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Biventricular Pacing Improves Clinical Behavior and
Reduces Prevalence of Ventricular Arrhythmiain Patients
with Heart Failure

Martino Martinelli Filho, Anisio A. A. Pedrosa, Roberto Costa, Silvana A. D. Nishioka,
Wagner T. Tamaki,

Sérgio F Siqueira,
Eduardo Sosa

Sao Paulo, SP - Brazil

Purpose - To analyze the influence of biventricular
pacing (BP) on clinical behavior, ventricular arrhythmia
(VA) prevalence, and left ventricular gjection fraction (LV
EF) by gated ventriculography.

Methods- Twenty-four patientswithleft bundlebranch
block (LBBB) and NYHA class! 1 and IV underwent pace-
maker implantation and were randomized either to the
conventional or BP group, all receiving BP after 6 months.

Results - Sixteen patientswerein NYHA class IV
(66.6%) and8wereinclassll| (33.4%). After 1-year follow-
up, 14 patientswerein classl| (70%) and 5wereinclassl||
(25%). Two sudden cardiac deaths occurred. A significant
reduction in QRSIength was found with BP (p=0.006). A
significant statistical increase, froma mean of 19.13 +
5.19% (at basdline) to 25.33 £ 5.90% (with BP) was obser-
vedin LVEF Prematureventricular contraction prevalen-
cedecreasedfromameanof 10,670.00+ 12,595.39 D or to
a mean of 3,007.00 + 3,216.63 SD PVC/24 h with BP
(p<0.05). Regarding the hospital admission rateover 1ye-
ar, weobserved asignificant reductionfrom60. To 16 admis-
sionswith BP (p<0.05).

Conclusion - Patientswith LBBB and severe heart
failureexperienced, with BP, asignificant NYHA classand
LVEF improvement. Areductioninthehospital admission
rate and VA preval ence also occurred.
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Heart failure has becomeacrucial public health pro-
blem becauseit affects approximately 15 million people
worldwide. Moreover, aclear trend toward acumulative
increaseinitsincidenceexistsbecause patientswith dilated
cardiomyopathy areliving longer, adirect consequence of
recent promising therapy strategies.

Besidesnew medical resources, asoptional or coadju-
tant therapy, many nonpharmacol ogical procedures have
beenintroducedlately. Of thoseisartificia cardiac stimula-
tionthat wasfirst described by Hochleitnerin 1990 who as-
sessedtheroleof atrioventricular pacing asabridgeto he-
arttransplantation. Seventeen patientsinNYHA Classl |1 or
IV wereevaluated during short AV delay (100ms). Animpor-
tant clinical and functional improvement wasobserved.

Further studies showed favorable echocardiographic
and hemodynamic findingsin patients with heart failure
who underwent atrioventricular pacing using variable ap-
proaches.

L ater, progressing to multisitestimul ation, biventricu-
lar pacing showed remarkableresultswith significantimpro-
vementinclinical status, quality of life, and functional varia-
bles. Despite such documented benefits, the incidence of
sudden cardiac death in those patients seemsto remain
high. Therelationship between ventricular arrhythmiasand
risk of sudden cardiac death has not yet been clearly defi-
ned inthispopulation.

Theaim of the present study wasto assessclinical and
functional behaviorsaswell astheprevalenceof ventricular
arrhythmiasin patientswith severeheart failureand biven-
tricular pacing, compared with conventional right atrioven-
tricular stimulation.

Methods
From January 1997 to October 2000, 24 patientshad a

biventricular pacemaker systemimplanted viathoracotomy
at our institutionto treat severe heart failure. Patientswere
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then prospectively randomized to conventional right ventri-
cular or biventricular pacing, and after a6-month follow-up,
crossover was performed.

Patientsrequiredthefollowingcriteriatobeeligiblefor
thisstudy: age>18years, irreversible cause of cardiomyo-
pathy, severeheartfailure(NYHA Il and V), clinically sta-
bleconditionfor at least 2 weeks, maximal medical therapy
for heart failure, left ventricul ar g ection fraction <30% de-
termined with radi oi sotopic ventricul ography (gated blood
pooal), intraventricular conduction abnormality left bundle
branchblock (LBBB) registeredinat least a3-1ead surface
electrocardiogram. A written consent wasobtained fromall
patients, and the protocol was approved by the ethics
committeeof our ingtitution.

Patientswith 2™ and 3 degree AV block, acute myo-
carditis, coronary heart diseasereferred for surgical treat-
ment and unstableanginawereexcluded from the protocol.

Thestudy conssted of clinical andlaboratory evauations
beforeimplantation, and 30, 90,and 180days, and 1 year afterthe
procedure. HeartfailureNY HA functiond classwesassessed at
eachevauation. AnECGwasundertakentoeva uate QRSlen-
gth at basdline, and during right ventricular and biventricular
pacing. All patientshadtheir AV delay optimized by echocardio-
graphy to obtain the best cardiac output. Every patient under-
went radionuclideangiography priortoandafterimplantationto
assessleft ventricular gectionfraction.

Arrhythmiaeval uation by 24-hour Holter monitoring
wasperformed prior to and after (180 days) biventricular
pacing implantation to assess the density and complexity
of nonsustai ned and sustained ventricul ar tachycardia. All
clinical therapiestaken beforethe procedureweremaintai-
ned, including amiodarone.

Patientswererandomized to conventional or biventri-
cular pacing, and crossover was performed 30 days after-
wards. Sixty dayslater, al patientsrepeated crossover, anew
evaluation was made at 180 days, and then patientswere
followedfor 1year. Ratesof hospital admissionsduringthe
year beforeand after the procedurewere compared.

All biventricular pacemaker system implantations
were performed viathoracotomy dueto specificleadsfor
Venous access (coronary sinus) being unavailable at the
beginning of thisstudy. Two leadswereinserted by venous
punctureor dissection, respectively, positioned at theright
atriumandventricle. Another lead, viaaminimally invasive
|eft thoracotomy, wasinserted at thelateral epicardial wall.
Theatrial lead wasconnected to the respective pulsegene-
rator channel and both ventricular leadsto the ventricul ar
channel using aY adapter (1S-1 model- Medtronic-Inc-
USA), the cathode pole being linked to the epicardial lead
andtheanode poletotheright ventricular lead. One patient
had chronic atrial fibrillation and underwent biventricul ar
pacing connectingtheatrial channel totheright ventricular
lead and the epicardial lead to theventricular channel of the
pulsegenerator, withthe AV interval programmed to 30ms.

Dataareshowneither asmean+ SD, or median, whenap-
propriate. Nonparametric datawerecomparedwithWilcoxon's
test™. A pvalue<0.05wascons dered statistically significant.
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Results

Seven patients had Chagas' disease (29.2%), 5 had
idiopathic cardiomyopathy (20.8%), 9 hadischemic cardio-
myopathy (37.5%), 2 had hypertensive heart disease (8.3%)
and 1 had alcohalic cardiomyopathy (4.2%). Inadditionto
left bundle- branch block (inclusion criteria), 15 patients
(62.5%) a sohad 1% degree AV block. Twenty-threepatients
had sinus rhythm (95.8%), and 1 had atrial fibrillation
(4.2%). Thestudy included 23 men and 1 woman. Themean
agewas55.08years, ranging from 37to 77 years. During en-
rollment, 16 patientswereinNY HA class|V (66,6%), and 8
wereinclassll| (33.4%). Thefollow-up period ranged from
75t01489days(mean=734.2).

Patients' medications consisted of digitalisand diu-
retics(dl), ACEinhibitors(22), carvedilol (7), spironolactone
(20), amiodarone(12), and hydral azineand nitrates (3) due
to ACE inhibitor intolerance.

The PR interval during basic conditions (sinusrhy-
thm) varied from 140 to 380ms (mean = 225.26ms). QRS
lengthranged from 124 to 218ms(mean = 180.71ms). After
conventional RV pacing, QRSdurationincreasedtoamean
va ueof 217ms, ranging from 158 to 245ms, whereasduring
biventricular pacing, it decreasedtoameanof 177.36ms(118
to 204ms). When QRSdurationwasanalyzed, asignificant
differencewasfound between univentricular and biventri-
cular pacing (p=0.006). Thesamewasnot truefor the QRS
duration during biventricular pacing compared with the
nonpaced QRS (p=NS).

A significant difference (p< 0.05) occurred in heart
failurebehavior, considering pre- and postbiventricular pa-
cing conditions. M ajor improvement wasshowninthefol-
low-up period from 90 daysto 1 year afterimplantation. Six-
teen patientsbeforestimulationwereinNY HA class|V, and
8wereinclasslil. At 30-day follow-up, 7 patientswerein
NYHA classlV (29,1%), 8wereinclassll| (33,3%), and 7we-
reinclassll (29.1%). Onepatient died dueto renal failure
and another as aconsequence of pulmonary infection and
sepsis. At 90-day follow-up, 16 patientswereinNY HA class
11 (72.7%), 3wereinclassl| (13.6%), and 1wasinclass|V
(4.5). Twopatients(NYHA classll and V) experienced sud-
dencardiac death. After 1-year follow-up, 14 patientswere
inNYHA classll (70%), 5wereinclassl 1 (25%),and only 1
patient wasin class |V (5%). The statistical analysis sho-
wed asignificant NY HA classimprovement at the 6-month
follow-upvisit (p<0.05).

All patientsunderwent radionuclide angiography be-
forepacing, with conventional stimulation (right ventricular)
and biventricular stimulation. Theleft ventricular gjection
fractionrangedfrom13t0 30 (mean=19.13+5.19) beforeim-
plantation, from 10to 32 (mean=19.58+5.73) withright ven-
tricular stimulation, and left ventricular gjection fraction
ranged and from 13to0 36 (mean =25.33+5.90) with biventri-
cular stimulation (tab. 1). Thestatistical analysisshowed a
significant difference between biventricular pacing com-
pared with baseline (p<0.05).

Ambulatory Holter monitoringwasperformedin 24 pa
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tientsbefore pacemaker impl antation and 180 daysafter bi-
ventricular pacing. Density and complexity anaysisof ven-
tricular arrhythmiaswasundertaken using sustained ventri-
cular tachycardia or nonsustained ventricular tachycardia
records and the number of premature ventricular contrac-
tions. Of the 24 patients, 12 (50%) weretaking amiodarone
(200t0400mg) 6 monthsbefore dueto nonsustained ventri-
cular tachycardiaand al sotherisk of sudden cardiac death.
Twelve patients did not use antiarrhythmic drugs. No pa-
tient experienced sustained ventricul ar tachycardiaduring
follow-up. Mean prematureventricul ar contraction density
was10,670.24 + 12,595.39 beats, ranging from 78t0 47,954
prematureventricular contractionsin 24 hours. Therewasa
mean of 204.56 *+ 613.14 e.p. nonsustained ventricular ta-
chycardiaepisodes, ranging from 0to 3093 beforeimplanta-
tion. After biventricular stimulation had started, asignificant
decrease occurred in the prevalence of premature ventri-
cular contractionsto 3,007,69+ 3,216.63 e.p.(mean), ranging
from0t0 10,453 prematureventricular contractionsduring
24hours(p<0.05) (tab.11).

Before pacemaker implantation, the hospital ad-
missionratefor heart failuretreatment ranged from1to 4
per year (mean: 2.52+0.82) atotal of 60 admissionsthrou-
ghout the year before pacemaker implantation. During
follow-up with biventricular stimulation, thereadmission
rate per year decreased to amean of 0.70+0.76, ranging
from0to 2 per year, showing thusasignificant reduction
(p<0.05) (tab. I).
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Tablel - Left ventricular €jection fraction by gated blood pool before Table |l —Prevalence of premature ventricular contractions
and after pacemaker implantation and hospital admission rate (before and after biventricular pacing)

Patient LVEF HAR Patient PVC/ 24h NSVT/24h Dose

A B Cc* Preimplant Postimplant** A B A B  Amiodarone (mg)
1 16 17 23 2 0 1 12329 2624 118 33 Yes 200
2 25 26 31 2 0 2 13742 1454 59 28 Yes 300
3 18 19 23 3 0 3 8354 3128 48 18 No -
4 14 14 19 5 2 4 14567 10453 34 33 No
5 13 10 17 3 1 5 2164 3274 24 46 No
6 25 18 28 3 1 6 78 88 15 18 No -
7 22 24 28 3 1 7 47954 8354 3093 72 Yes 300
8 14 17 22 2 0 8 12995 4255 68 12 Yes 200
9 22 28 29 3 2 9 28375 7437 189 39 Yes 400
10 16 16 22 2 0 10 436 2284 10 14 No -
11 26 23 32 2 0 11 3598 564 21 9 Yes 200
12 17 18 23 2 1 12 603 2 2 0 No -
13 14 12 13 3 Death 13 35476 0 114 0 No -
14 22 27 36 2 0 14 7569 4032 47 12 Yes 200
15 13 14 20 4 2 15 30020 8945 156 13 Yes 300
16 16 18 22 3 1 16 5805 317 84 3 Yes 400
17 17 15 23 3 2 17 18328 2359 146 13 Yes 300
18 30 32 36 2 1 18 435 389 2 3 No -
19 18 18 28 2 0 19 5468 6532 14 10 No
20 16 18 23 2 1 20 868 754 20 12 No -
21 17 18 24 2 0 21 10184 1681 275 13 Yes 400
22 14 15 22 1 0 22 1410 105 0 2 No -
23 26 24 30 2 1 23 634 132 14 0 Yes 400
24 28 29 34 2 0 24 1907 14 543 5 No -
Total 19.13+5.19 19.58+5.73 25.33+5.90 60 16

A- before pacing; B- after biventricular pacing; PVC- premature

LVEF- left ventricular gection fraction; HAR- hospita admission rate; A- ventricular contraction; NSV T- nonsustained ventricular tachycardia.
basic condition; B- conventional pacing; C- biventricular pacing; * p=** p=

Discussion

Sinceinitial reportsonartificial cardiac pacingtotreat
heart failure, severa studieshave been performedinan at-
tempt to achieve better results using thisalternative thera-
py. In 1990, Hochleitner 2 reported 16 patients with end-
stage dilated cardiomyopathy (mean left ventricular €jec-
tionfraction=16%) and NYHA classl|| or IV, who had car-
diac performanceimprovement with 100msAV delayed pa-
cing programming 3. However, mortality in those patients
did not change. After afollow-up period ranging from 2 to
32 months, 9 sudden cardiac deathswere observed. Despite
thehighrateof mortality, |ater confirmed by Brecker et al 4,
clinical outcomeswereencouraging, becauseNY HA class
improvement persisted throughout thefollow-up. Recently,
biventricular pacing therapy has emerged asapromising
adjuvant therapy in cases of interventricular asynchrony
marked by left bundle-branch block. Cazeau et a ° have
shown a20to 25% cardiac output improvement aswell asa
significant pulmonary wedge pressure decrease related to
ventricular resynchronization, seen with radionuclide an-
giography. With biventricular pacing, apersistent NYHA
classimprovement was observed after a 3-year follow-up
period. Graset al © studying 69 patientswho underwent bi-
ventricular pacing graded with the Minnesota L iving with
Heart Failure Score concluded that quality of life changed
from53£18t034+23(p<0.01).

Thepresent study showed persistent NY HA classim-
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provement in 18 patients (75%) sometimes ameliorating
routinedaily activities. All patientswerereceiving optimal
medical therapy involving ACE inhibitors, digitalis, and
diuretics. Twelve patients (50%) had been taking amio-
daronefor at |east 6 monthsbefore pacing systemimplanta-
tion, whichwasintroduced to treat complex ventricular ar-
rhythmias, ahighrisk for sudden cardiac deathinthissubset
of patients.

A significant reductionintheprevalenceof ventricular
arrhythmias(p<0.05) correlated withanimportant NY HA
classimprovement. Otherwise, Hoffmann “and Doval @
considered the complex ventricular arrhythmiaanindepen-
dent mortality predictor for sudden cardiac deathin patients
withsevereheart failure.

Inour study, the patientshad asignificant reductionin
ventricular arrhythmiaswith biventricular pacing, mainlyin
casesof high prematureventricul ar contraction prevalence
and nonsustained ventricular tachycardia episodes
(p<0.05). Besidesoptimal medical therapy for heart failure,
only 12 patients had been taking amiodarone (before and
after pacing). Theseresultswereclearly related to the car-
diac performance improvement and the consequent lower
number of hospital admissions. A possible mechanismto
justify ventricular arrhythmiareductionwith pacing resyn-
chronization could bethe dual depolarization wave fronts
(right and left simultaneous site). This might decrease
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ventricular repol arizati on dispersion and shorten peripheral
QRS preventing ventricular reentry, the most important
component of the physi opathol ogic arrhythmiamechanism
in patientswith cardiomyopathies.

The present study represents an important step in
cardiac stimulation evolutionregarding heart failurethera-
py at our institution. It documentsour initial experiencewith
biventricular pacing through thoracotomy, which wasthe
only available access at thetime of the study design, when
reliable venousleads had not yet been devel oped.

Thelatest appropriate lead approach has brought for
most cases more favorable conditionsfor biventricular im-
plantation systems. However, nowadays, adefined placefor
thethoracotomy techniquestill exists, which must bekept on
being used for unsuccessful cases of the venoustechnique.

Despite the fact that our findings have shown that
ventricular resynchronization significantly improvesNY -
HA class, quality of life, and ventricul ar arrhythmiabehavi-
or in patientswith severe heart failureand major intraven-
tricular conduction delay, the sudden cardiac death rateis
considered high.

To analyzethis, further prospective protocols have
been recently started, suggesting an association between
biventricular pacing andimplantablecardioverter defibrilla-
torsasan optimal therapy, which may not only improvequa-
lity of lifebut also thelongevity of these patients.
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