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Ventricular Evoked Response in Patients with Hypertrophic
Obstructive Cardiomyopathy Treated with DDD Pacing
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Objective - To assess the changes in ventricular evo-
ked responses (VER) produced by the decrease in left
ventricular outflow tract gradient (LVOTG) in patients
with hypertrophic obstructive cardiomyopathy (HOCM)
treated with dual-chamber (DDD) pacing.

Methods - A pulse generator Physios CTM (Biotronik,
Germany) was implanted in 9 patients with severe drug-re-
fractory HOCM. After implantation, the following condi-
tions were assessed. 1) Baseline evaluation: different AV
delay (ranging from 150ms to 50 ms) were sequentially pro-
grammed during 5 to 10 minutes, and the LVOTG (as deter-
mined by Doppler echocardiography) and VER recorded;
2) standard evaluation, when the best AV delay (resulting in
the lowest LVOTG) programmed at the initial evaluation
was maintained so that its effect on VER and LVOTG could
be assessed during each chronic pacing evaluation.

Results - LVOTG decreased after DDD pacing, with a
mean value of 59 + 24 mmHg after dual chamber pace-
maker, which was significantly less than the gradient
before pacing (98 + 22mmHg). An AV delay >100ms
produced a significantly lower decrease in VER depola-
rization duration (VER ) when compared to an AV delay
£100ms. Linear regression analyses showed a significant
correlation between the LVOTG values and the magnitu-
de of VER (r=0.69; p<0.05) in the 9 studied patients.

Conclusion - The telemetry obtained intramyocardial
electrogram is a sensitive means to assess left ventricular
dynamics in patients with HOCM treated with DDD pacing.
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DDD pacing hasbeen recently recognized asan alter-
nativetherapy to reduceleft ventricular outflow tract gra-
dient (LVOTG) in patients with hypertrophic obstructive
cardiomyopathy (HOMC) . Although somecontroversies
still remains?2, most reports show the effectiveness of this
techniquetoreduce(or eventoeliminate) LVOTG?2, impro-
veclinical status*andtoincreasesurvival ®in patientswith
HOCM . Doppler echocardiography, anon-invasive exami-
nationavailableinmost cardiacclinics, isroutingly usedto
evaluate patients with DDD pacing. Not infrequently,
however, itisdifficult for the patient to cometo theroutine
evaluation when serial or extraprogramming arerequired.
An alternative means of evaluating pacing would thus be
highly useful.

The summation of action potentials of a group of
myocardial fibersaround alead isknown asan intramyo-
cardia electrogram (IMEG), asignal whichisbetter recor-
ded whenfractally coated intramyocardial leads’ areused,
and whichismodified according to the statusof myocardial
fibers(such as under the influence of inotropic or chrono-
tropic drugs)  or inflammatory responses (episodes of
rejection after heart transplantation) °, and recorded with an
implantable pacemaker for posterior data processing
analysis®. Thesequentia anaysisof anIMEG canidentify
myocardial modifications, and accordingly, it hasbeen used
for monitoring rejection in patients post heart transplan-
tation . Thissystem, known asCardiac Heart Acute Rejec-
tion Monitor (CHARM) **° hasdiscl osed substantial pros-
pectsfor abetter management of heart transplant patients.

Theaim of thisstudy isto present anovel system of
DDD pacing suitablefor obtaining intramyocardia electro-
gramsin patientswith HOCM in an attempt to correlate
possi ble benefitsresulting from the decreasein left ventri-
cular obstruction (as assessed by Doppler echocardiogra-
phy) with recordingsof intracardiac el ectrogram (recorded
asventricular evoked response- VER).

Methods

From September, 97, to October, 98, ninepatientswith
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HOCM weresubmittedtoanatrioventricular (AV) sequentia
DDD pacemaker implantation, model Physios (Biotronik,
Germany). Therewere 3 malesand 6 females, age ranging
from14to0 63 (mean 59) years. All patientshad severedrug-
refractory symptoms(syncope, effort angina, and dyspnea).
Six of themwerein New York Heart Association (NYHA)
functiona class(FC) Il for dyspnea, whiletheotherswerein
FCII11. Current therapy consisted of cal cium antagonistsand
b-blocker or theassociation of thetwo. All patientshad been
under aregular follow-up, with routine Doppler echocar-
diography, inwhich aprogressiveincreaseinthe LVOTG
could be observed. Mean LVOTG measured prior to pace-
maker implantationwas92+22mmHg. Clinica characterigtics
of thepatientsareshownontablel.

DDD pacemaker |ead was transvenously implanted
under local anesthesia. Briefly, after venous puncture
(cephalic or subclavian vein), atrial and ventricular leads
were advanced up to theright atrium (RA) under fluoros-
copy. Theventricular lead (TIR60BPor LX 60 BP/ Biotronik,
Germany) waspositionedfar fromthetricuspid valveat the
right ventricular apex. Theatrial lead (Y P60BPor JP60 BP/
Biotronik, Germany) waspositionedinsidetheright atrial
appendage. Electrophysiologic measurements were
performed and proper |ead i nsertion was undertaken after
respiratory maneuvers. Theleadswerethusfirmly fixed at
the site of venous access and connected to aDDD pulse
generator PhysiosCMT (Biotronik, Germany), the gene-
rator inserted into a subcutaneous pouch at the subpec-
toral region and theincision was closed. During implan-
tation, the generator was programmed to VVI modeto a
basic rate of 40 or 50 beats per minute, in order to assureit
would remaininhibited. Patientsweredischarged from hos-
pital on the second day after the surgery; cardiovascular
medi cation was unchanged.

DDD modewas programmed on the 10" to 12" day of
pacemaker implantation, with an adequate pul sefrequency
capable of consistently capturing the atrium and main-
tainingashort AV delay, in order to obtain thelowest possi-
blegradient (asrecorded by Doppl er echocardiography).

After programming the pacemaker, the IMEG was
recorded by telemetry asVER, thatis, theinitia intracavitary
el ectrogram subsequent to pacemaker stimulation of the
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ventricle. At the ssmetime, LVOTG was evaluated and
recorded by Doppler echocardiography. The evaluation
procedures used were twofold: pacing evaluation: pace-
maker wassuccessively programmedtoall AV delaysavai-
[able, whether long (150t0 120ms), medium (100ms) or short
(<100ms, usudly 75 or 50ms) during 5to 10 minutes; chronic
evaluation - the AV delay producingthelowest LVOTGwas
used for thefinal pacing programming and maintained for
thefollowing monthly evaluations. During each evaluation,
theLVOTG andtheVER wererecorded withtheprevioudy
programmed AV dday. If during that eval uation anew AV
delay was considered to be more appropriate, it would be
maintai ned for chronicpacing.

A specific softwarein aportabl elaptop base was used
to program the pacemaker and record the electric signals,
with each signal acquisition lasting for one minute. After
adequate signal swere recorded, they were sent to the cen-
tral dataprocessing sitein Graz, Austria, viathe Internet,
aongwiththerecordingsof thecorrespondingLVOTG. The
methodology used to analyze the VER has aready been
published elsewhere?® (fig. 1).

Signal analyseswere automatically performed, with
averageand representativerecordingsof VER, aswell asthe
parametersrelated to each recording. The representative
parameterswereV ER depolarizationduration (VER ), and
the negative VER area (VER ) (fig. 2). Analyses of the
signalsweresent back in 24 hours(fig. 3).

Monthly evaluations were performed up to the 6"
month of pacemaker implantation, followed by a6-month
interval evaluation. Each evaluation consisted of clinical
examination, Doppler echocardiography, pacemaker
programmingtodifferent AV delaysand VER recordings, as
previously remarked. Theway to obtain thesignal andthe
time of the examination was preserved for each patient, to
maintain thesameinterval between theingestion of medi-
cation and the exam. In case of complications associated
withclinical deterioration, inadequate medication or pace-
maker dysfunction, additional evaluationscould beunder-
taken. Thereasonfor theextraeval uation and any manage-
ment modificationswereinvariably recorded.

LVOTG vauesobtained at theinitia pacing program-

Table I - Clinical characteristics of 9 patients with hypertrophic obstructive cardiomyopathy (HOCM) during pacemaker implantation, and the

maximum left ventricular outflow tract gradient, prior to and after pacemaker programming to DDD mode during the final evaluation (LVOTG)

Sex Age Main symptom Medication LVOTG (mmHg)
Initial After procedure Final

Femde 41 Angina Propranol ol 124 76 45
Male 47 Dyspnea Atenolol, disopyramide 117 81 46
Femde 63 Dyspnea Propranolol,disopiramide 83 44 14
Femde 59 Fatigue Atenolol, disopyramide 121 100 77
Femde 63 Fatigue Propranol ol 64 32 11
Male 14 Dizziness Vergpamil 105 74 -
Femde 44 Fatigue Propranolol, verapamil 90 46 27
Male 44 Angina Atenolol 70 29 -
Femde 51 Dizziness Propranolol, verapamil 110 53
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Fig. 1 - Procedures used during the study: Doppler echocardiography to record
maximum left ventricular outflow tract gradient (LVOTG) and the acquisition,
recording and analyzing intramyocardial electrogram, as ventricular evoked
response (VER).

ming were recorded and analyzed with a Student t test in
order toidentify thedegree of differencesignificance.

Toidentify theinfluenceof AV delay ontheventricular
depolarization duration (VER ), mean valuesof VER
weregrouped together accordingto AV delay classification.
A paired Student t test was used to assess the difference
among the distinct AV delay groups (short, medium and
long). Linear regression analyseswasused totest the corre-
lation between the magnitude of VER and the degree of
LVOT abstruction. Pva ues<0.05were considered to beof
statistical significance.

Results

Pacemakerswereprogrammedto DDD mode, a arateof
70to 75 beatsper minuteand an AV delay rangingfrom50to
100ms, resultinginadecreasein LVOTGfrom 98+ 22mmHg
to59+24mmHg (p<0.05). Duringthisperiod, 20evaluations
were performed in 9 patients, yet 3 patients had only one
eval uation performed. Intheformer, LVOTGmeasuredduring
thefinal evaluation showed avalue even lower than that
recorded at theinitial pacing evaluation (tablel).
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Fig. 2 - Variables used to assess modifications on ventricular evoked response:
VER,,, representing duration of ventricular repolarization, VER,,, representing
signal magnitude.
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During the 20 follow-up evaluations, it was observed
that long AV delays(such as120 and 150ms) wereassocia-
ted with higher LV OT G than medium (100ms) or short (75
and 50ms) AV delays. Accordingly, VER_ alsodisplayed
modifications in most evaluations, since it showed a
decreasewithlong AV delayscompared to medium or short
AV ddays(fig. 4).

Linear regression analysesshowed asignificant corre-
lationbetweenLVOTGandVER,, (r=0.69, p<0.05) (fig. 5).

It should beremarked that during chronicevaluations,
patientswith reduced LV OTG dueto chronic stimulation
(LVOTG <30mmHg), andthoseinwhom AV ddlay modifi-
cation did not decrease | eft ventricular obstruction, VER
changeswereinsignificant.

Discussion

It hasbeenreported that fractally coated leadsresultin
better IMEG signals’. The sensitivity of afractally coated
lead, along with proper filtration and amplification of action
potential around myocardial fibersallow abetter defined
electric signal which can berecorded with animplantable
pacemaker °. Theintrinsic cardiac signal iscalled aspon-
taneous action potential, whereasthe oneresulting froma
pacemaker is called evoked action potential. Whenitis
originated inthe ventricleitiscalled ventricular evoked
potential (VER). Theseelectrical signalscan show modifi-
cationsinmyocardial fibersresulting frominotropicdrugs
or chronotropic interventions34,

In transplanted hearts with acute graft rejection
confirmed by endomyaocardia biopsy, acorrel ation hasbeen
shown between the IMEG and the degree of inflammatory
process. IMEG hasthus been accepted as an aternative
means to grade severity of rejection episodes®®. A system
caled CHARM, consigting of aDDD pacemaker, aprogram-
mer, computersand acentral analyzing site (transmitted via
theInternet) ispresently under clinical use. Thissystemis
likely to offer arapid, non-invasive and accurate means of
detecting acute rejection in heart transplant patients, thus
permitting amoreeffectivetreatment of theseepisodes.

Considering the Physios pacemaker is capable of re-
cording IMEG, and the recorded signal s can be subse-
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Fig. 3- Variations on ventricular evoked response (VER ) and on left ventricular
outflow tract gradient (LVOTG) recorded during acute modifications of AV delay.
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Fig. 5 - Graph showing the significant correlation between VER magnitude (VER )
and maximum left ventricular outflow tract gradient (LVOTG).

guently analyzed, we attempted to usethispacemakerina
diseasethat required theuse of auniversal pacemaker, and
further, changesin pacing programming, for instance AV
delay or heart rate modifications, werelikely to produce
changesinmyocardial conditions, such asleft ventricul ar
overload and hypertrophy. Since HOCM isadiseasein
which sequential pacing can reduce LVOTG 2%, it was
chosen as an suitable indication to examine this system.
Thebenefit of cardiac stimulationin HOCM can beeffecti-
vely shown by Doppler echocardiography 6, anon-invasive
method al so used for pacemaker programming and moni-
toring LVOTG changes.

Inthe present study, apotential correlation between
V ER amplitude and morphol ogy modification and varia-
tionsof maximum LV OTG wasassessed, not only during
theinitial evaluation (acute AV delay modifications) but
also during chronic evaluations (an AV delay maintained
for along period).
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No ethical considerationshindered the present inves-
tigation, since: 1) the parametersused to programtheDDD
pacemaker were not distinct from those currently used for
HOCM therapy; 2) implantation technique and follow-up
werenot unliketheusual; 3) echocardiographic evauations
were undertaken in shorter interval s than the usual,
resulting in amore adequate pacing programming; 4) the
acquisition of VER wasaccomplished by telemetry, which
doesnot offer any risksfor the patient.

The methodology used for obtaining IMEG ishighly
sengitive, considering that theel ectrical signalsrepresent the
adionpatentid sof myacardd od1s°. VER canbeinfluenced
by various acute or chronic cardiac interventions®°13, and
theseinfluencesmust beminimized during thestudy. A strict
protocol was thus followed, including continuing drug
therapy administered (or registering any modifications), the
sametimeand placefor echocardiographi c examination, and
whenever possible, the same group of investigators.

VER wasthe only IMEG used, from two available
forms. Patientswith HOCM requireatrial and ventricular
pacing in order to obtain optimum hemodynamic benefits;
using spontaneous action potential would result inloss of
ventricular stimulationand consequently, LV OTG changes.
Using VER permitsapredetermined frequency to be used
when obtaining the signal, thus eliminating one the
variables capableof changing |MEG morphol ogy 3617,

Duringinitial evaluation, AV delay variationresulted
inadecreasein LVOTGinmogt patients. Thesignal (andthe
LVOTG) wasabtained 5 minutesafter pacemaker program-
ming. Atfirstit wasdecided to prolong theinterval during
signal programming and acquisition to 10 minutes, assu-
mingthat in some patientsthelead might be situated further
fromtheright ventricular apex, lft or interventricul ar sep-
tum, and conseguently the hemodynamic benefit deter-
mined by AV delay modification ( that is, the decreasein
LVOTG) would take longer to influenceright ventricular
dynamics. Against that hypothesisistheideathat VER
would translate global modifications on left ventricular
geometry thus reflecting instantaneous | eft ventricul ar
dynamics, evenwhentheleadisdistant fromthat chamber.
Prolonging adjustment periods has not disclosed any
variations among the comparable signals, and they have
further increased evaluation time, so that a5 minutetime
after programming the pacemaker isconsi dered satisfactory
forobtainingVER.

Theselection of theadequate AV delay during follow-
up evaluationswasmodified along the study, but thecriteria
used to definelong (150 or 120ms) medium (100) or short
value (75 or 50ms) was always maintained. On the other
hand, it was noted that alengthy echocardi ographic exami-
nation (resulting from a complete comprehensive study,
followed by repeated generator programming and LVOTG
evaluationsand V ER recordings) caused discomfort for the
patient and wasnot practical, sincethey could induceresult
variations. Alternatively, minor variationsof AV deay,
mainly ranging from 100msto 75msand from 75msto 50ms
resulted in insignificant changesin LVOTG, and conse-
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guently on VER. Thus, higher rangesof AV delay changes
(such asfrom 150ms, 100ms and 50ms) resulted in more
marked changesof LVOTG (aspredictablefromtheaccu-
racy of theeval uation method) and VER.

VER modifications dueto AV delay modifications
showed 2 digtinct patterns: 1) they wereparticularly striking
in patientsin whom adecreasein AV delay resultedina
significant reduction of LVOTG. The corresponding VER
showed ahigher duration of depolarization, asseeninfigure
4; 2) smdll variationsinLVOTG, asshownin patientswitha
very favorableresponseto DDD pacing and who previoudly
presented amaximum systolicgradient of 30mmHg, resulted
inminor VVER modifications.

Thesesfindings support theideathat the VER | can
beusedto help select optimum AV delay (AV delay produ-
cingthelowest LVOTG).

Serial evaluationsa ong the study have shownthat a
progressivedecreasein LVOTG occurred in all patients.
Similarly, AV delay variation, patientswho showed marked
modificationin LVOTG a so disclosed important modifi-
cationin VER. Inone of the patients, it was observed that
aninotropic-negativedrug (cal cium antagonist) resulted
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inahigher decreasein LVOTG, together withamodifica
tioninVER.

Thecorrelation observed betweentheLVOTG and the
magnitude of electrical activity of the heart (determined by
theVER,,) canhaveseveral explanations, yettobeproven.
A modificationinleft ventricul ar shapeor adecreaseinwall
stressduetothedecreaseininterventricular pressuremight
be a possible explanation, however these hypothesiswere
not assessed in the present study.

Althoughthe present study islimited dueto thesmall
number of patients and evaluations, our findings suggest
that V ERissensitiveenough meansto detect hemodynamic
changesresulting from AV delay modificationsin patients
withHOCM. In casethesefindingsare confirmed by larger
studies, non-invasive recordings of VER through pace-
maker telemetry could becomeauseful method of program-
mingoptimum AV delay and monitoring DDD pacingasa
therapy inpatientswithHOCM.
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