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Background: Prior work demonstrates patients with positive (+) electrocardiogram (ECG) but negative 
(−) echocardiogram wall motion abnormalities (WMAs) on dobutamine stress echocardiography (DSE) 
testing have an elevated of major adverse cardiovascular events (MACEs). In this study, we aimed to evaluate 
the long-term prognosis of women with suspected ischemia with no obstructive coronary artery (INOCA) 
disease by utilizing core lab read DSE, specifically focusing on those with + ECG findings.
Methods: Among women with signs and symptoms of myocardial ischemia undergoing clinically indicated 
coronary angiography enrolled in the Women’s Ischemia Syndrome Evaluation (WISE) [1997–2001], 
a prospective cohort study, 99 underwent standardized DSE by site design. Women with positive DSE 
(n=17), defined as an increase in score based on wall motion scoring index were excluded except for akinetic 
to dyskinetic (n=10), providing 82 patients in this analysis. ECG was assessed by core laboratory and (+) 
ECG was defined as >1 mm ST change. Non-obstructive coronary artery disease (CAD) was assessed by 
core laboratory quantitative coronary angiography and defined as <50% epicardial stenosis. All-cause death 
follow-up was an average of 8 years, while adjudicated MACE [all-cause mortality, nonfatal myocardial 
infarction (MI), nonfatal stroke, heart failure hospitalization] was an average of 5.5 years. Comparisons 
among subject groups [i.e., (+) ECG and (–) ECG] were made using chi-square or Fisher’s exact tests for 
categorical variables and t-test or Wilcoxon rank-sum test for continuous variables.
Results: Demographic profile included a mean age 59±10 years; 55% had hypertension (HTN), 29% 
diabetes mellitus (DM), and 72% non-obstructive CAD. Overall, 9/82 women (11%) had (+) ECG in the 
absence of WMAs. There were significant differences in family history of CAD (P=0.009) and vasodilator 
(P=0.042) use between the (+) ECG and (−) ECG groups, but otherwise had no significant demographic or 
clinical differences. At longer-term follow up, patients with (+) ECG had higher risk of MACE [unadjusted 
hazard ratio (HR): 4.91, 95% confidence interval (CI): 1.83, 13.19, P=0.002].
Conclusions: Abnormal stress ECG findings on dobutamine stress testing with a negative DSE should be 
viewed as an indicator of longer-term risk in women with signs and symptoms of ischemia.
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Introduction

Background

Dobutamine stress echocardiography (DSE) is a commonly 
utilized and well-validated procedure for the evaluation of 
ischemia and suspected coronary artery disease (CAD) (1).  
This modality has been shown to have a high accuracy 
(80–90%) in detecting obstructive CAD (>50% stenosis) 
and good prognostic value following a negative result, with 
a low risk of overall mortality in the absence of wall motion 
abnormalities (WMAs) with stress testing (2). 

Rationale and knowledge gap

However, the prognostic significance of abnormal 
electrocardiogram (ECG) findings in the absence of WMA 
on stress testing remains unclear (3-6). Historically, the 
diagnostic value of exercise stress testing in women has been 
questioned to a higher rate of “false positivity” (i.e., ECG 
changes on exercise stress testing but <50% stenosis seen on 
coronary angiography) (7), but the prognostic implications 
of this have been infrequently studied. 

Objective

The purpose of our analysis is to study the prognosis of 
women with ischemic ECG findings on DSE in a well-
phenotyped cohort with suspected ischemia with no 
obstructive coronary arteries (INOCA) with core lab 
interpretations and long-term follow-up. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://cdt.amegroups.com/article/
view/10.21037/cdt-23-296/rc).

Methods

The Women’s Ischemia Syndrome Evaluation (WISE) 
Study was initiated by the National Institutes of Health-
National Heart, Lung, and Blood Institute in 1996 to 
investigate women with signs and symptoms of ischemia (8).  
To date, the WISE study has followed more than 900 
women for a median follow-up of 9.5 years after clinically 
indicated invasive coronary angiography. Women 18 years 
or older were enrolled in the WISE study, a prospective 
cohort study. Inclusion criteria included chest pain or other 
symptoms suggestive of myocardial ischemia and clinically 
indicated coronary angiography. Major exclusion criteria 
have previously been described and included comorbid 
conditions that affect one-year follow-up, pregnancy, 
contraindications to provocative diagnostic testing, 
cardiomyopathy, recent myocardial infarction (MI) and 
language barrier to questionnaire completion (8). The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Institutional review board 
approval was obtained from the University of Florida at 
Gainesville, and written informed consent was obtained 
from all study participants. A flow diagram showing the 
cohort study design for this retrospective analysis is shown 
in Figure 1.

DSE protocol

DSE was performed using a protocol modified for the 
WISE study. A detailed protocol has previously been 
described (9). In brief, baseline images in standard views 
were obtained. Dobutamine was initiated at 5 mcg/kg/min, 
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and dosage was increased at 5-minute increments to 10, 20, 
30, and 40 mcg/kg/min. Atropine was used to attain target 
heart rate (HR) when indicated. The left ventricle was 
divided into 16 segments for analysis. Segments were 
graded and categorized as normal, hypokinetic, akinetic, or 
dyskinetic. The DSE echo was considered positive if there 
was an increase in the score in any segment, except for the 
transition from akinetic to dyskinetic (10). Studies were 
categorized as normal if no abnormalities were detected at 
baseline or peak stress and target HR was achieved. They 
were categorized as abnormal if there was any occurrence 
of WMA or increasing dyskinesis developed at peak stress 
or indeterminate if no abnormality was observed at baseline 
or peak stress and target HR was not reached. Wall motion 
analysis was conducted by a single cardiologist experienced 
in interpretation of DSE studies and remained unaware of 
clinical and angiogram findings (9). A 12-lead ECG was 
recorded at baseline, at the end of each 5-min stage and at 
recovery. The ECG, blood pressure, and echocardiographic 
images were monitored throughout the procedure. A 
positive ECG was defined as ≥1-mm ST segment changes, 
interpreted by the testing cardiologist.

Coronary angiography protocol

Coronary angiography was performed using the WISE 
study protocol with standard clinical techniques (9). 
Multiple projections of the left and right coronary 

arteries were recorded on 35-mm film at ≥30 frames per 
second. All angiography films were interpreted by the 
WISE Angiography Core Laboratory without knowledge 
of clinical or DSE findings. WISE Angiography Core 
Laboratory methods has previously been published. These 
angiograms were analyzed qualitatively for the presence 
or absence of luminal irregularities and stenoses. Stenoses 
were defined as <20%, 20–49%, and ≥50%. Angiographic 
coronary disease severity was assessed by the WISE 
coronary severity score as previously described (11).

Follow-up, mortality and MACEs 

A standardized protocol-directed follow-up was conducted by 
experienced site nurses or physicians via telephone and/or mail 
communication at 6 weeks, 1 year, and annually thereafter. 
Subjects were provided with questionnaires regarding 
symptoms, hospitalizations, and diagnostic or revascularization 
procedures since last contact. Reported events were adjudicated 
by the study committee and classified as non-cardiac death, 
cardiovascular death or MACE including all-cause mortality, 
nonfatal MI, nonfatal stroke, and heart failure hospitalization. 
All-cause death had an average of 8 years of follow-up, while 
MACE had an average of 5.5 years.

Statistical analysis

Clinical variables were summarized as median [interquartile 

Original WISE Cohort 
(N=935)

Underwent DSE
(N=99)

New wall motion abnormalities 
or worsening dyskinesis 

(N=17)

Akinetic to dyskinetic 
(N=10)

Final Analysis 
(N=82)

No wall motion abnormalities 
(N=72)

(+) DSE (−) DSE

Figure 1 The flow diagram showing the cohort study design. WISE, Women’s Ischemia Syndrome Evaluation; DSE, dobutamine stress 
echocardiogram. 
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Table 1 Cohort characteristics (N=82) 

Variable (−) ECG (N=73) (+) ECG (N=9) P value

Age, years (mean ± SD) 59.3±10.0 58.6±13.9 0.853

Race: White, n (%) 56 (77.8) 7 (77.8) 0.792

History of diabetes, n (%) 19 (26.8) 4 (44.4) 0.271

History of hypertension, n (%) 39 (54.9) 5 (55.6) 0.999

Family history of coronary disease, n (%) 41 (60.3) 1 (11.1) 0.009

History of dyslipidemia, n (%) 35 (52.2) 3 (42.9) 0.707

Current smoker, n (%) 13 (18.3) 2 (22.2) 0.378

Baseline medications, n (%)

ACE-I/ARB 23 (32.4) 1 (11.1) 0.266

Beta blockers 16 (22.5) 2 (22.2) 0.999

Calcium channel blockers 22 (31.0) 3 (33.3) 0.999

Nitrates 14 (19.7) 3 (33.3) 0.392

Statins 22 (31.0) 2 (22.2) 0.717

Aspirin 42 (59.2) 3 (33.3) 0.169

Vasodilators 5 (7.0) 3 (33.3) 0.042

WMA on baseline echo 8 (11.0) 2 (22.2) 0.301

Peak HR (mean ± SD) 142.6±11.2 143.2±18.0 0.9273

Peak systolic blood pressure (mean ± SD) 162.5±30.4 175.1±34.0 0.2506

Sharaf-Gensini Severity Score (mean ± SD) 10.8±11.0 20.4±17.1 0.1080

Coronary artery disease (% stenosis), n (%)     0.672

<20% 28 (38.9) 2 (22.2)

20–49% 24 (33.3) 4 (44.4)

≥50% 20 (27.8) 3 (33.3)

Mortality, n (%) 13 (18.1) 4 (44.4) 0.087

MACE, n (%) 19 (26.4) 6  (66.7) 0.022

Percentages exclude missing data. SD, standard deviation; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; WMA, wall motion abnormalities, HR, heart rate, MACE, major adverse cardiovascular event.

range (IQR)] for continuous variables or count (%) for 
categorical variables. Comparisons among subject groups 
[i.e., (+) ECG and (–) ECG] were made using Chi-square 
or Fisher’s exact tests for categorical variables and t-test or 
Wilcoxon rank-sum test for continuous variables. All tests 
were two-sided and statistical significance was considered 
present at P<0.05. Kaplan-Meier (KM) analysis was used 
to estimate survival probabilities and the log-rank test was 
used to compare KM curves. KM curves were stratified by 
ECG status for two event types: (I) overall mortality; and 
(II) four-component MACE as defined above. Univariate 
Cox regression models were constructed to obtain hazard 
ratio (HR) estimates with respect to ECG status. Analyses 

were carried out using SAS version 9.4 (SAS Institute, Cary,  
NC, USA). 

Results

Baseline characteristics

Women with positive DSE (n=17), defined as an increase 
in score based on wall motion scoring index were excluded 
except for akinetic to dyskinetic (n=10), providing 82 patients 
in this analysis (Figure 1). Of the 82 patients included  
75 (91.5%) achieved target HR. The baseline characteristics 
and demographics are summarized in Table 1. There were 
no significant differences between (−) ECG and (+) ECG 
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Figure 2 Long-term mortality and MACE outcomes by ECG findings on DSE. (A) Kaplan-Meier curves for freedom from events for 
mortality and (B) MACE by ECG findings on dobutamine stress echocardiography. ECG, electrocardiogram; MACE, major adverse 
cardiovascular event; DSE, dobutamine stress echocardiogram.

groups for race, hypertension (HTN), diabetes mellitus (DM), 
dyslipidemia, smoking status, or baseline medications. 

Nine women (11.0%) had (+) ECG findings. Among 
those with (+) ECG findings, 4 (44.4%) and 3 (33.3%) had 
20–49% stenosis and ≥50% stenosis, respectively. Seventy-
three (89.0%) patients had (−) ECG findings, and among 
those, there were 24 (33.3%) and 20 (27.8%) with non-
obstructive stenosis (20–49%) and obstructive disease 
(≥50%), respectively. There was no significant difference 
between (+) ECG and (−) ECG groups for CAD severity 
(P=0.672). Overall, the difference between (+) ECG and 
(−) ECG groups was statistically significant for MACE 
(P=0.022) but not for all-cause mortality (P=0.087).

A secondary analysis of MACE and death by coronary 
artery severity demonstrated a statistically significant 
difference in MACE (P=0.001) and all-cause mortality 
(P=0.016) when stratified by severity of stenosis (<20%, 
20–49% and ≥50%). In women with <20% stenosis, 
MACE occurred in 2/30 (6.7%) and death in 2/30 (6.7%). 
Comparatively, in those with non-obstructive CAD (20–
49% stenosis), MACE occurred in 12/28 (42.9%) and death 
in 6/28 (21.4%). In those with obstructive disease, MACE 
occurred in 11/23 (47.8%) and death in 9/23 (39.1%). 
When further stratified by ECG response and CAD 
severity, there were no differences in mortality or MACE.

Long-term adverse outcomes

All-cause mortality had an average of 8 years of follow-up, 

while four-component MACE had an average of 5.5 years. 
In this long-term follow-up, women with (+) ECG had a 
significantly higher risk of MACE [unadjusted HR: 4.91, 
95% confidence interval (CI): 1.83, 13.19, P=0.002] and all-
cause mortality (unadjusted HR: 3.09, 95% CI: 1.00, 9.56, 
P=0.050) compared to patients with (−) ECG, regardless 
of echo response. KM curves for freedom from events for 
MACEs and mortality by ECG findings on DSE are shown 
in Figure 2.

Discussion

Key findings

Our study demonstrates (+) ECG in the absence of WMA 
during DSE predicts adverse cardiovascular outcomes 
regardless of echocardiography findings in women 
undergoing clinically indicated coronary angiography for 
suspected ischemic heart disease. Notably, a considerable 
proportion of women with (+) ECG findings (44.4%) had 
non-obstructive CAD found on invasive angiogram. 

Explanations of findings and comparison with similar 
studies 

Prior studies that explored the association between the 
abnormal ECG findings in the absence of WMA on stress 
testing and long-term outcomes have yielded mixed results. 
A contemporary study of 15,077 patients (58.7% women) 
undergoing exercise stress Echo, patients with (+) ECG and 
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(−) echo had higher rates of MACEs compared to patients 
with both negative ECG and echo (14.6% vs. 8.5%) over 
a median follow-up of 7.3 years (3). Historical work has 
yielded similar findings with a 1999 study of 558 patients 
(60.6% women) finding overall cardiac event rates of 23% 
when there was an ischemic ECG response but negative 
WMA, compared to 7% when both ECG and WMA 
were negative (4). According to this study, the ability of an 
ischemic ECG response to predict future cardiac event rates 
was similar to that of WMAs at rest and a positive stress 
echo response. Conversely, a study of 1,268 patients (48% 
women) found that normal findings on stress echo confers 
a benign prognosis for MACE, independent of ECG  
response (5). A retrospective study of 677 patients with 
negative treadmill stress echo results found that (+) 
ECG result was not predictive of all-cause death, MI or 
revascularization over a median follow-up of 95 months (6). 
Notably, in this study, female gender was found to be an 
independent predictor for events. 

WMAs seen on DSE have been shown to reliably detect 
multi-vessel stenosis (12) but has lower sensitivity in women 
with single-vessel stenosis and low angiographic severity 
score (9). Furthermore, a negative noninvasive stress test 
does not rule out coronary vasomotor dysfunction in 
symptomatic patients, with dobutamine stress echo having 
a sensitivity of 29% (95% CI: 8–58%), specificity of 57% 
(95% CI: 18–90%), and positive predictive value of only 
57% (95% CI: 8–58%) for vasomotor dysfunction (13). As 
such, we postulate that this population of patients with (+) 
ECG findings but no new or worsening WMA on DSE 
may represent women with INOCA disease and coronary 
vasomotor dysfunction. 

It has previously been reported that women with INOCA 
are at risk for long-term adverse outcomes. Of the total WISE 
cohort undergoing invasive angiogram, 551 were found to 
have no obstructive CAD. Analysis of these women found that 
INOCA was associated with considerable morbidity with a 
2.5% rate of MACE at 5-year follow up (14). Furthermore, 
women with stable INOCA and non-obstructive CAD 
had 10-year all-cause death and cardiac death rates of 
17% and 11% respectively, compared to 10% and 6% in 
women with normal coronaries (15). Females with non-
obstructive disease are at increased risk for progression to 
obstructive CAD (14). Therefore, positive ECG findings in 
the absence of worsening WMA on stress testing should not 
be discounted as they may reflect INOCA and consequently 
an increased risk for future cardiac events, particularly in 
women. Prior studies that have looked at cohorts of patients 

with known microvascular dysfunction based on invasive 
vasoreactivity testing or positron emission tomography 
(PET) myocardial perfusion study and subsequently 
underwent non-invasive stress have revealed (+) ECG have 
good specificity for coronary microvascular dysfunction 
(13,16). Therefore, further angiographic testing and/or 
consideration of empiric therapy targeted towards coronary 
microvascular dysfunction and angina may be warranted 
in patients with positive ECG findings in the absence of 
worsening WMAs on stress testing. 

Implications of findings

Noninvasive testing for obstructive CAD has generally 
been thought to have poorer specificity for women 
compared to men (9). Equivocal or negative stress findings 
may be a representation of the higher prevalence of 
INOCA and coronary microvascular dysfunction observed 
in women (11). Regarding management, it has been shown 
that women with suspected CAD have fewer additional 
diagnostic tests than men after an initial abnormal 
noninvasive stress test result, even when initial diagnostic 
test positivity rates are similar (17). Cardiac death and MI 
rates following non-invasive testing have subsequently 
found to be higher in women during two years of follow-
up (6.9% vs. 2.4%) (17). Together, these findings illustrate 
the importance of recognizing ischemic ECG findings 
in women undergoing noninvasive testing for signs and 
symptoms of ischemia to guide appropriate downstream 
testing and treatments. 

Strengths and limitations

Our study adds to the existing literature on prognostic 
significance of abnormal ECG in stress echo, and to our 
knowledge is the first study to do so in a cohort  of women 
with suspected ischemia utilizing echo results analyzed in a 
core lab. 

Our results are consistent with a large cohort study 
showing adverse prognosis in patients with abnormal ECG 
response on exercise stress testing (3), but is limited by the 
small sample size of women undergoing DSE at a single 
WISE site, by design. Specifically, an in-depth analysis of 
discrepant (+) ECG/(−) echo findings was limited due to 
the small sample size of subjects with this result. The DSE 
studies were interpreted by a single experienced cardiologist, 
and it may be possible that wall motional abnormalities 
were missed. Furthermore, strain analysis was not available 
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in this data set. Additionally, our results may not be relevant 
to broader populations of women because the WISE study 
excluded women with unstable symptoms and as such, may 
have a lower prevalence of obstructive coronary disease. 
We hypothesize that women in this cohort with adverse 
events and non-obstructive disease may represent those 
with vasomotor dysfunction, but do not report findings of 
microvascular function or vasospasm. While some women 
in this cohort did undergo invasive coronary function 
testing for these purposes, the sample size was small. Future 
work may also aim to correlate measurements of coronary 
flow reserve and coronary blood flow to assess whether 
this population may be phenotypically representative of 
coronary microvascular dysfunction.

Conclusions

Positive ECG findings in the setting of negative echo 
findings on dobutamine stress testing may be an indicator 
of longer-term risk for major adverse cardiovascular 
outcomes in women with signs and symptoms of ischemia. 
It is important to recognize this at-risk population of 
women to target further diagnostics and/or intensify 
medical management. Larger datasets are needed to further 
understand and develop sex-specific prognostic metrics for 
non-invasive stress testing in the evaluation of ischemic 
heart disease. 
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study participants.
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