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Summary
This study examined a correlation between changes of the ventricular evoked response and the maximum systolic
pressure gradient at the left ventricular outflow tract. The beneficial effects of DDD pacing in 9 patients (6 female, 3 male) with hypertrophic obstructive cardiomyopathy (HOCM) were also evaluated. In the course of 20 follow-up, the left ventricular outflow tract pressure gradients (as monitored by echocardiography) and ventricular
evoked responses were recorded simultaneously at different atrioventricular intervals. The left ventricular outflow
tract pressure gradient decreased from a pre-pacemaker implant value of 98 ± 22 mmHg to 59 ± 24 mmHg (p <
0.01). Atrioventricular intervals >100 ms resulted in significantly reduced ventricular evoked response depolarization durations as compared to shorter intervals (p < 0.05), indicating a decreasing degree of ventricular capture with increasing atrioventricular intervals. Degrees of ventricular capture < 95% were found to be associated
with significantly higher pressure gradient values (71 ± 25 mmHg versus 58 ± 28 mmHg, p < 0.001). Regression
analysis revealed a significant correlation between the average pressure gradient values and the average magnitude of the ventricular evoked response (r = 0.69, p < 0.05). The study also indicated that dual-chamber pacing
may be an effective therapy to reduce the outflow tract obstruction in HOCM patients.
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Introduction
Dual-chamber pacing with shortened atrioventricular
intervals (AVI) has been accepted as an effective therapy to reduce the left ventricular outflow tract obstruction in patients with hypertrophic obstructive cardiomyopathy (HOCM) [1]. Although one investigation
failed to demonstrate such benefit [2], most investigations have demonstrated that pacing reduces or even
eliminates the outflow tract obstruction [3], improves
the clinical condition [4] or even prolongs survival [5]
of patients with HOCM. Doppler echocardiography is
used to examine HOCM patients periodically and to
help in the adjustment of their pacemakers [6].
Available in most medical centers, this non-invasive

technique is expensive, requires special skills and is
time-consuming, particularly in case of mulitiple pacemaker adjustments in the same patient. For an improved therapy management, an objective, frequently applicable, low-cost and easy-to-use technique to evaluate
the response to DDD pacemaker therapy would be useful. The ultimate solution would be a pacemaker capable of adjusting its pacing parameters automatically
to account for different cardiac states under the varying
conditions of daily life activities.
A special telemetric dual-chamber pacemaker allows
non-invasive recording of intracardiac electrograms
(IEGM). The IEGM reflects the electrical activity of
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the myocardium and contains information about the
state of the heart. The ventricular evoked response
(VER) is defined as the answer of the myocardium to
a pacing stimulus. Fractal coated pacing leads allow
the VER to be recorded with the same electrode used
to stimulate and to sense the signal [7]. The VER has
been shown to reflect changes in the state of the heart,
e.g., the influence of inotropic or chronotropic drugs
[8] as well as pathological conditions like rejection
episodes in patients after heart transplantation
[9,10,11].
The objective of this work has been to investigate the
behavior of the VER in HOCM patients and to find out
whether this signal can be utilized to guide AVI optimization and to monitor the benefits of pacemaker
therapy in patients paced for HOCM.
Materials and Methods
Patients
The criteria for inclusion of a patient into the present
investigation were:
• diagnosis of HOCM,
• symptoms unresponsive to pharmacological therapy,
• progressive outflow tract obstruction and a maximum systolic pressure gradient at the left ventricular outflow tract (LVOTG) higher than 50 mmHg,
• pacemaker implant at our institution, and
• informed consent to participate in the study.
Between September 1997 and October 1998, 9 patients
(6 female, 3 male) met the inclusion criteria. Age at
implant was 47 ± 15 years (range: 14 - 63). Prior to
pacemaker therapy, the patients presented symptoms
such as syncope, dyspnea, angina and tiredness during
exercise that were unresponsive to pharmacological
therapy (β-blockers, calcium antagonists). All patients
had periodical medical and echocardiographic evaluations and a progressive increase in LVOTG had been
identified.
Pacemaker implantation
Dual-chamber pacemakers with wide-band IEGM telemetry (0.3 - 200 Hz) and fractal coated ventricular
(TIR 60 BP or LX 60 BP, BIOTRONIK) and atrial (YB
60 BP or LX 60 BP, BIOTRONIK) electrodes were
implanted using the transvenous approach. The ventricular lead was positioned near the right ventricular
apex, as far as possible from the tricuspid valve. The
atrial lead was positioned in the left atrial appendix.
Electrophysiologic evaluation was performed, and the

patients were asked to perform respiratory maneuvers
to ensure adequate fixation of the electrodes.
Subsequently, the electrodes were fixed in the venous
access and connected to the pulse generator (Physios
CTM 01, BIOTRONIK) which was introduced into the
subcutaneous tissue and the incision was sutured. Prior
to implantation, the pulse generator was programmed
to the VVI mode with a pacing frequency of 40 or 50
ppm, to achieve inhibition. Hospital discharge occurred two days after pacemaker implantation and medication prescriptions were maintained.
Follow-up
Each follow-up consisted of clinical and echocardiographic evaluations, pacemaker programming and
IEGM recordings at different AVI. The investigator,
technique and time of the day were the same for each
patient.
The first follow-up occurred 10 to 12 days after
implantation. The pacemaker was programmed to the
DDD mode and to a pacing frequency high enough to
achieve AV sequential pacing. Further evaluations
have been scheduled in monthly intervals during the
first six postoperative months and in extended intervals
(three to six months) thereafter. Additional evaluations
were performed when necessary to verify the pacemaker program or to adjust medication.
During each follow-up, the pacemaker was successively programmed to various AVI with at least one value
out of each of the following three AVI classes:
1. Short: < 100 ms (50/75 ms),
2. Medium: 100 ms,
3. Long: > 100 ms (120/150 ms).
To reach steady state conditions, the IEGM was recorded five to ten minutes after each AVI modification for
a period of one minute using the appropriate pacemaker programming and IEGM recording system
(SWD/SWM 1000, BIOTRONIK). Parallel to IEGM
acquisition, the LVOTG was evaluated and registered
by echocardiography. At the end of each follow-up, the
pacemaker was programmed with the AVI associated
with the lowest LVOTG. This setting was maintained
until the next evaluation.
Signal analysis
Figure 1 illustrates the IEGM processing concept used
in the present and earlier studies [9,18]. After IEGM
recording the signals were sent via the Internet to the
IEGM analysis center in Graz, Austria, for processing.
Signal analysis was performed automatically and provided averaged, representative VER as well as para-
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Figure 1. Concept of intracardiac electrogram (IEGM) acquisition, transmission and analysis.

meters extracted from each recording. Analysis results
became available within 24 hours and consisted of a
report protocol containing the averaged VER signals as
displayed in Figure 2. The definitions of the VER parameters important to the present study - the VER depolarization duration (VERDD) and the VER negative area
(VERNA) - are displayed in Figure 3.

Figure 2. IEGM analysis center report. Averaged VER signals obtained during AVI variation (upper panel) with a
distinct AVI influence on LVOTG values and VER signal
morphology. Averaged VER signals obtained for the standard pacemaker settings during subsequent follow-up
(lower panel), also indicating VER changes.

Figure 3. Parameters extracted from the VER. VERNA serves
as a measure of the VER magnitude; VERDD, the DVC.
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Table 1. Basic statistics of all patients. Symptoms: A = angina, D = dyspnea, S = syncope, T = tiredness; Medication: At =
atenolol, Dis = disopyramide, Pr = propanolol, Ver = verapamil; LVOTG before and after pacemaker implantation and the
value at the most recent follow-up, NA = not yet available; * p < 0.01 (two-tailed Wilcoxon test for matched pairs); M ± SD
= mean ± standard deviation.

Statistics
Influence of the AVI on the VERDD
To assess the influence of the AVI on the depolarization duration of the VER (as measured by the VERDD),
the average VERDD absolute values were grouped
according to the associated AVI classes. Differences
between the AVI groups "Short," "Medium," and
"Long" were tested using the two-tailed t-test for
matched pairs.
Degree of ventricular capture
The degree of ventricular capture (DVC) has been
defined for each recording using the following ratio:
DVC = VERDD/VERDDmax;
that is as the percentage of the current VERDD value in
relation to the highest VERDD value obtained for the
respective patient and follow-up. Accordingly, a 100%
DVC corresponds to 100% ventricular capture.
Influence of the degree of ventricular capture on
the LVOTG
The LVOTG values associated with full ventricular
capture (DVC > 95%) were compared to those associated with DVC ≤ 95%. The differences between both
groups were tested using the two-tailed t-test for
matched pairs.
Correlation between LVOTG and the VER magnitude
To check for an overall correlation between the magnitude of the VER and the degree of outflow tract
obstruction, linear regression analysis between the
VERNA (as a measure of the magnitude of the VER)
and the LVOTG (as a measure of outflow tract obstruc-

tion) was performed using the average LVOTG and
VERNA values of all recordings with full ventricular
capture of each patient as observation pairs.
Statistically significant were p-values < 0.05.
Results
In the course of the initial follow-up, the pacemakers
were programmed to a pacing frequency of 70 to
75 ppm and an AVI of 50 to 100 ms. This resulted in a
significant reduction of the outflow tract obstruction in
all patients with a decrease of the LVOTG from a preimplant value of 98 ± 22 (64 - 124) mmHg to 59 + 24
(29 - 100) mmHg (p < 0.01).
Up to now, a total of 20 follow-up checks have been
performed in all nine patients. Four patients have attended only one follow-up visit. In the remaining five patients, however, the LVOTG values measured during
the last evaluation show a further decrease as compared to the first evaluation after pacemaker implantation.
Table 1 shows the demographics and statistics for the
entire patient group.
Figure 2 shows an example of the protocol report of
patient 4 after three follow-up. The upper panel displays the averaged VER as obtained for three different
AVI, indicating shorter VERDD values for longer AVI.
The VERDD values were obtained for all three classes
of AVI, except in patient 3 (AVI > 100 ms always
resulted in ventricular inhibition in this patient).
Overall, long AVI were found to be associated with
significantly decreased VERDD values if compared
with short and medium AVI (Figure 4).
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Figure 4. Statistics on VERDD vs. AVI, indicating significantly lower VERDD values for long AVIs as compared with
short and medium AVIs.

Figure 5. LVOTG values grouped according to DVC, indicating significantly lower LVOTG values in cases of full
ventricular capture (DVC > 95%).

In two patients (patients 3 and 8), ventricular capture
was always complete (DVC > 95%). Comparison of
the LVOTG values with/without full ventricular capture in the remaining seven patients revealed significantly lower LVOTG values in case of full ventricular
cap-ture (p < 0.001) (Figure 5).
Linear regression analysis revealed a significant overall correlation (r = 0.69, p < 0.05) between the LVOTG
and the VERNA values (Figure 6).

pacemakers to look for a correlation between hemodynamics and the VER, both in terms of chronic DDD
pacing and in terms of acute changes due to modifications of the AVI.
Implanting the telemetric pacemaker for the purpose of
the study presented no ethical concerns. This pacemaker is fully equivalent to other pacemakers used in
patients with HOCM, and the non-invasive, telemetric
IEGM recording procedure does not present any discomfort or risk to the patients.
The telemetric pacemaker system used in the present
investigation has already been used in a number of previous investigations. These studies demonstrated the

Discussion
Dual-chamber pacing with shortened AVI has been
accepted as an effective therapy to consistently reduce
the left ventricular outflow tract obstruction in patients
with HOCM [1,3-5,16].
Full ventricular capture is necessary for this therapy to
be effective, i.e., excitation of the whole ventricular
myocardium has to occur exclusively from the apex
via the pacing lead. Currently, the pacing effect on the
heart is determined by Doppler echocardiography [6],
a non-invasive technique used to adjust (program) the
pacemaker and to monitor modifications of the
obstruction and mitral valve function.
Before this investigation, 11 patients with HOCM had
already been supplied with DDD (10 patients) or VVI
pacemakers (one patient) at our institution. These patients presented similar preoperative characteristics
compared to those patients included in the present
investigation [12]. Having gained basic experience
with this therapy concept, we decided to use telemetric

Figure 6. Linear regression analysis between LVOTG and
VERNA revealing a significant correlation between hemodynamics and electrical activity.
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reliability and reproducibility of this non-invasive
IEGM recording technique [7,8,10,13,14]. A correlation was established between the VER and the inflammatory response of transplanted hearts to rejection [9]
as confirmed by endomyocardial biopsy - the standard
method to diagnose and quantify the severity of rejection episodes [15].
Recently a system called Computerized Heart Acute
Rejection Monitor (CHARM) was developed to offer a
fast, precise and non-invasive diagnosis of acute rejection episodes in transplanted hearts [11]. The IEGM
from the implanted telemetric pacemaker are processed at a central IEGM analysis center. The availability
of this versatile monitoring system based on IEGM
motivated us to investigate whether this concept can be
utilized to monitor HOCM patients as well.
Previous studies revealed that the IEGM is sensitive to
a number of acute and chronic influences on the heart
[17]. To maximize reproducibility, recordings should
be performed under as standardized conditions as possible. Therefore, the investigator and time of day for
evaluation were the same for each patient.
Initially, we performed recordings with different periods of time between pacemaker programming and
VER recording to find out how long one should wait to
reach steady state conditions. Since recordings after 5
and 10 minutes did not differ significantly, we concluded that 5 minutes is a reasonable period of time between an intervention and VER signal acquisition.
The VER changes due to AVI modifications presented
two different patterns:
1. They were particularly pronounced in patients
where the AVI shortening resulted in an appreciable
reduction of the LVOTG. The corresponding VER
showed longer depolarization duration as indicated
by the example in Figure 2, upper panel. This is
assumed to be caused by a higher DVC.
2. On the other hand, small modifications of
LVOTG values, as observed in patients with a very
favorable response to DDD pacing and already presenting a LVOTG near 30 mmHg, were accompanied by only minimal changes of the associated
VERs. In two of those patients (patients 3 and 8)
AVI variations changed neither the DVC nor the
LVOTG significantly.
These results further support the notion that to obtain a
favorable LVOTG, the AVI should be chosen such as
to achieve a high DVC. Our results indicate that the

VER parameter VERDD can be utilized to achieve this
goal.
Successive evaluations in the course of the study indicated a progressive reduction of the LVOTG values in
most patients. Similar to AVI variation, patients presenting pronounced changes of the LVOTG values
over time exhibited markedly changed VER signals
(Figure 2, lower panel). In a single patient we also
observed that a negative inotropic intervention (prescription of calcium channel blocker) resulted in a further decrease of the LVOTG as well as a change of the
VER.
The overall correlation between the degree of hypertrophy (as measured by the LVOTG) and the magnitude of the electrical activity of the heart (as measured
by the VERNA) may be explained by the general
assumption that increasing hypertrophy means increased myocardial mass and/or increasing wall thickness
and, therefore, increased VER signal magnitude.
Though the study currently comprises a small number
of patients and follow-up only, the results indicate a
sensitivity of the VER to hemodynamic changes caused by AVI variations. If this can be confirmed in a
larger number of patients, noninvasive VER recordings
using pacemaker telemetry may become a reliable and
easy-to-use tool for optimizing the AVI and monitoring
the success of DDD pacing as a therapy for HOCM.
Conclusion
In accordance with previous studies, the present results
confirmed that dual-chamber pacing is an effective
therapy to reduce the outflow tract obstruction in patients suffering from HOCM. The distinct impact of
the AVI on the LVOTG emphasizes the importance of
programming an appropriate AVI to obtain full ventricular capture. Noninvasive VER recording using telemetric pacemakers is a well-standardized, easy-to-use
and reliable method which can be utilized to assess the
degree of ventricular capture and to guide AVI optimization.
Further research based on longer follow-up periods is
necessary to find out whether the correlation between
the magnitude of the VER and the severity of outflow
tract obstruction as obtained in this study can be utilized to monitor the long-term benefits of DDD pacing in
HOCM patients.
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