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Abstract: Background: Previous studies have demonstrated a direct correlation between pacemaker
programming mode and exercise capacity on a long-term follow-up. In the present study we aimed
to test whether reprogramming of the pacemaker can produce immediate effects on patients’
exercise capacity. Methods: The exercise capacity of 33 patients wearing dual-chamber pacemakers
was evaluated by cardiopulmonary exercise test at 24-hour intervals in two programming modes:
initially in the single-chamber ventricular pacing mode with a fixed 60bpm rate, and in the second
phase in dual chamber pacing mode with exercise adaptable rate, up to 130bpm. Results: The
maximum O2 consumption (VO2 max: 12.82+2.70 mL/kg/min vs 14.52+3.25 mL/kg/min, p=0.02), the
O2 consumption at the time of the anaerobic threshold (10.76+2.25 mL/kg/min vs 12.30+2.84
mL/kg/min, p=0.008), the duration of exercise (456.76+116.85 seconds vs 510.57+129.56 seconds,
p=0.04) and the maximum workload (84.39+17.89W vs 96.36+24.09W, p=0.01) were significantly
lower when the pacemakers were programmed in the single chamber ventricular fixed-rate pacing
mode compared to the dual chamber rate adaptive pacing mode. Conclusion: Cardiac pacemaker
reprogramming is able to exert immediate effects on exercise capacity. Dual chamber pacing with
adaptable rate during physical exercise is superior to single chamber fixed rate pacing.

Keywords: exercise capacity, pacemaker programming, cardiopulmonary exercise testing.

1. Introduction

Cardiac rehabilitation is an essential method for the social reintegration of patients
with cardiovascular diseases. With the aging of the population, an increasing percentage
of patients are carriers of implantable cardiac devices used to treat sinus node disease,
atrioventricular blocks, ventricular tachyarrhythmias or heart failure with reduced
ejection fraction.

These devices influence the exercise capacity and require reprogramming of the
parameters in patients included in cardiac rehabilitation programs in order to improve
the final result.

In healthy subjects, the adaptation of the cardiovascular system to exertion is done
by increasing cardiac output as a result of stimulating the sympathetic vegetative nervous
system, with the discharge of adrenaline and noradrenaline, which causes two immediate
consequences: increased heart rate (positive chronotropic effect) and increased stroke
volume (positive inotropic effect) [1, 2].

By comparison, patients with heart failure with impaired systolic function cannot
adequately increase their stroke volume during exertion and partially compensate for it
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with a much more accelerated chronotropic response from the earliest stages of physical
activity [3, 4, 5, 6].

The response of the cardiovascular system to physical exertion is even more complex
in pacemaker wearers, whether they associate with heart failure or not. Fixed-rate pacing
in patients with chronotropic insufficiency abrogates from the beginning their possibility
to increase the cardiac output by increasing the heart rate. On the other hand, in those
with effort-adaptive pacing rate (responsive rate), the pacing rate may exceed the intrinsic
rate and thus allows an adaptation of the cardiac output to effort much closer to the
physiological mechanism [7,8].

Regarding the adjustment of the stroke volume to physical effort in the case of
pacemaker wearing patients, several situations are also distinguished. It is well known
that the ventricular depolarization generated by the pacemaker does not produce a con-
traction as effective as in the case of intrinsic ventricular depolarization due to
interventricular and intraventricular dyssynchronism [9, 10].

Loss of the physiological contraction sequence in which the atrial systole is followed
by the ventricular systole can cause a reduction in the stroke volume by up to 25%. Dif-
ferences might also occur secondary to the positioning of the pacing lead tip inside the
right ventricular cavity (high interventricular septum, low interventricular septum, right
ventricular apex) [11].

Previous studies have demonstrated a relation between pacemaker programming
mode and exercise capacity[12, 13]. Patients with dual chamber pacemaker had better
exercise capacity than those with single chamber pacemakers. Exercise-adaptive pacing
rate also proved to be superior to fixed-rate pacing in terms of functional capacity [8].

In the present study we aimed to test the hypothesis that reprogramming the
pacemaker can produce immediate effects on patients' exercise capacity.

2. Results

In this study, 33 patients with a mean age of 69.64+4.03 years were enrolled. Of these,
10 (30.3%) were female and 23 (69.7%) were male.

At the analysis of the whole group, an increase of VO2 max was observed after
changing the pacing mode from VVI to DDDR, by 13.26%: 12.82+2.70mL/kg/min
compared to 14.52+3.25mL/kg/min (figure 1A).

The same observation was made about oxygen consumption (VO2) when reaching
the anaerobic threshold, where the increase was 14.42%: 10.76+2.25mL/kg/min in VVI
programming mode compared to 12.30+2.84 in DDDR mode (figure 1B).
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Figure 1. A. Maximum effort capacity estimated by the higher max VO2 value in the case
of DDDR programming mode compared to VVI mode. B. Reaching the anaerobic
threshold at a higher value of VO2 in the case of DDDR compared to VVI. AT = anaerobic
threshold.

Regarding the duration of effort, the difference between the two programming
modes was on average 53 seconds (11.78%) in favor of DDDR, with averages of
456.76+116.85 seconds in ventricular unicameral pacing mode and 510.57+129.56 seconds
in bicameral (Figure 2A).

The maximum workload followed the same trend, with an average value of
84.39+17.89W in VVI mode and 96.36+24.09W in DDDR mode (Figure 2B).
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Figure 2. A. The duration of the exercise test was longer in DDDR programming mode. B.
The maximum workload was higher in the case of DDDR programming mode compared
to VVImode.

The maximum heart rate reached during exercise was also higher when the test was
performed with patients programmed in dual chamber mode, with the rate response
function activated, with an average of 98.42+16.16 beats/minute in VVI mode and
111.56+15.0 beats/minute in DDDR mode.

The two programming modes recorded similar values of VO2/HR (VVI: 10.55+2.46
vs. DDDR: 10.93+2.80) and VE/VCO2 (VVI: 36.67+8.26 vs. DDDR: 35.19+7.44) ratios, as
well as peripheral saturation of O2 at the maximum effort threshold (VVI: 96.49+2.0% vs
DDDR: 96.67+1.83%).

The statistical significance of the comparisons presented above is shown in Table 1.
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Table 1. Comparative analysis of the parameters obtained by cardiopulmonary exercise
testing in the two programming modes of pacemakers, VVI and DDDR. VO2 = volume of
oxygen, AT = anaerobic threshold, HR = heart rate, VE = minute volume, VCO2 = volume

of carbon dioxide, SpO2 = peripheral oxygen saturation, SD = standard deviation.

Parameter VVI DDDR P
VO:zmax (mL/kg/min) 12.82 14.52 0.024388
SD 2.70 3.25

Duration of effort (s) 456.76 510.58 0.04057
SD 116.85 129.55

Max Workload (W) 84.39 96.36 0.012628
SD 17.89 24.09

VO: at AT (mL/kg/min) 10.76 12.30 0.008569
SD 2.25 2.84

VO2/HR 10.55 10.93 0.279322
SD 2.46 2.80

HR max (beats/min) 98.42 111.55 0.000551
SD 16.16 15.00

VE/VCO2 36.67 35.19 0.223734
SD 8.26 7.44

SpO2 (%) 96.48 96.67 0.350776
SD 2.00 1.83

Depending on the heart rate during the exercise test, we defined two groups: group
R - patients in whom the rate response function was activated automatically at exercise in
DDDR mode and group I - patients who maintained their intrinsic heart rate throughout
the test effort with the pacemaker programmed in DDDR mode.

Activation of the rate response function during exercise testing after activation of
DDDR mode was observed in 11 (33.33%) of the 33 patients.

Patients whose rate response function was not automatically activated during
exercise in DDDR mode (group I) reached a maximum effort heart rate in VVI mode by
19.8% higher (mean * standard deviation: 104.18 + 13.9 vs 86.91 + 14.54 beats)/min). In
DDDR mode, however, the maximum heart rate was higher in those in whom the
responsive rate function was activated automatically (group R) compared to those in
whom it was not activated (116.45 + 12.55 vs. 109.09 + 15.78 beats/minute).

Evaluating comparatively the two groups in terms of parameters obtained in the
cardiopulmonary exercise test, we observed that the values of VO2 max, VO2 at the time
of the anaerobic threshold, as well as the maximum effort threshold reached had a
statistically significant increase only in group R, no and in group I. The increase in effort
duration, although observed in absolute value in both groups, did not reach the threshold
of statistical significance (Table 2).
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Table 2. Comparison between patients in whom in DDDR mode the rate response
function was activated automatically during exercise (group R) and those who maintained
their intrinsic heart rate throughout the exercise test (group I). VO2 = volume of oxygen,

AT = anaerobic threshold, SD = standard deviation.

The rate response function automatically activated in DDDR
YES NO
Parameter | Mean SD p Parameter | Mean SD p
VO2max VO:2max
VVI 12.27 3.07 2onr VVI 13.09 2.52 o10s
VO:max ) VO:max ’
DDDR 15.18 3.57 DDDR 14.18 3.11
Duration Duration
of effort 471.09 | 148.42 of effort 449.59 | 100.77
VVI VVI
(s) 0.070 (8) 0.161
Duration Duration
of effort 569.00 | 151.11 of effort 481.36 | 109.63
DDDR (s) DDDR (s)
Max Max
Workload | 83.64 17.77 Workload | 84.77 18.36
VVI (W) VVI (W)
Max 0.013 Max 0.131
Workload Workload
DDDR 104.91 | 23.01 DDDR 92.09 23.98
(W) W)
VO‘ZAa,tIAT 10.18 2.27 VOé:;IAT 11.05 2.24
0.021 0.087
VO2 at AT VO2 at AT
DDDR 12.73 3.13 DDDR 12.09 2.74

Another comparative analysis was performed according to the sex of the patients,
observing significant differences in terms of maximum oxygen consumption, oxygen
consumption at the time of the anaerobic threshold and the maximum workload achieved
by changing the type of pacing from VVI to DDDR among men, but not of women.
Significantly higher maximum effort heart rates were achieved in both the female and
male groups in the bicameral pacing mode with the rate response function activated. For
the other parameters followed, no statistically significant differences were noted (Table

3).

Table 3. Comparison between the two sexes of the parameters obtained by
cardiopulmonary exercise testing in the two programming modes of pacemakers, VVIand
DDDR. VO2 = volume of oxygen, AT = anaerobic threshold, HR = heart rate, VE = minute
volume, VCO2 = volume of carbon dioxide, SpO2 = peripheral oxygen saturation, SD =
standard deviation.
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Influence of changes in pacing mode on the parameters of the
cardiopulmonary test in both sexes
Women Men

Parameter Mean | SD P Mean SD P
Age (years) 70.50 | 2.92 69.26 | 4.43
VO:max VVI (mL/kg/min) 12.10 | 2.18 13.13 2.88
VO:max DDDR 13.70 | 2.41 | 0.068 | 14.87 3.55 | 0.037
Duration of effort VVI (s) 398.80 | 78.90 481.96 | 122.98
Duration of effort DDDR 44790 | 93.08 | 0.110 | 537.83 | 135.30 | 0.075
Max Workload VVI (W) 80.70 | 16.08 86.00 | 18.73
Max Workload DDDR 90.70 | 20.77 | 0.122 | 98.83 | 25.44 | 0.029
VO:at AT VVI(mL/kg/min) | 10.40 | 1.90 10.91 241
VO:at AT DDDR 11.80 | 2.25 | 0.075 | 12.52 3.09 | 0.028
VO:/HR VVI 9.50 2.07 11.00 2.52
VO/HR DDDR 9.70 211 | 0416 | 1146 293 | 0.285
HR max VVI (beats/min) 103.60 | 14.89 96.17 | 16.49
HR max DDDR 114.50 | 10.60 | 0.038 | 110.26 | 16.61 | 0.003
RER 1.19 0.11 1.12 0.12
VE/VCO:VVI 34.47 | 6.62 37.63 8.84
VE/VCO: DDDR 34.04 | 6.16 | 0.441 | 35.69 8.01 | 0.220
SpO2 VVI (%) 96.80 | 0.92 96.35 2.33
SpO: DDDR 9690 | 0.74 | 0.396 | 96.57 215 | 0.372

3. Discussion

In the present study, we tested the hypothesis according to which the
reprogramming of the pacemaker can significantly influence in the short term the patient's
exercise capacity by using one of the most accurate and comprehensive evaluation
methods, the cardiopulmonary exercise test.

Pair samples were made, comparing the most relevant parameters for exercise ca-
pacity, initially in the single chamber ventricular fixed-rate pacing mode (VVI) and later
in the dual chamber, atrio-ventricular mode, with activated rate response function
(DDDR).

A statistically significant increase in maximum oxygen consumption (VO2 max),
oxygen consumption at the time of the anaerobic threshold (VO-AT), maximum reached
workload and duration of exercise when patient pacemakers were programmed in DDDR
mode.

Reporting the results obtained in the present study to the existing data in the liter-
ature is difficult due to the fact that studies in this field are few, most of them being case
reports or original research on small series of cases, but their results are encouraging.

Bolsin published in 2014 the case of a patient with a bicameral pacemaker in whom
an immediate improvement in functional capacity was achieved by adjusting the pacing
algorithm (raising the minimum pacing rate from 60 to 80/min and accelerating the re-
sponse to increase the pacing rate on exertion). Maximum oxygen consumption, oxygen
consumption at the time of the anaerobic threshold, duration of effort and maximum load
reached increased by 15-25%, results comparable to those found in our study [14].

Another study published by Capucci reports the improvement in exercise capacity
measured by cardiopulmonary exercise test (increased VO2 max, VO2 at anaerobic
threshold, effort duration by 20-25%) for 8 patients after switching from DDD program-
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ming mode to DDDR mode. The authors explain the results by the increase in maximum
heart rate during exercise [15].

Jutzy also observed an increase in exercise capacity and cardiac output by pro-
gramming pacemakers in DDDR compared to VVIR and DDD in 14 patients evaluated by
cardiopulmonary exercise test and cardiac ultrasound [16]. Other small clinical trials
report similar results.

Another important observation of our study is related to the behavior of the heart
rate during physical exertion.

Depending on the heart rate response during exercise testing with the pacemaker
programmed in DDDR mode, we identified two categories of patients: group I - those
who maintained their intrinsic heart rate throughout the exercise test (patients with
normal chronotropic function) and group R, in which the rate response function was
activated automatically during exertion (patients with chronotropic dysfunction).

In other words, in group R, the rate of increase in the rate of depolarizations gener-
ated by the sinus node was lower compared to that set for the pacemaker, which is why
intrinsic atrial depolarizations (and sometimes intrinsic ventricular depolarizations) were
replaced with those generated by the pacemaker. Activation of this exercise adaptive
function was found in one third of the patients enrolled in the study.

Patients in group R achieved a significantly lower maximum heart rate of effort
compared to group I in the VVI programming mode, which is why their maximum ox-
ygen consumption was also lower in this pacemaker programming mode.

After activating the rate response function, the patients in group R had an increase
of approximately 20% of the maximum heart rate, even exceeding in absolute value the
average maximum heart rate of effort of patients in group I, a difference that was not
statistically significant.

What did significantly differ in this group of patients was the maximum oxygen
consumption (VO2 max), 25% higher in DDDR mode compared to VVI mode, the oxygen
consumption at the time of the anaerobic threshold and the maximum workload, which
cannot be stated about the patients in group I in whom the difference between the two
modes of pacing was not statistically significant.

It should be noted that the division of patients into groups with chronotropic in-
competence (group R) and without chronotropic incompetence (group I) was practically
performed by the pacemaker algorithm and was not based on a clinical diagnosis of
chronotropic incompetence.

For this research, the rate response function was activated with the standard settings
made by the manufacturer, but the reprogramming of the maximum heart rate and the
speed with which it is reached during exercise can be customized for each patient, and the
effects of adjusting this function on capacity may be the subject of further studies.

Gierula recommends a model of individualization of the pacing algorithm with rate
response function that takes into account the relationship rate - contraction force in pa-
tients with heart failure and biventricular pacemakers (cardiac resynchronization
therapy) or cardiac defibrillators, a model that was validated in a randomized, dou-ble-
blind clinical trial [17].

Analyzing the whole group of patients, we found that, although the maximum heart
rate of effort was higher in DDDR mode than VVI, no significant differences were noted
in the VO2/HR ratio (indicator of heart rate of the left ventricle). This indicates that the
two variables had a directly proportional evolution after activating the bicameral pacing
mode with the effort-adaptive pacing rate.

It is well known that heart rate depends on two elements: heart rate and heart rate.
In the case of pacemaker wearers, both components can be influenced by how the
pacemaker is programmed.

By switching from VVI pacing mode to DDD mode, the beat volume can be increased
during exertion by bringing the contribution of atrial contraction to ventricular filling as
a result of restoring atrioventricular synchronism in patients in sinus rhythm.
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However, this is only valid if the ventricular rate is paced during exercise, as is the
case with those with a severe form of sinus node disease, “pacemaker-dependent” or those
with atrioventricular conduction disorders that persist during effort or are triggered by
effort.

A large proportion of implanted pacemakers for sinus node disease, as in the case of
patients enrolled in the present study, show an increase in heart rate during exercise
beyond the minimum pacing rate (usually 60 pacing / minute).

However, the question arises whether this increase in heart rate is adequate for a
good adaptation of cardiac output to exercise or whether this category of patients is af-
fected by a chronotropic incompetence that significantly limits their functional capacity.

To answer this question, we refer to the results of a study published in 2009 in the
journal PACE by Passman [18]. They compare the exercise capacity of 11 patients with
bicameral cardiac defibrillator, without indication for pacing (with adequate chronotropic
function) programmed in the AAIR and VVI pacing modes, respectively.

For these patients there were no significant differences in maximum VO2, anaerobic
threshold or duration of exercise because in both pacing modes, in the absence of
chronotropic incompetence, the heart rate increased adequately during exercise and in the
VVI setting mode pacing of cardiac defibrillators - which could have influenced cardiac
output by causing atrioventricular or interventricular dyssynchrony - remained inactive.

Considering that in none of the patients in our study did the pacemaker function in
AS-VP mode (atrial sensed - ventricular paced, ie own atrial depolarization followed by
pacemaker-induced ventricular depolarization due to a delay in atrioventricular con-
duction), we can equate the AAIR pacing mode in the study presented above to the DDDR
mode in our study.

In other words, the increase in maximum oxygen consumption and, implicitly, in
cardiac output is explained in the case of patients enrolled in our study based on the in-
crease in heart rate and not of the ventricular stroke volume.

From the moment of automatic activation of the rate response function, the pace-
makers from group R worked during the exercise tests either in atrial paced - ventricular
sensed mode (in 6 of the 11 patients), ie stimulated atrial depolarization followed by in-
trinsic atrioventricular conduction, physiologically, or in the atrial paced mode - ven-
tricular paced (in the other 5 patients), with both atrial and ventricular depolarization
triggered by the pacemaker).

The fact that some patients switched to atrial paced - ventricular paced mode after
activation of the function of adapting the rate of pacing to exertion indicates that in their
case there isn’t an isolated damage to the sinus node, but a dysfunction of the overall
excito-conductive system, unmasked by the way the pacemaker works during exercise.

In healthy individuals, pacing of the sympathetic nervous system during exertion, by
releasing adrenaline and noradrenaline, causes a positive dromotropic response, in-
creasing the speed of conduction through the atrioventricular node. In patients with latent
conduction disorders, however, the effort may have the opposite effect of inducing or
aggravating atrioventricular block [19, 20].

The mean age of the patients enrolled in our study was relatively low for a cohort of
pacemaker wearers, just under 70 years of age. The explanation comes from the way in
which the patients were selected, namely carriers of bicameral pacemaker, without
comorbidities that would significantly limit the capacity for effort.

There is a tendency in our country, but also in other states, based mainly on economic
reasons, to implant mainly bicameral pacemakers to young patients, in sinus rhythm,
physically active. A retrospective analysis conducted in the USA on 259 pacemaker
implant procedures confirms that patients under the age of 65 received a bicameral
pacemaker more frequently [21].

Another comparative analysis we performed in the present study was that between
men and women. If in men, reprogramming of the pacemaker from VVI mode to DDDR
significantly increased the maximum oxygen consumption, oxygen consumption at the
time of the anaerobic threshold and the maximum workload, in women the difference in



Balneo and PRM Research Journal 2023, 14, 3 10 of 14

the above parameters was only in absolute value, but was not statistically significant. This
could be explained by the small number of female patients enrolled in the study, twice as
small as that of men.

One of the most relevant clinical studies in the field of sinus node disease that fol-
lowed over 20,000 patients over an average period of 17 years reports a similar incidence
in both sexes, but noting that, for the Caucasian population, in the age range 65-74 years,
the incidence is 0.73 %o for women and 1.05 %o for men [22]. This could be one of the ex-
planations why the group of female patients wearing a pacemaker is smaller compared to
the male gender.

Another possible explanation would be that men in this age group are often per-
ceived as more physically active than women, which is why a dual chamber pacemaker is
more frequently implanted. Our assumption is proven by the authors of a multicenter,
retrospective study conducted in Germany which, analyzing over 17,000 cardiac pacing
procedures, found that dual chamber pacemakers were implanted more frequently in men
than in women [23].

A large, observational, retrospective clinical study conducted in the US and pub-
lished by Varma et al. in 2017 [24] showed that there are no significant differences be-
tween men and women in terms of long-term survival after implantation of a pacemaker.
Although there is clear evidence in the literature that supports a close, directly propor-
tional relationship between exercise capacity and overall survival [25], such an analogy
for pacemaker patients can only propose a hypothesis that needs to be tested by clinical
studies.

Among the limitations of the study, we want to mention the relatively small number
of enrolled patients, given that most pacemaker patients are elderly, with limited exercise
capacity due to the presence of comorbidities, and the total number of bicameral pace-
makers implanted for sinus node disease is low.

Also, the consequences of intraventricular and interventricular asynchrony second-
ary to ventricular pacing during exercise on the cardiac output was not evaluated. Com-
plementing the data obtained by cardiopulmonary exercise test with concomitant evalu-
ation by exercise ultrasound, would certainly allow a much better understanding of the
clinical significance of all pathophysiological mechanisms involved in cardiac pacing
during exercise.

Another limitation is that the study was not double-blind, both the programming of
pacemakers and the interpretation of cardiopulmonary exercise tests being performed by
the same investigator.

In terms of clinical implications, our study shows that simple reprogramming of
pacemakers can achieve a significant immediate improvement in exercise capacity and
that the effects of reprogramming can be assessed exactly by cardiopulmonary exercise
testing.

The way in which the pacing rate is adapted during exercise significantly influences
the patient's functional capacity and should not be easily overlooked by the interventional
cardiologist or treating cardiologist, especially since some pacemakers have this function
disabled in the default programming mode.

Also, the reaction speed of the rate response function can be individualized for each
patient, a simple adjustment of the maximum rate depending on age is sometimes not
enough to obtain optimal results.

Given the complexity and wide variety of settings of the pacing algorithm available
to modern devices, our study did not aim to identify an ideal way of programming, but,
starting from a simple model, to draw attention to the fact that pacemaker programming
must be individualized and that the cardiopulmonary exercise test is an effective way to
get immediate feedback on the consequences of the implemented changes.
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4. Materials and Methods

The study was conducted in the Cardiology department of the Clinical Rehabilitation
Hospital in Cluj-Napoca between January 2019 and December 2019.

We enrolled consecutive patients with permanent dual chamber pacemaker im-
planted for symptomatic sick sinus syndrome at least 6 months before who presented
themselves for the routine control of the device.

Sick sinus syndrome was defined according to the ESC Guidelines on cardiac pacing
and cardiac resynchronization therapy and included one of the following conditions:
sinus bradycardia (sinus rate < 60 beats/minute), sinus pause for at least 2 seconds or
bradycardia-tachycardia syndrome (alternating paroxysms of regular or irregular atrial
tachyarrhythmias and slow atrial and ventricular rates).

Patients with atrial fibrillation at the time of initial assessment, those with a history
of significant structural heart disease (dilated cardiomyopathy with moderate or severe
impaired systolic function, severe symptomatic ischemic heart disease, severe pulmonary
hypertension) and those with extracardiac comorbidities that could have significantly
limited exercise capacity, such as respiratory (chronic obstructive pulmonary disease,
severe asthma), neurological (stroke), musculoskeletal or vascular disease(chronic
obliterative arteriopathy of the lower limbs) were excluded.

Initially, the pacemaker was interrogated, with the determination of the atrial and
ventricular pacing threshold, the amplitude of the P and R waves, the impedance of the
two probes and battery voltage to exclude malfunctions. At the end of the query, the
pacemaker was programmed in single chamber ventricular pacing mode (VVI), with a
fixed pacing rate of 60/minute, the responsive rate function being deactivated, and the rest
of the parameters were kept at standard values.

Reprogramming was followed by a symptom-limited cardiopulmonary exercise test
during which the following variables were recorded:

e resting heart rate, maximum heart rate during exercise, recovery time (the time
required for the heart rate to return to the initial value)

¢ blood pressure every 2 minutes

¢ peripheral O2 saturation at rest and during effort

¢ continuous monitoring of the electrocardiogram

e effort duration (sec) and maximum reached effort threshold (W)

¢ respiratory exchange ratio (RER)

¢ 02 consumption at anaerobic threshold (VO2-AT) and during maximum effort
(VO2 max);

* VE/VCO2 and VE/VO2 slopes, VO2/HR ratio.

After completion of the cardiopulmonary exercise test, the pacemaker was repro-
grammed in dual chamber mode, and the responsive rate function was reactivated, thus
switching to DDDR pacing mode. No other changes in pacing parameters were made.

At 24 hours after the first test, patients underwent a second cardiopulmonary exercise
test, following the same variables.

Cardiopulmonary exercise testing methodology

A CORTEX MetaLyzer® system with General Electric cycle ergometer and MetaSoft
Studio® software (Cortex Biophysik GmbH, Leipzig, Germany) was used for cardio-
pulmonary exercise testing.

At the beginning of each stress test, the flow sensor was calibrated using the test
system piston cylinder and the O2 and CO2 pressure sensor by placing it in a neutral space
with constant gas pressure. atmospheric.

The exercise test was preceded by the measurement of resting blood pressure, pe-
ripheral O2 saturation and resting spirometry, the patient being instructed that after 5
cycles the normal respirations to perform a forced inhale, followed by a prolonged forced
exhalation while wearing a mask with the flow sensor connected. The fan curves were
validated by the test system software.
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Types of pacemakers and ways of programming

Pacing parameters were not changed during the study, the patients being evaluated
with the settings made by the treating cardiologist.

Pacemakers used in subjects included in the study were bicameral: Medtronic Sensia
SEDRO1 DR or St. Jude Medical Sustain XL DR.

The programmers recommended by the manufacturers were used to interrogate the
devices, respectively Medtronic Pacemaker and ICD Programmer model 2090 (Medtronic)
and St. Jude Medical Merlin Patient Care System (St. Jude Medical).

Statistical analysis

The following software was used for statistical data analysis and graphical repre-
sentation: IBM SPSS Statistics Software version 26 (International Business Machines
Corporation, Armonk, North Castle, New York, NY, USA) and Microsoft Office 2013 Excel
Data Analysis module (Microsoft Corp., Redmond, WA, USA).

Ethics

The study was conducted in accordance with the Declaration of Helsinki, and
approved by the Ethics Committee of “Iuliu Hatieganu” University of Medicine and
Pharmacy, Cluj-Napoca, Cluj, Romania (Approval Code number 448/ 19.12.2018).
Informed consent was obtained from all subjects involved in the study.

5. Conclusions

Cardiac pacemaker reprogramming is able to exert immediate effects on exercise
capacity especially by maintaining contraction synchronism between the atria and
ventricles and by adapting the heart rate during exercise in patients with chronotropic
incompetence. By optimizing the pacemaker parameters we can increase the chances of a
favorable response of the patient to the cardiac rehabilitation program.
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