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ABSTRACT

Background: A standardized training platform helps to achieve reading harmonization in stress echocardiography (SE) beyond 
regional wall motion abnormalities (RWMA). 
objective: To harmonize SE reading criteria across different laboratories.
methods: The core lab prepared for readers an obligatory 2-hour web-based learning module for 5 parameters: RWMA; B-lines; 
coronary flow velocity reserve (CFVR) based on peak diastolic flow velocity on the left anterior descending coronary artery; left 
ventricular contractile reserve (LVCR, from raw measurements of end-systolic volume, ESV); systolic arterial pulmonary pressure 
(from raw measurements of peak tricuspid regurgitant jet velocity, TRV). The quality control test consisted of 20 cases selected by 
the coordinating center. The a priori determined pass threshold was 18/20 (≥90%) with intra-class correlation coefficient between 
the coordinating lab and the peripheral reader >0.90. 
Results:  The certification was completed by 84 readers for RWMA, 65 for B-lines, 30 for CFVR, 24 for ESV and 20 for TRV. The mean 
reading time per attempt was shorter for TRV (9±4 min), CFVR (13±6 min) and B-lines (17±3 min), intermediate for ESV (24±7 
min), and longer for RWMA (29±12 min, p <0.01). The success rate of the first attempt was higher for CFVR (85%), intermediate 
for TRV (75%) and B-lines (43 %), lower for ESV (35%) and lowest for RWMA (28 %, p <0.01).
conclusions: A web-based learning platform improves image interpretation skills without need for expensive imaging equipment 
or a patient to scan. The road to certification is longer for RWMA, intermediate for ESV, and shorter for TRV, CFVR and B-lines. 
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RESUMEN

introducción: Una plataforma de entrenamiento estandarizada ayuda a armonizar la lectura de la ecocardiografía de estrés (EE) más 
allá de las anormalidades en la motilidad parietal regional (AMPR) 
objetivo: Armonizar los criterios de lectura del EE a través de diferentes laboratorios.
métodos: El laboratorio central preparó para los lectores de ecocardiografía un módulo obligatorio de 5 parámetros basado en la 
web de 2 horas de duración: AMPR; líneas B, reserva de la velocidad de flujo coronario (RVFC) evaluada mediante la velocidad pico 
del flujo diastólico en la arteria coronaria descendente anterior; reserva contráctil ventricular izquierda (RCVI, evaluada a partir de 
mediciones crudas del volumen de fin de sístole, VFS); y presión sistólica de la arteria pulmonar (basada en mediciones crudas de la 
velocidad del jet de regurgitación tricuspídea, VRT). La prueba de control de calidad consistió en 20 casos seleccionados por el centro 
coordinador. El umbral de aprobación determinado a priori fue de 18/20 (≥ 90%) con un coeficiente de correlación intraclase entre el 
laboratorio coordinador y el lector periférico > 0.90
Resultados: Ochenta y cuatro lectores completaron la certificación para las AMPR, 65 para las líneas B, 30 para la RVFC, 24 para 
el VFS y 20 para la VRT. El tiempo de lectura medio por intento fue más corto para la VRT (9 ± 4 min), la RVFC (13 ± 6 min) y las 
líneas B (17 ± 3 min), intermedio para el VFS (24 ± 7 min), y más prolongado para las AMPR (29 ± 12 min, p < 0.01). La tasa de 
acierto del primer intento fue más alta para la RVFC (85%), intermedia para la VRT (75%) y las líneas B (43%), menor para el VFS 
(35%) y más baja para las AMPR (28%, p < 0.01).
conclusiones: La plataforma de aprendizaje basada en la web mejora las habilidades de interpretación de imágenes sin necesidad 
de un equipamiento de imágenes costoso o de estudiar un paciente. El camino hacia la certificación es más largo para las AMPR, 
intermedio para el VFS y más corto para la VRT, la RVFC y las líneas B.
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INTRODUCTION
Stress echocardiography (SE) is a cost-effective tech-
nique for diagnosis and risk stratification in patients 
with known or suspected coronary artery disease 
(CAD). (1-3) In recent years, the technique underwent 
a methodological and conceptual mutation and the 
classical approach based on regional wall motion ab-
normalities (RWMA) has changed into a more compre-
hensive assessment of several variables of pathophysi-
ological and established prognostic interest within 
and beyond CAD. (4, 5) Four parameters now con-
verge conceptually, logistically and methodologically 
in the integrated quadruple imaging SE protocol. (6) 
They are: RWMA, B-lines at lung ultrasound (7-11), 
left ventricular contractile reserve (LVCR) assessed as 
the stress/rest ratio of force [systolic blood pressure by 
cuff sphygmomanometer/end-systolic volume (ESV), 
by 2D echocardiography] (12-15); and coronary flow 
velocity reserve (CFVR) on the left anterior descending 
coronary artery. (16-18) Altogether they are fused in 
the so-called ABCD protocol allowing a synoptic func-
tional assessment of epicardial coronary artery ste-
nosis (wall motion), lung water (B-lines), myocardial 
function (LVCR) and coronary small vessels (CFVR). 
In the “ABCD” protocol, A stands for Asynergy; B for 
B-lines; C for Contractile reserve (LVCR); and D for 
Doppler-based assessment of CFVR. In addition, the 
routine assessment of tricuspid regurgitant jet veloc-
ity also offers insight into pulmonary hemodynamics 
(19, 20) and is integrated in the core quadruple imag-
ing SE protocol in the presence of heart failure with 
reduced or preserved ejection fraction. (6) 

Although promising and effective, the new SE 
protocol needs to be substantiated by large scale, pro-
spective, multicenter, effectiveness studies necessary 
prior to large scale acceptance in the clinical arena. To 
fill this evidence gap, the Stress Echo 2020 (SE2020) 
study was designed and gathers to date the experi-
ence of over 50 laboratories from 20 countries. (21) 
Upstream to entering the study, the reader from each 
center has to pass a web-based course and a specific 
quality control test as detailed elsewhere for RMWA 
(22) and B-lines. (23) Here we present the extended 
experience on quality control test results on RWMA 
and B-lines and the initial results obtained with three 
additional steps of the quality control road to SE2020: 
ESV (the raw measurement necessary for LVCR); 
peak diastolic flow velocity (the raw measurement 
necessary for CFVR); and TRV (the raw measurement 
necessary for systolic pulmonary arterial pressure).

METhODS
The computer scientist team of the SE2020 study at IFC-
CNR coordinated the procedures of the quality control as-
sessment. The study was supported with institutional fund-
ing of the Italian National Research Council and with travel 
grants of the Italian Society of Cardiovascular Echography 
for dedicated sessions during national meetings. No support 
was received from the industry. 

A web-based educational platform was developed to fa-
cilitate the training process. Participating cardiologists were 
invited by email to join the platform, which was protected 
by user-specific passwords. The platform includes files and 
videos with detailed instructions on how to start the training 
and allows downloading and uploading of external files, as 
previously described in detail. (22, 23)

Study reader population
All participants were clinical cardiologists and expert echo-
cardiographists with ongoing high volume (>100 tests per 
year) SE activity. 

Reading sessions and pass threshold
For each step, we selected 20 video clips. The privacy of pa-
tients was protected during acquisition, storage, and trans-
mission of the SE study. All images were anonymized, and 
the identity of patients was not disclosed at any time to the 
readers. 

Web-based learning module 
For each step, the 2-hour web-based training module con-
sisted of five sequential learning blocks: a- Selected readings 
of recent guidelines; b- A power-point file of 25 to 50 slides 
summarizing key points, and specific literature supporting 
the proposed reading policy, illustrating tips and tricks; c- A 
theory self-assessment test of five questions with four an-
swers each (only one correct) preliminary to the video clip 
reading; d- Short (< 15 s) video clips of SE examinations 
with the same format as the official test reading. After com-
pleting the web-based module the reader could take the test 
(maximum three attempts). After the first attempt, the se-
quence of videos was mixed in the other attempts. 

after the pass or fail response
The response was pass (≥ 90% accuracy) or fail. With pass, the 
reader received a certificate of accreditation and could start 
recruiting with a written informed consent signed by each 
patient and after clearance by the local Ethics Committee. 
With failure, the unsuccessful reader could retake the test at 
1 month after passing the web-based module (this time ob-
ligatory). After the second failure, the reader could undergo 
training in a recommended center and try again after 1 year.  

Step 1: Regional wall motion analysis
Absence or lesser degree RWMA at rest were the positivity 
criterion based on evaluation of the wall motion score index 

caD  Coronary artery disease 

cFVR  Coronary flow velocity reserve

ESV  End systolic volume 

lV  Left ventricle

abbreviations 

RWma Regional wall motion abnormalities

SE  Stress echocardiography 

TRV  Tricuspid regurgitant velocity

SPaP  Systolic pulmonary arterial pressure
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with a 17-segment model of the LV (24). The pass threshold 
was ≥90 % concordance between the peripheral reader and 
the coordinating center reading. (22, 23)

Step 2: B-lines 
B-lines were counted (from 0 to 10) in each video clip. The 
answer was considered correct if concordant with the ref-
erence standard reading±1. The pass threshold was ≥90% 
concordance between the peripheral reader and the coordi-
nating center reading with intra-class correlation coefficient 
≥0.90 and coefficient of variability <10%. (23)

Step 3-left ventricular end-systolic volume 
Left ventricular ESV was measured from apical four- and 
two-chamber views, using the biplane Simpson method (24). 
The endocardial border was traced, excluding the papillary 
muscles. The frame with the smallest left ventricular silhou-
ette was the end-systolic frame. For each video clip, the plani-
metric area measurement in each projection was considered 
concordant when the reading was ±20% from the gold stand-
ard. The wider tolerance limits accepted in comparison with 
other parameters are due to the recognized measurement 
variability of this parameter even among experienced observ-
ers. (25, 26) The pass threshold was ≥90% concordance of area 
measurement between the peripheral reader and the coordi-
nating center reading with intra-class correlation coefficient 
≥0.90 and coefficient of variability <20%. (23)

Step 4: Peak diastolic flow velocity 
Coronary flow velocity reserve is defined as the ratio be-
tween peak hyperemic and peak basal diastolic coronary 
flow velocities. In each video clip, peak diastolic Doppler flow 
velocities were measured. For each video clip, the measure-
ment was considered concordant when the reading was ± 
10% from the gold standard. The pass threshold was ≥90% 
concordance of peak diastolic flow measurement between 
the peripheral reader and the coordinating center reading 
with intra-class correlation coefficient ≥0.90 and coefficient 
of variability <10%.

Step 5- Tricuspid regurgitant jet velocity
Systolic pulmonary arterial pressure (SPAP) is calculated 
through the simplified Bernoulli equation (with TRV in m/s 
when substituted into the formula): SPAP= 4 TRV 2 + es-
timated right atrial pressure. In each video clip, TRV was 
derived from the application of continuous wave Doppler on 
the tricuspid regurgitant jet, from the apical four chamber 
view or from the parasternal right ventricular inflow view, 
finally choosing the highest measured TRV value. Peak ve-
locity was measured in cm/s. 

The gold standard was the average peak TRV flow veloc-
ity reading by two experienced observers of the coordinating 
centers (EB and FF). For each video clip, the measurement 
was considered concordant when the reading was ±10% 
from the gold standard. The pass threshold was ≥90% con-
cordance with intra-class correlation coefficient >0.90 and 
coefficient of variability <10%.

Statistical analysis
Values are expressed as percentages or mean and standard 
deviation. Comparison between different steps was tested 
with analysis of variance and inter-group comparisons with 
the Newman-Keuls test. A p value < 0.05 was considered 
significant.

Ethical considerations
The study protocol was reviewed and approved by the in-
stitutional Ethics Committee as part of the SE2020 study 
(1487-CE Lazio-1, July 20, 2016).

RESULTS
A total of 112 readers from 54 centers in 17 countries 
(Argentina, Bosnia-Herzegovina, Brazil, Bulgaria, 
Costa Rica, Hungary, Italy, Lithuania, Mexico, Po-
land, Portugal, Romania, Qatar, Russia, Serbia, UK, 
and USA) entered the web-based training as per Oc-
tober 20th, 2018. The certification was completed by 
84 readers for RWMA, 65 for B-lines, 30 for CFVR, 24 
for ESV and 20 for TRV. The mean reading time per 
successful attempt was shorter for TRV (9± 4 min), 
CFVR (13± 6 min) and B-lines (17±3 min), inter-
mediate for ESV (24±7 min), and longer for RWMA 
(29±12 min, p <0.01 vs. all the other groups) (Fig-
ure 1). The first attempt success rate was higher for 
CFVR (85%), intermediate for TRV (75%) and B-lines 
(43 %), lower for ESV (35%) and lowest for RWMA (28 
%, p<0.01 vs. all the other groups) (Figure 2). 

DISCUSSION
A modular web-based system for training and ac-
creditation is a feasible, low cost and high efficiency 
option to obtain the accreditation of readers, stand-
ardize methods of execution and analysis, and harmo-
nize reading criteria with an acceptable consistency, 
allowing data collection for scientific purposes in an 
effectiveness study. 

comparison with previous studies
Our study confirms and expands the findings of pre-
vious studies showing the feasibility of a web-based 
training and quality control platform for the essen-
tial steps of SE reading. We have separately reported 
the experience with regional wall motion analysis (on 
63 readers) and B-lines (on 60 readers). The present 
study reports the updated experience on RWMA and 
B-lines and for the first time presents the experience 
obtained with TRV, ESV and CFVR. We accepted a pri-
ori (and found a posteriori) greater variability for ESV 
compared with other parameters. This is consistent 
with previous literature showing that the coefficient 
of variability for ESV is substantially lower than that 
for EDV (25, 26) but still higher than other echocar-
diographic indices used in SE.

To achieve the difficult task of echocardiographic 
data collection quality control, one possible approach 
is the use of a core lab which analyzes centrally im-
ages sent from all the recruiting sites. This approach 
is typically the preferred choice in a clinical trial and 
minimizes the sources of measurement variability 
suggested, but requires dedicated economic and hu-
man resources, and is more suitable for an efficacy 
study than for an effectiveness analysis aimed at eval-
uating the performance of the test in the field (27, 28). 
Another approach is to include all data without any 
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a priori quality control. This leads to collection of a 
large amount of data in a relatively short time, but 
can be very risky for a technique such as SE, which is 
operator-dependent with substantial variability, even 
among experienced readers, in the absence of a priori 
agreement of reading criteria and strict standardiza-
tion of execution, image acquisition and interpreta-
tion criteria. (29, 30)

clinical implications
A web-based training platform is a feasible and flex-
ible approach for continuing education, methodology 
standardization and reading harmonization. It helps 
to spell-out reading criteria and to discuss in advance 
fine tuning of the project with a bottom-up approach 
more fruitful than a top-down approach which may 

have important limitations. For instance, the original 
B-line scan approach consisting of the classical 28-site 
approach (9), required 3 minutes of time, which re-
sulted in many centers abandoning it for feasibility 
problems. This led to a reassessment of the method 
with the intra-network validation of different proto-
cols, and at the end the simplified 4-site scan which 
was finally adopted by the network was proven to be 
the best trade-off between complexity and feasibility. 
(31) Along the network, the information and innova-
tion does not fall vertically and unidirectionally from 
the coordinating center to the recruiting centers, but 
streams horizontally across the centers. This was only 
possible due to the strong experience, solid motiva-
tion, and intellectual generosity of the members of 
the network. The image bank used for quality con-
trol came from 19 different centers which sent typical 
cases for selection. In this way, the samples collected 
for quality control were representative of the garden 
variety of technologies, patients and stresses found in 
the real world.

limitations
We restricted our web-based training to 5 key items, 
which obviously does not include the whole spectrum 
of parameters necessary for a thorough examinations 
in any patient under any condition. The full comple-
tion of the training road to SE2020 will include other 
steps, currently under construction, addressing spe-
cific parameters such as diastolic function (E/e’ ratio 
and E wave deceleration time); right ventricular func-
tion (TAPSE); left atrial volume index; mitral regur-
gitation and aortic stenosis quantification. More than 
the single step, it is important that the SE2020 com-
munity accepted the underlying principle: those who 
have more experience in a particular field will share 
their knowledge and trace the path for others, accu-
rately avoiding to convey academically sweet informa-
tion without clear clinical correlate.

CONCLUSIONS
Web-based training is a pre-requisite to certification 
in specific aspects of SE reading, necessary to achieve 
the inter-center methodological standardization and 
reading harmonization required to build a SE lab 
without walls. The learning platform is suitable to 
improve image interpretation skills regardless of time 
and space, without the need for expensive imaging 
equipment or a patient to scan. The road to certifica-
tion is longer and more difficult for RWMA (“the uni-
versity of SE education”), intermediate for ESV (“the 
primary school” for acquisition, but the “secondary 
school” for analysis) and TRV (“the primary school” 
for analysis, but the “secondary school” for acquisi-
tion), and simpler for B-lines (“the kindergarten”) 
(Figure 3). CFVR is elementary to measure but may 
be difficult to acquire, requires a higher standard of 
technology than other parameters, and therefore it 
might be called the PhD degree of the SE cursus stu-

Fig. 1. Mean reading time for each of the 5 tested parameters. 
RWMA: Regional wall motion abnormalities; ESV: End systolic 
volume; CFVR: Coronary flow velocity reserve; TRV: Tricuspid 
regurgitant velocity.

Fig. 2. Mean percentage of successful attempts at the first 
reading for each of the 5 tested parameters. Abbreviations as 
in Fig.1.

Reading Time (min)

First Attempt Success Rate (%)

RWMA

RWMA

28%

ESV

ESV

35%

B-lines

B-lines

43%

CFVR

CFVR

85%

TRV

TRV

75%

50

45

40

35

30

25

20

15

10

5

0

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%



389muLti-step WeB-BaseD training / clara carpeggiani et al

Fig. 3. The training difficulty 
of the 5 different param-
eters: lowest for B-lines, in-
termediate for ESV and TRV, 
higher for RWMA, and high-
est (for acquisition, not for 
reading) for CFVR. Abbrevia-
tions as in Fig.1.

diorum.
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