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ABSTRACT

Background and Objectives : The optimal AV delay should allow for the completion of the atrial contraction
prior to the ventricular contraction, and provide for the longest diastolic filling and maximal stroke volume. This
study evaluated the effects of the AV delay on the changes in heart functions, in patients with a DDD pacemaker
and normal systolic function. Subjects and Methods : Nineteen patients were enrolled. The pacing rate was set
at 70 beats/min. The AV delay was lengthened in 20—-25 msec step, from 100 to 250 msec. The stroke volume
and diastolic parameters were measured by echocardiography for each AV delay. Results : The changes in the
stroke volume associated with the changes in the AV delay were not statistically significant. However, when vie-
wing each individual patient, the optimal AV delay for each patient could be found. When comparing the stoke
volumes obtained just before, just after, and during the maximal AV delay, a statistically significant difference
was found (p<0.05). The absolute value of the E/A ratio was less than 1. The pulmonic vein flow pattern was
dominated by the systolic flow, but the changes were not statistically significant. There was a tendency for the E
wave propagation slope to decrease. However, the absolute value was less than 40 cm/s, and the E/E’ absolute
ratio was more than 8, but neither showed any significant differences. Conclusion : In patients with a DDD
pacemaker and normal systolic function, the diastolic parameters were abnormal, and the stroke volume affected
by the change in the AV delay. (Korean Circulation J 2003:33(8):701-708)
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Fig. 1. Chest X-ray in the posteroanterior and left lateral projection. Both show the exact location of the atrial and
ventricular leads, which are located in the right atfrial appendage and right ventricular apex, respectively.
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100 msec?l 7%
62.94+15.2 mL%3 120 msec, 150 msec, 175 msec,
200 msec, 225 msec, 250 msec$! 3% 47 Ft
60.01£12.3 mL, 61.29+13.3 mL, 63.32+12.3 mL,
61.86*£12.7 mL, 63.56+12.7 mL, 63.90+13.8 mL
ATt ZF ARk e dsEtERE AR o R o)t
ztol& HolA| Apth(Fig. 2). AL St
ko] Hu)l MAAA ARE: BE FAjelA &
23 7 AREES 37 ellA 100 msec, 29ell4] 120
msec, 2814 150 msec, 6414 175 msec, 4]
2] 200 msec, 278914 225 msecith 27 1WA
AR Het 165.3+140.7 msecSitk Hof 39k

I 7 A% s vwsl s o A d3)y
2o 4t 60.65+12.2 mLY¥aL, Ho L3uEs
Ht 66.54+13.4 mL, Hdl A YsulEwk> ¥
58.62+£12.5 mL3tk ol BAXNCE /2% Afo
B ATH(p<0.05) (Fig. 3).
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A Hd 0.52£0.12 m/s a1 250 msec$!
7% Ht 046011 m/s® fHashs FAE ugo
U AR RE FosiAE 4ottt SR Y8R
A3} §Isk= XA AJZEo] 100 msec, 120 msec,
150 msec, 175 msec, 200 msec, 220 msec, 250
msecd W Z}z} F 0.71+£0.16 m/s, 0.70£0.18
m/s, 0.74+0.14 m/s, 0.73+0.15 m/s, 0.77+0.19
m/s, 0.81£0.20 m/s, 0.86%=0.20 m/s= EAIX O =
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AV delay

Fig. 2. Change in the stroke volume according to ch-
ange in the atrioventricular (AV) delay.
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Fig. 3. Change in the stroke volume (SV) at the pre-op-
timal, optimal and post-optimal atrioventricular (AV) de-
lay. The differences are statistically significant (p<0.05).

s 7FIIthH(p<0.05) (Fig. 4). o]2k g4 E/A
HE BAFCR {23t 7S HIvk(p<0.05). Ext
9] ZFEAITES WA AJ7R0] 100 msecd W Hit
203.81£34.1 msec 1, 175 msec wf F+F 180.1+
35.3 msec, 250 msec? W] 3t 163.7-£23.0 msec
2 BAH R Fo3 1S #E3 5= TH(p<0.05).
=587 o7k u]—x\]x]o‘j A7F0] 100 msecd uj
it 121.9+42.3 msecR 1, 175 msecd W Hi
135.7+37.5 msec, 250 msecd uw] F4F 1429+
38.8 msec® F7Fh= FAIE HAAN EA1491 &
A2 Ytk (Table 1).
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Fig. 4. Serial change in the mitral inflow velocity using doppler echocardiography. The longer the atrioventricular
(AV) delay, the greater is the atrial contribution in diastolic filling.

Table 1. Change in the mitral inflow echocardiographic parameters according to the change in the atrioventricular
delay

100 ms 120 ms 150 ms 175 ms 200 ms 225 ms 250 ms P
Ewave 0.52+ 0.12 0.52* 0.12 0.50* 0.13 049+ 0.13 0.52* 0.11 048=* 0.13 0.46=* 0.11 NS
Awave 0.71£ 0.16 0.70£ 0.18 0.74%£ 0.14 0.73£ 0.15 0.77£ 0.19 0.81* 020 0.86* 0.20 <0.05
E/Aratio 078+ 0.29 0.78+ 0.26 0.70+ 023 071+ 028 071+ 021 0.61+ 021 0.57+ 0.18 <0.05
DTof E 203.8+34.1 209.7£39.7 194.6+t293 180.1+353 184.7%£278 183.2+30.4 163.7£23.0 <0.05

IVRT 121.9+423 129.7+£43.6 132.5+35.9 1357+37.5 1357%36.1 140.8+37.0 1429+388 NS
DT : deceleration time, IVRT : isovolumic relaxation fime, E wave : e wave of mitral inflow velocity, A wave : a wave
of mitral inflow velocity, NS : non-specific, Values : mean+standard deviation, Scales : m/sec in E & A wave, ms in
DT & IVRT

Table 2. Change in the pulmonic vein inflow echocardiographic parameters according to the change in the atrio-
ventricular delay

100 ms 120 ms 150 ms 175 ms 200 ms 225 ms 250 ms o)
PVs  65.03£14.2 66.39+14.7 61.85+12.7 60.90+15.6  61.58+14.9 58.26+158  60.73£15.6 NS
Pvd 4131+ 9.08 3990+ 561 3898+ 871 38.55% 9.58 38.94+ 881 34.466+ 7.01 38.16%t 6.98 NS

Pva 3139+ 857 3272+ 872 3507+10.5 33.59+£104 3505+ 700 3125+ 509 3437x11.4 NS

PVs : systolic forward flow, PVd : diastolic forward flow, PVa : diastolic flow reversal, NS : non-specific, Values : mean=
standard deviation, Scales : cm/sec

LAXA AlZtH HSj0| T2 HEYW 7 = Ha} 31.17+12.3 em/s¥a, 120 msec, 150 msec, 175

Systolic forward flows A%l AJ7k0] 100 msec msec, 200 msec, 220 msec, 250 msec?! -5 212}
Ql ¢ <t 65.03+14.2 cm/s¥ 3L, 175 msec?! 7 H7t 30.05+10.4 cm/s, 30.63+10.8 cm/s, 29.68 =+
< Ht 60.90£15.6 cm/s, 250 msec?]l 7A¢ H+  11.9 cm/s, 28.6919.83 cm/s, 27.32+8.22 cm/s,
60.731£15.6 cm/sE HAXA A7ke] W] et & 26.31£8.06 cn/sE Tadhe FAIE HAANE B
Aoz Fodt sl #aw#] et Diastolic for- 202 FosA= St SEE 74 72 Ets}
ward flow® HAXA A7k Wl weh fojet 2 A T4 SEAES] E Ik vl A ARk |
ol BZEA 9)th Diastolic flow reversal 2] ol we} A& Fo3t Wels 723 -+ JIsich

3 ZJol7} 92w Shtrh(Table 2). (Table 3).

HIAIXIOY A|ZF H3J0| 2 AA S0 &2 £50| H35]9] J—I_ At
oz/MNT (i} C o= TTHe =211 L= O =
SZEE

A7 MY mEe] HESUE ol8F A AU W A PAAR AR A S dojup] el 2
79 SuE P4 ARI] 100 msecd] A5 Bt A4 ) Foiol B YES s 297] 39



Table 3. Change in the E wave propagation slope and E/E’ ratio according fo the change in the atrioventricular delay

100 ms 120 ms

150 ms

175 ms 200 ms 225 ms 250ms  p

Slope of E propagation 31.17+12.3 30.05+10.4 30.63£10.8 29.68£11.9 28.69+£9.83 27.32£822 26.31+8.06 NS

E/E' ratio

10.32+ 3.40 1087+ 3.9511.39+ 3.49 10.78+ 4.41 11.04+3.24

11.23+14.63 10.37+4.10 NS

E : e wave of mitral inflow velocity, E’'

e wave velocity of mitral annulus by doppler tissue image, NS : non-specific,

Values : mean£standard deviation, Scales of slope of E propagation : cm/sec

AV delay : 175ms

p—— 500ms

AV delay : 170 ms

Fig. 5. Surface lead Il electrocardiograms from different patients who were implanted with DDD pacemakers. The
onset of the P waves after the atrial pacing artifact clearly differs between A and B patients who had same atrio-

ventricular delay.
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