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Summary

To identify the effect of chronotropic responsive cardiac pacing on ventilatory responses to exer-
cise, 9 patients with chronotropic incompetence underwent paired cardiopulmonary exercise tests
with fixed demand rates (AAI, VVI) and chronotropic responsive (AAIR, VVIR, DDD) pacing
modes.

Compared with fixed rate pacing, chronotropic responsive pacing increased peak oxygen uptake
and delayed the attainment of the anaerobic threshold (AT) with a higher level of oxygen consumption
(p<0.01). Dyspnea was a major symptom that limited exercise time in 7 patients with fixed rate pac-
ing, which was prominent with chronotropic responsive pacing. Ventilation (VE) and the ratio of venti-
lation to CO, production (VE/VCO;) were consistently higher with fixed rate pacing during exercise.
To compare the responses between the 2 pacing modes with the same work loads under aerobic condi-
tions, we measured ventilatory variables one min prior to the AT as obtained with fixed rate pacing.
When switching the pacing mode from fixed rate pacing to chronotropic responsive pacing, VE and
VE[VCO, decreased significantly from 22.0-+7.8 to 19.8+6.8 //min, and from 37.4+5.4 to 33.6+
5.2, respectively. Tidal volume did not change, but respiratory frequency decreased more with chrono-
tropic responsive pacing (p<0.05). Although peak VE did not differ between the 2 pacing modes, VE/
VCO, decreased more with chronotropic responsive pacing (p<0. 01) Respiratory frequency decreased
and tidal volume increased more with chronotropic responsive pacmg (p<0.05).

This study suggests that chronotropic responsive cardiac pacing attenuates exertional dyspnea by

BILERERAZESRE E-NF The Second Department of Internal Medicine, To-
BHAA 2630 (T930-01) yama Medical and Pharmaceutical University, Sugi-

tani 2630, Toyama 930-01
Received for publication April 15, 1991; accepted September 20, 1991 (Ref. No. 37-148)

— 503 —



/, BER, BREFH, 13

improving ventilatory responses to exercise as well as increasing the cardiac output in patients with

chronotropic incompetence.
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Table 1. Clinical chracteristics and pacemaker settings of patients
Pacemaker setting
Patient Age/sex Diagnosis Pacemaker Implant
Activity threshold Rate response
62/M SSS AAI-Act Medium 10 14 days
67/M SSS AAI-Act Medium 10 14 days
73/F SSS AAI-Act Medium 10 14 days
Asthma
4 82/M CAVB DDD 14 days
Amphysema
5 61/F CAVB DDD 16 months
6 40/F CAVB DDD 12 months
7 63/F CAVB VVI 3 years
8 84/F CAVB VVI 6 years
9 60/M CAVB DDD 14 days

SSS =sick sinus syndrome ; CAVB=complete atrioventricular block ; AAI-Act=AAI-Activitrax (Medronics Co).

Table 2. Pacing modes and exercise protocol

Patient Pacing modes Exercise Protocol
1 AAIR-7 days-AAIl Treadmill Bruce
2 AAI-7 days-AAIR Treadmill Weber
3 AAI-7 days-AAIR Treadmill Weber
4 VVI-7 days-DDD Ergometer Unloading (3 min)+15 watts+5 watts/min
5 DDD-7 days-VVI Ergometer Unloading (3 min)+15 watts+5 watts/min
6 DDD-7 days-VVI Ergometer Unloading (3 min)+20 watts+10 watts/min
7 VVI-7 days-VVIR Ergometer Unloading (3 min)+15 watts+5 watts/min
8 VVI-7 days-VVIR Treadmill Weber
9 DDD-7 days-VVI Ergometer Unloading (3 min)+15 watts+5 watts/min
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Fig. 1. Heart rate response at one min intervals during exercise with fixed rate pacing
mode (A) in comparison with rate-responsive or DDD pacing mode (B).
HR =heart rate; P=patients’ number.

A B o leg fatigue
® dyspnea
= €
.E E
@ 150f c 15} /
® o
8 s
- a
@
T o
100} 2 10} /023
[} —
[ [ ]
a x
w /
50F sk
- P<0.0 P P<0.01
T '] 1 Il { 1 'l
F R F R

Fig. 2. Peak exercise heart rate (A), exercise duration and major symptom limiting exer-
cise (B) with fixed rate pacing mode (F) in comparison with rate-responsive or DDD
pacing mode (R).

Though exercise duration did not differ between the 2 pacing modes in one patient with sick sinus
syndrome (patient 1), his major symptom limiting exercise changed from dyspnea with AAI pacing to
leg fatigue with AAIR pacing.
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Fig. 3. The breath-by-breath response in res-
piratory gas exchange at rest and during exer-
cise with the 2 pacing modes in patient 4.

Exercise was performed using bicycle ergometer.
Heightened ventilation is shown with VVI pacing
compared with DDD pacing.

VE =minute ventilation; VO,=minute oxygen up-
take; VCO,=minute CO, production.

N—y 7T 52699 mil/4y, DNEEHENAL—
v 7T 5381106 ml/4y b, HEEIE A Do A,
O; pulse % 8.2+2.2 ml/beat 5 5.8+0.9ml/
beat &, RIS — L S THBEICHOL
Tc.

KB OM N — > 7 — RTOMLE Y =
STFTR Z e+ 2 & (Fig. 7), gy 2 5
i, 352449 5 314242 ~&, OHEEE

— 507 —



B, WK, REFH, 3

60
sof 8
. o
9 4 ° 8 o 5 8
e
w
>
30
e vVl
© DDD
20
] 1 1 L 1 1 A

L i I I A 1 L Il

R 0 15 20 25 30 35 40 45 50 S5 60 65 70 75 80

Exercise Duration (Watt)

Fig. 4. The ratio of ventilation to CO, production (VE/VCO,) at rest and during exercise

with the 2 pacing modes in patient 4.
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Fig. 5. Peak oxygen uptake and anaerobic threshold with fixed rate pacing mode (F) in
comparison with rate-responsive or DDD pacing mode (R).
VO,=minute oxygen uptake; AT =anaerobic threshold; x =VVI; O=DDD; A=VVIR; H=

AAI; []=AAIR.
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Fig. 6. Ventilatory variables one min prior to the anaerobic threshold obtained with
fixed rate pacing mode.

VE/VCO,=ventilatory equivalents for CO, production; VO,=minute oxygen uptake; VE=minute
ventilation; f =respiratory frequency; TV =tidal volume; O, pulse=VO,/HR; F=fixed rate pacing
mode; R=rate-responsive or DDD pacing mode; X =VVI; O=DDD; A=VVIR; B=AAI; (=

AAIR.
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Fig. 7. Ventilatory variables at peak exercise.
Abbreviations and symbols: see Fig. 6.
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