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Table 1. Cases with permanent pacemaker implantation

No Age (years) Sex Pacing Mode
) Mean+SD Range M F VVI AAI DDD
Advanced AVB 62 65.9+12.6 33-—89 34 28 42 20
SSS 51 61.2+14.8 21—87 24 27 17 19 15
Af with SVR 11 66.5+ 9.7 52—86 7 4 n -
Total 124 63.91+13.5 2189 65 59 70 19 35

No.=number of cases: SD=standard deviation: M=male ; F=female;
AVB=atrioventricular block : SSS=sick sinus syndrome ; Af=atrial fibrillation ;

SVR=slow ventricular response.

Table 2. Symptoms in patients with permanent pacemaker implantation

Advanced AVB SSS Af with SVT
VVIl DDD VVI AAI DDD VVI
n=42 n=20 n=17 n=19 n=15 n=11
Death 1 0 2 0 1 1
Palpitation 2 2 3 2 0 1
Chest pain 3 2 4 0 1 1
General fatigue 3 0 4 1 0 4
No symptoms 33 16 4 16 13 4

AVB=atrioventricular block ; SSS=sick sinus syndrome; Af=atrial fibrillation

SVR=slow ventricular response.
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Fig. 1. Pacemaker mediated arrhythmias detected on 24-hour Holter
recordings in patients with VVI pacing. (a) Pacing failure.
(b) Undersensing of normal R-wave. (c) Undersensing of
premature ventricular constraction. (d) Myopotential inhibition

Table 3. Arrhythmias detected on 24-hour Holter recordings in VVI pacing cases
Advanced AVB  SSS At with SVR  Total

(Sinus)  (Af)
n=37 n=5 n=17 n=11 n=70
Non-pacemaker mediated arrhythmias
Established atrial fibrillation 1 5 6
Paroxysmal atrial fibrillation 0 2 2
Paroxysmal atrial tachycardia 0 2 2
Pacemaker mediated arrhythmias
Pacing failure 1 0 1 0 2
R-undersensing 2 1 1 1 5
Myopotential inhibition 9 2 3 3 17

( )=atrial rhythm : AVB=atrioventricular block : SSS=sick sinus syndrome:
Af=atrial fibrillation : SVR=slow ventricular response.
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Table 4. AAI pacing cases with sick sinus syndrome (19 cases)

Case Age  Sex SSS PQinterval Follow-up PQinterval Spike-Q
(yr) group  before PM  period after PM interval
(sec) (months) (sec) Min-Max
(sec)

1 46 F SSS1I 0.18 50 0.20 0.22—0.32
2 71 F SSST 0.20 47 0.20 0.22—0.24
3 42 M SSS1I 0.16 46 0.16 0.16—0.18
4 64 F SSSI 0.16 45 0.16 0.18—0.20
5 67 M SSSTI 0.16 44 0.18 0.22—0.42
6 67 F SSSII 0.16 42 0.16 0.18—0.18
7 68 M SSSI 0.16 41 0.18 0.24—0.26
8 68 M SSS1 0.14 37 0.20 0.20—0.22
9 83 F SSS1 0.20 32 0.20 0.24—0.24
10 63 F SSS1I 0.20 29 0.20 0.22—0.32
11 77 M SSS I 0.18 28 0.18 0.20—0.20
12 84 F SSSh 0.16 27 0.16 0.22—-0.36
13 35 F SSS 0.16 24 0.18 0.24—0.24
14 64 M SSS1I 0.14 16 0.14 0.18-0.20
15 55 F SSS1I 0.18 13 0.18 0.20—0.20
16 55 M SSST 0.18 12 0.18 0.22—0.26
17 41 M SSS1I 0.16 11 0.18 0.20—0.22
18 76 M SSS 0.20 4 0.20 0.22—0.24
19 46 F SSS1 0.18 4 0.18 0.18—0.20

SSS=sick sinus syndrome; [I, l =Rubenstein’s classification ; PM=pacemaker
implantation ; Min=minimum ; Max=maximum ; M=male ; F=female.
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Fig. 2. Pacemaker mediated arrhythmias detected on 24-hour Holter
recordings in patients with AAI pacing. (a) Undersensing of
P-wave. (b) Myopotential inhibition.

Table 5. Arrhythmias detected on 24-hour Holter recordings in AAI pacing cases

S
n=13 n==6 n=19
Non-pacemaker mediated arrhythmias
Paroxysmal atrial fibrillation 0 2 2
Paroxysmal atrial tachycardia 0 1 1
Pacemaker mediated arrhythmias
Pacing failure 0 0 0
P-undersensing 1 4 5
Myopotential inhibition 2 0 2

SSS=sick sinus syndrome; [I, l=Rubenstein’s classification.
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Table 6. DDD pacing cases with advanced atrioventricular block (20 cases)
Case Age Sex Grade Follow-up Max HR
(yr) period VAT pacing
(months) (beats/min)

1 56 F MobitzIl, CAVB 48 120
2 58 F Mobitz I 39 96
3 60 M Mobitz I 38 118
4 43 M Mobitz I 34 100
5 34 M Mobitz I 25 115
6 55 M CAVB 25 95
7 61 F CAVB 18 118
8 57 M CAVB 17 122
9 33 M CAVB 17 128
10 72 M CAVB 15 122
1 51 F CAVB 15 120
12 58 F Mobitz I 13 78
13 74 F CAVB 10 110
14 7 M CAVB 10 80
15 80 F CAVB 9 112
16 57 F CAVB 8 118
17 67 M CAVB 8 100
18 56 M MobitzIl, CAVB 8 121
19 79 F CAVB 6 108
20 71 F Mobitzll, CAVB 5 103

Max HR=maximum heart rate: CAVB=complete atrioventricular block ;
M=male ; F=female.

Table 7. DDD pacing cases with sick sinus syndrome (15 cases)

Case Age Sex SSS AVB RA pacing  Follow-up VAT pacing
Group 1:1 conduction period Max HR
Max HR (months) (beats/min)
(beats/min)
1 53 M SSSI  Mobitzll 80 47 91
2 42 M SSS 90 45 130
3 21 M SSS1 90 43 126 VVI*
4 58 M SSS1 110 43 90
5 60 F SSST  Wenckebach 120 42 108
6 49 M SSSOI  Wenckebach 110 41 115
7 42 M SSSI  Wenckebach 110 40 130
8 68 F SSS1 100 3 70 DVI*
9 65 F SSSI  Mobitz Il 80 27 72 DVI*
10 68 F SSSI  bifascicular 110 10 76
11 75 F SSST  Wenckebach 110 10 114
12 47 M SSSI 110 9 122
13 72 M SSSm 110 8 82
14 73 F SSSH  Wenckebach 100 7 72
15 79 M SSSI  MobitzIl 80 4 98

SSS=sick sinus syndrome ; AVB=atrioventricular block ; RA=right atrial;
Max=maximum ; HR=heart rate; M=male: F=female. I, I, Il =Rubenstein’'s
classification ; * =reprogrammed mode.
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Fig. 3. Comparison of heart rate detected
on 24-hour Holter recordings in
patients with DDD pacing of ad-
vanced atrioventricular block and
sick sinus syndrome. A-V sequen-
tial pacing at rest and VAT pacing
on exercise.
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Fig. 4. Pacemaker mediated arrhythmias detected on 24-hour Holter
recordings in patients with DDD pacing. (a) Undersensing of
P-wave. (b) Myopotential inhibition. (c) Pacemaker tachycardia
due to myopotential oversensing. (d) Pacemaker mediated tachy-
cardia.

Table 8. Arrhythmias detected on 24-hour Holter recordings in DDD pacing cases
Advanced AVB SSS

i T Total
n=20 n=9 n=6 n=35
Non-pacemaker mediated arrhythmias
Paroxysmal atrial fibrillation 0 0 2 2
Paroxysmal atrial tachycardia 0 0 1 1
Pacemaker mediated arrhythmias
Atrial pacing failure 0 0 0 0
Ventricular pacing failure 0 0 0 0
P-undersensing 2 1 1 4
R-undersensing 0 0 0 0
Myopotential inhibition 2 1 1 4
Pacemaker tachycardia 2 1 2 5
Pacemaker mediated tachycardia 1 0 0 1
AV B=atrioventricular block ; SSS=sick sinus syndrome: II, Il =Rubenstein’s

classification.
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Studies on 24-hour Holter electrocardiography
Part II : Pacemaker function, arrhythmias and hemodynamics of
cases with permanent pacemaker implantation
Takato HATA
The First Department of Surgery, Okayama University Medical School, Okayama
(Director : Prof. K. Orita)

One hundred twenty-four patients with unipolar permanent pacemaker implantation
(advanced atrioventricular block, 62 cases; sick sinus syndrome, 51 cases; and atrial
fibrillation with slow ventricular response, 11 cases) were studied by 24-hour Holter
electrocardiography. Analysis of pacemaker function and arrhythmias with various
pacing modes (VVI pacing, 70 cases ; AAI pacing, 19 cases ; and DDD pacing, 35 cases)
and measurement of hemodynamics revealed the following.

In all pacing modes, atrial contraction was observed in cases of advanced atrio-
ventricular block. However, in the VVI pacing mode with sick sinus syndrome, atrial
contraction was often lost. In sick sinus syndrome group Ill, pacemaker non-mediated
arrhythmias were often recorded. Pacing failure was not noted with any atrial or ventricu-
lar pacing. Undersensing was observed in 26 % of the AAI pacing group and 7 % of the
VVI pacing group. Myopotential inhibition was observed in 11-24 % of all pacing modes,
but only two patients complained of subjective symptoms. DDD pacing with atrial
sensing yielded effective increase of heart rate, but caused pacemaker tachycardia and
pacemaker mediated tachycardia. In making these diagnosis and managing of pacemaker
mediated arrhythmias, 24-hour Holter recordings were the most effective. In comparison
of hemodynamics in any pacing mode, physiological pacing was significantly different
from VVI pacing as to blood pressure, left atrial pressure and cardiac index. Patients
who require improvement of hemodynamics should be treated with physiological pacing.
As for the optimal choice of pacing modes, patients with advanced atrioventricular
block without underlying disease do not always require physiological pacing. However,
the patients with sick sinus syndrome should receive physiological pacing.



