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Abstract 

Information in electrocardiographic (ECG) signals is 

widely believed to have value in the short-term prediction 

of arrhythmias. This study evaluates the use of 

morphologic variability (MV), a recently proposed metric 

measuring subtle variability in the shape of ECG signals 

over long periods, to risk stratify patients for arrhythmia 

following non-ST-elevation acute coronary syndrome 

(NSTEACS). 

We assessed the relationship between MV and the 

composite occurrence of ventricular tachycardia and 

cardiac pause (150 events) in 2302 patients admitted 

post-NSTEACS. On univariate analysis, high MV was 

strongly associated with the short-term occurrence of 

arrhythmias (HR 2.02; 95% CI 1.42-2.87; p<0.001). The 

relationship between MV and arrhythmias was consistent 

even after adjusting for other risk variables (adjusted HR 

2.04; 95% CI 1.37 - 3.03; p<0.001). Our results suggest 

that MV may be a clinically useful tool for identifying 

patients at an increased short-term risk of serious 

arrhythmias in the setting of NSTEACS. 

1. Introduction 

We recently proposed morphologic variability (MV) as 

a measure of subtle changes in the shape of the 

electrocardiogram (ECG) signal over long periods of time 

[1]. MV is motivated by the belief that persistent low-

amplitude changes in ECG morphology might be 

indicative of electrochemical abnormalities within the 

myocardium that are potentially proarrhythmic. Recent 

studies in multiple post-non-ST-elevation acute coronary 

syndrome (NSTEACS) cohorts have shown that MV has 

value in risk stratifying patients for cardiovascular death 

[2-4]. In particular, high MV is associated with an 

increased risk of cardiovascular death over both a 90 and 

360 day period following NSTEACS. 

In this paper, we evaluate the clinical utility of MV to 

identify patients at increased short-term risk of cardiac 

arrhythmias. We use ECG data from post-NSTEACS 

patients and study the association between increased MV 

measured during the first 24 hours of hospitalization and 

significant arrhythmias observed subsequently during 

patient monitoring. 

2. Methods 

The process of measuring MV starts out by 

quantifying the differences in morphology between every 

pair of consecutively occurring beats in the ECG signal. 

This is done using a variant of dynamic time-warping 

(DTW) [5] to align samples that correspond to the same 

kind of underlying physiological activity. 

More precisely, given two beats, x1 and x2, of length l1 

and l2 respectively, DTW produces the optimal alignment 

of the two sequences by first constructing an l1-by-l2 

distance matrix d. Each entry (i,j) in this matrix d 

represents the square of the difference between samples 

x1[i] and x2[j]. A particular alignment then corresponds to 

a path, l through the distance matrix of the form:  
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where l1 and l2 represent row and column indices into 

the distance matrix, and K is the alignment length. 

The optimal alignment produced by DTW minimizes 

the overall cost: 
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where Cϕ  is the total cost of the alignment path l and is 

defined as:     
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The search for the optimal path is carried out in an 

efficient manner using dynamic programming. The final 

energy difference between the two beats x1 and x2, is 

given by the cost of their optimal alignment, and depends 

on both the amplitude differences between the two 

signals, as well as the length K of the alignment (which 

increases if the two beats differ in their timing 

characteristics). In this way, the technique described here 

measures changes in morphology resulting from both 

amplitude and timing differences between the two beats. 

The process described above transforms the original 

ECG signal from a sequence of beats to a sequence of 
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energy differences. This new signal, comprising pair-

wise, time-aligned energy differences between beats, is 

then smoothed using a median filer of length 8.  We call 

the resulting times series the morphologic distance (MD) 

for the patient.   

We estimate the power spectral density of the MD 

time-series using the Lomb-Scargle periodogram [6], 

which is well-suited to measure the spectral content of an 

irregularly sampled signal by taking into account both the 

signal value and the time of each sample. The 

morphologic variability (MV) for a patient is then defined 

as the energy in the MD time-series power spectral 

density between 0.30-0.55 Hz [2,3]. 

3. Results 

We calculated MV within 48 hours of ACS for 2302 

placebo patients in the MERLIN trial [7]. MV was 

measured on the first 24 hours of available ECG data. 

Patients were dichotomized into high (MV>52.5) and low 

(MV<52.5) risk groups consistent with earlier studies 

[2,3]. 

We defined the endpoint of arrhythmia as the 

composite occurrence of ventricular tachycardia (VT) > 8 

beats or cardiac pause (CP) > 3 seconds after the first 24 

hours of ECG monitoring (the median duration of ECG 

monitoring for patients in the MERLIN trial was 6.8 

days). The decision to focus only on arrhythmias 

occurring after the first 24 hours of ECG monitoring was 

to ensure that the ECG data used to measure MV (i.e., for 

prediction) and the ECG data used to measure future 

endpoints (i.e., for assessment) were distinct. Each 

arrhythmia was verified by a human expert looking at the 

ECG tracings. A total of 150 composite events were 

observed in the study population. 

We evaluated MV in both univariate and multivariate 

models. Our multivariate model was constructed using 

MV, the TIMI risk score for NSTEACS (TRS), and heart 

rate variability (HRV). TRS [8] was calculated by 

summing up the following predictor variables (1=yes, 

0=no): age 65 years or older, at least 3 risk factors for 

coronary artery disease, prior coronary stenosis of 50% or 

more, ST-segment deviation on ECG at presentation, at 

least 2 anginal events in prior 24 hours, use of aspirin in 

prior 7 days, and elevated serum cardiac markers. The 

TIMI risk score was categorized as low risk (0-2), 

moderate risk (3-4) and high risk (5-7) [7]. For HRV, we 

considered the SDNN, SDANN, ASDNN, RMSSD, 

HRVI, pNN50 and LF/HF metrics that were proposed by 

the Task Force of the European Society of Cardiology 

and the North American Society of Pacing and 

Electrophysiology [9]. To avoid issues of collinearity, 

only the best performing (i.e., LF/HF) metric was 

included in the multivariate model. 

On univariate analysis, high MV was strongly 

associated with an increased short-term risk of 

arrhythmia (HR 2.02; 95% CI 1.42-2.87; p<0.001). This 

result was consistent even after adjusting for both the 

TIMI risk score and the best performing HRV measure 

(adjusted HR 2.04; 95% CI 1.37-3.03; p<0.001). Table 1 

presents the complete results of multvariate analysis. 

While we chose to combine VT and CP into a 

composite endpoint to ensure that our study had sufficient 

statistical power, we also measured the association 

between MV and these individual arrhythmias separately. 

Table 2 presents the results of this analysis. For both VT 

and CP, high MV was associated with an increased short-

term risk for each of these endpoints. The hazard ratios in 

both cases were identical. 

 

Table 1: Multivariate association between risk 

 variables and the composite endpoint of arrhythmia 

 (n=2303, events=150) 

Parameter Hazard Ratio (P-value) 

MV 2.04 (<0.001) 

TRS  

   Moderate (3-4) 1.03 (0.886) 

   High (5-7) 1.20 (0.467) 

HRV 0.95 (0.806) 

 

Table 2: Univariate association between MV and 

 specific arrhythmias (n=2303) 

Arrhythmia # of Events 
Hazard Ratio for 

MV (P-value) 

VT > 8 beats 108 1.95 (0.001) 

CP > 3 sec 46 1.95 (0.033) 

4. Discussion and conclusions 

In this paper, we evaluated the clinical utility of MV, a 

recently proposed metric that quantifies subtle variability 

in the shape of the ECG signal over long periods of time, 

for short-term risk stratification. MV is intended to 

measure electrochemical abnormalities within the 

myocardium that are potentially proarrhythmic. To assess 

the relationship between high MV and an increased risk 

of arrhythmia, we used ECG data collected from post-

NSTEACS patients and related MV measured during the 

first 24 hours of monitoring with the occurrence of VT 

and CP during subsequent monitoring.  

We found that high MV was strongly associated with 

an increased risk of both VT and CP. These findings were 

consistent even after adjusting for HRV and the TIMI 

risk score (which captures many important clinical risk 

variables).  

The results reported here strongly suggest that MV 

may have value in identifying patients in a proarrhythmic 

state following NSTEACS. The use of MV for short-term 
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risk stratification post-NSTEACS may therefore help 

clinicians choose specific treatments that are appropriate 

for each patient's individual risk. 
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