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Abstract
Current guidelines recommend the use of exercise stress echocardiography (ESE) in patients with unexplained dyspnoea. 
SE was recently reshaped with the ABCDE protocol: A for asynergy, B for B-lines (4-site simplified scan), C for contractile 
reserve based on force, D for Doppler-based coronary flow velocity reserve (CFVR) in left anterior descending coronary 
artery; and E for EKG-based heart rate reserve (HRR, defined as peak/rest HR < 1.62). Aim of the study was to define the 
ESE response in patients with dyspnoea as the main symptom. From the initial population of patients referred in 2018 in a 
single center for semi-supine ESE, we selected two groups (without history of previous myocardial infarction or coronary 
revascularization) on the basis of the main presenting symptom: dyspnoea (Group 1, n = 100, 62 men, 63 ± 10 years) or 
chest pain (Group 2, n = 100, 58 men, age 61 ± 8 years). All underwent ESE with ABCDE protocol. Success rate was 100% 
for steps A, B, C, E, and 88% for step D. Positivity for A criterion occurred in 56 patients of Group 1 and 24 of Group 2 
(p < 0.0001). B-lines positivity (stress > rest for ≥ 2 points) occurred in 40 patients of Group 1 and 28 of Group 2 (p = 0.07). 
LVCR positivity (< 2.0) occurred in 60 patients of Group 1 and 42 of Group 2 (p < 0.05). A reduced CFVR occurred in 56 of 
Group 1 and 22 of Group 2 (p < 0.0001). A blunted HRR was present in 44 patients of Group 1 and 22 of Group 2 (p < 0.001). 
In conclusion, in patients with unexplained dyspnoea, SE with ABCDE protocol is useful to document the cardiac origin of 
dyspnoea with a comprehensive assessment focused not only on ischemia (A) but also pulmonary congestion (B), myocardial 
scar or necrosis (C), coronary microvascular dysfunction (D) or chronotropic incompetence (E).
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TTE	� Transthoracic echocardiography
WMSI	� Wall motion score index

Introduction

The patient with dyspnoea or exertional fatigue is frequently 
referred to exercise stress echocardiography (ESE) [1]. In 
the revised 2019 European Society of Cardiology guidelines 
for the diagnosis of chronic coronary artery disease, func-
tional testing with ESE is recommended in patients with 
dyspnoea as the main symptom when availability and local 
expertise allow [2]. Functional testing with ESE is designed 
to detect myocardial ischemia through regional wall motion 
abnormalities (RWMA), but additional abnormalities may 
involve pulmonary congestion, global LV contractile reserve 
(LVCR) with cavity dilation, coronary microcirculation dys-
function and chronotropic incompetence, all possible causes 
or consequences of a dyspnoea of cardiac origin [1–3]. 
Recently, the comprehensive ABCDE protocol has been 
applied in SE to take the full advantage of the versatility 
of this technique [4, 5]. It allows to gain a comprehensive 
view of 5 parameters which can be associated to a dyspnoea 
of cardiac origin: inducible ischemia (with regional wall 
motion abnormalities, step A); pulmonary congestion (with 
B-lines, step B); LVCR based on force (step C); coronary 
microvascular dysfunction with Doppler-based assessment 
of coronary flow velocity reserve (CFVR) in mid-distal left 
anterior descending artery (step D); and EKG-based heart 
rate reserve (HRR) as a marker of chronotropic incompe-
tence during exercise (step E) [6]. The present study hypoth-
esis is that ABCDE-ESE is feasible and informative in 
patients with dyspnoea as the primary symptom. To test this 
hypothesis, we prospectively recruited, in a single center, 
200 consecutive patients referred for either chest pain of 
unknown origin (n = 100) or dyspnoea (n = 100). All patients 
were studied with the ABCDE-ESE protocol adopted in the 
SE 2020 study network [7].

Methods

Study population

In this prospective study, we initially screened 875 
patients prospectively recruited from December 2016 to 
March 2019 in a single center following the adoption of 
SE2020 study protocol and passing of quality control pro-
cedures for SE reading [8]. The inclusion criteria were: 
(1) Age > 18 years; (2) referral for unexplained dyspnoea 
or chest pain of unknown origin; (3) wall motion imaging 
by TTE of acceptable quality at rest (< 2 uninterpretable 
segments); (4) willingness to give their written informed 

consent allowing scientific utilization of observational data, 
respectful of privacy rights. The exclusion criteria were: 
(1) known CAD/history of myocardial infarction/previous 
myocardial revascularization; (2) severe primary valvular 
or congenital heart disease; (3) left ventricular outflow tract 
obstruction or severe mitral insufficiency at rest or peak 
stress. From the remaining we selected a consecutive group 
of 100 patients with dyspnoea as the presenting symptom 
(Group 1) and a consecutive group of 100 patients with chest 
pain of unknown origin as the presenting symptom (Group 
2). Chest pain was either typical or atypical. Typical angina 
met the following three characteristics: 1—constricting dis-
comfort in the front of the chest or in the neck, jaw, shoulder 
or arm; 2—precipitated by physical exertion; 3—relieved 
by rest or nitrates within 5 min. Atypical angina met two 
of these characteristics [2]. Both dyspnoea and chest pain 
were exertional symptoms. All patients underwent SE test-
ing as part of a clinically-driven work-up and according to 
the referring physician’s indications. Written informed con-
sent was obtained from all patients before testing. The study 
protocol was reviewed and approved by the institutional eth-
ics committees as a part of the SE 2020 study (148-Comitato 
Etico Lazio-1, July 16, 2016; Clinical trials.Gov Identifier 
NCT 030.49995).

Stress echocardiography

We used commercially available ultrasound machines. All 
patients underwent comprehensive TTE at rest. Left ventric-
ular volumes were used to calculate EF were measured by 
modified biplane Simpson’s method [9]. All patients under-
went exercise SE according to the protocol recommended by 
the European Association of Cardiovascular Imaging [10] 
and American Society of Echocardiography [11]. Exercise 
was performed with supine bicycle. Imaging was performed 
at baseline, at an initial workload of 25 watts, at each stage, 
at peak stress, and in recovery. The workload was increased 
at increments of 25 watts every 2 min [10, 11].

Criteria for terminating the test were severe chest pain, 
diagnostic ST-segment shift, excessive blood pressure 
increase (systolic blood pressure ≥ 240 mmHg, diastolic 
blood pressure ≥ 120 mmHg), limiting dyspnoea, maximal 
predicted heart rate, significant arrhythmias. Echocardio-
graphic imaging was performed from parasternal long axis 
view, short axis view, and apical 4-, and 2-chamber view, 
using conventional 2-dimensional echocardiography. Step A 
included assessment of wall motion abnormalities and was 
performed in all patients. Wall motion score index (WMSI) 
was calculated in each patient at baseline and peak stress, in 
a four-point score ranging from 1 (normal) to 4 (dyskinetic) 
in a 17-segment model of the left ventricle (LV). Step B 
of protocol included the assessment of B-lines with lung 
ultrasound and the 4-site simplified scan, from mid-axillary 
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to mid-clavicular lines on the third intercostal space [12]. 
Step C of protocol included the Force-based assessment of 
LVCR as the stress/rest ratio of Force, calculated as sys-
tolic blood pressure/end-systolic volume [13]. CFVR (step 
D) was assessed during the standard SE examination using 
intermittent imaging of wall motion and LAD [5, 14]. Coro-
nary flow in the mid-distal portion of the LAD was imaged 
from the low parasternal long-axis view and/or modified 
apical 2-, 3- or 4-chamber view under the guidance of color 
Doppler flow mapping. All studies were digitally stored to 
simplify offline reviewing and measurements. At each time 
point, three optimal profiles of peak diastolic Doppler flow 
velocities were measured, and the results were averaged.

HRR (step E) was calculated as the peak/rest HR from 
12-lead EKG [15].

All steps are performed by the same sonographer/car-
diologist with the same transducer. Step A is the standard 
assessment of RWMA; step B is done in 20 s before the 
stress and again after the stress with the simplified 4-site 
scan; step C requires ESV measurements that is a part of the 
minimum data set of SE (usually employed to measure ejec-
tion fraction); step D with Doppler flow imaging in left ante-
rior descending artery is obtained before and during exercise 
[8, 14]; step E is simply heart rate assessment from EKG.

SE positivity criteria

All positivity criteria were determined a priori. The A cri-
terion was considered positive in presence of stress-induced 
RWMA (WMSI stress > rest), when at least two adjacent 
segments of the same vascular territory of the left ventri-
cle showed an increment of at least one point of segmental 
score during SE [8, 10, 11]. The B criterion was consid-
ered positive in presence of stress or rest B-lines ≥ 2 units 
[8]. The C criterion was considered positive in presence of 
force-based LVCR ≤ 2.0 [8]. The D criterion was considered 
positive in presence of coronary flow velocity reserve ≤ 2.0 
[8, 14]. The E criterion was considered positive in presence 
of HRR < 1.69 [15].

As required by stress echo 2020 protocol, all readers had 
passed the quality control for each of the 4 imaging param-
eters upstream to starting patient recruitment [5, 16]. SE data 
were entered in the data bank at the time of testing.

Coronary angiography

Coronary angiography was decided by the referring physi-
cian based on symptoms, individual clinical characteristics, 
and noninvasive imaging results. Obstructive significant 
CAD was defined by a quantitatively assessed coronary 
diameter reduction ≥ 50% in the view showing the most 
severe stenosis. Images were read by experienced invasive 
cardiologists unaware of the results of SE.

Statistics

Data are expressed as mean ± standard deviation for con-
tinuous variables and as numbers (percent) for categorical 
variables. Continuous variables were compared by paired-
samples t test. Proportions were compared by chi-square 
statistics; Fisher’s exact test was used when appropriate. 
Differences were considered significant at the 0.05 level 
when 95% CI did not overlap. The intra- and inter-observer 
variability of A (WMSI), B (B-lines number), C (ESV), 
D (peak diastolic flow velocity) and E (HR) was assessed 
by 2 independent observers (AZ and NZ) who had passed 
the quality control procedures of SE 2020 and had exten-
sive experience in joint reading in a set of 20 consecutive 
patients. For intra-observer variability, all analyses were 
repeated (blinded to the initial results) in 50 consecutive 
participants more than 30 days after the initial analysis of 
the same images. For each parameter, interclass concordance 
coefficient (ICC) was measured and the adjusted coefficient 
of variation (CV), which is defined as the ratio of the stand-
ard deviation and the mean of absolute readings for WMSI, 
ESV, and peak diastolic flow velocity. A probability value 
of < 0.05 was considered statistically significant. All statisti-
cal calculations were performed using SPSS for Windows, 
release 18.0 (Chicago, Illinois).

Results

The main clinical, hemodynamic, and rest TTE findings in 
the 200 patients finally enrolled are shown in Table 1. The 2 
groups were comparable for age and gender. Hypertension 
and ACE-inhibitors therapy was more prevalent in Group 1.

SE findings

In the overall group of 200 patients, the success rate was 
100% for WMSI, 100% for B-lines, 100% for LVCR, 88% 
for CFVR, 100% for HRR. The intraobserver ICC was 
0.93 (95% CI 0.89–0.96, n = 50) for WMSI, 0.96 (95% CI 
0.94–0.98, n = 50) for B-lines, 0.98 (95% CI 0.97–0.99, 
n = 50) for ESV, and 0.98 (95% CI 0.96–0.99, n = 47) for 
peak diastolic coronary flow velocity. The interobserver 
ICC was 0.80 (95% CI 0.68–0.88) for WMSI, 0.80 (95% 
CI 0.68–0.88) for B-lines, 0.90 (95% CI 0.84–0.94) for 
ESV, and 0.86 (95% CI 0.76–0.92, n = 47) for peak dias-
tolic coronary flow velocity (Fig. 1). The CV was 5.3% for 
WMSI, 9.9% for ESV, and 6.4% for peak diastolic coronary 
flow velocity. The main SE findings are reported in Table 2. 
Examples of an abnormal SE is shown in Fig. 2. The positiv-
ity rate was higher in Group 1 compared to Group 2 for the 
ACDE parameters, separately considered (Fig. 3), and when 
at least 1 of them was present (Fig. 4).
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Coronary angiographic verification was available in 27 
patients, and showed significant CAD in 14/18 patients of 
Group 1 and 5/9 patients of Group 2. Stress-induced RWMA 
determining positivity of A criterion were present in 13/14 
patients with CAD of Group 1 and 4/5 of Group 2, with 

a sensitivity of 93% and 80% respectively (p = ns). Stress-
induced RWMA determining positivity of A criterion were 
present in 3/4 patients without CAD of Group 1 and 2/4 of 
Group 2. Accuracy of A criterion for both groups was 82%, 
(83% and 67% of Group 1 and Group 2, respectively, p = ns).

Discussion

In cardiac patients, dyspnoea is due to pulmonary conges-
tion as left ventricular dysfunction causes cardiac output to 
decrease and pulmonary venous pressure to rise, eventually 
leading to extravasation of fluid into the interstitial space 
and lung alveoli [1]. Consistently with this interpretation, we 
observed that in patients with dyspnoea, the ABCDE-ESE 
protocol is often abnormal for one or more criteria and each 
one offers important information. RWMA unequivocally 
indicates presence of inducible ischemia with a highly spe-
cific marker of CAD. B abnormality indicates that exercise 
is accompanied by pulmonary congestion, and proves the 
cardiac origin of dyspnoea [17, 18]. C abnormality indi-
cates a global LV dysfunction, which can be present with 
normal WMSI and normal EF-based LV reserve [13]. D 
can be present in absence of CAD and inducible ischemia, 
and in this case points to anatomic or functional coronary 
microvascular disease which is a biomarker and/or cause 
of heart failure also with preserved ejection fraction [19]. 
E shows chronotropic incompetence which can be a cause 

Table 1   Study population

ACE angiotensin-converting-enzyme, ARB angiotensin II receptor 
blockers, BSA body surface area, CAD coronary artery disease, CRT​ 
cardiac resynchronization therapy
*p < 0.05; #p < 0.01

Variable Group 1 
Dyspnea pts
(n = 100)

Group 2 
Chest pain
(n = 100)

Statistical
Significance

Male gender, N (%) 62 (62) 58 (58) NS
Age (years) 63 ± 10 61 ± 8 NS
BSA (m2) 1.95 ± 0.21 1.91 ± 0.19 NS
Hypertension, N (%) 88 (88) 65 (65)  < 0.0005
Diabetes mellitus, N (%) 15 (15) 12 (12) NS
Ejection fraction, % 66 ± 7 65 ± 6 NS
Severe MR, N (%) 0 (0) 0 (0) NS
Beta-blockers, N (%) 60 (60) 48 (48) NS
ACE-inhibitors, N (%) 43 (43) 26 (26)  < 0.05
ARBs 27 (27) 28 (28) NS
Aldosterone antagonists 4 (4) 0 (0) NS
Diuretics 28 (28) 21 (21) NS
CRT​ 0 (0) 0 (0) NS
Known CAD before test 0 (0%) 0 (0%) NS

Fig. 1   Feasibility and variability of ACBDE parameters. On the 
y-axis (%): Success rate, Intra-observer, inter-observer concordance 
coefficients for each parameter. On the x-axis, from left to right: A 

(regional wall motion assessment); B (B-lines); C (contractile reserve 
based on end-systolic volume); D (pulsed-wave Doppler peak dias-
tolic flow); E (heart rate with ECG)
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of dyspnoea with or without underlying LV dysfunction or 
inducible ischemia [20].

Comparison with previous studies

Our study expands previous studies showing that each of the 
employed parameters can offer useful insight in patients with 
dyspnoea as the presenting symptom. These patients may 
frequently show RWMA during stress. Dyspnoea can be an 
angina equivalent in patients with defective anginal warning 
system, and is thought to be related to a transient rise in LV 
end-diastolic pressure caused by ischemia. Previous studies 
showed that there is a high prevalence of inducible ischemia 
in aged, overweight patients referred to SPECT testing for 
dyspnoea [21]. In 1443 patients without known CAD under-
going coronary computed tomography, both dyspnoea and 
chest pain were equally associated with obstructive CAD 
[22]. B-lines can be present with inducible ischemia or with 
normal systolic function in presence of diastolic dysfunction 
in patients with dyspnoea and normal function [23]. LVCR 
can be impaired due to inducible ischemia but also in pres-
ence of normal EF due to occult reduced systolic reserve 
[24]. CFVR is impaired in presence of significant CAD but 
also with normal epicardial coronary arteries for microvas-
cular disease [5]. Finally, an impaired chronotropic reserve 

is a possible cause of dyspnoea and can be easily detected 
in patients on or off beta-blockers as a blunted increase in 
HR during stress, described in CAD but also in HF patients 
with either reduced or preserved EF [15]. The versatility 
of functional testing with SE with ABCDE protocol allows 
to incorporate this comprehensive information in a simple 
single test.

Clinical implications

The patients with dyspnoea as the presenting symptom is a 
frequent clinical challenge, with different cardiac and extra-
cardiac sources of dyspnoea. The ABCDE protocol allows 
to unequivocally identify a cardiac origin of dyspnoea in the 
majority of these patients. Dyspnoea was often an ischemic 
equivalent, and the documentation of RWMA during stress 
was corroborated by presence of CAD at coronary angio-
graphic verification.

Study limitations

A significant limitation of the study is that coronary angio-
graphic verification was available only in 27 patients out of 
200. However, the study aim was not to assess the diagnostic 
accuracy of SE, already extensively evaluated in the past for 
each of the 5 ABCDE steps.

Our results apply only to semi-supine exercise. In patients 
unable to exercise, pharmacological stress is not recom-
mended, although at least in principle it may offer a similar 
information, as exercise does, on key variables of ABCDE 
protocol, including B-lines [12] and chronotropic reserve 
[24, 25].

We used a simplified index of HRR. The same cutoff 
value could be calculated with a slightly more complex 
formula including age and target heart rate: peak HR- 
rest HR/220—age—rest HR, with cutoff value ≤ 1.62 [6]. 
Another proposed and prognostically validated approach is 
to consider chronotropic incompetence in presence of a peak 
HR < 85% of predicted HR (220—age) it would have been 
74% by this method [20]. The prevalence of chronotropic 
incompetence in our population of dyspnoea patients was 
44% with the adopted simplified method, and would have 
been 60% with the method proposed by Khan et al. [15].

We did not assess E/e′ and tricuspid regurgitant veloc-
ity during a dedicated diastolic stress test, as currently 
recommended in patients with suspected heart failure and 
preserved ejection fraction. These parameters have recog-
nized feasibility and accuracy limitations during stress. 
E/e′ is not measurable in 10%, and tricuspid regurgitant 
velocity jet in 50% of patients during exercise [26]. How-
ever, diastolic stress echo is only a third step in the algo-
rithm proposed by the European Society of Cardiology 

Table 2   Stress echo findings

# p = 0.07; *p < 0.05; **p < .01; ***p < .001; ****p < 0.0001

Group 1,
Dyspnoea

Group 2,
Chest pain

A-step
 Rest WMSI 1.03 ± 0.14 1.00 ± 0.04
 Peak WMSI 1.31 ± 0.36**** 1.10 ± 0.22
 Ischemia 56%**** 24%

B-step
 Rest B-lines (lower–upper quartile) 1.51 (0–2)# 1.18 (0–2)
 Stress B-lines (lower–upper quartile) 3.4 (0–4)* 2.12 (0–4)
 B-positivity 40% 28%

C-step
 Rest Force (mmHg/mL) 4.7 ± 1.6 4.6 ± 1.8
 Peak Force
(mmHg/mL)

8.9 ± 5.3** 11.5 ± 6.5

 LVCR positivity 60%* 42%
D-step
 Rest CFV (cm/s) 32 ± 11* 29 ± 8
 Peak CFV (cm/s) 58 ± 19** 65 ± 17
 CFVR positivity 56%**** 22%

E-step
 Rest HR (bpm) 70 ± 10 72 ± 11
 Peak HR (bpm) 120 ± 18**** 133 ± 16
 HRR positivity 44%*** 22%
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in 2019 in patients with dyspnoea and preserved ejection 
fraction [26]. At the first step there is functional testing 
with exercise or conventional SE testing, mainly to exclude 
alternative causes such as coronary artery disease. This 
first step can be represented by ABCDE-SE, which allows 
a more comprehensive assessment to identify specific 
causes of heart-failure like symptoms, from chronotropic 
incompetence to myocardial ischemia and microvascular 
disease. This approach may provide a lot more information 
than the standard SE [27, 28], and a more comprehen-
sive assessment can be especially fruitful in patients with 

heterogeneous underlying pathophysiological conditions 
such as those presenting with dyspnoea.

Conclusions

ABCDE-ESE provides a simple and feasible approach in 
patients referred for dyspnoea. This approach often pro-
vides unequivocal evidence of inducible ischemia and 
underlying CAD (A abnormality), pulmonary conges-
tion (B abnormality), impaired myocardial reserve due to 

Fig. 2   An abnormal ABCDE study. Left column: rest images. Right 
column, stress images. From top to bottom: A step: abnormal wall 
motion (septo-apical akinesia during stress (a); B step: 4 B-lines in 
lung ultrasound during stress (b); C-step: dilated end-systolic volume 

during stress (c); D-step: blunted increase pulsed-wave Doppler peak 
diastolic flow—54/34 = 1.59 (d); E step: blunted heart rate with ECG 
(117/75 = 1.56—d)
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necrosis or scar (C abnormality), reduced CFVR reserve 
due to coronary microvascular disease (D abnormality) 
and chronotropic incompetence (E abnormality). Each of 
these parameters, and even more their combination, points 
to a cardiac origin of dyspnoea, and may help in diagnosis 
which must always integrate clinical, resting transthoracic 
echocardiography and biomarkers informations, such as 
left atrial volume, left ventricular hypertrophy and cardiac 
natriuretic peptides concentration.
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