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Ventricular Volumetry and Strain Measurement Using Cine MRI in Cardiac MRI
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Cardiovascular magnetic resonance imaging (CMR) for basic cardiac function and hemodynamic evaluation
is contrast-free, radiation-free, and noninvasive. Thus, imaging can be repeated over time, making it extremely
suitable for use in the pediatric cardiovascular field, where ultrasonography observation becomes more difficult
as the child grows. CMR is performed using a combination of various imaging and evaluation methods. This
study describes cardiac function evaluation using cine magnetic resonance imaging (MRI), from the basic
method of cine MRI to post-imaging analysis and reading, including basic and more advanced methods that
are still in the research stage. Cine MRI, the most basic type of CMR, provides information on not only cardiac
function by analyzing ventricular wall motion but also on various other aspects of cardiovascular function, such
as anatomical morphology, including epicardial large blood vessels, and blood flow. Conversely, a disadvantage
of CMR is the long imaging time. However, technological innovations are being developed to shorten the imag-
ing time, and these are also discussed.
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Fig. 1 Cine image in 4-chamber view: Visible ventricular contraction
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ATTENTION: Do not use waveforms for physiological monitoring. Patient's condition may
not be reflected, resulting in improper emergency treatment.

Fig. 2 Cardiac gating for MRI

PG, plethysmography; RESP, respiratory rate; VCG,
vectorcardiography.
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4. bSSFP Efifif%s % MRI (Fig. 5)
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Fig. 3 Top: Planning of the short axis image plane parallel to the mitral valve in the 4 chamber long axis
plane (left) and 2 chamber long-axis plane (right). Bottom: 18 short axis cine slices shown from base

(top left) to apex (bottom right).

Fig. 4 Left: White blood axial scout image through the base of the left ventricle (LV) and right ventricle (RV).
Planning of the 2 chamber long axis is shown by the white line. Center: White blood 2 chamber
long axis scout image. Planning of the 4 chamber long-axis is shown by the white line. Right: White

blood 4-chamber long axis scout image.
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Fig. 5 Left: 4-chamber long axis cine image. Center: 2-chamber long axis cine image. Right: 3-chamber

long axis cine image.

Fig. 6 Left: Normal arch (anterior aortic artifact). Right: Aortic coarctation (yellow arrow).
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Fig. 7 4 chamber view. Thick black line surrounded by dashed lines is tricuspid regurgitation (yellow

arrow)

LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; TR, tricuspid regurgitation
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Fig. 8 Left ventricular (LV) and right ventricular (RV) chamber quantification. For LV chamber quantifica-

tion, the endocardial (red) and epicardial (green) contours are delineated in diastole (left) and systole

(right) in a stack of short axis slices that cover the whole left ventricle. For RV chamber quantifica-

tion, the endocardial (light blue) and epicardial (yellow) contours are delineated. Papillary muscles

and cordal tissues are excluded from the LV and RV volume.
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Fig. 9 4-chamber long axis cine image of
Ebstein’s disease

aRV, atrialization of the right ventricle; fRV, func-
tional right ventricle; LV, left ventricle; RA, right
atrium.
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, TROTSEDFEEMREND. &b, S
MEL, B E9 5 tagging w3 TTHN7E<
Tole.
strain DEEAFHER « ik

FEBRRE UTOOAIA R LA 7% global strain &
W, ZNZENDIIIAT global circumferential strain
(GCS), global radial strain (GRS), global longitudi-
nal strain (GLS) &WHINZ. PUZZEMIGO /R JPE
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IDVEE strain DT 2179 &, GCS, GRS, GLS W%
NENEMING. iz, NS OWmZEERAH S
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ZRT B LEELRS. —HIL LT, i@y 7Y
r—33 > “CVI42" (Circle Cardiovascular Imaging,
Calgary, Canada) %MW 7zfighiliR7z 9 (Figs. 12,
13, Movies 2-5).
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Fig. 10 Ventricular chamber quantification in a functional single ventricle. Left: Traced as a univentricular

heart. Right: Traced as a biventricular heart

aAo, ascending aorta; LV, left ventricle; RV, right ventricle
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Fig. 11 Left ventricular (LV) and right ventricular (RV) chamber quantification. For LV chamber
quantification, the endocardial (red) and epicardial (green) contours are delineated in a stack of
short axis slices and a 4 chamber long-axis. Counters should be marked in the round.

Feak Radsal Strain (%)
984 mm (AHA)

Gircumererdial Strain (%)

* Basal-Mid-Apical Segmentation - 3

Peak Longitudinal Stram (X}
284 mm (AHA)

Fig. 12 The results of strain analysis. Top: Peak radial, circumferential, and longitudinal strains are shown
in AHA 16 segments. Bottom: Each circumferential strains of basal, mid, and apical segment.
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WO OUNKE « SEiRZ O R TBB L, strain A
HHEINns.

COFTICEELTOaVIE2D2Hb, FL—RADIL
77 ERNTRER DR TH 5.
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W VIR COBEAREHITIE#ER T N EV
L—2fp LT cenavychs (Fig 11).
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Fig. 13 Left ventricular radial strains in 3D view
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