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CHANGES OF SIGNAL AVERAGED ECG BY CLASS 1 

ANTIARRHYTH取口C AGENTS IN PATIENTS WITH VENTRICULAR 

ARRHYTHMIAS 
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抗不整脈薬は心電図各成分に対し影響を及ぼすが、通常の 12誘導心電図では

それを詳細に検討する'ことは困難である。我々は、高分解能を使用し I群抗不

整脈薬の効果と心電図高周波成分の変化の関連を検討します。対象は心室性期

外収縮が認められる患者 37 名、内訳は disopyramide(DP)5例、

mexiletine(MX) 11 例、 flecむnide(FL)7 例、 propafenone(pF)6 例、

pilsicai出de(pS)8例を経口投与、 VPCが 75%以上減少したものを有効と判定

した。 I群抗不整脈薬投与前後に NEC.SanEi 社製 SignalProcessor 7T18 

を用い SAEを記録した後、 f・QRS、RMS40を測定して、さらに薬剤投与前後

の変化率ムιQRS、ムRMS40を求めました。結果:l)DP、FL、PF、PSは投

与後手QRSが延長していましたが、MEではほとんどかわりませんでした。2)DP、

FL、PF、PLは投与後RMS40が減少しましたがMEではほとんどかわりませ

んでした。 3)DP、FLは投与前の f.QRSが 120msec以上あるいはιQRSが20%

以上延長した例で無効例が多く見られました。なお、 PF、PSを経口投与した

時には投与前の ιQRSが 100msec以上の症例で無効例が多く見られました。

結論:心電図高周波成分を詳細に検討することにより I群抗不整脈薬の薬効を

臨床的に評価することが可能であった。今回我々の行った検討は、薬剤有効例

と無効例の比較、催不整脈作用の現れた例の検討等、抗不整脈薬を適切に使用

するための指標として有用な方法となりうると思われた。

Key Words: Signal averaged ECG(SAECG)， Class 1 antiarrhythmic drugs， 

Ventricular premature contractions(vpC) 

INTRODUCTION 

To date， the main clinica1 role of the signal averaged ECG (SAECG， SAE) was也e



identification of patients at risk of sustained ventricular tachycardia and sudden death. 

Prediction of也eefficacy of antiarrh戸hmicむugsrepresents釦 0出erpotential clinical 

application of this me血.0d'oJ •

It is important to search for new approaches to predict which世ugwill be most effective 

for a given patient wi也 ap訂tic叫訂 arrhy吐1IDia. The same agent may be effective for 

one patient while it c組 failfor ano也er.Empirically based antiarrh戸hmic仕eatmentcan

be hazardous because of凶ggering血ngerousproarrh戸hmiぉ.But until now， only a few 

reports have examined 也erelation between 世ug induced SAE changes and 

antiarrh戸hmicefficacy. 

Therefore， in our research at Nippon Medical School， we focused on SAE changes 

caused by antiarrh戸hmicdrugs and their possible凶 efor prediction of antiarrh戸hmic

efficacy. 

To evaluate the differenteffects of Class 1 anti卸 h戸凶lC的 gson SAE， recording wぉ

made before and after the administration of Class 1 agents -disopyramide (Ia)， 

mexiletine (Ib)， t1ecainide (Ic)， propafenone (Ic) and pilsica凶de(Ic). 

PATIENTS: 

We studied 37 patients with ventricular premature contractions (VPC) for a whole day. 

Twenty-seven were male， ten were female， and the mean age wぉ 60ye紅 s.The type 

of underlying heart disease wぉ oldmyocardial infarction in two patients， dilated 

cardiomyopathY in six patients， and hypertrophic cardiomyopathy in one patient. In the 

remaining patients， any organic heart diseぉeswere not clearly determined， and the 

cause of VPC was thought idiopathic. 

The following Class 1 antiarrh:戸hmicagents (AA) were administered per os; 

Disopyramide (DP) in 5 cases， mexiletine (MX) in 11 cases， t1ecainide (FL) in 7ωes， 

propafenone (PF) in 6 cぉesand pilsicainide (PS) in 8 cぉes.

恥aTHODS:

After completing the basic evaluation of arrhythmias， each patient underwent control 

SAE recording. Then each patient w邸 testedwith the selected anti-arrhythmic agent. 

All recordings were performed at Nippon Medical School wi出血esubject lying on the 

bed in a quiet environment. 

SAE wぉ recordedfrom X， Y and Z orthogonal leads using model 1000 DX recorder 

(San-Ei， NEC). The recordings prior to and on medication were obtained from也esame

之



electrode position . A mean of256 +4 (range 179・356)cardiac cycles were averaged. 

The skin of the patients wぉ prep紅 edwi也amildly abrasive tape. 

Then eight di叩osableelectrodes were placed in the following positions: 

1. the horizontal (X) electrodes at也eright and left mid-axillary line at出efour出

Intercostal space， 

2.也eve凶cal(Y) electrodes at the manubrium and at the mid-axillary line on也eeight-

凶n也riband 

3. the sagittal (Z) el即位odesin V2 position and in the coπ'esponding position posteriorly 

/on the back to the left ofthe vertebral column. 

Two ground electrodes were also attached. 

Before starting the recording， two minutes were allowed for stabilization， then the 

signals from X， Y， Z bipolar leads were recorded for 7 minutes. Signals were analysed 

w1出 a band p邸 5 filter set at 50・250Hi and recorded on a DAT tape. After 

amplification， averaging and filtering， the signals were combined into a vector 

magnitude f X2+y2+Z2 and three conventional p訂 ameterswere calculated: 

1. the duration of the total QRS complex (ιQRS) 

2. the duration of the low amplitude ( <40 u v) signals at the terminal portion of也e

QRS complex (LAS40) 

3. root mean squ訂 evoltage of the last 40 msec of the QRS complex (RMS40). 

The result of the time domain SAE wぉ consideredabnormal when at least two of吐rree

p訂 ameterswere beyond the normal range: the total QRS duration >120 msec，出e

duration of the low amplitude signals >40 msec， and也eroot mean square voltage of the 

last 40 msec ofthe QRS comple文<25uV. 

SAE recordings were obtained after short-term maintenance therapy (DP 300 mgld， MX 

300 mgld， FL 100 mgld， PE 150 mgld， PS 150 mgld)， when the AA wぉ administered

for at least two week. 

Drugw邸 considereffective if caused 75% reduction ofVPC. 

Blood samples were collected from patients in order to check serum concentration at the 

time of recording訂 ound1.5-2 hours after administration of the世ug.

RESULTS: 

Changes of f-QRS and RMS40: 

DS 取医

ιQRS (%) 9.1土9.6 1.8+5.9 

RMS40(%)・10.5+67.7 -4.2+0.8 

FL PE 

7 .5土5 16.9 +14.7 

・29.3+28.6 -31.6+38.5 

3 

PL 

11.5+4.4 

・30.8土17.4



1. We observed the significant prolongation ofιQRS after oral administration of 

disopyramide， t1ecainide， propafenone and pilsicainide. Mexiletine did not prolong f-

QRS significantly. 

2. The measurement of出eRMS40 changes demonstrated出atall class 1 AA except 

mexiletine markedly decreased RMS40 in most of the patients. Mexiletine decreased 

RMS40 slightly. 

3. When we studied 出.ecぉesin which the anti-arrh戸hmictreatment wぉ noteffective， 

we found也atmany of these patients were diagnosed wi出 dilatedcardiomyopathy (4 

out of 6 DCM patients). 

4.Incぉeof propafenone and pilsicainide administration， patients who had ιQRS 100 

ms before drug administration and/or excess prolongation of f-QRS(孟20%)after 

administration the antiarrhythmic efficacy tended to be low. 

This effect was also observed in the cぉe of the administration of disopyramide and 

t1ecainide， but in patients with initial ιQRS 120 ms and ιQRS prolongation ( 20%) 

after administration. 

Mexiletine had no significant effect onιQRS， and we could not find any relationship 

between ιQRS and the drug efficacy. 

DISCUSSION: 

In cぉeof disopyramide， this agent caused significant prolongation ofιQRS in almost 

all cぉes.The RMS40 wぉ alsomarkedly decreased in most of the patients. These 

results correlate with the previous results of other authors. The magnitude of出e世ug-

induced ch如 gein the SAECG is a ref1ection of the magnitude of the sodium channel 

blockade<. 

Already in 1992， Kulakowski studied血epredictability of antiarrh戸hmicefficacy of 

procainamide， which is also a Class Ia agent. He stated出atthe change in the total QRS 

duration w笛 similarin p低ientsin whom arrh戸hmiabecame non-inducible and in 

patients in whom ventricular tachycardia was still inducible'，s. 

This is in con仕訂Yto our results， which suggests that the drug efficacy can be predicted 

by analyzing the changes of SAE findings. 

Mexiletine， which dissociates rapidly from cardiac sodium channels seemed not to 
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change組.yof its time-domain parameters in our study. But the studies of other authors 

'suggest出atprobably it depends on也eheart rate. For example， J.K.Lee studied 

patients wi出 implantedpacemakers'. At a he訂trate less也an120， lidocaine (clぉs1b 

ぉ mexiletine)had no significant effect on也eQRS duration， however at higher pacing 

rates， prolongation of the QRS duration by lidocaine had occurred60
'. 

The adminis回 tionof tlecai凶dein our蜘 dyprolonged恥 ιQRSand decreased出e

RMS40more也組 disopyramide.1s important，ぉthisagent shows a similar relationship 

toιQRS笛 1aclass disopyramide -ifιQRS wぉ longer出，an120 ms prior to 

administration and/or excessively prolonged after the administration， the drug's efficacy 

would be lower. Therefore， in the c出 esof disopyramide and tlecainide， the evaluation 

of drug-induced changes of SAE may be use削 notonly for cat包 OrtZ1略也e

antiarrh戸加licagent， but for predicting antiarrh戸hmicefficacy on VPCぉ we静岡.

Also administration of propafenone caused marked changes in出ep訂釦letersof signal-

averaged electrocardiogram confirming也atslowing of出eintramyocardial conduction 

velocity is one of the effective mechanisms of this 世ugll •

Pilsicainide is a lidocaine derivative血atwぉ developedin Japan. It suppresses也e

maximal rate of increase (V max) of the action potential in atrial叩 dven仕iculartissue. 

Ithぉ veryslow kinetics (similar to tlecainide) and increases bo出 restand exercise 

duration of QRS (Sadanaga). During exercise， this prolongation of QRS is rate 

dependent. 

It is important to recall出atparticularly 1c antiarrhythmic drugs have been shown to 

indu~e proarrh戸加i出 inan untredictable number of patients. 1t has been reported by 

Cardiac Aπh戸hmiaSuppression Trial (CAST)，出atpilsicainide and other 1c agents 

increased the r拭eof sudden death in patients with acute myocardial ischaemia (post-

myoc訂 dialinfarction patients)ωべ However，the majority. of authors concluded吐lat

improved quality of life of patients treated by 1c drugs may outweigh the probable risk 

of reoccurence of lethal ven仕iculartachyarrh戸hmias.

CONCLUS10N: 

1nitially， the main role of the signal・averagedECG has been the identification of 

patients withpost-myocardial infarction who are at high risk of sudden death. 1n 1993， 

Greenspoon and Kidwell concluded血atthere is no SAECG p紅白neter(either total QRS， 

late potential， or frequency content)出拡 appe訂 sto be useful in predicting drug 

efficacy"'z. However， as stated above， lately it was discovered that there is predictive 

f 



value of this method. The evaluation of drug-induced changes of SAE may be useful 

not only for the categorizing of anti・arrh戸hmicagents， but also for predicting anti-

arrh戸hmicefficacy of CIぉsIa and Ic agents on VPC. 

Even now， the組 tiarrh戸h皿lC世ugs訂 esometimes a，也ninisteredin‘'trial and error" 

fashion. Therefore，白地erresearch of the SAECG・antiarrh戸凶icagents relationships 

could be useful. 
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Figure 1. The SAE record obtained from a patient who was administered the DP. 

After DP administration，ιQRS prolonged from 99 to 114ms， RMS40 decreased from 

325 to 254 uV. 

Figure 2. The change ofιQRS before and a丘eradministration of Class I AA agents. 

C.) means出低血edrug wぉ effective，CX) indices indicates ineffectiveness. After oraI 

administration of DP， FL， PF and PS，出eιQRSw，ぉ significantlyprolonged. Such 

prolongation c田motbe observed in cぉeofMX. 

Figure 3. The changes ofRMS40 before and after administration ofClass 1 AA agents. 

C.)means出atthe drug w出 effective，CX) indices ineffectiveness. A抗eradministration 

ofDJ?， FL， PF and PS出eRMS40 markedly decreased. In the cぉeoft-.在X，the decrease 

was only sIight. 

Figure 4. Here is displayed the f-QRS in combination with drug effectiveness. The X-

axis represents the duration ofιQRS， Y-axis represents the change ofιQRS. C.) 

means出at出e世ugw錨 effective，CX) indices equaIs ineffectiveness. IfιQRS w;お

more出an120ms before世ugadminis位ationandl or there wぉ excessιQRS

prolongation 20% a抗eradministration， the therapeutic effectiveness tended to be low. 
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