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ASSESSMENT OF LEFT VENTRICULAR FUNCTION

Non-invasive imaging of the left ventricle plays a

vital role in the evaluation of most cardiac disease states.

Left ventricular (LV) imaging may permit diagnosis of

myocardial, coronary, and valvular pathology; provide

prognostic information for patients with known cardio-

vascular disease; and allow for monitoring of response

to therapy. Evaluation of LV function is the cornerstone

of initial assessment in patients presenting with any new

heart disease. In heart failure, information on both sys-

tolic and diastolic dysfunction is critical in diagnosis,

prognosis and guiding therapy.1 Evaluation of LV

function after myocardial infarction provides prognostic

information in patient management,2-4 and guides deci-

sion making regarding intervention in patients with

valvular heart disease.

Although echocardiography is presently the main-

stay of initial assessment of patients presenting in heart

failure and many other cardiac pathologies, cardiovas-

cular magnetic resonance (CMR) by virtue of its multi-

parametric nature has the potential to be the principal

non-invasive imaging modality for both the diagnosis

and the prognosis of the patient with new onset heart

failure.

In this article, we will briefly review the physiology

of LV function. We will summarize LV functional

assessment using non-nuclear imaging modalities, out-

lining the role of echocardiography and computed

tomography (CT). Our main focus will be on CMR’s

accurate capacity to assess LV function. Specifically, we

will describe the basic principles of CMR image

acquisition, and highlight recent advances in image

analysis. We will also describe the added advantages of

CMR in its ability to characterize tissue; and its role in

diastolic function assessment. In addition, the limitations

of CMR evaluation of cardiac function will be explored.

MECHANICS OF NORMAL LEFT VENTRICLE
FUNCTION

Myocardial performance is dependent on ventricu-

lar end-diastolic fiber length (i.e., end-diastolic volume),

contractility of the muscle, and the resistance against

which contraction occurs. Ejection fraction, used as an

overall indicator of myocardial performance, is defined

as the ratio of stroke volume to end-diastolic volume.

Myocardial fiber stretch, influenced by an increase in

end-diastolic volume, leads to more forceful contraction

of the cardiac muscle (Frank-Starling mechanism).

Similarly, stroke volume may also respond to greater

contraction of myocardium, independent of volume,

mediated by adrenergic influences. Clearly many factors

manipulate these parameters, including pre-loading

conditions, myopathies or increases in afterload sec-

ondary to hypertension or valvular disease. Heart rate,

influencing the duration in which contraction occurs and

overall blood volume that has to be pumped provide

another complexity for adequate pump function. To

appreciate assessment of LV function, it is essential to

understand the cardiac ultra structure. Ventricular

myocardium, composed of individual striated muscle

cells, consists of serially repeating structures (sarco-

meres), arranged in rod-like cross-bands (myofibrils).

Myocyte structure and arrangement in a helical orien-

tation allows the heart to perform complex 3D motion

consisting of radial displacement, rotation, and transla-

tion. The characteristic ‘‘wringing motion’’ of the heart
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described by clockwise rotation of the base, with the

anti-clockwise rotation at the apex, allows the heart to

develop high intracavitary pressures, with minimal

radial displacement.5 Exactly the opposite motion

occurs, just prior to diastole, in which the heart untwists,

during isovolumic relaxation. This is an important

determinant of elastic recoil and thus diastolic filling and

suction. Cardiovascular imaging modalities have the

capacity for both reliably measuring these determinants

of cardiac function, and in diagnosing the underlying

pathology. Through imaging we can explore these inter-

relationships by measuring volumes, mass, velocities,

and perform visual assessment of function in a longi-

tudinal, radial, and circumferential manner, creating a

comprehensive profile of myocardial function.

CARDIOVASCULAR MAGNETIC RESONANCE

CMR is considered the gold standard in the evalu-

ation of volumes, mass, and systolic function of both

normal and abnormal left ventricles, owing to its high

spatial resolution, excellent signal-to-noise ratio, and its

ability to image the heart in a three-dimensional (3D)

manner. CMR-based assessment of LV function has

both diagnostic and prognostic utility in patient evalu-

ation.6 During the same scan, information on myocardial

fibrosis, viability, perfusion, and valvular function can

be ascertained, affording considerable versatility in

patient assessment. CMR, is highly superior to 2D

echocardiography when examining global LV function7

and allows for follow-up of patients in a temporal

manner without cumulative radiation exposure. Its

accuracy and reproducibility in the evaluation of vol-

umes, function, and mass make it the standard of

reference for all imaging modalities8-11

CARDIOVASCULAR MAGNETIC RESONANCE
ASSESSMENT OF LEFT VENTRICULAR SYSTOLIC

FUNCTION

CMR Functional Image Acquisition: Physics

Cine images are constructed from segmented raw

data that is collected during each cardiac cycle for every

cardiac phase. Thus, a raw dataset is acquired over 6-7

heart beats.12 This information is fused to create an

averaged movie of ventricular contraction (see Supple-

mentary materials 1 and 2). CMR acquisitions are

performed in the conventional orientation, including

4-chamber (horizontal long axis, HLA), 2-chamber

(vertical long axis, VLA), 3-chamber (left ventricle

outflow tract, LVOT view), and a series of short axis

slices allowing 3D assessment of volume and mass.

Early CMR cine sequences were derived from

spoiled-gradient echo fast low-angle shot (FLASH)

imaging. FLASH sequences rely on inflow enhance-

ment12,13 to generate blood-myocardial contrast and

hence is subject to low contrast-to-noise ratio (CNR),

particularly at short repetition times (TR) and low flow

rates.14 This technique has been superseded by a tech-

nique that utilizes a short TR time while still delivering

high blood to myocardial contrast, allowing for higher

in-plane resolution, shorter acquisition times, and better

overall image quality.14,15 Steady state free precession

(SSFP) imaging, dependent on a steady state signal

based on T2 to T1 ratio has become the cornerstone of

cine CMR imaging. It is associated with improved

delineation of trabeculae, papillary muscles, the atrio-

ventricular groove, and semi-lunar valves.15

There are systematic differences between SSFP and

older gradient echo sequences that have been well-

documented in head-to-head studies.16,17 SSFP sequen-

ces tend to yield higher end diastolic volume (EDV) and

end systolic (ESV) and lower mass.15,16,18-24 They also

allow for greater blood to myocardium and myocardium

to fat contrast,14,15 improving automated contour

delineation.16,19 Use of parallel imaging acquisition

techniques have improved scan times, without signifi-

cantly compromising the spatial and temporal

resolutions.25 The two most common partial parallel

acquisition methods utilized are sensitivity encoding

(SENSE) and GeneRalized Autocalibrating Partially

Parallel Acquisitions (GRAPPA). SENSE provides

optimized reconstruction when an accurate coil sensi-

tivity map can be obtained,26 however, GRAPPA is

more lenient when this cannot occur and during patient

motion which can lead to significant errors in sensitivity

maps.27

CMR Functional Image Acquisition:
Practical Aspects

The following method is employed at the authors’

institution, and is a widely accepted approach to

quantify left ventricular (LV) volumes, mass, and

function. The methods described may not be possible

from all scanner manufacturers, and variations from the

described protocol may be necessary. After careful

preparation of the patient and explanation of the

importance of consistent breath-hold technique, multi-

slice, multi-planar localizer images are performed in a

single breath-hold. Prescribing a plane from the trans-

verse plane using the mitral valve and the apex of the

left ventricle as anatomical markers, localizer (‘‘pilot’’)

images are obtained in the vertical long axis (VLA)

(Figure 1).
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The resultant VLA pilot is then used to prescribe the

horizontal long axis (HLA) pilot using the same ana-

tomical landmarks (Figure 2).

It is important to accurately define the base of the

heart when using this or a similar piloting method. As

illustrated in Figure 3, using the HLA and VLA pilots,

three short axis (SA) slices are acquired with the basal

slice parallel to the atrio-ventricular (AV) groove. The

distance between the slices is chosen such that they

encompass the basal, mid, and apical regions of the

ventricle. These ‘‘scout’’ images can then be used to

plan cine images in two long-axis (HLA and VLA), and

left ventricular outflow tract (LVOT) views.

When acquiring the short axis volume stack from

the two long axis cines, the position of the basal slice is

critical. Most errors in volume calculation are intro-

duced here if this stage is not carefully planned. Using

the end-diastolic frames from the VLA and HLA cines,

the first slice is placed in the atrio-ventricular (AV)

groove. Subsequent slices are placed parallel to this

covering the entire ventricle. Typically slice thickness is

7-8 mm with a 3 or 2 mm inter-slice gap. Imaging is

usually performed in expiration as this generally pro-

duces a more consistent, reproducible breath-hold

position.

CMR Functional Data Analysis

Although traditionally considered the Achilles heel

of CMR (being both time and labor intensive), there has

been major recent advances in automated/semi-auto-

mated LV functional assessment, mainly through

advances in software development. Currently, quantifi-

cation of LV functional data is performed off-line using

either the MRI vendor provided software platform or a

variety of third party software packages (Q MASS,

Figure 1. Sequence of images demonstrating the correct acquisition of the long axis and short axis
planes for cine imaging. Initially, multi-planar transverse localizer (A), in the plane indicated by the
solid line in (A), pilot images are then performed in the vertical long axis (VLA) plane (B). The
resultant VLA pilot is used to prescribe (as indicated by the solid line in B) the horizontal long axis
(HLA) pilot (C). Uing the HLA and VLA pilots, three short axis (SA) slices (D-F) are next acquired
with the basal slice parallel to the atrio-ventricular (AV) groove (indicated by 3 solid lines in C).
Adapted from Selvanayagam et al Cardiovascular Magnetic Resonance—Basic Principles, Methods
and Techniques in Hybrid cardiovascular Imaging Dilazian and Pohost (Eds) 2005 Blackwells
Scientific Publications.
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MEDIS Medical Imaging; CAAS MRV, PIE medical

imaging; and cmr42, Circle Cardiovascular Imaging)

that can be installed on all major computer operating

systems. The latter usually provide full DICOM con-

nectivity and therefore can be used as a stand-alone

solution, integrated into existing network environments

including major Picture Archiving and Communication

Systems (PACS).

The LV and RV analyses begin by defining the end-

diastolic phase (EDP). Using a mid-ventricular slice, the

phases are advanced until the smallest cavity size is

reached by visual estimate. This phase is marked as the

end-systolic phase (ESP). Most software programs

require identification of the EDP, ESP, base, and apex so

that the endocardial border can be automatically tracked

and volumes calculated (Figure 4).

The greatest sources of variability in the measure-

ment of LV volumes should be acknowledged. The

selection of the most basal slice represents the most

common error when LV volumes are assessed.28 By

convention the most basal slice is defined as the one

where 50% of the slice circumference comprises myo-

cardium. Other sources of error include contour

definition and inexperienced operators although the

variability induced by the latter can be reduced by a

short period of intensive training involving standardized

data acquisition, simulated off-line analysis and

mentoring.29

Figure 2. To acquire HLA cine (C) the mid ventricular SA pilot (A) is used to position the slice
through the maximum lateral dimensions of both ventricles and avoid the LVOT as illustrated by
panels (A) and (B). To acquire the VLA cine (E), the mid ventricular SA pilot is again used and
placed in the plane as indicated in panel (D). Adapted from Selvanayagam et al Cardiovascular
Magnetic Resonance—Basic Principles, Methods and Techniques in Hybrid cardiovascular
Imaging Dilazian and Pohost (Eds) 2005 Blackwells Scientific Publications.
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REAL-TIME CINE IMAGING

Riederer et al30 first demonstrated the feasibility of

real-time MR imaging in the late eighties. Initial

acquisition times were around 250 ms and the predom-

inant interest was in MR fluoroscopy. The evolution of

ultrafast imaging sequences such as echo planar imag-

ing31 and spiral imaging32 as compared to the more

traditional method of accumulating slices of data for a

particular image over several cardiac cycles allowed

for significant advances in this technique. Data was

acquired in short durations leading to images with

minimal impact of motion related artifacts. Initial

comparative studies found good correlation with con-

ventional imaging sequences in qualitative assessment

of LV function and segmental wall thickening,33 and

further quantitative studies showed good agreement with

Figure 3. This demonstrates the resultant HLA (A), VLA (B) and short axis cine stack from base
to apex (bottom panel). Adapted from Selvanayagam et al Cardiovascular Magnetic Resonance—
Basic Principles, Methods and Techniques in Hybrid cardiovascular Imaging Dilazian and Pohost
(Eds) 2005 Blackwells Scientific Publications.
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the inter and intraobserver variability ranging in the

order of 1.9%-10%.9,18,34-38

In addition to the ultrafast imaging techniques,

advances in real-time reconstruction and display as well

as interactive user interface allowed for improved ima-

ges, particularly used for intracoronary arteries.39 The

use of multiple coils, with real time reconstruction and

interactive scanning as allowed current ‘‘real’’ time

imaging to become a robust tool for assessment of

cardiac function. Kuhl et al40 compared two validated

real-time techniques with harmonic 2D imaging, sug-

gesting superiority of radial technique over spiral

gradient-echo, achieving similar results to breath-hold

SSFP sequence.

Thus far, all the imaging protocols have concen-

trated on 2D cine imaging, which has been shown to be

accurate when assessing cardiac anatomy and func-

tion.41 This usually requires multiple breath-holds, or in

Figure 4. Short axis left ventricular (LV) stack, showing semi-automated contour detection in the
end-diastolic phase. Endocardial (red) and epicardial (green) borders are tracked throughout the
series allowing quantitation of LV mass and volume.
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case of real time imaging, does come at the cost of

reduced spatial resolution, and image quality. Significant

operator expertise is needed in planning the imaging,

with some knowledge of cardiac anatomy and patho-

physiology essential. Some of these concerns can be

overcome using recently described isotropic non-angu-

lated 3D cardiac MR which can be reformatted in any

plane, and requires minimal planning.42,43 Parallel

imaging26,27 and other under sampling techniques44

have allowed for 3D cine data to be acquired in a single

breath-hold.45-48 The concept of 3D whole heart imaging

is not new; static images in 3D were acquired using

navigator beams,49 however, the constant interruptions

during the acquisition do not combine well with SSFP

cines.50 Respiratory self-gating which had been used for

a variety of 2D and 3D sequences51-53 was incorporated

by Uribe et al to create a ‘‘whole heart 3D acquisition’’

addressing the limitations of navigators as well as

restricting the duration of the scans.54 This was per-

formed using a retrospectively ECG gated, balanced

SSFP k-space segmented sequence using a five-element

cardiac coil array which speeded up the acquisition by

applying SENSE.

Recent Advances in Real-Time and 3D
Imaging

Although scan times were improved with parallel

imaging techniques, often a cost was involved in image

degradation using GRAPPA and SENSE at high accel-

eration factors. The transformation from simple unitary

(Fourier) to linear algorithms, to now, use of non-linear

algorithms for auto-calibrated parallel imaging, has

allowed for significant advancement in speeds of MRI

scans. Non-linear algorithms are based on combining

variable density trajectories with the joint estimation of

image content and coil sensitivities.55,56 Uecker et al57

exploited these concepts to perform feasibility of this

application for real-time imaging, producing images at

frame rates of 20 Hz.

Although the concept of FLASH technique58 and

radial sampling59 have been around for a considerable

time, it is their modified use with repetitive image

reconstruction and non-linear inversion that now permits

us to produce real-time cine CMR with the correct

balance of the spatial and temporal resolutions. Advan-

ces in temporal regularization and filtering have led to

improvements in data under sampling, in turn, allowing

images to be produced at spatial resolutions of 1 to

2 mm in acquisition times of 20 to 30 ms60,61 in normal

subjects. Studies are currently underway to validate this

against standard breath-hold 2D image acquisition in a

number of cardiac diseased states.

3T IMAGING

High-field imaging has increased signal to noise

ratio (SNR) due to increased magnetization of nuclear

spins and higher resonance frequency. The increased

SNR allows for improvement in spatial/temporal reso-

lution particularly when combined with parallel imaging

techniques. It also leads to increased artifact-to-noise

ratio, especially with cardiovascular imaging. In early

work performed using 3T, Gutberlet et al62 showed that

the increased SNR and contrast-to-noise (CNR) trans-

lated to significantly improved anatomical, functional,

tagging, phase contrast flow, perfusion, and coronary

artery imaging. However, imaging at 3T does require

special considerations, limiting its widespread use as a

cardiac modality. Almost all implanted devices are

considered safe at 1.5T, the same does not hold true for

3T. Specific safety concerns relate to magnetically

induced displacement and torque, radiofrequency (RF)

heating and image artifact. SSFP imaging used to per-

form majority of the functional and anatomical image

acquisition are especially susceptible to field inhomo-

genity at 3T. Frequency mismatches lead to signal loss,

banding and pulsatility artifacts which can to some

extent be addressed localized shimming63 and frequency

scout images.64 In essence the superior image contrast

and SNR at 3T is counteracted by off-resonance arti-

facts, reduced T2 to T1 ratio leading to longer repetition

times and therefore prolonged duration of scan for LV

functional assessment.

CMR ASSESSMENT OF DIASTOLIC FUNCTION

Diastolic LV dysfunction is a frequent finding even in

the general community.65 Among patients with organic

heart disease, evaluation of diastolic function confers

important prognostic value66 and incremental prognostic

information to systolic function.67 In patients with con-

gestive heart failure, severe diastolic dysfunction has

been reported as a potent predictor of cardiac death.68

In contrast to the preponderance of studies using

CMR to evaluate systolic LV function, assessment of

diastolic function using this modality is an emerging

field. There are several CMR approaches to character-

izing LV filling patterns. First, peak LV filling rates

during diastole can be measured by rates of change in

chamber volume. Analogous to mitral E/A ratio as

assessed by Doppler imaging, volume-derived indices

such as peak and early LV filling rate and time to peak

early LV filling, are considered sensitive markers of LV

diastolic function.69 At the present time, this approach is

limited by the time-consuming nature (even using semi-

automated border detection techniques) of the analysis

required, and by the relatively low temporal resolution
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of cine CMR imaging. A second CMR approach for the

evaluation of LV filling patterns involves phase-contrast

imaging of trans-mitral blood flow for the direct

measurement of flow velocity. This method has dem-

onstrated moderate correlation with echocardiog-

raphy.70,71 By extension, phase-contrast imaging can be

used to measure myocardial tissue velocity. In a com-

parative study with echocardiographic E/E0 and invasive

pulmonary capillary wedge pressure, Paelinck et al72

demonstrated the feasibility of phase-contrast-derived

CMR E/E0. The use of this approach has also been

restricted by the analysis time required. Recently,

Bollache et al73 have reported on a semi-automated

method for the measurement of diastolic parameters.

The development of more rapid post-processing soft-

ware may allow for translation of CMR diastolic

evaluation into mainstream clinical practice.

In general, velocities measured by CMR tend to be

lower than by echocardiography as a consequence of

the lower temporal resolution of CMR. Temporal res-

olution may be improved by reducing number of

views/segment, however, this requires longer breath-

hold times.

Myocardial Tagging

The concept of ‘‘tagging’’ to quantify regional

myocardial function was introduced in 1988, by

Zerhouni et al.74 Tagging involves the labeling of the

LV myocardium with radial dark bands in planes per-

pendicular to the imaging plane. The ‘‘tagged’’ grid

deforms as the saturated myocardium moves through the

cardiac cycle allowing visualization and quantification

of regional strain (Figure 5). The tag is generally applied

at the onset of the R wave, fading during the cardiac

cycle as the magnetization recovers toward equilibrium

due to spin lattice relaxation. Although still considered

predominantly a research tool, myocardial tagging has

been used to demonstrate abnormalities in LV untwist-

ing in aortic stenosis.75 In a CMR study on the MESA

cohort, Edvardsen et al76 demonstrated that regional

diastolic strain rates were significantly reduced in

asymptomatic individuals with LV hypertrophy when

compared to those without LV hypertrophy.

A key limitation in the use of grid tagging in

practice is the tendency of myocardial tags to fade as the

cardiac cycle progresses. Early diastolic strain rate was

successfully measured in 80% of a relatively normal

cohort, however, in the same population atrial tagging

was successfully read in only 32%.76 Comparison at

different magnetic fields have shown improved results at

3T.77 Another limitation in tagging approaches is their

failure to account for 3D myocardial deformation (i.e.,

in- and through-plane). Furthermore, tagging measure-

ment of strain is restricted in spatial resolution by the

separation of the tag lines. Lastly, analysis of strain from

the tagged dataset has limited availability on commer-

cial CMR analysis software.

Other CMR Approaches to the Assessment
of Diastolic LV Function

Velocity-encoded CMR or tissue-phase mapping

can evaluate regional systolic and diastolic tissue

velocities, in a similar manner to echocardiography.78,79

Tissue phase mapping technique determines with pixel

by pixel resolution velocity tensors in a 3D manner (i.e.,

rotation, longitudinal, and radial).80 This has been vali-

dated in a non-breath-hold navigator sequence in

patients and volunteers. Displacement-encoded imaging

using stimulated echoes (DENSE) MRI can also provide

a comprehensive assessment of myocardial mechanics

Figure 5. Cardiac tagging short axis images obtained in a normal heart using a complementary
spatial modulation of magnetization (CSPAMM) technique. The initial rectangular tagging grid at
enddiastole (A) is distorted by cardiac contraction, as seen in mid-systole (B) and end-systolic
image (C).
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including strain, twist angle, and torsion in an acceptable

scan time.81

ANCILLARY INFORMATION PROVIDED BY CMR

CMR, in addition to its ability to assess LV and RV

function, provides ancillary information that assists in

the comprehensive work-up of the patient with cardiac

dysfunction. Visual inspection of the left ventricular

(LV) and right ventricular (RV) architecture identifies

patterns of regional or diffuse wall thinning and con-

centric or asymmetric hypertrophy,82 and provide clues

to other myopathic processes such as left ventricular

non-compaction.83 Pericardial thickness and calcifica-

tion can be assessed. The atria and cardiac valves are

evaluated for primary or secondary structural abnor-

malities, and the functional consequences of these

morphologic changes are simultaneously evaluated

through looped playback of the segmented cine image,

making note of regional and global systolic function and

valvular flow abnormalities. By providing high-resolu-

tion, 3D images, CMR can provide ancillary information

on the geometry of the LV, and the presence of mitral

regurgitation, or LV thrombus (Figure 6).

Although a detailed discussion is outside the scope

of this article, CMR provides unprecedented capability

for in vivo myocardial tissue characterization. The

development of the late gadolinium enhancement CMR

technique (LGE-CMR)84 has revolutionised the role of

cardiovascular magnetic resonance in clinical and

research practice, and has potential roles in both diag-

nosis and prognosis of newly diagnosed heart failure

patients. Specific patterns of fibrosis and scarring have

been identified in many of the cardiomyopathy

states.85-88 Ischemic cardiomyopathy is characterized by

subendocardial-based areas of late enhancement that

correlate to irreversible myocardial necrosis on histo-

pathology (Figure 7, 8). Patients who have non-ischemic

dilated cardiomyopathy may also have DE-MRI evi-

dence of scarring in up to 30% of cases (Figure 9);

however, this is typically in a non-coronary distribution

and frequently appears as a mid-wall striae.87 Diffuse

myocardial fibrosis is a final end point in most cardiac

diseases and it is missed by the late gadolinium

enhancement technique. The calculation of a post-con-

trast myocardial T1-time following imaging a given

plane with sequentially increasing inversion times has

recently been shown to discriminate heart failure

patients from healthy controls even after excluding

myocardial segments displaying late gadolinium

enhancement. This technique shows promise in more

sensitive and quantitative evaluation of myocardial

fibrosis.89 Flett et al90 recently demonstrated that an

alternative approach of a bolus of extracellular gado-

linium contrast followed by continuous infusion to

achieve equilibrium together with measurement of T1

time pre- and post-contrast also permits non-invasive

quantification of diffuse myocardial fibrosis.

LIMITATIONS OF CMR

Most tertiary institutions have access to CMR,

however, availability of technical and physician exper-

tise is more limited. This together with cost and slow

scanning times are the major limitations of CMR today,

although advances in real-time imaging holds promise

in over-coming the latter. Standard contraindications

including claustrophobia, implanted devices, and other

ferromagnetic objects exclude certain populations from

undergoing CMR. Gadolinium imaging provides con-

siderable ancillary information in CMR, and its limited

use in patients with moderate and severe end-stage renal

failure, adds another restriction on widespread use of

CMR. Cardiac imaging in particular requires patient

co-operation, and careful consideration should be given

to the selection of patients undergoing a scan. Questions

regarding hearing impairment and breath-holding need

to be addressed by the physicians requesting the scan.

TRANSTHORACIC ECHOCARDIOGRAPHY

Echocardiography is the most widely utilized car-

diac imaging modality. This is predominantly due to its

Figure 6. Horizontal long axis (HLA), showing avascular
filling defect (white arrow) surrounded by transmural hype-
renhancement with late gadolinium imaging, consistent with
left ventricular thrombus.
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availability, low-cost, portability, and versatility. How-

ever, image quality is heavily dependent of the operator

experience, adequate acoustic windows, and geometric

assumptions.

Echocardiographic Assessment of LV
Systolic Function

The method of choice for 2D assessment of LV

function uses the modified Simpsons rule to estimate LV

volumes and hence calculate ejection fraction (EF).91

This technique has well-recognized prognostic value, in

a wide number of cardiac disease states.92-94 Nonethe-

less Simpson’s bi-plane EF suffers from limitations

including reliance on endocardial definition, foreshort-

ening of imaging planes and non-uniform chamber

geometry. Although 3D echocardiography has circum-

vented the latter two limitations, it is still subject to

greater intermeasurement variability when compared to

CMR and computed tomography.95 Sub-optimal spatial

resolution and sub-endocardial definition may occur in

up to 20% of patients.96

Owing to recognition of the aforementioned limi-

tations, assessment of LV function by echocardiography

has undergone significant recent advancement. The use

of 3D echocardiography and contrast agents for LV

opacification has greatly improved the accuracy of LV

assessment by echocardiography. Particularly in patients

with difficult acoustic windows, tissue Doppler imaging

(TDI) may play a role in aiding diagnosis. Peak tissue

velocity at the septal mitral annulus (Sm) represents an

integration of longitudinal cardiac motion from base to

Figure 7. Features of anterior myocardial infarction, with transmural hyperenhancement (white
arrows) in A anterior wall, B septum, and C apex.

Figure 8. Microvascular obstruction (MVO) characterized by
hypoenhanced region (white arrow), surrounded by hyperen-
hancement (white arrowhead) on late gadolinium imaging
within the myocardium.

Figure 9. Linear mid-wall hyperenhancement (white arrow)
within the septum on late gadolinium imaging as is seen
in approximately 30% of cases with idiopathic dilated
cardiomyopathy.
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apex, providing a surrogate marker of global LV systolic

function and is less influenced by suboptimal image

quality than 2D imaging. In a study by Ruan et al, it was

reported that Sm \ 7 cm/s predicted LVEF of \45%

with a sensitivity of 93% and specificity of 87%.97

Although this technique has proven useful in difficult

patients, particularly with chronic obstructive pulmon-

ary disease and intensive care ventilated patients, it is

still subject to limitations. Tissue Doppler measurements

are dependent on the angle of insonation being parallel

with the axis of cardiac motion.98 This may be a par-

ticular hindrance in imaging patients with LV dilatation.

Speckle tracking strain is a novel echocardiographic

approach that relies on tracking small myocardial

regions of interest based on their unique pattern of

ultrasound backscatter. This allows calculation of tissue

deformation (strain) on a regional basis and segmental

scores can then be averaged to yield a global strain

score. Speckle tracking strain, in contrast to tissue

Doppler-derived strain, is independent of angle of

ultrasound insonation and has been shown to provide

additional prognostic information in prediction of

adverse cardiac events.99 Becker et al100 have demon-

strated close agreement between speckle-tracking strain

and CMR in the evaluation of regional wall function.

COMPUTED TOMOGRAPHY

Multi-detector computed tomography (MDCT) is

principally known for its non-invasive assessment of

coronary arteries, although recent developments have

enabled it to provide added information on global and

regional myocardial function. It is also highly sensitive

non-invasive diagnostic modality for determination of

coronary calcium as this has high x-ray attenuation,

however, data on predictive value of coronary calcium

score in addition to the traditional risk factors has been

controversial.101 Current generation 64 slice scanners

with improved temporal and spatial resolution provide

excellent visualization of the proximal and distal coro-

nary vasculature; and have been validated in assessment

of LV function with 2D echocardiography and

CMR.102-104 With the improved endocardial definition

now available with CT, assessment of LV volumes and

ejection fraction are routinely possible. Differences in

intermodality acquisition methods and analysis strategy

are thought responsible for the tendency of CT to

overestimate volumes and underestimate EF as com-

pared to CMR.105-107 Although cardiac CT may well

play an increasingly important role in providing ana-

tomical and functional information, it has limited utility

in tissue characterization and exposes patients to ioniz-

ing radiation: CMR overcomes both these limitations.

CONCLUSION

CMR is often described as the ‘‘one stop shop’’ for

evaluating cardiac diseases. It is a 3D imaging technique

that affords unprecedented spatial resolution, ability to

interogate any imaging plane and consistently high

image quality. Evaluation of LV function is of key

importance in categorizing patient pathology. In addi-

tion to its role in functional assessment, CMR provides

information on flow, perfusion, diastology, and tissue

characterization, often alleviating the need for invasive

procedures. It does require patient co-operation with

breath-holds and tolerability of the scan. A standard

volume assessment can be performed in 10 minutes in a

typical clinical environment; however, scans often

require additional information on flows, viability, stress,

leading to a typical acquisition time of 35 to 45 minutes.

This is considered to be the greatest limitation of cardiac

MRI. With real-time imaging, now becoming more than

just a research tool, as well as 3D acquisition of data sets

in single breath-hold, without compromising spatial

resolution, CMR is becoming time efficient. The com-

prehensive nature of a CMR assessment is well-known,

and now with increased speed of acquisition and hence

decrease in the scan times will truly make CMR imaging

the first line imaging modality for cardiac assessment.
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