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syngo.MR Cardiac 4D Ventricular Function

The purpose of this document is to provide background infor
mation on the basic principles of algorithms used in syngo.via
application syngo.MR Cardiac 4D Ventricular Function
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Figure 1:
Schematic explanation
of left ventricular (LV)
ejection fraction (EF)
(©medmovie.com)

Objectives and definitions
Cardiac MRI background
In developed countries, approximately
2% of adults present with heart failure
and in the elderly population (> 65), this
increases to 6–10%.[1, 2]
Cardiac MRI is considered as the gold
standard with respect to accuracy and
reproducibility of volumes, mass, and
wall motion.[3]
Cardiac MRI primarily aims to assess
cardiac morphology and functional para
meters such as ventricular volumes,
ejection fraction, mass and regional wall
motion. Furthermore, cardiac MRI provides
an even more detailed evaluation of the
myocardial tissue including the evaluation
of ischemia, myocardial viability and scar,
as well as potential edematous changes
which may be important aspects towards
therapy guidance. In a large variety of
cardiac diseases, patient prognosis is
closely related to the left ventricular ejec
tion fraction (LVEF), with a low ejection

fraction being related to higher morbidity
and mortality.
By definition, the ventricular ejection
fraction (EF) is the percentage of blood
that is being ‘ejected’ from the maximally
filled ventricle during systole of each heart
beat (Figure 1). Mathematically, cardiac
volumes and ejection fraction are related
by the following equation:
EF =

EDV – ESV
×100
EDV

Where:
• EDV (End-diastolic volume) relates to
the maximum volume of the ventricle
at the end of the filling phase of the
cardiac cycle (diastole) with all valves
closed just prior to the ventricular
ejection.
• ESV (End-systolic volume) relates to the
minimum volume of the ventricle at the
end of the ejection period (systole) with
all valves closed just before ventricular
filling.
3
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Myocardium
Blood pool
Parallel short axis
slices orientated
perpendicular
to the ventricular
long axis.

Endocardium
Epicardium

Figure 2:
Stack of short axis slices
sampling the left ventricle

Measuring volumes
To calculate LVEF, the volume of the
ventricular cavity needs to be assessed at
two different specific time points within
the cardiac cycle, at end-diastole and at
end-systole.
In order to do so, imaging data is acquired
using cine techniques (typically SSFP
techniques) in a series of multiple parallel
short axis slices with additional long
axis orientations, sampling the entire left
ventricle as illustrated in Figure 2.
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On a broad outline, during post-pro
cessing, contouring of the endocardial
border on every single short axis slice
allows computing the slice area con
tained within the endocardial contours.
By incorporating the knowledge about
the slice extension along the ventricular
long axis, the volume represented by this
contour at a specific phase can be cal
culated. The sum of all volumes/slices at
end diastole and end systole then results
in EDV and ESV, respectively.
Besides this schematic description an
important additional parameter requires
consideration: the physiologic ventricular
shortening and elongation of the ventricle
along its long axis over the cardiac cycle.
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Through plane
motion of the
basal plane may
lead to mis
evaluation of
the LVEF

Figure 3:
Simple illustration of the
through plane motion based
on a stack of short axis slices

Through plane motion and
base representation
General illustration
During myocardial contraction and
relaxation throughout the cardiac cycle,
the entire heart demonstrates significant
deformation and motion, including trans
lation, rigid body rotation, regional twist,
and most importantly a change in longaxis dimension.

Related to the fact that the cross-sectional
area of the LV is largest at the base of the
heart, the error introduced by throughplane motion can be significant. This may
lead to possible inclusion of atrial volume
into the LV volume calculation and thus
potentially resulting in an overestimation
of the LV volume in systole with sub
sequent underestimation of EF.[5]

This change in the long-axis dimension is
characterized by a ventricular shortening
with a physiologic excursion of the basal
plane towards the apex during systole
(basal descent) while the apex remains
relatively stationary (Figure 3). This
through plane motion has been well
documented and quantified to be on
average ~ 1.3 cm during systole in a
healthy population while in disease this
basal excursion might be reduced.[4]
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Figure 4

Spatial orientation and
position of base plane
The accuracy of the estimated volume
of an object is substantially dependent
on the way this specific object is spatially
sampled by the input images.
In cardiac MRI, the ventricles are typically
sampled by a set of parallel short axis
2D slices, where the slice distance and
the slice thickness are relatively large in
comparison to the in-plane resolution. If
all slices are acquired parallel to each
other, it is difficult to accurately capture
through plane motion with such a samp
ling pattern. This is especially true if the
upper and/or lower boundary of the object
of interest may not be entirely parallel to
the slice orientation.
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Taking a closer look at Figure 4, it becomes
obvious that both these conditions are
often true for the delineation of the atrioventricular (AV) valve (mitral valve in
case of the left ventricle) plane: Neither
remains it parallel to the short axis over
the entire cardiac cycle, nor is the com
plex through plane motion entirely parallel
to the short axis slice orientation (which
is represented by the dashed yellow line
in the two chamber view).
As illustrated in Figure 4, the exact
position of the mitral valve plane and its
change over the cardiac cycle are best
captured on long axis slices such as the
two chamber view.
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Traditional approach to determine
LV volume in cardiac MRI
Traditionally, LV volumes in cardiac MRI
were determined solely based on a stack
of short axis slices. As illustrated in the
previous paragraph, the mitral valve and
its motion towards the ventricular apex
from ED to ES is not adequately visualized
in the short axis slices. Consequently, this
approach requires special care with regard
to inclusion of basal slices in order not to
include atrial volume in the LV volumetric
evaluation.

In an attempt to at least consistently
overcome the short-coming of this “short
axis only approach”, it is a generally
accepted convention to only include basal
slices into the LV volumetric evaluation if
at least 50% (180 degree) of the LV blood
volume is surrounded by ventricular myo
cardium.
Argus VF Analysis represents an approach
for this traditional way to determine ven
tricular volume which has been in use for
decades.
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Figure 5:
Finding Details Dialog in
syngo.via allows to choose
the requested method

syngo.MR Cardiac 4D
Ventricular Function
syngo.MR Cardiac 4D Ventricular Function provides two approaches to compute
LV volumes and LV function:
1. “Short axis only” approach: Only short
axis slices are used (Argus-like)
• The position of the mitral valve
plane in ED and ES is defined by the
position of the blood pool point in
ED and ES.
• The orientation of the mitral valve
plane is by definition parallel to the
short axis slices.

2. “Long axis and short axis” approach:
Both short axis and long axis are taken
into consideration
• The position of the mitral valve plane
in ED and ES is defined on the long
axis slice(s) by setting “valve points”
in ED and ES.
• The orientation of the mitral valve
plane is matching the anatomical
orientation (which may be not
parallel to the short axis slice orien
tation).
The user can switch between both
variants by selecting the desired option
in the Finding Details Dialog (Figure 5).
Both approaches are schematically
illustrated in Figure 6.
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Short axis
only

Long axis and
short axis
[1]

[2]

[3]

[4]

Final
volume

Model of the mitral valve plane
Anatomical position of the mitral valve plane

Figure 6:
Comparison of two possible approaches and the corresponding final volumes (left: short axis only, right: long axis and short axis). The
principle is described on a mid-ventricular slice [1], a basal slice intersecting with the mitral valve plane [2] and the most basal slice [3].
The representation of the final volume is shown in [4]. When the mitral valve plane intersects the contours, only the portion on the
ventricular side of the valvular plane is considered for volumetric calculations until the contours fully reach the mitral valve plane.
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The described differences in the metho
dical approach clearly result in variations
of quantitative results. Affection of both
phases, EDV and ESV, may not necessarily
result in a relevant difference in LVEF
when compared to the “short axis only”
approach. As the orientation of the mitral
valve plane and its change over the cardiac
cycle is patient specific, there is no simple
relationship of both approaches to each
other and therefore it is not possible to
mathematically convert the volumes com
puted with the two described approaches.
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As illustrated, the “Long-axis and shortaxis” approach allows to accurately model
any orientation of the mitral valve plane
seen on the acquired long axis slices.
Since it also allows defining the mitral
valve plane independently in ED and in
ES, this approach enables the user to also
accurately model the apically directed
motion of the mitral valve plane from ED
to ES. Due to this advantage over the
traditional “Short-axis only” approach, the
“Long-axis and short-axis” approach is
selected as default in syngo.MR Cardiac
4D Ventricular Function. It has however
to be kept in mind that such an approach
requires an adequate cross-reference of
short axis and long axis slices in a patients
data set and as such consistent breathholding levels.
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Further Readings on the
use of “Long axis and short
axis” in clinical routine:

Abbreviations:

• Hammon M. et al.; Pediatric Radiology,
Volume 45, Issue 5, pp 651-657
• Hammon M. et al.; Poster ECR: Cardiac
MRI in pediatric patients with surgically
treated right-sided congenital heart
disease: Automated left ventricular vol
umes and function analysis and effects
of different manual adjustments

EF

Ejection Fraction

LV

Left Ventricle

EDV

End Diastolic Volume

ESV

End Systolic Volume
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