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This paper constitutes a report of our experience in the assessment of left
ventricle contraction using MRI (Philips 0,5T Gyroscan T5/II) and includes a sug-
gestion of the  study method directed towards establishing the role of different
patterns of ventricle contraction in general ventricle function. In 29 patients,
22 men and 7 women, (average age 55.3) with history of myocardial infarction,
electrocardiographically gated MR images encompassing the entire heart in the
anatomic long and short axis planes were acquired. Significant positive correla-
tions between long axis shortening and area length ejection fraction were found
on four chamber view images: r = 0.605 at p<0.05 and on two chamber view
images: r = 0.554 at p<0.05.
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INTRODUCTION
The contraction of the heart left ventricle relies on

a combination of wall thickening, circumferential short-
ening and decreasing of long axis diameter i.e longitu-
dinal shortening. The reduction of left ventricular cav-
ity volume treated as the difference between end dias-
tolic and end systolic volumes is based on both the
inward motion of the myocardial wall and longitudi-
nal shortening. Previous studies have shown that the
mechanism of inward motion is much more complex
than only pure contraction of circumferentially orient-
ed fibres and that it is mostly based on myocardial
tethering phenomenon, which relies on interaction
between the inner and outer fibre layers having a per-
pendicular fibre orientation [2,3,11]. This is possible
because of specific fibre orientation in the myocardi-
um being spread with fibre angle varying  from the
endo- to the epi-cardial surface almost by 100° [2,3,12].
The above-mentioned morphologic and physiologic
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points cause different segments and sub-segments of
the myocardial wall to show shear motions. These shear
motions within the myocardium were analysed, first
using surgical methods to imbed the radiopaque mark-
ers into myocardium, nowadays they are analysed us-
ing MR tissue tagging [1,2,11,12,14]. They revealed
that ventricular torsion or twisting is caused by systolic
contraction of obliquely oriented, left handed, subepi-
cardial fibres and that it seems to act as a mechanism
improving general contraction within the myocardi-
um. From this point of view, long axis shortening could
be treated as a marker corresponding with ventricle
torsion and efficacy of fibre contraction. Beside the
complex pattern of myocardial fibres contraction, which
causes decreasing of long axis diameter, it is still un-
clear how strong an influence longitudinal shortening
has on left ventricle function and if there is any corre-
lation between longitudinal shortening and short axis
contraction [11,12,14].
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Figure 1. Axial view plane. False thickening of left ventricle myo-
cardial wall because of the partial volume effect

Figure 2. Two chamber view plane. End distole phase. Left ven-
tricle inner myocardial borderline and long axis are marked

The use of such a multimodality method as mag-
netic resonance imaging (MRI) in obtaining cardiac
images follows contemporary trends to make the
diagnosis in as non-invasive way as possible. In or-
der to optimise the display of cardiac anatomy there
is a need to use images oriented along true cardiac
axes. At present the complete cardiac examination
intended for analysis of left ventricle anatomy and
function ought to include: the long axis view paral-
lel to the interventricular septum (two chamber view);
long axis view perpendicular to the interventricular
septum (four chamber view); and short axis view
obtained at multiple levels (outflow, papillary mus-
cles, apex) [4–6,10,14]. Ventricle function has been
analysed since the introduction of multi-phase tech-
niques: called single-slice multi-phase technique
(SSMP) and multi-slice multi-phase technique
(MSMP), which enabled the obtaining of images of
one slice or many different slices throughout the
cardiac cycle from end diastole to end systole. Sub-
stantial reduction of acquisition time was possible
thanks to introducing fast spin echo or turbo spin
echo imaging (TSE) and echo planar imaging (EPI)
techniques [2,3,9,11,13].

MATERIALS AND METHODS
In our study 29 patients (22 men and 7 women;

average age — 55.3 years) were examined on Phil-
ips 0.5T Gyroscan T5/II, having been directed to the
MR examination after echocardiography disclosing
serious left ventricle failure in the course of ischaemic
disease with history of myocardial infarction in-
volving inferior wall in 11 cases, anteroseptal wall
in 18 cases and apical region in 12 cases. In all of
them electrocardiographically gated MR images en-

compassing the entire heart were acquired in the
anatomic long and short axis planes including: left
ventricle outflow tract with SSMP technique (CINE
2D FFE TR750, TE 6.9, FA 40, slice 6 mm), two cham-
ber view with SSMP technique (CINE 2D FFE TR 20,
TE 6.9, FA 40, slice 8 mm), short axis view with MSMP
technique (CINE MS FE TR 750, TE 6.9, FA3 0, slice
10 mm), four chamber view with SSMP technique
(CINE 2D FFE TR 759, TE 6.9, slice 8 mm). Images
subjected to analysis represented end diastolic and
end systolic phases from two chamber and four
chamber views applied using SSMP technique and
from short axis views at the basal and mid papillar
levels applied using MSMP technique. Every one of
the above-mentioned images was analysed with area
length ejection fraction scheme (ALEF).

Relationships between 6 variables (percentage
shortening of left ventricle long axis from end dias-
tole to end systole and area length ejection fractions
measured on phase images along two chamber and
four chamber view planes respectively and short axis
area length ejection fractions in mid papillar and
basal regions) were analysed with linear correlation
coefficient „r’’ after nonlinear correlations were ex-
cluded. The test of significance of a correlation co-
efficient „r” included the size of the sample from
which it was computed as well as the distribution
histogram.

RESULTS
Shortening of long axis ranged from 1.71 to

34.45%, mean 16.97% on four chamber views and
from 2.90 to 28.07%, mean 15.67% on two cham-
ber views. ALEFs ranged from 7.29 to 67.65%, mean
46.97% on four chamber views and from 24.51 to
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Figure 3. Short axis view plane obtained at papillary level in end
diastole phase with inner and outer myocardial borderlines
marked within left ventricle

Figure 4. Four-chamber view plane with inner myocardial border
line as well as the long axis diameter of the left ventricle

75.85%, mean 44.35% on two chamber views. For
short axis images ALEF scores ranged from 21.88 to
84.99%, mean 48.35% at mid papillar level and from
15.01 to 67.19%, mean 51.70% at basal level.

We found quite strong correlations between long
axis shortening and ALEF when measured on four
chamber view images: r=0.605 at p<0.05 and a lit-
tle less strong when measured on two chamber view
images: r=0.554 at p<0.05. As we suspected inverse-
ly proportional correlations between long axis short-
ening and short axis contraction were marked on
two chamber view images: r=–0.379 for mid papil-
lar region and r=–0.355 for basal region as well as
on four chamber images: r=–0.368 for mid papillar
region and r=–0.289 for basal region respectively,
but they were not significant at p<0.05.

DISCUSSION
The accuracy and reproducibility of left ventricle

cine MR examination using images oriented along
true cardiac axes have been proved by many authors
[1,4–7,10,11,13]. Also the use of geometric models
based on measurements calculated from two or three
sections over the three-dimensional data set was well
established as a standard formula for analysing of
left ventricle function [1,4,7,8,10–13]. In the present
study, images with non-breath-hold technique were
applied, which decreased the influence of breath-
holding on venous return known to alter ventricular
volumes [3,7,10]. Some physiologic differences in
ventricular function depend on such factors as ven-
tricular afterload, hydration state, heart rate and
blood pressure but their influence within the period
of fast acquisition can be treated as minimal
[3,7,11,13]. At the beginning MR studies used im-

age planes orthogonal to the thorax, which were
not only oblique to cardiac axes, but also their angle
with respect to these axes was variable in different
patients because of body habitus and level of dia-
phragm [4–6,8]. Such images were also strongly com-
promised by partial volume effects [4–6, 8]. There-
fore, measurements taken from orthogonal images
could not be directly compared between different
patients and with measurements from other tech-
niques [4,6]. Nowadays MR heart examination in-
tended for anatomic and functional analysis has to
include sections in planes oriented along cardiac axes
[4–6,10,14]. It is also important when there is a need
to compare MR and echocardiographic images or
when obtaining of reliable echocardiographic sec-
tions is difficult. The question if there is any correla-
tion between longitudinal shortening and short axis
contraction is still open — we found slight inversely
proportional correlation but it was not significant in
our group of patients.

Significant correlations between long axis short-
ening and ALEF were marked on both analysed views
with a slight tendency to be increased when mea-
sured on four chamber plane images, which was
probably associated with marked partial volume ef-
fect when the apex was not so reliably identified as
on two chamber plane images [1–4,7,10,11]. Prob-
ably one can expect more strongly correlated rela-
tions between longitudinal shortening and short axis
contraction in different groups of diseases — like
myocardial infarctions and cardiomyopathies sepa-
rately and similar to correlations between ventricu-
lar wall thickening and volumes found in patients
suffering from these diseases when their examina-
tions were assessed with heart strain analysis [1–3,
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10]. The reason for selecting the two chamber view
as a standard plane to measure the long axis short-
ening is the easy and reliable identification of apex
in that plane as well as the fact that two chamber
view usually acts as a planscan for short axis slices.
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