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Graphical abstract 

 

Highlights  

ECG changes may occur during stress, usually as ST-segment depression. 

ECG changes are more common with exercise than with pharmacologic stress. 

ECG changes indicate greater functional impairment during stress. 

Echo positivity is more malignant when ECG changes are present. 

 

 

 

RESEARCH LETTER (n=992 words including references and legends) 

Ischemic electrocardiographic (ECG) changes (ECG+) can appear during stress echocardiography 

(SE) with (Echo+) or without (Echo-) accompanying regional wall motion abnormality (RWMA); 

functional meaning of ECG+ remains unclear (1-2). The aim of this study was to assess the 

functional meaning of ECG+ (with Echo+ or Echo-) during SE. The 12-lead ECG response was 

analyzed in 4317 patients (age 64±13 years; 2572 men, 59.6%), 922 patients (21.4%) with a prior 

myocardial infarction, undergoing SE for chronic coronary syndromes (CCS) prospectively 

recruited at 39 laboratories between March 2021 and February 2024. ECG response was considered 

abnormal in case of ST-segment shift >1.0 mm from baseline at 80 ms from the J point developed in 

≥2 contiguous leads during exercise (n=3028, 70.1%), dobutamine (n = 768, 17.8%), or vasodilator 

(n=521, 12.1%, dipyridamole in 483 and adenosine in 38 patients) SE. 

Wall motion score index (WMSI) was assessed in all patients and   coronary flow velocity reserve 

(CFVR) in 1626.  Survival analysis was performed in a subset of 1452 patients at 19 centers with 

follow-up information. 
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Results: ECG+ occurred in 641 patients (14.8%, Group 1), with ST-segment depression in 609 and 

ST-segment elevation in 32 patients. ECG+ showed a higher prevalence during exercise (505/3028, 

16.7%) compared to dobutamine (74/768, 9.6%) or vasodilator (62/521,11.9%) SE (p<0.001; p = ns 

between dobutamine and vasodilators). 

Compared to patients with ECG- (Group 2, n=3676, 85.2%), patients with ECG+ showed higher 

values of peak WMSI (Group 1= 1.22±0.33 vs Group 2= 1.12±0.28, p<0.001) and higher 

prevalence of abnormal (≤2.0) CFVR (n=1626; Group 1= 125/257 vs Group 2= 563/1369; 49% vs 

41%, p=0.025). There was a graded association between the presence and degree of ST segment 

changes and functional abnormalities. Particularly, patients with ECG+ and ST changes > 2 mm 

(n=196) compared to those with ECG+ and 1-2 mm ST changes (n= 445) showed a higher 

frequency of inducible RWMA (53% vs 49%) and abnormal CFVR (59% vs 46%, p<0.01).   

In the overall population, 3553 showed no RWMA (Echo-). In this subset, 392 (11%) showed 

ECG+, and 3161 (89%) showed ECG-. Compared to patients with ECG-, those with ECG+ showed 

more frequent CAD (73.4% vs 66.8%, p=0.050), the rest WMSI was similar (1.09±0.24  vs  

1.10±0.24, p=0.365), with similar values of peak WMSI (1.06 ±0.19 vs 1.06 ±0.18, p=0.885). 

During a median follow-up of 387 days (interquartile range 314-603 days), 87 events occurred in 80 

patients: 31 all-cause deaths, 24 acute myocardial infarctions, and 32 acute heart failure 

hospitalizations. Echo+/ECG-, and Echo+/ECG+) was able to identify a pattern of risk progression 

which was statistically significant both at univariable and multivariable analysis (Table 1). The 

exposure-adjusted event rate was lowest in Echo-/ECG- [2.9 events per 100 person-years (p-yrs)], 

intermediate in Echo-/ECG+ (4.2 events per 100 p-yrs) and Echo+/ECG- (8.2 events per 100 p-yrs), 

and highest in Echo+/ECG+ (10.9 events per 100 p-yrs, p<.001 vs other groups) (Figure 1). 

Revascularization was more frequent in patients with positive SE results (70.2% vs 29.8%, 

p<0.001). 
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The stress to rest change WMSI was similar in patients with ST elevation compared to those with 

ST depression (0.16±0.32 vs 0.12±023, p=0.381) 

Conclusion: In all-comers with CCS, ECG+ during SE is associated with greater functional 

impairment and worse outcomes in patients with Echo abnormality.  ECG and Echo provide 

complementary and additive clinical information (3). ECG is simple, quantitative, independent of 

imaging, and always accessible to cardiologists. ECG is interpretable in most patients, though a 

minority may present with conditions like left bundle branch block or paced rhythms that limit the 

use of ST-segment analysis (4). Observer dependence is further reduced by automatic readings 

available in most ECG devices. Therefore, ECG can effectively complement SE by providing 

additional useful information. However, its diagnostic sensitivity and specificity are limited when 

used as a stand-alone criterion. Echocardiography, on the other hand, is a bedside, relatively low-

cost, and widely available tool. It is radiation-free with minimal environmental impact, though it is 

operator-dependent (5). Combining the two modalities (ECG and Echo) can provide additional 

clinical insights at no extra cost.   

The study protocol did not alter routine practice, allowing sites to select the stress modality based 

on local protocols, patient contraindications, physician preferences, and drug availability and cost. 

All stress modalities provide comparable accuracy when performed with state-of-the-art protocols. 

However, exercise is the most physiological, dobutamine is preferred for concomitant viability 

testing, and vasodilators are favored for coronary flow reserve assessment (2). 
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FIGURE LEGEND  

Figure 1: Exposure-adjusted event rates (events per 100 persons-year) in the 4 groups: Echo-/ 

ECG-; Echo-/ ECG+; Echo+/ ECG-; Echo+/ ECG+ 
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 Table 1. Univariable and multivariable Cox regression analyses of hard events. 

 Univariable  Multivariable 

Variables HR (95%CI) P HR (95%CI) P 

Age (years) 1.041 (1.018-1.064) <.001 1.036 (1.013-1.061) .001 

Sex (male) 1.601 (0.983-2.707) .058   

Hypertension (%)  1.547 (0.855-3.005) .142     

Beta-blockers therapy (%)  1.326 (0.840-2.091) .226   

Diabetes mellitus (%)  1.540 (0.944-2.512) .084   

Prior MI  1.893 (1.206-2.972) .006    

LV EF at rest  0.959 (0.940-0.979) <.001  0.954 (0.931-0.977) <.001 

Echo-/ECG- 1  1  

Echo-/ECG+  1.560 (0.648-3.757) .321 1.864 (0.766-4.536) .170 

Echo+/ECG-  2.611 (1.555-4.395) <.001 2.267 (1.292-3.977) .004 

Echo+/ECG+  5.438 (2.352-12.573) <.001 3.287 (1.743-6.201) <.001 

ECG+, electrocardiographic changes present; ECG-, electrocardiographic changes absent; LV EF, 

left ventricular ejection fraction; MI, myocardial infarction 

Running title: The value of ECG in the stress echo era 
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