-
grams and device clinic notes before and after upgrade to
biventricular pacing. Clinical responseto CRT wasdefined as
any improvement in New York Heart Association (NYHA)
functiona class, as determined by the responsible cardiolo-
gist at follow-up.

Statigtical Analysis

Continuous variables are presented as a mean + standard
deviation and categorical variables as percentages. Contin-
uous variables were compared using the Student’s t-test and
categorical variablesusing the chi-square test. The number of
device therapies and arrhythmia detections was adjusted in
each patient for the duration of follow-up before compared
with after CRT therapy. Comparisons of the number of ar-
rhythmias or devicetherapiesbefore and after CRT were per-
formed using the paired-samplest-test. A pvalue< 0.05was
considered statistically significant.

Results

Nineteen patients (18 men) with a mean age of 67 = 10
years and aleft ventricular (LV) gection fraction of 0.25 +
0.07 underwent a successful upgrade of a dua-chamber to a
CRT-ICD. Deviceprogramming asit relatesto arrhythmiade-
tection and therapy remained unatered after the upgrade pro-
cedure. Basdline characterigtics of the patients are shown in
Tablel. All but 3 patients had coronary artery disease, 15 pa-
tientshad hypertension, and 7 had diabetesmdllitus.

Of the 19 patients, 16 also had adiagnosisof atrid fibrilla
tion (AF) or atria tachycardia (10 with paroxysmal AF, 5with
persistent or chronic AF, and 1 with atria tachycardia). As
showninTablel, patientswereon optimal medical therapy for
their HF, including the use of angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, beta blockers,
spironolactone with or without other diuretics, and digoxin.
Noneof the patientswas on chronic inotropic therapy.

Given the high prevaence of AF, asignificant fraction of
patients received warfarin (74%) and class 11l Vaughan
Williamsantiarrhythmic drugs (79%), including amiodarone
(n=11), sotdol (n = 1), and dofetilide (n = 3). Amiodarone
doseswere 200400 mg/day. No blood levels of medications
wererecorded.

No complicationswere documented during the upgrade of
the ICD to a CRT device capable of pacing the left and right
ventriclessmultaneoudy. TheLV lead wasplaced inalateral
postion in 12, posterolatera in 4, and anterolateral in 3 pa-
tients. Clinical, e ectrocardiographic, and echocardiographic
databefore and after the upgrade of the ICD to aCRT device
are shown in Table I1. Note that there was a significant im-
provementintheNY HA classification of HF after the upgrade
toaCRT device(2.44 £ 0.62 after CRT compared with 2.89 +
0.43 a basdline, p=0.005) with 21% of patientsbefore CRT

versus 63% after CRT belongingtoNYHA HF class<3(p=
0.051). Therewasaso asignificant improvement in LV func-
tion after CRT (31 + 9% after CRT comparedwith25+ 7% at
basdline, p=0.044) and atrend toward decreasein theamount
of mitral regurgitation (1.3+ 1.2 after CRT compared with 1.9
+ 1.1 at baseling, p = 0.06). All other parameters were un-
changed with CRT. Theduration of follow-up wassignificant-
ly longer before compared with after theupgradeto CRT (13.3
+ 3.1 compared with 5.4 + 1.2 months, p<0.001). Thisdiffer-
ence in duration was adjusted for in al comparisons of ar-
rhythmic eventsbefore and after CRT.

BasdineNY HA classof HFimprovedin 11 (58%) patients
who were considered “responders” After adjusting for thedu-

TaBLE |  Patients basdinecharacteristics

Number of patients 19
Age(years) 67+11
Gender (men: women) 18:1
Left ventricular gjectionfraction 24+7%
NYHA classof HF 2.89+0.43
Coronary artery disease 84%
Hypertension 79%
Diabetesmellitus 37%
Atrid fibrillation 84%
Heart rate (beats/min) 77+14
PRinterva (ms) 203+50
QRSinterval (ms) 171+49
QTcinterval (ms) 515+ 78
ACE inhibitorsor angiotensinreceptor blockers 95%
Betablockers 79%
Spironolactone 16%
Other diuretics 79%
Digoxin 58%
Coumadin 4%
Class 3 antiarrhythmic medications 79%

Abbreviations: NYHA = New York Heart Association, HF = heart
failure, ACE = angiotensin-converting enzyme.

TaBLE I Comparisonsof clinical and echocardiographic parame-
tersbefore and after cardiac resynchronization therapy (CRT)

Pre Post p
CRT CRT Velue
Follow-up time (months) 133+31 54+12 <0.001

NYHA classof heartfailure  2.89+043 244+0.62 0.005

NYHA class<3(%) 21 63 0.051
LA diameter (cm) 54+11 54+09 NS
LVEDD (cm) 6309 6410 NS
LVEF 025+007 031+009 0044

Mitrd regurgitation 19+11 13+12 0.06

Abbreviations: NYHA =New York Heart Association, LA =|€ft atri-
um, LVEDD = left ventricular end-diastolic diameter, LVEF = |eft
ventricular gjectionfraction.
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Fic.1 Bar graph representing the number of patients receiving
any implantable cardioverter-defibrillator (1CD) therapy, the num-
ber of ICD therapies, and the number of sustained ventricular ar-
rhythmias detected by the |CD before and after cardiac resynchro-
nization therapy (CRT). Note that for the number of events, the
p values were adjusted to account for the difference in follow-up
duration before and after the | CD upgrade. VT = ventricular tachy-
cardia. [0 =Before CRT, B = after CRT.

ration of follow-up before and after the upgrade to CRT, the
number of patients receiving any 1CD therapy, including all
shocks and antitachycardia pacing episodes, decreased Sg-
nificantly from 13 to4 patients (p = 0.004). Thenumber of pa-
tientsreceiving appropriate shocksfor ventricular arrhythmias
decreased from 9to 4, thosereceiving ingppropriate shocksfor
any reason excluding ventricular arrhythmias decreased from
3100, and the number of those receiving antitachycardia pac-
ing decreased from 6to 2 patients(Fig. 1). Also, thetotal num-
ber of ICD therapies decreased from 72 prior to CRT to 17 &f-
ter CRT (adjusted p value 0.067). Thisincluded adecreasein
the number of appropriate shocksfrom 45to 15, adecreasein
the number of ingppropriate shocks from 12 to 0, and ade-
creaseinthenumber of antitachycardiapacing eventsfrom 15
to 2. For dl these comparisons, the adjusted p valuewas< 0.1
but did not reach statistical sgnificance.

The number of detected ventricular arrhythmic events de-
creased significantly following the addition of CRT. Thenum-
ber of detections of sustained ventricular arrhythmias de-
creased from 40 to 11 episodes (adjusted p = 0.05). Seven
patients had adecreasein their number of episodes of ventric-
ular tachycardia(VT), while 2 had increased episodes of VT,
and 10 had no change in their VT burden after CRT. Thede-
creaseinthenumber of detected supraventricular tachycardias
(116 to 3, p = NS) and of mode switch episodes (6,098 to
1,869, p=NS) wasnot satigticaly significant. Of note, there-
duction in the ventricular arrhythmialoads was documented
despiteasignificant reduction inthe number of patientstreat-
ed with antiarrhythmic medications (79% before CRT vs.
47% after CRT, p = 0.014). No changesin the dosage of the
medi cations were noted in those patients who continued to
take antiarrhythmic medications after CRT (n=9). Inal six
pati entsinwhom antiarrhythmic drugswerediscontinued, the
medication was stopped at the time of upgrade. In these pa-
tients, the antiarrhythmic drug was used to suppress AF and

was discontinued because it was ineffective (n = 5 patients,
oneof whom had atrioventricul ar nodd ablation) or secondary
tolungtoxicity (n= 1). To ensure near-continuous biventricu-
lar pacing, ventricular pacing in AFwas programmed at rates
faster than the ventricular responserate during thearrhythmia.
No changesin the usage of any HF medication were noted af-
ter theupgradeto aCRT device.

It isimportant to note that the reduction in ventricular ar-
rhythmia burdens after the initiation of biventricular pacing
wasindependent of whether or not the patient wasclassified as
a'“responder” or “nonresponder” to CRT therapy. During fol-
low-up, one patient died and two patients underwent success-
ful orthotopic heart transplantation; al three of these were
“nonresponders’ to CRT.

Discussion

Our data suggest that CRT significantly reduces the fre-
quency of ICD therapy in patientswith HF and decreasesthe
number of sustained ventricular arrhythmic events, whichis
consistent with previoudy published data.® These effectswere
independent of whether or not the patients had experienced
NY HA functional classimprovement after upgradeto biven-
tricular pacing.

There are severa plausible mechanisms by which CRT
could reducearrhythmic burden. First, biventricular pacing re-
ducesthe severity of mitral regurgitation® and hasbeen associ-
ated with reverseremodding, withareductioninLV end-dias-
tolic diameter (even though not documented in our dataset),
improvement in gjectionfraction, andincreasein diastolicfill-
ing time.” Second, CRT is associated with beneficial neuro-
hormonal effects, such asadecreasein brain natriuretic pep-
tidelevels®

Biventricular pacing has been shown toimprove heart rate
variability, amarker of increased mortality and arrhythmia
susceptibility in patients with HF.2 Finally, CRT appearsto
exert abeneficia effect on electrical remodeling in thefail-
ing heart.

Following ingtitution of CRT, suppression of VT storm,10
spontaneous conversion of chronic AFto sinusrhythm,11 and
lossof nativeleft bundle-branch block!2 have d so beenreport-
edintheliterature.

Limitations

Thisretrogpective study has severa important limitations.
Assessment of responseto CRT wasbased onreview of notes
by physiciansinfollow-up. Our small study haslimited Setis-
tical power that has probably prevented some trends toward
decrease in atria arrhythmic loads from reaching stetistical
significance and precluded correlation of markers of LV re-
verseremodeling such asventricular sizeand mitral regurgita
tion severity with arrhythmiafrequency or clinical responseas
measured by theimprovement in class of HF. Also, thisstudy
isobservationd and lacksacontrol group.
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Conclusion

In summary, CRT appears to decrease the number of pa-
tientsreceiving | CD therapy and the frequency of devicether-
apy in patientswith HF who previoudy had received ICDs. In
addition, CRT significantly reduces the number of detected
episodes of ventricular but not of atrial arrhythmias despitea
significant decreasein the use of antiarrhythmic drugs. These
effectsareindependent of clinica response, suggestingarole
for éectrica remodeling. The underlying mechanisms for
thesefindings deservefurther study.
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