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CHIANG, C.-M. J., ET AL.: Real-Time Arrhythmia Identification from Automated Analysis of Intraatrial 
and Intraventricular Electrograms. lmplantable cardioverter defibrillators have dramatically improved 
survival rates for patients at risk of sudden cardiac death, but the occurrence of inappropriate shocks 
remains an unresolved problem. Various means for better tachycardia detection, chiefly morphological 
analysis, have been proposed to address this problem. A new computerized scheme entitled Two-Channel 
Rate-Morphology (2CRM) was introduced. It is a real-time arrhythmia detection algorithm that combines 
timing and morphology information from intraatrial and intraventricular electrograms for arrhythmia 
diagnosis. The program ZCRM applies an initial cycle-by-cycle coding scheme followed by contextual 
diagnosis of underlying rhythm. The program was tested on 36 distinct passages of two-channel intracar- 
diac signals from 30 patients. The distribution of the arrhythmias are as follows: 4 atrial fibrillation, 
6 atrial flutter, 6 supraventricular tachycardia, 10 ventricular tachycardia, and 10 ventricular flutter- 
fibrillation. Of the analyzed 3,417 individual cardiac cycles 3,135 (91.7%) were correctly identified. 
Contextual diagnosis reversed 123 single-cycle errors to obtain a performance of 3,258 correct out of3,417 
(95.3°/0). Utilizing an uninterrupted continuous correct contextual diagnosis as indicator of successful 
arrhythmia detection, 2CRM obtained an accuracy of 34 out of 36 passages (94.4%). [PACE, Vol. 16, 
January, Part 11 1993) 
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Introduction 

Implantable cardioverter defibrillators (ICDs) 
now exceed 25,000.' Newer generation devices 
offer tiered therapy selections that range from anti- 
tachycardia pacing protocols, low-level cardiover- 
sion, and higher level defibrillation. Despite the 
variety of choices that can be programmed, separa- 
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tion and classification of benign tachycardias from 
those requiring treatment remains problematic. 
Rate and rate-related measures are nonspecific, 
given the overlap that exists between rhythms. 
Our research work has demonstrated that pattern 
recognition of the raw signal can yield classifica- 
tion of normal and abnormal cardiac activation, 
in the atrium and in the v e n t r i ~ l e . ~ - ~  Most of the 
morphological methods proposed to date fall into 
the time-domain template matching category, with 
the standard being correlation waveform analysis 
(CWA), shown to be effective in intracardiac elec- 
trogram 

Almost a decade ago, a two-channel strategy 
was developed for analysis of intracardiac elec- 
trograms without regard for morphological infor- 
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Table 11. 

Two Channel Rate-Morphology Method Results 

Patient Cardiac Isolated Contextual Uninterrupted 
Cases Cycles Diagnosis Errors Corrections Contextual Success 

1 146 A Flut 0 010 + 
2 149 A Fib 2 012 + 
3 21 1 A Flut 8 018 + 
4 55 3:l  SVT 5 015 + 
5 101 1 : l  SVT 1 111 + 
6 169 A Fib 13 011 3 + 
7 163 A Flut (Fib) 5 015 + 
8 143 A Flut 6 016 + 
9 38 VT 7 317 + 

10 57 VT 7 317 + 
11 39 V Flut 5 415 + 
12 67 V Flut (Fib) 9 419 + 
13 92 V Fib 7 017 + 
14 106 2:l  SVT 0 010 + 
15 54 V Flut 5 315 + 
16 145 1:l SVT 0 010 + 
17 150 1: l  SVT 11 011 1 - 
18 169 A Fib 5 015 + 
19 36 VT 12 911 2 + 
20 197 2:l  SVT 0 010 + 
21 130 A Flut 8 018 + 
22 46 VT 10 711 0 + 
23 74 VT 20 15/20 + 
24 96 VT 16 11/16 + 
25 45 V Flut 9 519 + 
26 46 VT 10 511 0 + 
27 34 VT 12 11/12 + 
28 49 V Flut V Fib 14 1/14 - 
29 44 VT retro 15 11/15 + 
30 104 VT 22 14/22 + 
3 1 57 V Flut 6 116 + 
32 146 A Flut 4 014 + 
33 86 A Fib 1 01 1 + 
34 71 V Flut 6 116 + 
35 50 V Fib 6 316 + 
36 59 V Flut 5 115 + 
36 341 7 282 1231282 34 

The first column contains the patient cases, and the second the total number of cycles analyzed in each passage. The third 
column is the true underlying rhythm of the passage. The fourth column contains the number of single cycle diagnostic errors 
out of the total cycles analyzed (2nd column). The fifth column gives the number of corrections made by the contextual diagnosis 
to override errors in single cycle diagnosis (4th column). The last column indicates success (+)  or failure ( - )  of the program 
on each passage based upon an uninterrupted contextual diagnosis as the measure of success. A = Atrial, V = Ventricular, Fib 
= Fibrillation, Flut = Flutter, T = Tachycardia, SV = Supraventricular, + = Success, - = Failure. 
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program was tested and validated on an 80386- exist and can be appreciated by careful assessment 
based personal computer (Dell Computers, Austin, of errors. During passages of ventricular tachycar- 
TX, USA) with a 25 MHz clock speed. dia, flutter, and fibrillation, a cardiac cycle will 

occasionally be misdiagnosed as an aberrantly 
Results conducted sinus beat. This is due to a mistaken 

Recordings were made from 36 patients who 
had one or more of six distinct arrhythmias. There 
were 3,417 cycles processed in total. Of these cy- 
cles, 3,135 (91.7%) were accurately diagnosed in 
the initial stage of single-cycle analysis. Contex- 
tual diagnosis reversed 123 of the single-cycle er- 
rors to obtain a performance of 3,258 correct out 
of 3,417 (95.3%). Using a continuing correct diag- 
nostic stream as the criterion for successful ar- 
rhythmia identification, i.e., an isolated erroneous 
diagnostic statement did not interrupt the overall 
correct diagnosis, the success rate was 34/36 pas- 
sages or 94.4%. Table I1 gives the detailed results 
of each passage. 

Discussion and Future Work 
Prior to this study, no real-time tachycardia 

algorithm for implantable devices has been imple- 
mented or available that incorporates atrial as well 
as ventricular activation rates, morphologies, and 
AV relationships to provide accurate discrimina- 
tion. Yet dual-chamber pacemakers have been 
available for decades and the feasibility of two- 
chamber arrhythmia detection and analysis is cer- 
tainly within reach. This work was based on the 
hypothesis that future generation ICDs will have 
dual chamber sensing and pacing capabilities, just 
like present pacemakers. 

Several major limitations of the algorithm still 
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