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Cardiac volumetric analysis represents the cornerstone of cardiac magnetic resonance imaging
(CMR), providing quantitative insights that have revolutionized our understanding and management
of cardiovascular disease. While advanced tissue characterization techniques like T1 mapping, late
gadolinium enhancement (LGE), and strain imaging capture headlines, volumetric assessment
remains the fundamental framework upon which we build our diagnostic understanding. This
analysis delivers critical information about cardiac structure and function that directly impacts
patient care, risk stratification, and treatment decisions.

Understanding Cardiac Volumetric Parameters

Cardiac volumetric analysis involves precise measurement of chamber sizes, volumes, and functional
parameters throughout the cardiac cycle. The primary metrics include end-diastolic volume (EDV),
end-systolic volume (ESV), stroke volume (SV), ejection fraction (EF), and myocardial mass. For the
left ventricle (LV), right ventricle (RV), and atria, these measurements are typically indexed to body
surface area to account for patient size, yielding normalized values that can be compared against
established reference ranges.

The beauty of CMR lies in its superior spatial resolution and unrestricted imaging planes, making it
the gold standard for volumetric assessment. Unlike echocardiography, which relies on geometric
assumptions, CMR directly traces endocardial and epicardial borders across multiple short-axis slices,
employing Simpson's method to calculate volumes with exceptional accuracy and reproducibility.
This precision is particularly valuable for the right ventricle, whose complex geometry defies the
geometric models used in other imaging modalities.

Clinical Significance in Cardiomyopathies

Dilated Cardiomyopathy

In dilated cardiomyopathy (DCM), volumetric analysis reveals the hallmark features: increased LV
end-diastolic volume, reduced ejection fraction, and often increased LV mass. The combination of
these findings establishes the diagnosis and provides prognostic information. An LV ejection fraction
below 35% identifies patients at higher risk for sudden cardiac death and helps guide decisions
regarding implantable cardioverter-defibrillator (ICD) placement.

When combined with LGE imaging, volumetric analysis becomes even more powerful. The presence
of mid-wall fibrosis on LGE in a dilated, dysfunctional ventricle suggests non-ischemic DCM rather
than ischemic cardiomyopathy, which typically shows subendocardial or transmural LGE in a coronary
distribution. T1 mapping and extracellular volume (ECV) quantification add another layer, with
elevated ECV indicating diffuse myocardial fibrosis that may precede overt LV dilation and
dysfunction, potentially identifying early-stage disease or family members at risk.

Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy (HCM) presents a different volumetric signature. Here, we find
increased LV mass with normal or reduced LV cavity size and preserved or hyperdynamic ejection
fraction in most patients. The distribution of hypertrophy varies from asymmetric septal to apical to
concentric patterns, all of which volumetric analysis helps characterize.



The differential diagnosis of LV hypertrophy illustrates how volumetric analysis integrates with other
CMR sequences. Athletic remodeling shows increased LV mass but maintains normal LV cavity size
with homogeneous hypertrophy and normal T1 values. In contrast, HCM often demonstrates focal
areas of late gadolinium enhancement at the insertion points and areas of maximal hypertrophy,
with abnormal T1 and elevated ECV values suggesting replacement and interstitial fibrosis. Cardiac
amyloidosis, another cause of increased LV mass, typically shows concentric thickening with normal
or small cavity size, but T1 mapping reveals dramatically elevated native T1 values and ECV (often
exceeding 0.40), with characteristic global subendocardial LGE that volumetric analysis alone cannot
detect.

Arrhythmogenic Cardiomyopathy

Arrhythmogenic right ventricular cardiomyopathy (ARVC) demonstrates how volumetric analysis of
the right ventricle can be diagnostic. The revised Task Force Criteria incorporate specific RV
volumetric cutoffs: RV end-diastolic volume index greater than 110 mL/m? in men or 100 mL/m?in
women, or RV ejection fraction less than 40%. These quantitative criteria, combined with regional
wall motion abnormalities and tissue characterization showing fatty infiltration or fibrosis on LGE,
establish the diagnosis.

Interestingly, left-dominant arrhythmogenic cardiomyopathy presents with LV dilation and
dysfunction that may mimic DCM. Here, the pattern of LGE becomes critical for differential
diagnosis—subepicardial or mid-wall LGE in a non-ischemic distribution, particularly involving the
inferolateral wall, combined with appropriate volumetric abnormalities, suggests arrhythmogenic
cardiomyopathy rather than typical DCM.

Valvular Heart Disease Assessment

Volumetric analysis plays an essential role in evaluating valvular heart disease and determining
optimal timing for intervention. In aortic regurgitation, the regurgitant volume can be calculated by
subtracting the forward stroke volume measured by phase-contrast (Q-Flow) imaging through the
ascending aorta from the LV stroke volume derived from volumetric analysis. This provides accurate
guantification of regurgitant fraction without the limitations of echocardiographic proximal
isovelocity surface area (PISA) methods.

The LV response to chronic volume overload—progressive LV dilation with eventual decline in
ejection fraction—guides surgical timing. Current guidelines recommend intervention when LV end-
systolic volume index exceeds 45 mL/m? or ejection fraction falls below 50%, even in asymptomatic
patients. These volumetric thresholds predict postoperative outcomes and help prevent irreversible
LV dysfunction.

In mitral regurgitation, similar principles apply, though the interplay between LV volumes and atrial
volumes adds complexity. Severe mitral regurgitation leads to LA enlargement, which can be
precisely quantified using volumetric analysis. LA volume index above 60 mL/m? indicates severe
chronic mitral regurgitation and elevated filling pressures, even when LV function appears preserved.

For aortic stenosis, while the valve area and gradients dominate decision-making, volumetric analysis
revealing LV hypertrophy with small cavity size and preserved ejection fraction confirms
hemodynamically significant disease. The paradox of low-flow, low-gradient aortic stenosis with
reduced ejection fraction can be clarified using volumetric stroke volume index combined with valve
area measurements to distinguish truly severe stenosis from moderate stenosis with concurrent
cardiomyopathy.



Congenital Heart Disease and Complex Anatomy

CMR volumetric analysis has become indispensable in managing adults with congenital heart
disease. In patients with repaired tetralogy of Fallot, RV volumetric assessment monitors the effects
of chronic pulmonary regurgitation. An RV end-diastolic volume index exceeding 160-170 mL/m? or
RV end-systolic volume index above 80-85 mL/m? typically prompts consideration of pulmonary valve
replacement, as these volumes predict increased risk of ventricular arrhythmias and sudden death.

Transposition of the great arteries after arterial switch operation requires careful assessment of both
ventricular volumes and the neo-aortic root. In patients who underwent atrial switch procedures
(Mustard or Senning), the systemic right ventricle's function determines prognosis, and volumetric
assessment provides objective monitoring of RV dysfunction over time.

Shunt lesions exemplify the integration of volumetric analysis with flow quantification. In atrial septal
defects, the Qp:Qs ratio (pulmonary-to-systemic flow ratio) can be calculated by measuring RV and
LV stroke volumes from volumetric analysis or by using phase-contrast imaging in the pulmonary
artery and aorta. A Qp:Qs ratio exceeding 1.5:1 with RV dilation indicates a hemodynamically
significant shunt requiring closure.

Integration with Tissue Characterization

The true power of volumetric analysis emerges when integrated with advanced tissue
characterization techniques. Consider a patient presenting with heart failure and reduced ejection
fraction. Volumetric analysis shows LV dilation with LVEF of 30%. This finding alone doesn't
distinguish between the many potential causes of systolic dysfunction.

T1 and ECV Mapping Integration

Native T1 mapping and ECV quantification provide critical additional information. Elevated native T1
values (above 1100 ms at 1.5T) suggest myocardial edema or infiltration. If ECV is also elevated, this
indicates expansion of the extracellular space from either fibrosis or infiltration. In cardiac
amyloidosis, the combination of increased LV mass on volumetric analysis, normal or small LV cavity,
elevated T1 values (often exceeding 1100 ms), and markedly elevated ECV (frequently above 0.45)
creates a highly specific pattern.

Conversely, in iron overload cardiomyopathy from conditions like thalassemia major, volumetric
analysis may show biventricular dilation and dysfunction, but T2-star imaging reveals the diagnostic
finding of reduced myocardial T2-star values (below 20 ms), indicating iron deposition. The
combination of abnormal volumes with low T2-star values confirms the diagnosis and guides
chelation therapy, with treatment success monitored by improvements in both T2-star values and
ventricular volumes.

T2 Mapping and Myocarditis

In acute myocarditis, volumetric analysis often shows normal or mildly reduced LV function, though
some patients present with severely reduced ejection fraction. T2 mapping reveals elevated T2
values indicating myocardial edema, while LGE demonstrates non-ischemic injury patterns—typically
subepicardial or mid-wall enhancement sparing the subendocardium. The integration of these
findings with clinical presentation establishes the diagnosis according to the updated Lake Louise
Criteria.



Following the acute phase, serial volumetric studies track recovery or progression to dilated
cardiomyopathy. Persistent LV dilation and dysfunction at three to six months, combined with
persistent LGE indicating replacement fibrosis, portend worse long-term outcomes than complete
normalization of volumes and function.

Global Longitudinal Strain and Subtle Dysfunction

Global longitudinal strain (GLS) analysis detects subclinical myocardial dysfunction before ejection
fraction declines. In cancer patients receiving cardiotoxic chemotherapy, GLS typically becomes
abnormal (less negative than -18%) before volumetric changes occur, allowing earlier intervention.
However, when both GLS and volumetric parameters deteriorate—showing reduced strain, increased
end-systolic volume, and reduced ejection fraction—the likelihood of irreversible damage increases,
emphasizing the importance of early detection and cardioprotective strategies.

In HCM, the combination of increased LV mass on volumetric analysis, preserved or elevated ejection
fraction, but reduced GLS (particularly in non-hypertrophied segments) reveals subclinical
dysfunction that may predict adverse outcomes. Patients with more severely reduced GLS despite
preserved ejection fraction have higher rates of heart failure hospitalization and arrhythmic events.

Differential Diagnosis Scenarios

Restrictive Versus Constrictive Physiology

One of the most challenging differential diagnoses in cardiology—distinguishing restrictive
cardiomyopathy from constrictive pericarditis—illustrates how volumetric analysis combines with
multiple other CMR techniques. Both conditions present with preserved ventricular systolic function,
normal or small LV volumes, and biatrial enlargement on volumetric analysis.

Atrial volumetric analysis shows significant LA and RA dilation in both conditions, but the pattern
differs subtly. Restrictive cardiomyopathy typically shows LA enlargement exceeding RA enlargement,
while constrictive pericarditis often demonstrates relatively balanced atrial enlargement. Pericardial
thickness assessment (greater than 4 mm suggests constriction), ventricular septal motion analysis
showing characteristic septal bounce, and real-time cine imaging demonstrating ventricular
interdependence favor constriction.

Tissue characterization helps differentiate: in cardiac amyloidosis (a common cause of restriction),
native T1 and ECV are markedly elevated with characteristic LGE patterns, while the pericardium
appears normal. In constrictive pericarditis, myocardial T1 and ECV values are typically normal, but
the thickened pericardium may show late enhancement if inflammation persists.

Ischemic Versus Non-Ischemic Cardiomyopathy

Patients with LV systolic dysfunction and coronary artery disease pose a diagnostic dilemma: does
the cardiomyopathy result from ischemic injury, or is coronary disease coincidental? Volumetric
analysis shows LV dilation and reduced ejection fraction in both scenarios, making LGE imaging
essential for differentiation.

Ischemic cardiomyopathy demonstrates subendocardial or transmural LGE in a coronary distribution,
corresponding to areas of wall motion abnormality on cine imaging. The transmural extent of LGE
predicts viability—segments with less than 50% transmural enhancement may improve with



revascularization, while those with greater than 75% transmural scar typically do not recover
function.

Non-ischemic patterns of LGE—mid-wall, subepicardial, or patchy enhancement not following
coronary distributions—combined with LV dilation suggest alternative diagnoses like DCM,
myocarditis sequelae, or sarcoidosis. The absence of LGE in a dilated, dysfunctional ventricle suggests
a potentially reversible cause such as tachycardia-induced cardiomyopathy, alcohol-induced
cardiomyopathy, or stress cardiomyopathy in the chronic phase.

Prognostic Value and Risk Stratification

Beyond diagnosis, volumetric parameters provide powerful prognostic information. In heart failure,
every 10% decrease in LVEF below 45% confers incrementally higher mortality risk. Similarly, LV end-
systolic volume index strongly predicts outcomes, often more powerfully than ejection fraction
alone. Patients with LVEF of 35% but massive LV dilation (end-systolic volume index above 100
mL/m?) have worse outcomes than those with similar ejection fraction but smaller volumes.

RV volumetric parameters predict outcomes across diverse conditions. In pulmonary arterial
hypertension, RV dilation and reduced RV ejection fraction (particularly below 35%) indicate
advanced disease and poor prognosis. The combination of RV dysfunction with elevated native T1
values in the interventricular septum—reflecting septal fibrosis from pressure overload—identifies
particularly high-risk patients.

In myocardial infarction, the combination of infarct size quantified from LGE (typically expressed as
percentage of LV mass), microvascular obstruction indicating severe ischemic injury, and ventricular
volumes provides comprehensive risk assessment. Large infarcts (exceeding 20% of LV mass) with
microvascular obstruction and adverse LV remodeling (increasing end-systolic volume at follow-up)
identify patients at highest risk for heart failure and death who may benefit from more aggressive
therapy.

Serial Monitoring and Treatment Response

The reproducibility of CMR volumetric analysis makes it ideal for monitoring disease progression and
treatment response. In Duchenne muscular dystrophy, serial CMR tracks the development of
cardiomyopathy, typically beginning with inferior and lateral wall dysfunction detectable by wall
motion analysis and regional strain assessment before global volumetric changes occur. Initiation of
ACE inhibitors and beta-blockers when early dysfunction appears, even with preserved global
ejection fraction, may delay progression to overt heart failure.

Cancer therapeutics-related cardiac dysfunction requires vigilant monitoring. Current definitions
specify a decline in LVEF of more than 10 percentage points to a value below 53% as clinically
significant cardiotoxicity. Serial volumetric assessments, ideally incorporating GLS analysis, detect
dysfunction early enough to allow intervention with cardioprotective medications or chemotherapy
dose modification.

In patients with LV assist devices, serial CMR (when device type permits imaging) assesses myocardial
recovery. Decreasing LV end-diastolic volume, improving ejection fraction, and resolution of LGE or
improvement in T1/ECV parameters may indicate sufficient recovery to consider device explantation,
though this remains rare.



Atrial Volumetric Analysis

While ventricular assessment dominates discussion, atrial volumetric analysis deserves emphasis. LA
volume index provides powerful prognostic information independent of ventricular function,
reflecting the cumulative burden of elevated filling pressures over time. LA volume index exceeding
34 mL/m? predicts atrial fibrillation development, heart failure hospitalization, and cardiovascular
mortality.

In heart failure with preserved ejection fraction (HFpEF), LA enlargement (often with LA volume
index exceeding 50 mL/m?) combined with normal LV volumes and preserved LVEF supports the
diagnosis. Addition of T1 mapping showing elevated ECV—indicating myocardial fibrosis contributing
to diastolic dysfunction—and phase-contrast imaging demonstrating abnormal transmitral flow
patterns completes the assessment.

Atrial functional analysis, measuring atrial emptying fractions and strain, provides additional insights.
Reduced LA emptying fraction and impaired LA strain, even with normal or only mildly increased LA
volume, indicate early diastolic dysfunction and predict progression to overt HFpEF.

Technical Considerations for Optimal Analysis

Accurate volumetric analysis requires meticulous technique. Breath-hold cine imaging using balanced
steady-state free precession sequences provides optimal blood-myocardium contrast. Complete LV
coverage requires short-axis slices from base to apex without gaps, typically 8-12 slices with 8-10 mm
thickness.

Trabeculations and papillary muscles should be consistently included in the blood pool rather than
myocardium for reproducibility, though this yields slightly different values than including them as
muscle mass. The choice matters less than consistency across serial examinations.

For the RV, careful attention to the tricuspid valve plane in end-diastole and end-systole ensures
appropriate basal slice inclusion. The complex RV geometry, with its heavily trabeculated apex and
outflow tract, requires complete coverage and careful contouring.

Quality control remains essential. Biventricular stroke volumes should agree within 10-15% unless
valvular regurgitation or shunt lesions exist. Implausible values warrant review of contours and slice
selection before reporting.

Future Directions

Artificial intelligence and machine learning are transforming volumetric analysis. Automated
contouring algorithms now achieve accuracy comparable to expert readers while dramatically
reducing analysis time from 20-30 minutes to under one minute per study. These tools increase
efficiency and improve reproducibility by eliminating inter-observer variability.

Four-dimensional flow imaging combines volumetric data with comprehensive hemodynamic
assessment, quantifying flow patterns, pressure gradients, and wall shear stress throughout the
cardiac chambers and great vessels. This technique promises to enhance understanding of complex
congenital heart disease and valvular lesions.



Parametric mapping techniques continue evolving. Native T1 and ECV mapping have become routine
at many centers, while emerging techniques like T1p (rho) mapping and diffusion tensor imaging
provide novel insights into myocardial structure and organization.

Conclusion

Cardiac volumetric analysis forms the essential foundation of comprehensive CMR assessment.
While advanced techniques like tissue characterization, strain imaging, and flow quantification
provide crucial additional information, volumetric parameters remain fundamental to diagnosis, risk
stratification, and treatment decisions across the spectrum of cardiovascular disease.

The integration of volumetric analysis with T1 mapping, ECV quantification, T2 mapping, T2-star
imaging, phase-contrast flow assessment, strain analysis, and late gadolinium enhancement creates a
powerful multiparametric approach that transcends what any single technique can achieve alone.
Understanding how these complementary modalities interact—how volumetric changes correlate
with tissue characteristics, how regional dysfunction detected by strain relates to fibrosis burden,
how flow abnormalities explain volumetric findings—allows clinicians to construct complete
diagnostic pictures and deliver optimal patient care.

As CMR technology advances and analysis tools become more sophisticated, the role of volumetric
assessment will not diminish but rather become more powerful through integration with emerging
techniques. For the cardiovascular imager, mastery of volumetric analysis principles and their clinical
applications remains essential —the foundation upon which all other CMR insights are built.



