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High Rates of
Echocardiographic
Abnormalities in an
Underserved Population
Disparities in cardiovascular care for marginalized
groups are often due to lack of access, driven by social
determinants of health. This includes access to
echocardiography, which is significantly lower in ru-
ral, low-income, and minority groups in the United
States.

Piedmont Health Services (PHS) is a Federally
Qualified Health Center that operates 12 community
health centers in 7 counties in central North Carolina.
The PHS Cardiology Clinic is staffed by faculty from
the Division of Cardiology at the University of North
Carolina (UNC) who are embedded in a PHS facility
and provide free/low-cost care. Patients seen at the
PHS Cardiology Clinic are an underserved population
with 70% of patients being an ethnic/racial minority,
68% being uninsured, 79% having comorbidities and
approximately one-third having preexisting cardio-
vascular disease.1 The clinic offers echocardiography
with images acquired by a certified sonographer or
cardiologist using a desk-top portable machine (CX50,
Philips) capable of 2-dimensional imaging and color,
pulsed wave, tissue, and continuous wave Doppler
interrogation as indicated. Interpretation is per-
formed by a UNC faculty echocardiographer.

To evaluate the prevalence of echocardiographic
abnormalities in an underserved population and to
determine whether identification of echocardio-
graphic abnormalities in this population led to
guideline-directed changes in medical care, we per-
formed a retrospective study of 291 patients under-
going echocardiography at the PHS Cardiology Clinic
from January 1, 2010 through December 31, 2020. Data
are presented as mean � SD (normally distributed),
median (IQR) (non-normally distributed), or count
(%) unless otherwise indicated. Comparison between
groups was done using Student’s t-test, Mann-
Whitney rank sum test, analysis of variance or
Mantel-Haenszel chi-square.
Patients undergoing echocardiography at the PHS
Cardiology Clinic were younger (IQR: 49 [38-59] years
vs 61 [IQR: 49-71] years; P < 0.001), more often female
(69.4% vs 50.3%; P < 0.001) and less likely to be
White (21.6% vs 63.3%; P < 0.001) than those having
echocardiography at the local academic medical cen-
ter. Common comorbidities included hypertension
(45%), diabetes (25%), hyperlipidemia (30%), and to-
bacco use (28%). The majority of patients were of
Hispanic ethnicity (55.3%), and without insurance
(69.1%).

The most common indications for echocardiogra-
phy were a murmur (n ¼ 109, 37.5%), palpitations/
arrhythmia (n ¼ 90, 30.9%), unexplained dyspnea
(n ¼ 76, 26.1%), ischemic evaluation (n ¼ 59, 20.3%),
and suspected heart failure/cardiomyopathy (n ¼ 40,
13.8%). When classified according to the American
Society of Echocardiography Appropriate Use In-
dications, 72.5% of echocardiograms were appro-
priate, 10.3% were maybe appropriate and 17.2% were
rarely appropriate. The rates of abnormal findings
were 53.6%, 43.3%, and 20% in appropriate, maybe
appropriate and rarely appropriate indications,
respectively.

A total of 133 (46%) echocardiograms were
abnormal with 100 (34%) of these being new di-
agnoses. Clinically significant findings, defined as
abnormalities that would change management of the
patient, were identified in 72 (24.7%) patients
(Table 1). This included important congenital,
valvular, or cardiomyopathic disease in 60 patients
(20.6%), pulmonary hypertension in 6 patients, peri-
cardial effusion $ mild in 5 patients, dilated
ascending aorta in 10 patients, and right ventricular
enlargement in 13 patients (some patients had more
than 1 finding).

Patient care before and after the echocardiogram
was compared in the subset of patients with clini-
cally significant echocardiographic findings subject
to recommendations in the American Heart Associ-
ation/American College of Cardiology Valvular Heart
Disease,2 Congenital Heart Disease,3 and Manage-
ment of Heart Failure4 guidelines. This population
was comprised of 43 patients with 60 actionable
findings including severe aortic stenosis (n ¼ 2),
severe mitral regurgitation (n ¼ 1), pulmonic stenosis
(n ¼ 2), patent ductus arteriosus (n ¼ 1), ventricular
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TABLE 1 Echocardiographic Findings and Implementation of Guideline Direct Care in

Patients Covered by AHA/ACC Valvular Heart Disease,2 Congenital Heart Disease,3 and

Management of Heart Failure Guidelines4

Implementation
of At Least 1 Guideline

Directed Change
in Care

% of Patients
With Guideline
Directed Change

in Care

Any abnormality 133 (45.7%)

Mild left ventricular hypertrophy 39 (13.4%) N/A

Moderate left ventricular
hypertrophy

8 (2.7%) N/A

Aortic sclerosis 42 (14.4%) N/A

Aortic stenosis

Mild 4 (1.4%) 1 25%

Moderate 2 (0.7%) 1 50%

Severe 2 (0.7%) 2 100%

Aortic insufficiency

Mild 20 (6.9%) N/A

Moderate 8 (2.7%) 6 75%

Severe 0

Mitral regurgitation

Mild 25 (8.6%) N/A

Moderate 3 (1.0%) 1 33%

Severe 1 (0.3%) 1 100%

Mitral valve prolapse 8 (2.7%) N/A

Degenerative mitral valve disease 29 (10.0%) N/A

Mitral annular calcification 17 (5.8%) N/A

Pulmonic stenosis 2 (0.7%) 1 50%

Pulmonic regurgitation 2 (0.7%) N/A

Pulmonary hypertension 6 (2.1%) N/A

Tricuspid regurgitation

Mild 5 (1.7%) N/A

Moderate 2 (0.7%) 1 50%

Severe 0

Prosthetic heart valve 4 (1.4%) 4 100%

Right ventricular enlargement 13 (4.5%) N/A

Dilated left atrium 45 (15.4%) N/A

Dilated right atrium 18 (6.2%) N/A

Bicuspid aortic valve 5 (1.7%) 4 80%

Patent ductus arteriosus 1 (0.3%) 1 100%

Pericardial effusion $ mild 5 (1.7%) N/A

Dilated ascending aorta 10 (3.4%) N/A

Ventricular septal defect 6 (2.0%) 4 66%

Atrial septal aneurysm 2 (0.7%) N/A

Decreased LV systolic function

Mild LV dysfunction
(45% < EF #50%)

10 (3.4%) 9 90%

Moderate LV dysfunction
(35% < EF #45%)

4 (1.4%) 4 100%

Severe LV dysfunction (EF #35%) 6 (2.0%) 5 83%

Values are n (%) unless otherwise indicated.

ACC ¼ American College of Cardiology; AHA ¼ American Heart Association; EF ¼ ejection fraction; LV ¼ left
ventricle.
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septal defect (n ¼ 6), bicuspid aortic valve (n ¼ 5),
and left ventricular systolic dysfunction (n ¼ 20).
Implementation of at least 1 guideline directed
intervention occurred in 35 (81.4%) of patients in
response to 45 (75%) of the significant findings on
echocardiography within 3 months of the echocar-
diogram. The most common reasons for recommen-
dations not being put into practice were cost, lack of
insurance, transportation problems, or relocation out
of the service area.

Our results add to the literature demonstrating
high rates of undiagnosed echocardiographic abnor-
malities in underserved populations. A study of
limited ultrasonography performed by an internist
using a hand carried machine identified significant
valvular disease or left ventricular dysfunction in
12.4% of primary care patients treated at an urban
health care clinic located in an impoverished area,
despite excluding patients with an indication for
echocardiography.5

This analysis had several limitations including the
use of a portable machine for echocardiographic im-
aging which may have resulted in an underestimation
of the degree of abnormalities. In general, however,
echocardiograms at the Federally Qualified Health
Center included 2-dimensional and Doppler imaging,
were performed by certified cardiac sonographers,
and were deemed diagnostic in quality by expert
echocardiographers. Second was the inability to
identify patients who obtained cardiac care outside of
the PHS and UNC systems which may have resulted in
an underestimation of the use of guideline-directed
therapy.

In summary, we found a high prevalence of
clinically important echocardiographic abnormalities
in underserved patients, which led to the imple-
mentation of guideline-recommended interventions.
Improving access to low-cost/free echocardiography
may have a significant impact on the cardiovascular
outcomes of patients with limited access to care.
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