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Abstract

Our study aimed to examine the prevalence of atherosclerotic burden in a predominantly non-white cohort of patients from LA County who
underwent coronary artery calcium scoring (CACS) and coronary CT angiogram (CCTA) for the evaluation of cardiomyopathy of ischemic
origin. Ischemic cardiomyopathy, primarily caused by reduced blood supply to the heart, is the most common type of cardiomyopathy. CCTA
is a well-established and non-invasive imaging test used to assess the extent of coronary artery disease (CAD) in individuals suspected of
having it.

We analyzed data from 131 patients with cardiomyopathy who were referred to Harbor-UCLA Medical Center between August 2016 and
September 2020. These patients had no chest pain, no g waves on electrocardiogram (ECG), and exhibited cardiomyopathy with reduced
ejection fraction (EF) without wall motion abnormalities on transthoracic echocardiogram.

Among the 131 patients included in our study, the average age was 54.6 years, with 93 (71%) being male. The racial distribution was as follows:
71 (54%) Hispanic, 17 (13%) White, 24 (18%) African American, and 10 (8%) Asian. Various risk factors for coronary artery disease were present,
including diabetes mellitus (30%), hypertension (75%), hyperlipidemia (45%), and smoking (46%).

We assessed CACS using the Agatston score, while atherosclerotic disease burden was evaluated using total plaque score (TPS), total segment
stenosis score (TSSS), and segment involvement score (SIS). Of the patients, 55 (42%) had a CACS of zero, 28 (21%) had a CACS below 10, and
the median (interquartile range) of TPS was 1 (1, 5). The median TSSS and SIS were both 1 (1, 5) and 0 (1, 4), respectively. A total of 23 patients
(18%) exhibited 50% stenosis indicative of obstructive CAD, while 13 patients (10%) had even more severe stenosis of 75% or greater.

Our findings revealed that the majority of patients in our cohort had non-obstructive CAD, suggesting that non-ischemic factors were the
primary cause of their cardiomyopathy. Additionally, our study demonstrated that CCTA is an effective non-invasive diagnostic tool for
cardiomyopathy, allowing for the avoidance of more invasive procedures in a predominantly non-white population receiving care at a public
hospital in LA County.
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Abbreviations: Coronary CTA: Coronary CT Angiography; CAD: Coronary Artery Disease; HF: Heart Failure; CACS: Coronary Artery Calcium
Score; TSSS: Total Segment Stenosis Score; TPS: Total Plaque Severity Score; SIS: Segment Involvement Score; SSS: Segment Stenosis Score; ICA:
Invasive Coronary Angiography (ICA); MPI: Myocardial Perfusion Imaging
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Introduction

Cardiomyopathies are a heterogeneous group of disorders
characterized by myocardial structural or electrical
alterations [1]. It remains a frequent encounter in inpatient
and outpatient settings, with over 18000 instances where
cardiomyopathy was reported as the principal diagnosis in
inpatient hospitalizations, as reported by 2018 HCUP data [2].

Cardiomyopathies can manifest as either mechanical or
electrical complications, and the mechanical complications
are diastolic and systolic dysfunction, which manifests as the
clinical syndrome of Heart Failure (HF) [1]. Annually, HF affects
about 6 million Americans over the age of 20 and accounts for
over 1.2 million hospitalizations [2]. The cost of care for HF in
the US is projected to increase from $21 billion to $53 billion
over the next 20 years [3].

Coronary artery disease (CAD) has succeeded hypertension
and valvular heart disease as the leading cause of new-onset
HF, accounting for more than two-thirds of the cases [3,6].
Establishing the etiology of HF has treatment implications [9],
and patients with ischemic cardiomyopathy have poorer long-
term outcomes [4]. In patients with heart failure with reduced
ejection fraction secondary to CAD, percutaneous/surgical
interventions, goal-directed medical therapy, and secondary
prevention interventions have been shown to reduce mortality
and morbidity in the long term [4,7,8]. There is a wide array of

invasive and non-invasive modalities for ischemic evaluation.
However, there remains a gross underutilization of these
resources [10]. Between 2004-2020, only 34.8% of the patients
with newly diagnosed HF underwent ischemic evaluation.
Furthermore, older age, Black race, and female sex were
associated with lower rates of CAD testing [11].

As there is a need for increased testing, it becomes essential
to evaluate, utilize and validate non-invasive methods of
assessing the extent of CAD in patients. This becomes even
more significant in light of the existing racial and ethnic
health disparities in the United States. Greater HF readmission
rates and racial-ethnic disparities were seen in hospitals with
predominantly black and Hispanic populations compared to
hospitals with largely white populations [12,13].

Coronary CT angiography (Coronary CTA) is an excellent,
validated, structural non-invasive test to assess the extent of
coronary artery disease. Some of the coronary CTA images are
represented in Figures 1-5. It has a greater than 90 to 95%
sensitivity and specificity in patients with occlusive CAD, with
a negative predictive value of 99% [14-16]. Although coronary
artery calcium score (CACS) has excellent sensitivity, it has
poor specificity as a standalone test for occlusive CAD [17].
Our study aimed to describe the prevalence of atherosclerotic
burden in a largely non-white cohort of LA county patients
who received coronary artery calcium (CAC) and CCTA for
ischemic evaluation of cardiomyopathy.

Figure 1:“Dilated cardiomyopathy. (A) Short-axis CT image shows severe dilation of the left ventricle with end-diastolic diameter of 7.1 cm;
(B) 4-chamber CT image also shows severe dilation of the left ventricle. The ejection fraction in this patient was 15% and the constellation of
findings is consistent with dilated cardiomyopathy. CT: Computed Tomography” [25].
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Figure 2. “Coronary artery evaluation. (A) Coronary CT angiography performed in a patient with new onset heart failure shows normal
coronary arteries without any atherosclerotic plaque or luminal stenosis; (B) coronary CTA in another patient with heart failure shows
multiple calcific and non-calcific atherosclerotic plaques in all the coronary arteries. CT: Computed Tomography; CTA: CT Angiography; LAD:
Left Anterior Descending; RCA: Right Coronary Artery; LCx: Left Circumflex Coronary Artery” [25].

. e,

Figure 3. Axial image showing significant calcifications in the left main, proximal left anterior descending (LAD), and proximal Left Circumflex
arteries (LCx).
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Figure 5. Tree VR view showing atherosclerosis by non-obstructive coronary artery disease.
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Methods
Study population

This study is a retrospective observational review of patients
referred to Harbor-UCLA, a public hospital serving South Los
Angeles County, for ischemic evaluation from both outpatient
and inpatient sources between January 2016 and September
2020. The patient population of Harbor-UCLA is largely non-
white.

Patients referred had no chest pain, no g-waves on ECG, and
had cardiomyopathy with depressed ejection fraction (EF)
without regional wall motion abnormalities on transthoracic
echocardiogram.

Informed consentwasobtainedfromall participating patients.
IRB approval was obtained prior to the commencement of
data collection.

Study procedures

Coronary CT angiograms: Cardiac CT scans were interpreted
with the use of a GE Advanced Workstation

(GE Healthcare, Milwaukee, WI). All images were used to
evaluate each segment based on plaque type, amount of
plaque, and severity of stenosis. The plaque was evaluated
from axial source images and multiplanar reformat images
of the long axis at each segment of the coronary arteries. The
coronary plaque was measured on axial cross-sectionalimages.
A total plaque score was developed to semi-quantitate the
plaque in each participant using the 15-segment AHA model
of the coronary arteries. Each plaque was assigned a score of 1
when plaque volume was small, 2 for medium plaque volume,
and 3 for large plaque volume. The total plaque severity score
(TPS) per person was determined by summing the number of
interpretable coronary segments (maximum of 15 segments)
with individual plaque scores (range 1-3). Segments were
graded as normal (no stenosis), stenosis 1%-29%, 30%-49%,
50%-69%, <70% by visual semi-quantification method, with
the assignment of scores of 0, 1, 2,3, or 4, respectively. Any
stenosis greater than 70% was considered to be obstructive.
Stenosis was not measured when the vessel diameter was
less than 2 mm. The total segment stenosis score (TSSS) per
person was calculated by summing all the 15 individual SSSs
with a possible score ranging from 0 to 60 [24]. Segment
Involvement Score (SIS) was calculated as the total number of
coronary artery segments with plaque (range 0-15) [18,22,23].

Coronary calcium score: Coronary artery calcium score
(CACS) was assessed using the Agatston score. Agatston Score:
A semi-automated tool to assess the extent of coronary artery
calcification on an unenhanced low dose CT of the heart. The
data is reported as Agatston’s total calcium score. The extent
of CAD is graded as normal or mildly, moderately or severely
abnormal for 0 Agatston Score [AS], 1-99 AS, 100-400 AS,

and >400 AS, respectively [17,24]. Although CACS calculated
through Agatston is a good indicator of the atherosclerotic
burden, it does not account for the non-calcified plaque,
which plays an important factor in non-obstructive CAD [18].

Statistical analysis

Results are presented as counts and frequencies (percent)
for discrete variables and mean and standard deviations or
median for continuous variables as appropriate. All descriptive
analyses were performed using SAS for Windows, version 9.4
(SAS Institute, Cary, North Carolina).

Results
Demographics

As seen in Table 1, from the 131 patients, the mean age of
54.6 + 12.3 years, 93 (71%) Male, 71 (54%) Hispanic, 17 (13%)
White, 24 (18%) African American, and 10 (8%) Asian. Several
predisposing factors for coronary artery disease were present
including diabetes mellitus 39 (30%), hypertension 98 (75%),
hyperlipidemia 59 (45%), and smoking 60 (46%).

Table 1.

Characteristics Patients (N=131)
Mean Age 546+123
Gender

Male 93 (71%)
Female 38 (29%)
Race

Hispanic 71 (54%)
White 17 (13%)
African American 24 (18%)
Asian 10 (8%)
Risk Factors

Diabetes Mellitus 39 (30%)
Hypertension 98 (75%)
Hyperlipidemia 59 (45%)
Smoking 60 (46%)

Furthermore, the mean age was 54.6 + 12.3, the lowest age
was 19, and the highest was 86 years. 25" percentile for age
was 45, and the 75" was 61 years. Age was very normally
distributed at the mean; it was not skewed higher or lower.

Imaging assessments

As seen in Table 2, patients with CAC of zero were 55 (42%),
CAC less than 10 were 28 (21%), while median (interquartile
range) of TPS was 1 (1, 5). TSS median was also 1 (1, 5) and
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median SIS was 0 (1, 4). There were 23 (18%) of patients with
50% stenosis consistent with obstructive CAD, and 13 (10%)
had a more serious stenosis of 75% or greater.

Table 2.

Scores

Patients (N=131)

Mean CACS (coronary artery
calcium score)

CACof 0

55 (42%)

CACLess than 10

28 (21%)

Total plaque severity score
(TPS)

1 (1, 5) [mean (interqquartile
range)]

Total segment stenosis score
(TSSS)

1 (1, 5) [mean (interqquartile
range)]

Segment involvement score
(SIS)

0 (1, 4) [mean (interqquartile
range)]

Patients with 50% or greater

0,
stenosis 23 (18%)

Patients with 75% or greater

0,
stenosis 13 (10%)

Those with zero CAC were 49.7 £ 12.0 years, those with CAC
1-100 were 56.2 + 11.4 years, and those with CAC > 100 were
59.2 £ 10.5 years.

Discussion

This study aimed at assessing the atherosclerotic burden in
patients with newly diagnosed cardiomyopathy with reduced
EF in the largely non-white LA county population using
coronary CTA.

In the retrospective study by Silva et al., 168 patients were
followed in the heart failure clinic, and one-third of the
patients without any prior cardiac events or angina had CAD
as the etiology of their newly diagnosed HF, which was proven
angiographically [19]. There is wide variation in the evaluation
of patients that are appropriate for ICA (invasive coronary
angiography), with rates of appropriateness as high as 55%
[20]. There is a potential 63.4% cost saving in the evaluation
for CAD when following an evaluation pathway that involves
coronary calcium scoring followed by coronary CTA and
invasive coronary angiography (ICA) if needed; instead of the
conventional pathway of MPI (myocardial perfusion imaging)
followed by ICA [25].

Our cohort had several risk factors like diabetes 23 (30%),
hypertension 57 (75%), hyperlipidemia 34 (45%), and smoking
35 (46%) that are predictive for CAD. Although these factors, in
combination with Q waves or left bundle branch block, could
be as sensitive as 98% for angiographically significant CAD
[21].

Despite having several risk factors for CAD, the median

CAC score in our cohort was only 1; furthermore, only 10%
of the patients had significant obstructive CAD. We avoided
potential invasive testing in more than 90% of the cohort.
Thus, by using the screening criteria for the absence of chest
pain, absence of Q waves on ECG, and absence of regional
wall motion abnormalities on transthoracic echocardiogram,
we can reliably screen patients who can be tested non-
invasively. This method of ischemic evaluation in patients
with cardiomyopathy is more cost-effective and has fewer
complications than invasive testing. This becomes particularly
important in an under-resourced setting like a public hospital
serving predominantly non-white patients.

A relatively small cohort was included in the study. Despite
being a well-validated tool, coronary CTA continues to have
its limitations when it involves patients with irregular heart
rates, pregnant women, severe obesity, elevated creatinine,
and iodinated contrast allergy. There is also concern about
radiation exposure.

Conclusions

In our cohort, most patients were found to have non-
obstructive CAD, and that nonischemic etiology was the
predominant cause of cardiomyopathy. Coronary CTA is an
effective non-invasive test for the ischemic evaluation of
cardiomyopathy that is used to avoid more invasive testing in
a non-white population at a public hospital.
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