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ABSTRACT

Background:

Cardiomyopathies are a diverse group of myocardial disorders broadly classified into ischemic
and non-ischemic forms. Differentiating these subtypes is critical for guiding clinical
management and prognostication. Cardiac Magnetic Resonance Imaging (CMR) has emerged
as a non-invasive imaging modality capable of providing comprehensive myocardial tissue
characterization.

Objective:

To evaluate the role of CMR in differentiating ischemic cardiomyopathy (ICM) from non-
ischemic cardiomyopathy (NICM) through Late Gadolinium Enhancement (LGE) patterns, T1
and T2 mapping, and functional assessment.

Methods:

A prospective observational study was conducted on 75 patients diagnosed with
cardiomyopathy, comprising 45 cases of ICM and 30 cases of NICM. CMR imaging was
performed, including LGE, T1/T2 mapping, and functional analysis. Statistical comparisons
were made using t-tests and chi-square tests, with significance set at p < 0.05.

Results:

ICM patients exhibited significantly higher prevalence of subendocardial (84.4%) and
transmural (44.4%) LGE patterns, while NICM patients predominantly showed mid-
wall/epicardial LGE (80%) (p < 0.001). Native T1, T2, and ECV values were significantly
elevated in NICM, indicating diffuse fibrosis and myocardial edema (p < 0.001). ICM patients
had significantly reduced LV ejection fraction (35.4% vs. 42.6%, p < 0.001) and higher
incidence of adverse cardiac events, although these were not statistically significant.

Conclusion:

CMR effectively differentiates ICM from NICM through distinct LGE patterns and tissue
characterization techniques, offering valuable prognostic insights. The integration of T1/T2
mapping further enhances diagnostic accuracy, highlighting the potential of CMR in
comprehensive myocardial assessment.
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Introduction:

Cardiomyopathies, encompassing a broad spectrum of myocardial disorders, are generally
categorized into ischemic and non-ischemic forms. Globally, ischemic cardiomyopathy
remains the leading cause of heart failure, driven predominantly by coronary artery disease,
which accounts for over 60% of cardiomyopathy cases in developed countries (1). In contrast,
non-ischemic cardiomyopathies, including dilated, hypertrophic, and restrictive forms, are
more prevalent in low- and middle-income countries, where infectious and nutritional
etiologies are more common (2). Differentiating between these types is clinically significant
as it guides therapeutic strategies and informs prognosis (3). India presents a unique
epidemiological profile where both ischemic and non-ischemic cardiomyopathies contribute
substantially to cardiovascular morbidity. The increasing burden of ischemic cardiomyopathy
is linked to the rising prevalence of diabetes, hypertension, and sedentary lifestyles,
particularly in urban areas (4). Meanwhile, non-ischemic cardiomyopathies, including dilated
cardiomyopathy, are more frequently associated with infectious etiologies, nutritional
deficiencies, and genetic predispositions in rural populations (5).

Cardiac Magnetic Resonance Imaging (CMR) has emerged as a powerful non-invasive imaging
modality in this context, offering superior spatial resolution and comprehensive tissue
characterization capabilities (6). Late Gadolinium Enhancement (LGE) is a key CMR technique
for identifying myocardial fibrosis patterns, aiding in the differentiation of ischemic and non-
ischemic cardiomyopathies (7). In ischemic cardiomyopathy, LGE typically presents as
subendocardial or transmural enhancement corresponding to specific coronary artery
territories, indicative of infarction or scar tissue (8). Conversely, non-ischemic
cardiomyopathies often exhibit mid-wall or epicardial LGE patterns that do not conform to
coronary distributions, reflecting diffuse or patchy fibrosis (9). Beyond LGE, advanced CMR
techniques such as T1 and T2 mapping and extracellular volume (ECV) quantification enable
precise assessment of diffuse myocardial fibrosis and edema, which are often subtle or
undetectable using conventional imaging modalities (10). These techniques have
demonstrated significant prognostic value, particularly in patients with non-ischemic dilated
cardiomyopathy (NIDCM), correlating with adverse clinical outcomes (11).

Furthermore, CMR provides critical insights into ventricular volumes, mass, and function
without geometric assumptions, making it particularly advantageous in cases where
echocardiographic windows are suboptimal (12). The integration of stress perfusion imaging
within the CMR protocol further augments its diagnostic accuracy, facilitating comprehensive
myocardial evaluation, particularly in patients with borderline or atypical findings (13).
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In summary, CMR stands as an indispensable tool in the differentiation of ischemic and non-
ischemic cardiomyopathies. Its comprehensive imaging capabilities not only enable accurate
diagnosis but also provide valuable prognostic information, thereby guiding clinical decision-
making and therapeutic strategies.

Aim and Objective

Aim:

To assess the role of Cardiac Magnetic Resonance Imaging (CMR) in differentiating ischemic
cardiomyopathy from non-ischemic cardiomyopathy based on imaging patterns and
myocardial tissue characterization.

Objectives:

1. To evaluate the diagnostic accuracy of CMR in identifying ischemic and non-ischemic
cardiomyopathies.

2. To compare the Late Gadolinium Enhancement (LGE) patterns in ischemic and non-
ischemic cardiomyopathies.

3. To assess the prognostic significance of T1 and T2 mapping in differentiating
myocardial fibrosis in both ischemic and non-ischemic cardiomyopathies.

Materials and Methods
Study Design:

A prospective, observational study was conducted to assess the role of Cardiac
Magnetic Resonance Imaging (CMR) in differentiating ischemic cardiomyopathy (ICM) from
non-ischemic cardiomyopathy (NICM).

Study Population:

Patients diagnosed with cardiomyopathy based on clinical history, electrocardiography (ECG),
and echocardiography, referred for CMR, were included in the study.

Inclusion Criteria:

Adult patients aged 18 to 75 years with a confirmed diagnosis of cardiomyopathy.
Patients with clinical or echocardiographic evidence of left ventricular dysfunction.
Patients with unexplained heart failure symptoms.

Patients providing informed written consent for CMR.

b S

Exclusion Criteria:

1. Patients with contraindications to MRI, such as pacemakers, defibrillators, or other
metallic implants.
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2. Pregnant or lactating women.

Patients with renal impairment (eGFR < 30 mL/min/1.73 m?).

4. Patients with known systemic diseases (e.g., amyloidosis, sarcoidosis) affecting the
myocardium.

w

Sample Size Calculation:

The sample size was calculated based on the expected sensitivity and specificity of CMR in
differentiating ischemic and non-ischemic cardiomyopathies.

e Assuming a prevalence of NICM among cardiomyopathy patients as 40% and an
anticipated sensitivity of CMR for detecting myocardial fibrosis as 80% with a margin
of error of 10%, the sample size was estimated using the formula:

n=2?xpxq/ d*

Where:

e n=Samplesize
e Z=1Z-score for 95% confidence interval (1.96)
e p = Anticipated sensitivity (0.8)
e q=1-p(0.2)
e d = Margin of error (0.1)
n=(1.96)2x0.8x0.2/ (0.1)2

data, a 20% increase in sample size was considered, resulting in a final sample size of 75
patients.

Data Collection and Imaging Protocol:

e Clinical Assessment: Baseline demographic data, clinical history, and
echocardiographic findings were documented.
e CMR Imaging Protocol: All patients underwent CMR using a 1.5 Tesla MRI scanner
with a phased-array cardiac coil. The imaging protocol included:
o Cine imaging for left ventricular function and wall motion analysis.
o T1 and T2 mapping for myocardial tissue characterization.
o Late Gadolinium Enhancement (LGE) imaging performed 10-15 minutes after
intravenous administration of gadolinium contrast (0.1 mmol/kg).
o Extracellular Volume (ECV) calculation based on pre- and post-contrast T1

mapping.
Data Analysis:

o Image Analysis: LGE patterns were classified as subendocardial, transmural (indicative
of ischemic etiology), or mid-wall/epicardial (suggestive of non-ischemic etiology).
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e Quantitative Analysis: T1 and T2 mapping values were assessed to identify diffuse
fibrosis and myocardial edema.
o Statistical Analysis:
o Continuous variables (e.g., T1/T2 values, ECV percentage) were presented as
mean + standard deviation.
o Categorical variables (e.g., LGE pattern) were presented as frequencies and
percentages.
o The diagnostic accuracy of CMR for differentiating ICM and NICM was
evaluated using receiver operating characteristic (ROC) curves.
o Statistical significance was set at p<0.05p < 0.05p<0.05.

Results

The study included 75 patients diagnosed with cardiomyopathy, of which 45 were classified
as ischemic cardiomyopathy (ICM) and 30 as non-ischemic cardiomyopathy (NICM). The mean
age of participants was 55 + 10 years, with a male-to-female ratio of 2:1. The distribution of

clinical, imaging, and outcome parameters is presented in the following tables.

Table 1: Baseline Characteristics of the Study Population

Parameter ICM Group (n=45) | NICM Group (n=30) | p-value
Mean Age (years) 58.2+9.5 51.8+8.7 0.012*
Male (%) 32 (71.1%) 18 (60%) 0.34
Diabetes Mellitus (%) | 24 (53.3%) 10 (33.3%) 0.08
Hypertension (%) 30 (66.7%) 16 (53.3%) 0.29
Smoking History (%) | 20 (44.4%) 9 (30%) 0.18

Baseline Characteristics of the Study Population

Smoking History (%) 30%

44.40%
Hypertension (%) S 66.70%
Diabetes Mellitus (%) 33.30% 53.30%
Male (%) oo 71.10%

0.00% 10.00%  20.00%  30.00%  40.00%  50.00% 60.00%  70.00%  80.00%

B NICM Group (n=30)51.8+8.7  MICM Group (n=45) 58.2 + 9.5

Interpretation:
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e Patients in the ICM group were significantly older than those in the NICM group (p =
0.012).

e There were no significant differences in gender distribution, diabetes, hypertension,
or smoking history between the two groups.

Table 2: CMR Findings - Late Gadolinium Enhancement (LGE) Patterns

LGE Pattern ICM Group (n=45) | NICM Group (n=30) | p-value
Subendocardial 38 (84.4%) 2 (6.7%) <0.001*
Transmural 20 (44.4%) 0 (0%) <0.001*
Mid-wall/Epicardial | 4 (8.9%) 24 (80%) <0.001*
No LGE 3 (6.7%) 4 (13.3%) 0.38

CMR Findings - Late Gadolinium Enhancement
(LGE) Patterns

No LGE iBReISIE0%
Mid-wall/Epicarcial -
rransmure! |
subendocarcio | 75

0.00% 20.00% 40.00% 60.00% 80.00% 100.00%

B ICM Group (n=45) B NICM Group (n=30)
Interpretation:
e Subendocardial and transmural LGE patterns were significantly more prevalent in the
ICM group, indicating infarction/scarring.
e Mid-wall/epicardial LGE patterns were predominantly observed in the NICM group,

reflecting diffuse or patchy fibrosis (p < 0.001).

Table 3: T1 Mapping and T2 Mapping Values

CMR Parameter ICM Group (n=45) | NICM Group (n=30) | p-value
Native T1 (ms) 1023 £ 62 1095 + 58 <0.001*
Post-contrast T1 (ms) | 422 + 38 459 + 32 0.002%*

T2 (ms) 51.4+6.7 58.2+7.3 <0.001*
ECV (%) 28.5+5.3 34.8+6.1 <0.001*

Interpretation:
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NICM patients exhibited significantly higher native T1 and T2 values compared to ICM

patients, indicating greater myocardial edema and fibrosis (p < 0.001).

involvement.

Table 4: Comparison of Left Ventr

icular (LV) Function

ECV values were also significantly elevated in NICM, suggesting diffuse myocardial

Parameter ICM Group (n=45) | NICM Group (n=30) | p-value
LV Ejection Fraction (%) 35.4+8.1 42675 <0.001*
LV End-Diastolic Volume (ml) | 180 + 35 198 + 40 0.04*
LV End-Systolic Volume (ml) | 125+ 28 115+ 30 0.16

LV Mass Index (g/m?) 95.3+12.5 90.8 +14.1 0.24

Interpretation:

indicating more severe systolic dysfunction (p < 0.001).

volume overload (p = 0.04)

Table 5: Prognostic Outcomes - Adverse Cardiac Events During Follow-Up

The ICM group had significantly lower LV ejection fraction (EF) compared to NICM,

LV end-diastolic volume was significantly higher in the NICM group, reflecting chronic

Outcome ICM Group (n=45) | NICM Group (n=30) | p-value
Heart Failure Admission | 12 (26.7%) 5(16.7%) 0.28
Ventricular Arrhythmias | 9 (20%) 3 (10%) 0.25
All-Cause Mortality 8(17.8%) 2 (6.7%) 0.15
Cardiac Transplantation | 3 (6.7%) 1(3.3%) 0.58

Interpretation:

While adverse cardiac events such as heart failure admissions and arrhythmias were
more frequent in the ICM group, the differences were not statistically significant (p >
0.05).

The trend toward higher mortality in the ICM group may indicate a poorer prognosis
in ischemic cardiomyopathy, warranting further study.

Discussion

This study underscores the pivotal role of Cardiac Magnetic Resonance Imaging (CMR)
in differentiating ischemic cardiomyopathy (ICM) from non-ischemic cardiomyopathy
(NICM) through comprehensive myocardial tissue characterization.

Demographic and Clinical Profile
The ICM group exhibited a significantly higher mean age compared to the NICM group,
aligning with existing literature that associates ICM predominantly with older
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populations due to the progressive nature of coronary artery disease (CAD) [14].
Although comorbidities such as diabetes mellitus and hypertension were more
prevalent in the ICM cohort, the differences were not statistically significant,
suggesting that these risk factors are common across both cardiomyopathy types.
Late Gadolinium Enhancement (LGE) Patterns

CMR revealed distinct LGE patterns between ICM and NICM patients. Subendocardial
and transmural enhancements were predominantly observed in the ICM group,
reflecting areas of infarction corresponding to specific coronary territories [15].
Conversely, NICM patients demonstrated mid-wall or epicardial LGE patterns,
indicative of diffuse or patchy fibrosis not confined to coronary distributions [16].
These findings are consistent with prior studies that have established LGE as a reliable
marker for differentiating cardiomyopathy etiologies [17].

T1 and T2 Mapping Values

Advanced tissue characterization through T1 and T2 mapping further distinguished
NICM from ICM. NICM patients exhibited significantly higher native T1 and T2 values, as
well as increased extracellular volume (ECV) percentages, suggesting greater myocardial
fibrosis and edema [18]. These parameters have been associated with adverse clinical
outcomes and are valuable for risk stratification in NICM [19].

Left Ventricular Function

Assessment of left ventricular (LV) function revealed that ICM patients had a
significantly lower ejection fraction compared to NICM patients, indicating more
severe systolic dysfunction. However, NICM patients showed higher LV end-diastolic
volumes, reflecting chronic volume overload. These functional differences underscore
the distinct pathophysiological mechanisms underlying each cardiomyopathy type
[20].

Prognostic Outcomes

While adverse cardiac events such as heart failure admissions and arrhythmias were
more frequent in the ICM group, the differences were not statistically significant.
Nevertheless, the trend suggests a poorer prognosis in ICM, emphasizing the need for
vigilant monitoring and management. In NICM, the presence and extent of myocardial
fibrosis detected by CMR have been linked to increased mortality and heart failure-
related complications, highlighting the prognostic value of CMR in this subgroup [19].

Clinical Implications

The integration of CMR into the diagnostic workflow for cardiomyopathy patients
offers a non-invasive, comprehensive assessment of myocardial structure and
function. By accurately distinguishing between ICM and NICM, CMR facilitates tailored
therapeutic strategies, potentially improving patient outcomes. In regions like India,
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where the burden of cardiovascular diseases is substantial, the adoption of CMR could
enhance diagnostic precision and inform resource allocation in healthcare settings.

Conclusion

Cardiac Magnetic Resonance Imaging (CMR) has proven to be a valuable diagnostic modality
in distinguishing ischemic cardiomyopathy (ICM) from non-ischemic cardiomyopathy (NICM),
particularly through the assessment of Late Gadolinium Enhancement (LGE) patterns. This
study demonstrated that subendocardial and transmural LGE patterns were predominant in
ICM, indicative of infarction and scar tissue, while mid-wall and epicardial patterns were more
frequent in NICM, reflecting diffuse fibrosis. Moreover, advanced tissue characterization
using T1 and T2 mapping revealed significantly higher values in NICM patients, suggesting
increased myocardial fibrosis and edema, which are associated with adverse outcomes.
Additionally, the functional analysis showed that ICM patients had significantly lower ejection
fraction and higher LV volumes, indicating more severe systolic dysfunction. The findings
underscore the utility of CMR in providing comprehensive myocardial assessment, not only
for diagnosis but also for prognostic stratification. The inclusion of T1 and T2 mapping
enhances diagnostic precision, offering valuable information regarding myocardial fibrosis
and its implications for patient management. Therefore, CMR should be considered a
standard imaging modality in the diagnostic evaluation of cardiomyopathy, particularly in
cases with ambiguous clinical presentation or unexplained left ventricular dysfunction.
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