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Abstract

Introduction: Access to public healthcare is limited in Brazilian underserved areas, and long waiting lists remain for echocardio-

graphy (echo). We aimed to develop a tool to optimize indications and shorten waiting lists for standard echo in primary care.

Methods: Patients in waiting list for standard echo were enrolled. For derivation, patients underwent a clinical questionnaire,

simplified 7-view echo screening by non-physicians with handheld devices (GE-VSCAN), and standard echo (Vivid-Q) by ex-

perts. Two models were adjusted, one including clinical variables and other adding screen-detected major heart disease (HD).

For validation, patients were risk-classified according to the clinical score. High-risk patients and a sample of low-risk underwent

standard echo. Intermediate-risk patients first had screening echo, with a complete study if HD was suspected. Discrimination

and calibration of the 2 models were assessed to predict HD in standard echo. Results: In derivation (N=603), clinical variables

associated with HD were female gender, body mass index, Chagas disease, prior cardiac surgery, coronary disease, valve disease,

hypertension, and heart failure, and this model was well calibrated with C-statistic=0.781. Performance was improved with the

addition of echo screening, with C-statistic=0.871 after cross-validation. For validation (N=1,526), 227 (14.9%) patients were

classified as low-risk, 1082 (70.9%) as intermediate-risk, and 217 (14.2%) as high-risk by the clinical model. The final model

with 2 categories had high sensitivity (99%) and negative predictive value (97%) for HD in standard echo. Model performance

was good with C-statistic=0.720. Conclusion: The addition of screening echo to clinical variables significantly improves the

performance of a score to predict major HD.

INTRODUCTION:

Echocardiography (echo) remains one of the most used imaging modalities in clinical practice, providing in-
cremental information with low risk to the patient by employing ultrasound technology1,2. The availability of
portable and affordable machines has allowed echocardiography to go beyond the frontiers of specialized cen-
ters, and its indications have progressively increased, being frequently ordered by primary-care physicians3,4.
In response to marked increases in utilization of echocardiography, the delay in its access is inevitable. The
first consideration of healthcare providers is that the waiting list is a direct measure of the need for medicals
services, and that the size of the list is directly related to the need. However, in a setting of low likelihood
of cardiovascular disease, echocardiography does not substantially change cardiovascular therapeutics, even
if appropriately ordered4.
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There are growing efforts to improve value-based approaches to diagnostic tests, especially echocardiography,
primary targets of ongoing reforms in healthcare delivery and reimbursement5,6. In a context of limited-
resource settings, such as the Brazilian public health system, the increasing demand for echocardiography
yields a critical burden, both for patient management and the health system budget7. Therefore, strategies
aimed at limiting the costs of health services and shortening waiting lists are essential to efficiently incorporate
this imaging modality into daily clinical care7.

Despite the increasing interest of healthcare managers, limited data are available to enhance physician
awareness and education about optimal utilization of imaging, especially when indications were given by
non-cardiologists2. Several implications for practice point towards the importance of adequately defining
the likelihood of disease rather than appropriateness of testing and impact on outcome for management of
diagnostic flowcharts4,8.

Implementation of echo screening into the Brazilian primary care has preliminary proven to be feasible as a
tool for risk stratification and prioritization of referrals9. However, its impact on the population’s likelihood
of cardiac disease in addition to clinical evaluation is yet to be defined. Therefore, the present study was
designed to develop a tool to optimize indications and shorten the waiting lists of patients who have a
standard echo ordered by primary-care physicians through a community-based approach in resource-limited
settings.

METHODS:

Data analytic methods and study materials will be made available to other researchers for purposes of
reproducing the results or replicating the procedure, from the corresponding author upon reasonable request.
The PROVAR+ study is a continuation of the rheumatic heart disease screening program, as a collaboration
between the Universidade Federal de Minas Gerais, Telehealth Network of Minas Gerais10 and the Children’s
National Health System, Washington, DC, USA. Details about the study’s methodology and results have
been published elsewhere9. In this sub-study, Primary Health Centers (PHCs) from the city of Montes
Claros (north Minas Gerais, 361,900 inhabitants), areas with poor socioeconomic conditions in the state,
were selected to participate of the study, based on priorities of health authorities. Patients in the waiting
list for an echocardiogram were selected. Ethics approval was obtained from the institutional review boards
and local Boards of Health, and eligible patients signed the informed consent prior to enrollment.

A previous survey carried out in 2017 found a waiting list of 6,330 patients in Montes Claros public health
system, with an average availability of around 130 exams/month, distributed in 2 echocardiographic centers.
In an exploratory sample of 200 exams performed in these centers in January 2017, only 15% had some
degree of heart disease, suggesting an inadequate use of this scarce resource.

This study was conducted in 2 phases with derivation and validation models (Figure 1 ). In the first
phase, 603 patients underwent a clinical questionnaire, echo screening, and standard echocardiography. A
standardized clinical questionnaire with sociodemographic data, comorbidities, preexistent heart disease,
cardiovascular symptoms, and prior cardiac surgery was applied by the research team, in order to identify
predictors of cardiac disease. The research team consisted of a nurse and a biomedical professional, both of
whom undertook systematic training for research procedures and image acquisition.

Subsequently, echo screening was performed by the non-physician from the research team, with a simplified
7-view echocardiographic protocol, focusing on major cardiologic findings, including ventricular dysfunction
and hypertrophy, cardiomyopathies, valvular and congenital heart diseases. Screening echocardiography was
performed utilizing standard portable (Vivid-Q®; GE Healthcare, Milwaukee, WI) or handheld (VSCAN®,
GE Healthcare) machines and images were uploaded to cloud servers and analyzed via telemedicine by
cardiologists in Brazil and the United States. Screening was considered abnormal in the presence of the
major following abnormalities: any degree of left ventricular systolic dysfunction, segmental wall-motion
abnormalities, moderate or severe left ventricular hypertrophy, any degree of right ventricular dysfunction,
moderate or severe valve dysfunction (stenosis or regurgitation), presence of prosthetic valve, dilation of
ascending aorta; congenital heart disease, cardiomyopathies, presence of implantable devices – especially

2
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pacemaker and ICD – moderate or severe pericardial effusion; arrhythmias (atrial fibrillation).

After echo screening, a standard full echocardiogram (Vivid-Q®; GE Healthcare) was performed in all
patients by an experienced cardiologist, unaware of the results of screening. The echocardiographic findings
considered relevant were the same as in screening, for the purpose of further comparisons.

A model that predicted major abnormalities in standard echocardiography, defined as the outcome variable,
was assessed by logistic regression and also by Classification and Regression Tree (CART) analysis. Initially,
2 models were adjusted, one including only the clinical questionnaire and the other adding the result of echo
screening (binary presence of major abnormalities) to clinical data. Both models were internally validated
by cross-validation to prevent overfitting, splitting the derivation population into training (70%) and test
(30%) samples, and discrimination and calibration were evaluated in the test group11. Among the two models
mentioned, we highlight the logistic regression analysis for presenting the calculation of the individual risk of
each patient. For the predicted risk of each patient of having abnormal full echocardiography, the following
risk categories were defined: low risk (<12%), intermediate risk (13% to 70%) and high risk ([?]71%). The
cutoff point of 12% for low risk was chosen to maximize sensibility (>85%) and prevent false negatives, as
the individuals classified in low risk did not perform any additional procedures. (Appendix Figure 1 ).

In the second phase, a task-force for the validation of the prediction tool derived in phase 1 was carried
out. A research team consisting of medical students and other health professionals (nurses, biomedical,
psychologists, pharmacists, biologists) organized the patients in stations, optimized flow during each stage
and provided any necessary clarifications. In addition, echo screening (GE, VSCAN(r)) was performed by 2
groups of scanners with different backgrounds: 3 non-medical health professionals (1 nurse, 1 biomedical and
1 psychologist) and another group formed by 2 cardiologists and 1 cardiac sonographer from the US team.
The standard full echocardiogram (GE Vivid Q(r), Vivid IQ(r)) was performed by 6 experienced Brazilian
cardiologists.

For the validation step, 1,526 patients in the waiting list for standard echocardiography in other PHCs in
Montes Claros were included (Figure 1 ). The initial approach was classifying the patients according to
their risk of having major echocardiographic abnormalities based only on the clinical score. After entering
the questionnaire data into the online RedCap(r) database12 the patient’s risk was automatically calculated.
Patients classified as low risk did not perform any additional procedures and were discharged to their homes
with a letter to the attending physician stating the initial low risk for significant cardiac abnormalities after
clinical assessment. However, to test the performance of the model with only clinical variables, a validation
subset randomly underwent standard echo.

Patients classified as high risk were immediately referred for standard echocardiography; and the preliminary
report was released shortly after the exam. Patients classified as intermediate risk underwent screening echo,
and were re-classified according to the findings as screen negative or positive. The screening results were
then inserted into the RedCap(r) online system, generating a new risk estimation for these patients. If the
numerical value re-classified them as low risk, they were discharged home without any additional exams, and
only a subset was randomly selected to perform the standard echo. However, if they were re-classified as
high risk, they were directly referred for standard echo. Therefore, each patient followed a different pathway
within the workstations depending on their risk classification.

Patient involvement

Patients and public were not involved in the design and conduct of this research.

Statistical Analysis

Statistical analysis was performed using the Statistical Package for Social Sciences for Windows, version
22.0 (SPSS Inc., Chicago, Illinois) and R for Statistical Computing version 3.4.0 (R Foundation, Vienna,
Austria). Categorical variables were expressed as numbers and percentages, whereas continuous data were
expressed as mean +- standard deviation.

3
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Logistic regression and Classification and Regression Tree (CART) analyses were assessed to predict an ab-
normal standard echocardiogram as the outcome of interest. Two models were adjusted, one including: 1)
only the clinical questionnaire and 2) adding echocardiographic screening (normal or abnormal) to clinical
data. The performance of the prediction models was assessed using a variety of different methods13. Cali-
bration was based on the Hosmer and Lemeshow test and discrimination on the ROC curve and C-statistic.
The models were internally validated by cross-validation to prevent overfitting, splitting into training (70%)
and test (30%) samples, and discrimination and calibration were evaluated in the test group.

External validation of both models was performed by applying them to an independent population to assess
their discrimination and calibration in predicting abnormal standard echocardiography. A bicaudal p-value
<0.05 was considered significant.

RESULTS:

Derivation population

Mean age was 58.7+-15.3 years (range 16 – 101), 370 patients (61%) were women. In a preliminary analysis,
the overall prevalence of major abnormalities in standard echo was 25.8%. Clinical variables associated
with abnormal standard echocardiography are shown in Table 1 : female gender, body mass index, Chagas
disease, prior cardiac surgery, coronary artery disease, valve disease, hypertension, and history of heart
failure were predictors of major echocardiographic abnormalities. Other cardiovascular conditions, including
symptoms, did not remain in the model. The first model including only the clinical questionnaire showed a
C-statistic of 0.761 and was well calibrated. Cross validation with replication showed optimal discrimination
of the model with an average C-statistic of 0.781 and calibration with an average of Hosmer-Lemeshow
p-value of 0.21.

The multivariate model after adding the echo screening to the clinical model is provided in Table 2 . The
model’s performance improved significantly with a C-statistic of 0.863, and cross validation showed an average
C-statistic of 0.871. The head-to-head comparison of the models is displayed in Table 3 . Illustration of
observed versus predicted abnormal echocardiography by decile of predicted risk for the test sample of the
models with and without echo screening is shown inAppendix Figure 2 . Based on the first classification
of risk categories, using only the clinical variables, with the addition of screening echo to the model 248
participants (41%) were reclassified as intermediate risk. Abnormal standard echocardiogram was observed
in 147 individuals, of whom 21 were classified as low risk.

Validation population

The mean age of the 1,526 patients included in the validation population was 57.9+-15.9 (range 16 – 102),
1,007 (66%) were women. The characteristics of the validation population compared to those of the derivation
population are shown in Table 4 . Although age was similar, there was a higher prevalence of comorbidities
in the validation compared with derivation population, especially coronary artery disease, heart valve disease,
and heart failure. The 3 risk categories predicted by the model with questionnaire, and 2 risk categories
predicted by the model with questionnaire and screening echocardiographic are shown in Appendix Figure
2 .

Applying the model including only the clinical questionnaire developed in derivation, 227 (14.9%) patients
were classified in the low risk, 1082 (70.9%) in the intermediate risk, and 217 (14.2%) in the high-risk groups
for having an abnormal standard echo (Figure 2 ). Of those in low-risk randomly selected for standard echo
(N=50), only 3 presented major abnormalities (1 interatrial septal defect and 2 left ventricle hypertrophy).
In the intermediate risk group, after the screening echo, 450 were reclassified as low risk and the standard
echo was normal in the random sample of 62 patients. Of the 619 reclassified as high-risk, 372 had a normal,
whereas 242 had an abnormal standard echo. Finally, all patients in the high-risk group directly underwent
standard echo, which was normal in 66 and abnormal in 151.

In the overall population, after the screening echo, 372 patients classified in the high-risk category had normal
standard echo (false positive), whereas there were no patients in the low-risk group with abnormal standard

4
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echo (false negative). Of the 372, screening echo was positive in 254 patients and negative in 118 patients.
The model had a high sensitivity to predict an abnormal standard echo in the validation population (99%) as
well as negative predictive value (97%). Overall model performance in this new population of 1,526 patients
was good with C-statistic of 0.720. Calibration was on average correct (calibration-in-the-large coefficient
close to 0), but the Hosmer-Lemeshow test was significant (Figure 3 ).

DISCUSSION:

In this study, adding screening echo to a clinical score improved the accuracy of the model to predict the
presence of major heart disease in primary care patients in waiting lists for standard echo. The final score had
optimal sensitivity (99%) and negative predictive value (95%) for risk stratification, and may be a promising
tool for prioritization of tests and referrals, and rationalization of health resources in underserved regions.

There has been growing interest in the development of screening echocardiography in the past decade.
Different applications have been evaluated, from early detection of acquired heart disease14 to point-of-care
diagnosis of cardiac manifestations in systemic conditions15,16, and the utilization of handheld devices may
expand its utility to other ultrasound modalities, such as prenatal care. Strategies as task-shifting to non-
physicians, telemedicine and simplified protocols potentially boost availability of screening – especially to
low-resourced areas. While this approach may improve practicality, it leads to limitations associated with
quality and detailing of image acquisition, and the technical aspects of the low-cost ultraportable devices pose
additional challenges for final diagnoses in the field. Thus, the evaluation of screening echo as an additional
categorical variable, flagged as “normal” or “abnormal”, rather than focusing on specific diagnostic aspects,
may add extra value to existing models to predict cardiovascular risk.

The broad utilization of echo screening for the overall population remains controversial. In 6,861 patients from
a population-based nationwide Norwegian cohort, echocardiographic screening did not reduce mortality in
15 years, nor were observed benefits on secondary outcomes (sudden death, mortality from any heart disease,
or incidence of fatal and nonfatal myocardial infarction and stroke)17. Conversely, for 410 asymptomatic
individuals >=65 years-old with at least 1 risk factor for heart failure, comprehensive echo screening with
global longitudinal strain added incremental information to clinical parameters to predict incidence of stage-
B heart failure18. In the UK, among 100 patients >70 years-old without known valve disease undergoing
point-of-care echo with the VSCAN, 5% required specialized care or surgery, at a reasonable cost per scan
($182/patient)19. Also with an acceptable cost of PS43/scan and PS460 per finding, focused echo screening
of 100 young athletes in the UK (6 – 18 years) unveiled 12% with indication of further testing20. The later
studies support our data regarding the impact of focused echo on the odds of having heart disease, although
our population had a much higher baseline cardiovascular risk, and, consequently, higher pre-test probability
in a cross-sectional evaluation. This, along with the cost-saving features of our strategy (integration into
existing primary care, task-shifting and remote diagnosis), may improve utility and cost-effectiveness.

The Brazilian primary care has a particular flowchart for prescribing specialized tests, aimed at rational-
izing resource allocation21. Those of higher complexity – e.g. magnetic resonance, computed tomography,
colonoscopy – can only be ordered by specialists, after formal referral by the primary care physician, whereas
simpler tests – as echo – can be directly prescribed by the primary care clinician or general practitioner.
Considering the training and clinical backgrounds, data from over 2,800 echo prescriptions in Italy showed
better guideline-driven appropriateness in prescriptions made by experts (cardiologists), resulting in more
frequent derivation of useful information (63.1% cardiologist vs. 46% non-cardiologist) and consequently
more abnormal findings (74.3% vs. 55%)22. In another analysis including 2,110 patients with mean 60.4
years-old, to whom echo was mainly prescribed due to hypertension (22%) and screening (16.8%), cardiology
training was also associated with higher rates of class I indication, usefulness and pathological features23.
Thus, it is anticipated that standard echocardiograms ordered by the primary care staff in Brazil – with het-
erogeneous training background – will likely have suboptimal pre-test evaluation, limiting their utility. This,
in addition to the uneven distribution of health resources and test availability in the Brazilian territory (even
inside the same state) and to financial crisis, contribute to the current growing waiting lists. Thus, targeting
individuals waiting for echo may be more effective than random population screening, as preliminary data
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suggest9.\

In this context, the application of prediction models may help prioritize patients in waiting lists based
on the likelihood of having significant heart disease. This implies that the test’s sensitivity – its ability
to rule out disease – is the most important accuracy measure, as denoted by our validation data for the
model including echo screening, with 2 categories. In addition, integration of ultrasound performed by
non-physicians with limited training is favored by the Brazilian primary care strategy and facilitated by
telemedicine, as previously demonstrated9,24. However, whilst point-of-care diagnosis of specific conditions
such as rheumatic heart disease may be possible for healthcare staff with basic training25,26, a more detailed
evaluation of echo variables poses additional challenges, even for remote readers. Thus, modeling echo
screening as a single component may broaden its practicality. Furthermore, the clinical components included
in the final model (Table 2 ) can be easily assessed by technicians or even community health agents, for
baseline risk estimation prior to the medical appointment.

While our strategy seems promising, several steps must precede the implementation of the risk stratification
tool. Physicians must be in agreement with a certain degree of interference with their clinical reasoning, espe-
cially for low-risk cases. Additionally, medical regulations need to incorporate task-shifting of echo acquisition
- a debatable topic in Brazil. Also in this context, embedded apps for optimal probe positioning27 and to flag
abnormalities28must be warranted for future handheld devices, to minimize practical limitations. Finally,
this novel approach for rationalization of heath resources for cardiology tests deserves further exploration,
with validation in different settings and cost-effectiveness assessment.

LIMITATIONS:

Our study has several limitations. First, the derivation and validation samples included all-comers from
waiting lists for standard echo, and no stratified sampling procedures were performed. While this limits
generalization of the findings, it reflects the characteristics of this specific sub-population, with a particular
risk profile. Second, there were remarkable differences between derivation and validation populations, which
may bias the weight of relevant variables, such as previous heart failure and surgery. Third, the population
in North Minas Gerais has specific characteristics, such as high prevalence of Chagas disease and delayed
diagnosis of conditions as heart failure due to limited access to secondary care, markedly in smaller towns. As
these variables remained in the model, this may also limit generalization. In addition, even after recalibration
of intercept and slope, final Hosmer-Lemeshow test was significant, indicating that fine tuning of test variables
will be required for different epidemiological contexts. Forth, only 2 well-defined risk categories (instead of
the original 3) remained in validation, with moderate discrimination. While risk stratification is less refined, a
simpler output may improve practicality, especially with the optimal sensitivity observed. Finally, as a cross-
sectional design was applied, the model is not powered to predict outcomes, and additional investigations
must be warranted. Despite these limitations, to the best of our knowledge this is a novel large-scale approach
to evaluate the incremental value of echo screening on top of clinical evaluation to predict heart disease, and
may result in useful tools for healthcare systems, especially where resources are scarce.

CONCLUSION:

In conclusion, the addition of screening echo to clinical variables significantly improves the performance of
a score to predict major cardiac abnormalities. The strategy may be a useful tool to prioritize waiting lists
for tests and referrals in primary care, especially in resource-limited settings.

DISCLOSURES: The authors have nothing to disclose regarding this manuscript.

CONTRIBUTORSHIP STATEMENT:

Conception and design of the research: Nascimento, BR, Ribeiro, AL, Sable, CA; Acquisition of data: Dia-
mantino, AC, Nunes, MCP, Oliveira, KKB, Rabelo, LC, Franco, J, Barbosa, MM, Reese, AT, Olivieri, L,
Diamantino, LC; Analysis and interpretation of data: Nascimento, BR, Beaton, AZ, Sable, CA, Diamantino,
AC, Diamantino, LC; Statistical analysis: Nascimento BR, Lima, EM, Martins, LNA, Colosimo, EA; Obtain-
ing financing: Beaton, AZ, Sable, CA, Nascimento, BR, Ribeiro, AL; Writing of the manuscript: Nascimento,

6



P
os

te
d

on
A

u
th

or
ea

16
J
u
l

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

49
31

62
.2

49
56

89
8

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

BR, Diamantino, AC, Nunes, MC; Critical revision of the manuscript for intellectual content: All authors;
Authors responsible for the overall content as guarantors: Nascimento, BR, Ribeiro, AL, Beaton, AZ.

FUNDING STATEMENT:

The PROVAR investigators would like to thank Edwards Lifesciences Foundation(r) for supporting and
funding the primary care screening program (PROVAR+) in Brazil, General Electric Healthcare(r) for
providing echocardiography equipment and WiRed Health Resources for providing online curriculum on
heart disease and echocardiography. The funding sources did not have any relationship with the conduct of
the study, the collection, analysis, and interpretation of the data. The Telehealth Network of Minas Gerais
was funded by the State Government of Minas Gerais, by its Health Department (Secretaria de Estado
da Saude de Minas Gerais) and FAPEMIG (Fundacao de Amparo a Pesquisa de Minas Gerais), and by
the Brazilian Government, including the Health Ministry and the Science and Technology Ministry and its
research and innovation agencies, CNPq (Conselho Nacional de Desenvolvimento Cientifico e Tecnologico)
e FINEP (Financiadora de Estudos e Projetos). Dr. Ribeiro was supported in part by CNPq (Bolsa
de produtividade em pesquisa, 310679/2016-8) and by FAPEMIG (Programa Pesquisador Mineiro, PPM-
00428-17). Medical students received scholarships from the National Institute of Science and Technology for
Health Technology Assessment (IATS, project: 465518/2014-1).

FIGURES:

Figure 1: Study flow chart.

Figure 2: Overall risk classification of the validation population. *13 patients did not perform the screening
echocardiography.

Figure 3: Assessing discrimination and calibration of the predictive models with clinical questionnaire (A
and B) and clinical questionnaire plus echocardiography screening (C and D).

SUPPLEMENTARY MATERIALS:

Appendix Figure 1: Risk categories according to the best combination of sensibility and specificity of the
predictive model.

Appendix Figure 2: Predicted risks based on the prediction model built only with the questionnaire (on
the left) in low ([?]12%), indeterminate (>12% to [?]70%), and high (>070%), and on the questionnaire plus
screening echocardiography that classify into 2 risk categories (low [?]12% and high >12%).

TABLES:

Table 1 . Multivariable logistic regression model for predicting abnormal standard echocardiogram in the
derivation population (model including only the clinical questionnaire).

Variables* Estimate OR 95 % CI P value

Female gender -0.73 0.48 0.32 - 0.73 0.00
Body mass index (Kg/m2) -0.08 0.93 0.89 - 0.97 0.00
Hypertension 0.52 1.68 1.02 - 2.75 0.04
Chagas disease 1.26 3.52 2.09 - 5.91 0.00
Coronary artery disease 1.16 3.19 1.62 - 6.29 0.00
Heart failure 1.27 3.57 1.84 - 6.90 0.00
Heart valve disease 0.99 2.68 1.09 - 6.61 0.03
Prior cardiac surgery 1.28 3.59 1.43 - 9.02 0.01

Table 2 . Multivariable logistic regression model for predicting abnormal standard echocardiogram in the
derivation population (model with questionnaire and screening echocardiography)
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Variables* Estimate OR 95 % CI P value

Screening echo positive 2.69 14.73 8.44 - 25.72 0.00
Female gender -0.73 0.48 0.30 - 0.78 0.00
Body mass index (Kg/m2) -0.06 0.94 0.90 - 0.99 0.03
Chagas disease 1.25 3.47 1.81 - 6.66 0.00
Hypertension 0.12 1.12 0.61 - 2.07 0.71
Coronary artery disease 0.79 2.20 1.01 - 4.79 0.05
Heart failure 1.08 2.96 1.32 - 6.63 0.01
Heart valve disease 1.46 4.29 1.45 - 12.71 0.01
Prior cardiac surgery 0.36 1.44 0.48 - 4.34 0.52

Table 3 . Head-to-head comparison of the models performance in prediction abnormal standard echocar-
diogram in the derivation and validation population.

Derivation Derivation Validation

Questionnaire Questionnaire plus screening echocardiography Questionnaire plus screening echocardiography
C-statistic 0.761 0.863 0.720
Accuracy 0.782 0.814 0.732
Sensitivity 0.748 0.631 0.992
Specificity 0.558 0.944 0.199
PPV 0.908 0.761 0.473
NPV 0.822 0.782 0.973

Abbreviations

NPV = Negative predictive value; PPV = Positive predictive value

Table 4 . Overall characteristics of the derivation compared with the validation population

Variables*
Derivation cohort
(n=603)

Validation cohort
(n=1526) P value

Age (years) 58.7 ± 15.3 57.9 ± 15.9 0.341
Female gender 370 (61) 1007 (66) 0.044
Body mass index
(Kg/m2)

27.9 ± 5.6 27.4 ± 6.1 0.072

Hypertension 432 (72) 1078 (71) 0.647
Chagas disease 98 (16) 296 (19) 0.092
Coronary artery disease 56 (9) 293 (19) <0.001
Heart failure 55 (9) 433 (28) <0.001
Heart valve disease 29 (5) 206 (14) <0.001
Prior cardiac surgery 30 (5) 122 (8) 0.015

*Variables were self-reported by the patients
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