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As the cycle was shortened, both the effective and

functional refractory periods of the atrium were de-

creased with the slopes of +0.10 and 0.01, respectively.
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As the cycle was shortened, the effective refractory

gej_@g@__of the atrium was decreased with the slope of

+0.10, whereas no consistent change could be observed

in the functional refractory period of the atrium.
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Effects of Changes of Cardiac Cycle on Electrophysiological Properties of Atrium and
Atrioventricular Node in Man. Tadao Ishikawa, Department of Internal Medicine (I),
(Director: Prof. N. Hattori), School of Medicine, Kanazawa University.
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Table 1. Clinical data of 18 patients

No. Patient | Age Sex | Clinical diagnosis B
—"1 T.N. 872 F ,‘Ischemic heart disease, Sick sinus syndrome N

2 K.K. 72 F Ischemic heart disease, Sick sinus syndrome

3 C.H 66 F Hypertension, Sick sinus syndrome

4 Y.A. 59 F Hypertension, Sick sinus syndrome

5 T.S. 74 F Ischemic heart disease, Sick sinus syndrome

6 H.M. 45 M Sick sinus syndrome

7 A.T. 70 F Sick sinus syndrome

8 S. K.. 46 M Sick sinus syndrome

9 H.Z. 58 F Sarcoidosis, First degree A-V block

10 T.N. 72 F First degree A-V block

11 T.H. 31 M Hyperthyroidism, First degree A-V block

12 K.K. 69 M Angina pectoris, First degree A-V block

13 Y.A. 71 F Paroxysmal supraventricular tachycardia

14 S.S. 55 F Paroxysmal supraventricular tachycardia

15 S.0. 72 F Sinus bradycardia

16 Y.T. 70 M Ischemic heart disease

17 K.K. 75 M Ischemic heart disease

18 K.A. | o7 F Angina pectoris

-~ lmm lkmekim1

0 U IHY 400 HY mriv

Fig. 1. An exauple of the experimental recording. During pacing study at the
atrial driven cycle length of 730 msec, A'H’ was prolonged from 100 to 150 msec,
when atrial extra stimulus (St') was applied at a coupling interval (St-St’) of 360
msec. However, A’ did not conduct to the ventricle at a closer coupling interval
of 310 msec.
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Tabl 2. Effects of the basic cycle length on the refractory periods of the atrium
and the atrioventricular node

Patient BCL AFRP AVFRP
No. (msec. ) AERP(msec.) (msec. ) AVERP(msec.) (msec. )
1 1200 310 430 <430 500

600 250 380 <380 470

2 850 400 430 <430 450
650 360 370 390 425

450 395 400 <400 410

3 750 240 240 <240 370
550 220 220 F 280 F 350

S 220 S 410

4 750 210 300 <300 475
450 180 280 380 440

5 750 180 270 270 420
500 170 270 280 360

6 800 250 310 750 750
600 250 310 * *

450 200 270 * *

7 700 220 250 540 565
450 220 245 * *

8 700 220 320 320 411
500 180 310 330 400

9 750 260 320 <320 440
600 250 290 290 440

450 210 260 280 420

10 550 190 245 325 420
450 180 245 310 420

11 750 230 300 570 640
600 220 310 530 590

12 850 220 260 510 540
750 220 280 460 490

13 750 220 290 <290 400
450 210 300 F 300 F 400

S <300 S 516

14 750 240 290 F 460 F 510
S 400 S 560

450 230 300 * *

15 600 not determined 280 F 300 F 360
. S 270 S 590

450 not determined 300 F 310 F 360

S 300 S 540

16 1000 230 270 690 790
600 240 260 * *

17 750 210 250 not determined 560
600 210 270 360 490

18 750 200 240 F 320 F 430
S 320 S 530

450 170 225 F 360 F 340

S 450 S 540

Abbreviations: BCL=basic cycle length; AERP=atrial effective refractory period;
AFRP=atrial functional refractory period; AVERP =atrioventricular nodal effective
refractory period; AVFRP=atrioventricular nodal functional refractory period;
F=the fast pathway of the atrioventricular conduction system; S=the slow pathway
of the atrioventricular conduction system.
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DD S LERTOBO FTEHV ELL, BOE,
EREHORIEHIZDenes 5YDEHIZH 72, T4b
b, LEEFIGH (atrial  effective  refractory
period : AERP) (. LERE 2 b &y YR DSESE,
LERAERIRSHA (atrial  functional  refractory
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CEETARHRISHA (atrioventricular nodal function-
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- —EHOEFIC BN T, TR EINVLF T E
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% 20 HETHIEL, 10 505 LTREET- 7.
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£IMoBABLIUH 254 BEL ORI
SUICCHEBEORE%21T- 7 BHOKRERBETH
3. DEAGE%2&BCLICS WTHEEL, BCLE ORF
ExHTHD EF 2 O BCLOEHE £V AERPIZ
gL, BCLE: O EBEHO LRI +0.10+0.04
TH-1, —AFRPOBE D ARG +0.01£0.05 T
HY, FRACHERELZASNE» o, BERSA
TRISEHC DV TIEBCLOEHE I £\  AVERPIZAIRE T 5
LOLEET2H0 ¥ THY, BREHRDOFEY
HE2iE+0.08+0.05 » FEA MM w72, AVFRP
XBCLASKERET 2 £ & bIZEiE L, BTz +0.170.04
Thoiz (K3).
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mseciZ BN 3 £ TIE L A X2 b9 450 msecLA Tz
hBEBEERL, ZOBOSt-ARRIZTEY 64.5 msec
T, St-ARERAA R b 4 B %75 L 72 RO 49 57.7 msec
ED10.9%IER L7 (K4 LB, EEREEERRE
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DIz, #1E TicWenckebachE®E 7oy 7 24
Uz 385 T ¥ 154 mseck o 72, ZDfEIZBCL
W4 AHREE038 b B E & R L 2RO 102
mseck D b 55.2% DEETH Y, BCLOGEHEIBEER
ficgceResspEr5r s ensonl: (X
4 TR, BBV © 3 BCLEM k4 ) BEEE
H#RIZ 2 L — X T7% { Rosen 5D > 3 dual pathway

B S 0708, 209 5 28 TIIBCLyEMEL /-8
DA, ZOFRRNHELLE, R5t0s 50 14
%777, BCL#S 640 msecDFDO B EREMMMRIL A L—
AT 2H, BCLA 540,400 msec L FHET A & & b i
AA'#t 300 msec & % - 7B HH' 28jump up¥ 2 IR HS
HHIT,

Table 3. Effects of the basic cycle length on
the intraatrial conduction time

P?Itéent BCL(msec.) St-A(msec. )
1 950 85
720 85
570 90
400 100
380 100
3 640 60
570 60
480 60
400 60
340 60
5 640 60
580 60
480 65
400 65
330 75
6 650 50
580 50
470 55
400 95
340 70
7 570 40
470 40
340 58
9 640 55
570 55
470 62
435 60
10 485 45
370 50
350 50
13 720 62
570 70
400 80
350 90
14 530 50
400 55
350 58
15 560 70
490 80
390 80
360 90

Abbreviation: BCL=basic cycle length; St-
A=the interval between the stimulus and the
atrial electrogram recorded on the His bundle
electrogram.
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Table 4. Effects of the basic cycle length on the
atrioventricular conduction time

%aélent BCL(msec. ) AH(msec. )
1 1000 110
700 130
600 170
580 160
480 220
2 1100 110
850 110
650 150
520 150
450 155
430 190
3 1100 95
750 95
660 110
570 150
470 160
400 160
360 200
4 750 110
650 140
550 200
450 260
440 290
420 *
5 1100 60
750 60
550 70
400 80
350 90
6 950 110
800 170
650 *
8 700 200
520 210
500 220
450 230
400 270
370 330
9 760 170
600 220
560 200
460 240
450 260
430 260
10 550 200
450 240
11 750 120
600 190
12 1100 135
850 130
750 160
700 160
600 200
460 220
400 *

13 750 140
650 150
530 170
450 190
400 210
370 400
14 750 150 |
550 210
500 360
450 *

Abbreviation: BCL=basic cycle length: AH=
The interval between the atrial electrogram
and deflection recorded on the His bundle elect-
rogram.
% BCL at which second degree AH block was
present.

AERP AFRP

Y40 600 800 1000 1200 T400 600 80 1000 200

msec
BCL

Fig. 2. Effects of the basic cycle length (BCL)
on the atrial effective refractory period(AERP)

and on the atrial functional refractory period
(AFRP)

AVERP AVFRP /"
w7 D}ﬂ/g;,d
400 W %’q
o

200} " F

100}

A

V40 600 800 1000 1200
msec
BCL

U400 600 80 1000 1200

Fig. 3. Effects of the basic cycle length (BCL)
on the atrioventricular nodal effective refrac-
tory period (AVERP) and the atrioventricular
nodal functional refractory period (AVFRP)
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BCLOEMEMNLE L2 —, ta—-#HicRigTHEY
AIEHER 6 2R, B’ 6 LB TIRBCL 750 msec

Pacing st-A LECBETR > & & SISt 2 MIMEL T O LB T 21— H%
msec TE&aho72, LHL, K 6 TEROM BCL%E 450 msec
10of TN LG L 7 RRE T3 SESt 58 220~160 msecO @EHT s
8of Bra—»HELE. 23 LB I—-#DES k,
sob BCLEDBARIZ DWW TIRE L ONR 7 TH 3. Hic
AT, BCLAE 750 mseckl b4 & 600 msecHifg & %
“or BIrickh, I EHIFABITAE Y,
20 "3(‘)0 . v o o000 eeec BCL% & 5iC 450 msecHIte L LIz & EX 9Hh 3 MIT
AH REL, 1PITAE ok, Thbbza—#3,
msec
400F
BCL 640 msec 540 400
| I D=l
HH' 2]
2000 600 . .
100k 400 P "'Awf ©
i 1 4. A, 1 A 1 ' i A zm
"300 400 500 600 700 800 900 1000 100 . .
msec 200 400 600 200 40 600 200 400 600 msec
BCL AA
Fig. 4. Bffects of the basic cycle length (BCL) (SY.731)
on the intraatrial condution time (St-A) and Fig. 5. Effects of the basic cycle length (BCL)
on the atrioventricular conduction time (AH). on the atrioventricular conduction curves.
Closed circles show BCL at which second deg- Closed circles indicate the induction of supra-
ree AH block was present ventricular tachycardia

BCL 750 msec

; 1

* 41— - T

\ ‘ ey e
St-st’ 220 200 180

Fig. 6. Effects of basic cycle length (BCL) on the atrial echo zone. St is the sti-
mulus artifacts of the paced basic cycle beat, and St' is premature stimulus ar-
tifacts. The atrial echo was not induced at any St-St’ interval at BCL of 750 msec
(upper panel). On the other hand, the atrial echo was induced at St-St’ interval
from 220 to 160 msec, when BCL was shortened at 450 msec (lower panel).
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Fig. 7. Relation of basic cycle length (BCL) to
width of the atrial echo zone

1200 msec

A. echo zone
msec

100t

(RS-

200 250 300 msec
AERP
Fig. 8. Relation of the atrial effective refractory
period (AERP) to width of the atrial echo

zone

. AH AV-ERP AV-FRP
80

20 \

20

iz D\\

P %2 .
-20
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Fig. 9. Changes in AV function induced by dil-
tiazem. The vertical lines represent percent
changes of AH, AVERP and AVFRP values
after diltiazem injection, respectively, (values
before diltiazem were used as controls).
After diltiazem injection, it was shown that
percent changes of AH, AVERP and AVFRP
were increased as BCL was shortened
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Effects of Changes of Cardiac Cycle on Electrophysiological Properties of Atrium and Atrio-
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Abstract _

By means of the extra-stimulus technique, effects of changes in the cardiac cycle (pacing) on
the refractory period, the conduction time from the atrium to the atrioventricular node (AV),
and the atrial echo (see below) were studied in 18 patients with heart diseases including sick sinus
syndrome, paroxysmal supraventricular tachycardia and others. The atrial echo was determined
as occurrence of early two atrial responses at an interval of 350 msec or less. The atrial echo
zone was defined as the zone between the longest and shortest coupling intervals of stimulation
giving rise to the atrial echo. The refractory period, the conduction time and the atrial echo zone
in response to changes in the cycle length were measured consecutively in a range of 330-1200
msec in all the patients. In 5 patients, measurements were repeated before and after intravenous
injection of a depressant (diltiazem hydrochloride) for the AV nodal function (1 mg/min, for 20
min),

As the cycle was shortened, both the effective and functional refractory periods of the atrium
were decreased with the slopes of +0.10 and +0.01, respectively. As the cycle length was short-
ened, the AV nodal functional refractory period was also decreased with the mean slope of
+0.17, whereas no consistent change could be observed in the AV nodal effective refractory
period. Degrees of prolongation of the intra-atrial and AV nodal conduction time were 10.9 and
55.2% on the average respectively, when the cycle length was decreased below 450 msec. The
AV conduction curve of the dual pathway pattern could be found in 5 of 18 patients, two of
whom were found to have the dual pathway only at a shorter cycle length, The atrial echo zone
was the moderate cycle length around 600 msec, while the atrial echo was increased by pacing
either at the very long or short cycle length.

After iv. diltiazem, the conduction time and the refractoriness of AV node were increased;
the degrees tended to be further augmented as the cycle length was shortened. Particularly, the
effective refractory period of AV node was significantly increased at thé shorter cycle length
upon iv. diltiazem,

It was concluded that the shortening of the cycle length below the physiological range might
have an effect to easily bring about the re-entrant supraventricular tachyarrhythmia due to
change in the conductivity rather than to alteration in the refractory period. It was of impor-
tance to test the pharmacological effect of antisupraventricular tachycardia, such as diltiazem,
during the pacing study at a shorter cardiac cycle length as well as at the physiological length.




