






sensitivity for both LA-RA interchange and RA-LL 
interchange. This is because other than frontal axis, we 
also included clockwise frontal vector loop rotation 
direction in the classifier, which is less affected by the 
change of lead system.  

In this study, we did not investigate LA-LL 
interchange, or interchange between precordial cables. 
The LA-LL interchange was not considered because 
experts felt that serial ECGs were required for reliable 
detection of the LA-LL interchange; in other words, even 
an expert cannot dependably detect LA-LL interchange 
using only a single 10-second snapshot. The detection of 
precordial cable interchanges for conventional electrode 
placement has been previously addressed [7, 9]. It is 
noticed that electrode placement for ML lead system 
affects more on the frontal plane yet less on the horizontal 
plane; and therefore we believe performance difference 
for detecting precordial cable interchanges should be 
small between conventional lead system and ML lead 
system. We also did not investigate interchanges between 
arm and right leg (active ground). These right leg cable 
interchanges cannot be simulated by swapping the 
waveforms from 12-lead ECG and need specific 
databases for development and validation. There are some 
commonly used criteria (e.g., flat line on limb lead II or 
III) that could be used to visually detect the cable 
interchange between arm cable and right leg cable [17]. 
Future studies can be conducted when such specific 
databases are available. 
 
5. Conclusion 

In conclusion, the present study demonstrates that our 
novel algorithm is capable of detecting cable interchanges 
with high sensitivity while maintaining low false positive 
rate for both conventional lead system and ML lead 
system. Therefore, in practice, the same algorithm may be 
used under either lead system without a need for a special 
configuration. The flexibility of algorithm may have wide 
application for assisting automated ECG analysis for 
more accurate diagnosis of cardiac diseases in exercise 
and ambulatory ECG devices. 
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