
Introduction

Ischemic heart disease is an important public 
health problem in Brazil. Between 2008 and 2018, 
488 858 deaths of women due to coronary artery 
disease (CAD) were reported.1 According to the 
American Heart Association (AHA), approximately 
1 in 3  women have some form of cardiovascular 
disease. The evidence shows that women at risk for 
CAD are less often referred to appropriate diagnostic 
tests than men.2

Clinical presentations of CAD result from atherosclerosis 
of the coronary arteries and overt angina syndromes, acute 
myocardial infarction, ischemic cardiomyopathy, and 
sudden cardiac death. A major aggravating factor in the 
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Abstract

Background: Coronary artery disease (CAD) is an important cause of morbidity and mortality in women and 
requires early diagnosis for defining the appropriate treatment. 

Objective: To identify the positive predictive value (PPV) and safety of the early use of handgrip exercise in 
pharmacological stress echocardiography using dobutamine (early-ECHO) in women. 

Methods: Positive ischemic early-ECHO records from 111 women were evaluated from January 2012 to 
March 2018. Subsequently, the hospital medical records were verified to locate patients who underwent 
conventional coronary angiography (CCA), and we analyzed the medical conduct adopted for these 
patients. Statistical analyses were performed using SPSS employing one-way analysis of variance 
(ANOVA), Fisher’s exact test, or Pearson’s chi-square test. The level of statistical significance was set at 
p < 0.05 for all analyses. 

Results: Four patients (4.4%) presented serious complications during the examination. Out of 90 patients who 
underwent CCA, 71 (78.9%) had CAD. Among these 71 patients, 58 (81.7%) had severe lesions and 13 (18.3%) 
presented moderate CAD. Moreover, CCA did not demonstrate relevant coronary lesions in 19 of the 90 patients 
(21.1%). Among patients with severe CAD, 16 (27.6%) underwent myocardial revascularization surgery; 34 (58.6%) 
underwent percutaneous coronary angioplasty; and 08 (13.7%) had their clinical treatments intensified. The PPV 
for early-ECHO was 78.9%. 

Conclusions: Early-ECHO showed a high PPV for diagnosing myocardial ischemia in women. It presented a low 
complication rate and provided rapid disease identification, allowing the early treatment of injuries and potentially 
preventing CAD complications.

Keywords: Stress Echocardiography; Coronary Artery Disease; Women; Predictive Value of Tests; Safety.
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other hand, were used to refer to a conventional coronary 
angiography (CCA) examination and demonstrate the 
accuracy of positive early‑ECHO results, as well as to 
quantify blood vessel occlusion and the medical conduct 
adopted for treating patients.

Inclusion criteria were defined by early-ECHO tests 
in which a positive ischemia response was observed; 
exclusion criteria considered tests with a negative 
ischemia response. At one point, patients who did not 
undergo CCA at the referral hospital were excluded.

To evaluate the safety and PPV of early-ECHO, 
we selected the results of 111 patients with positive 
diagnostic tests. This validation was performed through 
the search for medical records of these patients at the 
hospital, followed by an analysis of the CCA examination. 

The early-ECHO protocol

Two-dimensional transthoracic echocardiography 
with Doppler ultrasound was performed by an 
experienced certified sonographer-physician using 
a Phillips Affiniti 70 ultrasound. All patients were 
examined in the left lateral position.

Dobutamine was diluted in 5% glycated serum and 
administered through an infusion pump at doses of 
5–10–20–40 mcg/kg/min, increasing every 3 minutes. Blood 
pressure (BP) and a 12-lead electrocardiogram (ECG) were 
acquired every 3 minutes, before increasing the medication 
dose. At the end of the examination, intravenous 
beta‑blockers (5 mg metoprolol) were administered.

Moreover, in our early-ECHO protocol, isometric 
exercise (with a handgrip strengthener) was used from 
the third minute of the examination, when dobutamine 
dose was 10 mcg/kg/min. Firstly, the isometric strength 
exercise was used in the non-dominant hand and, after 
BP verification, the isometric strength intensity was 
increased for both hands in order to reach 85% of the 
maximum heart rate (MHR) estimated for a patient of 
that age or the optimization of a positive ischemia result.

Video records were captured at baseline, with a low 
dobutamine dose (5 to 10 mcg/kg/min), at peak stress 
(85% of MRH), and in the recovery phase (after using 
the beta-blocker). Images were selected from 4 different 
echocardiographic views: parasternal long axis, parasternal 
short axis, apical 4-chamber, and apical 2-chamber.

The early-ECHO protocol was first suggested by Yao 
and colleagues in 20038 and was adapted to the patients 
in this study as shown in Figure 1.

occurrence of CAD is its silent characteristic, which can be 
perceived at certain effort levels when there is an increase 
in myocardial oxygen consumption (MVO2).3,4 

In this context, diagnostic tests increase the 
scope for investigating ischemia. Dobutamine stress 
echocardiography is an affordable, non-invasive, 
radiation-free test that allows the assessment of several 
segments of the left ventricle, making it possible to assess 
a patient’s risk of developing severe CAD.4

Currently, the use of the 3-minute dobutamine protocol 
has become a popular noninvasive technology (NIT), with 
the addition of atropine at the final stage.5 However, atropine 
may prolong exam time and cause serious side effects.6,7

The use of isometric handgrip exercise with dobutamine-
atropine stress echocardiography (early-ECHO) decreases 
the time to target heart rate, recovery time, and the overall 
examination time.8 Another advantage of early-ECHO is 
the reduction of the total dose infusion of dobutamine and 
its consequent side effects.9

Adjunctive isometric exercise in the form of 
sustained submaximal handgrip dobutamine stress 
echocardiography without atropine results in a modest 
increase in MVO2, primarily by an increase in end‑systolic 
wall stress;10 it can also significantly lower fractional flow 
reserve (FFR) values and potentially improve the ability 
of this test to detect physiologically significant stenosis.11 

The main goal of this study was to highlight the positive 
predictive value (PPV) of early-ECHO in detecting CAD in 
women, emphasizing its safety and applicability.

Methods

Participants

This study analyzed the medical records of female patients 
subjected to pharmacological stress echocardiography with 
dobutamine with an early protocol (early-ECHO) at a 
diagnostic imaging center from January 2012 to March 2018.

Secondary data collected from medical records of 
patients at the imaging center were compared with 
those of the region’s referral hospital in the same period. 
Data from the center’s medical records included age, body 
mass index (BMI), incidence of complications during the 
examination (complex ventricular arrhythmia, arterial 
hypertension above 220/110 mmHg, and/or angina chest 
pain), and dobutamine dosages used in the procedure. 
Data obtained from the hospital’s medical records, on the 
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The presence of ischemia (positive test) was defined 
as the development of a new wall motion abnormality or 
worsening of an existing one during stress (hypokinesia, 
akinesia, or dyskinesia). When the examination 
demonstrated precocious contractile change, it was 
interrupted even without reaching the recommended 
MHR. For interpretive analyses, the left ventricle was 
divided into 17 segments as recommended by the 
American Society of Echocardiography.12

CCA

CCA still plays a pivotal role in the invasive imaging 
of coronary arteries. Despite rapid developments in 
noninvasive imaging, the temporal and spatial resolution 
of coronary angiography is unsurpassed and will remain 
as the road map for cardiology interventionalists and 
cardiac surgeons for performing revascularization.13

The purpose of CCA is to evaluate the coronary 
anatomy and the degree of luminal obstruction of 
the coronary arteries.14 Angiographically normal or 
near-normal coronary arteries are more common 
among women, who are more likely than men to have 
myocardial ischemia due to microvascular disease.15

The degree of coronary stenosis has been determined 
by the AHA Guideline as: negative (without coronary 
lesion); discrete (less than 50% of stenosis); moderate 
(between 50% and 70% of luminal narrowing); and severe 
(more than 70% of luminal narrowing).16

Statistical analysis

The extracted data were organized using Microsoft 
Excel and then transferred to the SPSS software version 
22.0, which was used for statistical analyses.

The Komogorov-Smirnov normality test was initially 
performed for quantitative variables. Given the normality 
of the findings, a one-way analysis of variance (ANOVA) 
parametric test was selected for comparing results and 
verifying statistical inferences. A Tukey’s post hoc 
test was not used because no statistically significant 
difference was observed.

Quantitative variables are presented as mean 
values ± standard deviations. Qualitative variables are 
presented by n (absolute number) and % (percentage), 
and Fisher’s exact test (if more than 20% of the 
expected value <  5) or Pearson’s chi-squared test 
(if expected frequency >  5) were used as measures 
of association. In case of a statistically significant 
difference, the adjusted residuals analysis was used. 
In this analysis, statistical significance was considered 
where the frequency was higher (residual equal to or 
higher than +1.96) and where the frequency was lower 
(residual equal to or less than -1.96).

In order to determine PPV, the following formula 
was used: PPV = True Positive / (True Positive + False 
Positive). A p-value α = 0.05 (p < 0.05) was adopted as the 
level of statistical significance in all analyses. 

Figure 1 – Early pharmacological stress echocardiogram protocol. Adapted from Yao and colleagues, 2003.8

ECG: electrocardiogram; BP: blood pressure.
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Results

Patient population

Out of 111 selected patients, 21 medical records were 
excluded since the CCA examinations had not been 
performed at the hospital. A total of 90 female patients 
met all inclusion criteria. The association between CCA 
outcomes and the variables analyzed in the study is 
shown in Table 1.

The mean age was 66.59 ± 9.86 years (p = 0.91), 
ranging from 43 to 98 years. No significant difference 
was observed in the patients’ ages and the presence of 
CAD. Considering the BMI of these women, 37 (41.1%) 
were classified as overweight.

Furthermore, out of 90 patients who underwent 
CCA, 71 (78.9%) presented CAD; among these 
71  patients, 13  (18.3%) had moderate CAD and 
58 (81.7), severe CAD. Concerning all 90 patients, 
19 (21.1%) had negative tests, without significant 

Table 1 – Catheterization outcomes (conventional coronary angiography, CCA) compared with the variables analyzed 
before and during the examination (n = 90)

Variables
Negative  

n (%)
Mild stenosis 

n (%)
Severe stenosis  

n (%)
Overall  

n (%)
p

CCA 19 (21.1) 13 (14.4) 58 (64.4) 90 (100.0) -

PPV - - - 78.9 -

AGE 65.95 ± 12.72 65.30 ± 11.20 66.55 ± 8.57 66.59 ± 9.86 0.91a

Body mass index

Low weight 1 (14.3) 1 (14.3) 5 (71.4) 7 (100.0)

0.89b

Normal weight 7 (25.0) 5 (17.9) 16 (57.1) 28 (100.0)

High weight 7 (18.9) 4 (10.8) 26 (70.3) 37 (100.0)

Obesity I 2 (40.0) 2 (15.4) 9 (69.2) 13 (100.0)

Obesity II 2 (40.0) 1 (10.0) 2 (40.0) 5 (100.0)

Complications

None 17 (18.9) 13 (15.1) 56 (65.1) 86 (100.0)

0.45b

Hypertension (220/110 mmHg) 1 (100.0) 0 (0.00) 0 (0.00) 1 (100.0)

Complex ventricular arrhythmia 1 (100.0) 0 (0.00) 0 (0.00) 1 (100.0)

Typical chest pain 0 (0.00) 0 (0.00) 1 (100.0) 1 (100.0)

Arrhythmia and typical chest pain 0 (0.00) 0 (0.00) 1 (100.0) 1 (100.0)

Arrhythmia type

None 13 (21.7) 8 (13.3) 39 (65.0) 60 (100.0)

0.65b
SVES 0 (0.00) 2 (25.0) 6 (75.0) 8 (100.0)

VES 6 (28.6) 3 (14.3) 12 (57.1) 21 (100.0)

NSVT 0 (0.00) 0 (0.00) 1 (100.0) 1 (100.0)

Medical procedure after CCA

PTCA - - 34 (58.6) -

MRS - - 16 (27.6) -
-

Pharmacological treatment - - 8 (13.8) -

Statistical methods: a: one-way analysis of variance (ANOVA); b: Fisher’s exact test. 
CCA: conventional coronary angiography; SVES: supraventricular extrasystole; VES: ventricular extrasystole; NSVT: non-sustained ventricular 
tachycardia; PPV: positive predictive value; PTCA: percutaneous transluminal coronary angioplasty; MRS: myocardial revascularization surgery.
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stenosis. The PPV of the early-ECHO examination in 
women was 78.9%.

Only 4 patients (4.4%) had serious complications during 
the examination, determined as complex ventricular 
arrhythmias, hypertension (above 220/120  mmHg), 
or typical chest pain. It is also significant that 60 (66.7%) 
participants did not have arrhythmias during the 
examination, and from these 60, 39 (65%) had severe 
CAD. In the examinations of 58 patients with severe CAD, 
06 (10.3%) had supraventricular extrasystole (SVES), 
12 (20.7%) had ventricular extrasystole (VES), and 1 (1.7%) 
had non-sustained ventricular tachycardia (NSVT).

Regarding the medical conduct for patients with severe 
CAD, 34 (58.6%) underwent percutaneous transluminal 
coronary angioplasty; 16 (27.6%) underwent myocardial 
revascularization surgery; and 8 (13.8%) had their clinical 
treatment intensified.

The association between variables analyzed before and 
during the examination with a CAD predictor considering 
patients aged older than 60 years is shown in Table 2. 
Additionally, 25 (27.7%) participants aged < 59 years and 
65 (72.2%) aged > 60 years were observed. It is noteworthy 
that women who were younger than 59 years old were 
more likely to have class 1 obesity (defined as a BMI 
between 30.0 and 34.9 kg/m2), being represented by 
8 patients (32.0%) with a statistically significant difference 
(p = 0.02) and adjusted residues (ra) of 3.1 confirming 
significance. Furthermore, when grouping overweight 
patients and those with grade 1 obesity, we observed that 
70% of them presented severe CAD at CCA.

Another characteristic found during the examination 
was the lower need for high dobutamine doses in 
women over the age of 60 years. Nearly 81% of older 
patients reached the goal of the examination with 
a lower dose of dobutamine while 44% of younger 
patients (< 59 years) required a high dose of this 
medication, with a statistically significant difference 
(p = 0.01) and ra = 2.5 confirming the significance.

Discussion

Stress echocardiography is an established technique 
for assessing the extent and severity of CAD. 
The  combination of echocardiography with physical, 
pharmacological, or electrical stress allows the detection 
of myocardial ischemia with excellent accuracy. 
This NIT provides diagnostic and prognostic accuracy 
that is similar to that of radionuclide stress perfusion 
imaging or magnetic resonance, but at a substantially 

lower cost and without environmental impact and 
hazards to the patient and physician.17 

The present study demonstrated a low rate (4.4%) of 
relevant complications (defined as complex ventricular 
arrhythmias, arterial hypertension, and/or typical 
chest pain), which was different from the literature. 
Abreu et al. indicated an occurrence of typical chest pain 
in 53.8% of positive tests in octogenarians and complex 
arrhythmias, occurring in 6.4% of the examinations 
of patients aged 80 years or older. The frequency of 
extrasystoles varied between 27.6% in patients aged 
younger than 60 years and 47.8% in patients aged 
80 years or older.18 The finding rate of non-complex 
arrhythmias in patients with severe CAD was 10.3% 
for SVES and 20.7% for VES. The early use of isometric 
exercise in our early-ECHO protocol may have been a 
relevant factor for reducing test duration, as already 
demonstrated by Yao and colleagues,8 thus leading to 
a lower rate of adverse events was observed.

Regarding the use of medications during the 
examination, a significant portion of older patients 
(> 60 years) did not require high dobutamine doses. 
This was shown by Secnus and Marwick in 1997, when 
they found that women had a higher heart rate than 
men both at rest and at the end of ECHO, in addition 
to the fact that fewer women needed atropine.19 
Abreu and colleagues also showed that octogenarians 
(mainly women) needed less medication during the 
exam, which may be due to less vagal activity and/or 
greater sensitivity to dobutamine in this population.18

Data showed that women aged 59 years and 
younger were more predisposed to having class 
1 obesity. In the obese patient, the blood volume 
and capillary network are increased. In order to 
compensate for this, the cardiac output is increased 
according to the relation between excess weight and 
ideal weight. There is also an increase in oxygen 
consumption by the metabolism of adipose tissue, 
with most of the cardiac output destined to supply 
these cells. Moreover, the intensity of these changes 
is proportional to the time since the installation of 
this hemodynamic situation, and this pattern has 
been shown to be reversible with weight reduction.20

According to Herszkowicz et al.,20 a population 
of obese women, without any clinical alterations or 
cardiovascular complications, showed a trend of higher 
values of systolic arterial pressure, myocardial mass, 
and left ventricular wall circumference stress, as well as 
a trend of early alterations of global diastolic function.20
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Table 2 – Association between the outcome of patients aged 60 years or older and the variables analyzed before and 
during the examination (n=90)

Variables
Age ≤ 59 years old Age ≥ 60 years old

n (%) p
n (%) (n = 25) n (%) (n = 65)

Body mass index

Low weight 0 (0.0) 6 (9.2) 6 (6.7)

0.02b ra=2.9

Normal weight 5 (20.0) 24 (36.9) 29 (32.2)

High weight 10 (40.0) 27 (41.5) 27 (10.0)

Obesity I 8 (32.0)ra 5 (7.7) 13 (14.4)

Obesity II 2 (8.0) 3 (4.6) 5 (5.6)

Basal segment analysis

Normal 18 (72.0) 54 (83.1) 72 (80.0)
0.25b

Dysfunction 7 (28.0) 11 (16.9) 18 (20.0)

Low dose segment analysis

Normal 13 (52.0) 37 (56.9) 50 (55.6)
0.81a

Dysfunction 12 (48.0) 28 (43.1) 40 (44.4)

Use of high dose

No 14 (56.0) 52 (80.0)ra 66 (73.3)
0.03a ra=2.3

Yes 11 (44.0)ra 13 (20.0) 24 (26.7)

High dose segment analysis

Normal 2 (18.2) 5 (38.5) 7 (29.2)
0.39b

Dysfunction 9 (81.8) 8 (61.5) 17 (70.8)

Complications

None 24 (96.0) 62 (95.4) 86 (95.6)

Hypertension (220/110 mmHg) 1 (4.0) 0 (0.0) 1 (1.1)

Complex ventricular arrhythmia 0 (0.0) 1 (1.5) 1 (1.1) 0.63b

Typical chest pain 0 (0.0) 1 (1.5) 1 (1.1)

Arrhythmia and typical chest pain 0 (0.0) 1 (1.5) 1 (1.1)

Arrhythmia type

None 21 (84.0) 40 (61.5) 61 (67.8)

0.15b
SVES 2 (8.0) 6 (9.2) 8 (8.9)

VES 2 (8.0) 18 (27.7) 22 (22.2)

NSVT 0 (0.0) 1 (1.5) 1 (1.1)

Medical procedure after CCA

PTCA 7 (28.0) 27 (41.5) 34 (37.8)

MRS 3 (12.0) 13 (20.0) 16 (17.8) 0.28b

Pharmacological treatment 2 (8.0) 6 (9.2) 8 (8.9)

Statistical methods: a: Pearson's chi-squared test; b: Fisher’s exact test. 
SVES: supraventricular extrasystole; VES: ventricular extrasystole; NSVT: non-sustained ventricular tachycardia; CCA: conventional coronary 
angiography; PTCA: percutaneous transluminal coronary angioplasty; MRS: myocardial revascularization surgery.
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Furthermore, the use of preventive measures against 
obesity in women, as well as the early identification 
of ventricular remodeling, has become an important 
factor in the fight against cardiovascular diseases in 
the female population.

In 2012, a comparative effectiveness review evaluated 
the diagnostic accuracy and risks of NIT in women with 
suspected symptoms of CAD. This review showed that 
ECHO provided a sensitivity of 79% and a specificity of 
83% when compared with CCA.21

Our analyses showed that the PPV of early-ECHO 
in women was 78.9%. However, this analysis does 
not include the probability of pre-test CAD among 
patients, as well as the clinical aspects of thoracic pain 
presented by them. Pasierski et al.,22 reported that, 
in hypertensive patients with angina, the specificity 
and PPV of exercise echocardiography were 96% and 
97%. They also demonstrated that the advantage of 
stress echocardiography over the ECG stress test 
was more obvious in hypertensive women than in 
hypertensive men.22

Tong and Douglas reported the sensitivity and 
specificity of exercise echocardiography testing in women 
to be 91% and 80%, respectively. These data suggest that 
exercise echocardiography may be the diagnostic test of 
choice in women. From a cost-effectiveness point of view, 
these authors believe that most women should undergo 
exercise echocardiography as the initial diagnostic test, 
since its diagnostic accuracy is much higher than that of 
ECG stress testing.23

The prevalence of CAD in the studied population 
was 78.9%, and in cases of severe CAD (>  70% of 
stenosis), 27.6% of the patients underwent myocardial 
revascularization surgery; 58.6% underwent coronary 
angioplasty; and 13.8% received optimized clinical 
treatment. Heupler et al.,24 demonstrated that exercise 
echocardiography provided incremental prognostic 
information over exercise ECG in populations with 
mixed genders or mixed pre-test CAD probability.24 
The  incremental value of stress echocardiography 
over stress electrocardiography in a low-risk but 
mixed-gender population was demonstrated over 
2 decades ago.25

Cortigiani et al.26 found that echocardiographic 
evidence of ischemia on dobutamine or dipyridamole 
stress echocardiography was the only independent 
predictor of hard events in a group of 456 women who 

were not known to have CAD.26 Supporting this analysis, 
Davar et al.27 showed that positive stress echocardiography 
was the only independent predictor of future cardiac 
events, with a relative risk of 8.9 (95% confidence interval 
1.0 to 76.5, p = 0.04). The cumulative event-free survival 
rate 38 months after stress echocardiography was 98.8% 
for patients with negative stress echocardiography results 
and 50.7% for patients with positive results.27

Moreover, in an earlier study, exercise echocardiography 
was found to be the optimal method of diagnosing CAD 
in women.28 Recommendations from the European 
Society of Cardiology suggest the preferential use of 
non-ionizing imaging techniques in highly vulnerable 
patients such as younger women.29

Conclusions 

Early-ECHO is a test with a low complication rate 
that shows a high PPV for the diagnosis of myocardial 
ischemia in women, providing fast identification of this 
disease with early treatment of injuries and preventing 
potential major complications and/or death due to CAD.

Finally, more studies should be conducted in order 
to recommend the early-ECHO protocol as a NIT in the 
assessment of CAD in women.
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