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Reverse Left Ventricular Apical Rotation in Dilated Cardiomyopathy
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Introduction: We describe a 56-year-old woman with dilated cardiomyopathy, whose clinical assessment, including two-dimensional
echocardiography, demonstrated a spherical left ventricular geometry with severe left ventricular enlargement and dysfunction as well
as reverse apical rotation. Left ventricular twist and torsion were evaluated via echocardiography with velocity vector imaging; the patient
was found to have reverse rotational movement. We hereby address these issues from an echocardiographic point of view.

Case Presentation: The patient was a 56-year-old woman, who referred to our clinic with complaints of dyspnea on exertion of 2 years’
duration. By the time of her referral, the patient’s dyspnea had exacerbated and reached New York Heart Association (NYHA) functional
classIII

Conclusions: These findings emphasize the potential clinical benefits of therapeutic procedures such as cardiac resynchronization
therapy (CRT) or apex-sparing volume-reduction surgery in DCM. A better definition of the role and implications of reverse apical torsion
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in DCM and its importance and effectiveness in making therapeutic decisions like CRT implantation requires further studies.

1. Introduction

The torsional parameters of the left ventricle (LV) are sen-
sitive indicators of cardiac performance (1, 2). The torsion/
twist of the LV is the wringing motion of the heart around
its long axis created by oppositely directed apical and basal
rotations created by the contraction of the myofibers in
the LV wall and is determined by contracting myofibers in
the LV wall (3, 4) which are arranged in opposite directions
between the subendocardial and subepicardial layers, (2,
5, 6) This motion is essential for regulating LV systolic and
diastolic functions (7). There is a consensus that LV twist, ex-
pressed in degrees,and LV torsion, expressed in degrees per
centimeter, both refer to the same phenomenon in cardiac
function and define the base-to-apex gradient in a rotation-
al angle along the longitudinal axis of the LV (5-9)

LV twist (degrees) is calculated as follows: LV twist =
apical LV rotation - basal LV rotation and LV torsion = LV
twist/LV length.

When viewed from the apex, the systolic rotation of the
base is clockwise and that of the apex is counterclock-
wise. LV twist is assessed via tissue Doppler imaging (TDI)
and speckle-tracking echocardiography (STE). There are
two different speckle-tracking software technologies:
velocity vector imaging (VVI) and two-dimensional (2D)
STE.(7-11) TDI can be derived from primary velocity data
with higher temporal resolution but with intrinsic angle-
dependency constraints common to all Doppler meth-
ods. On the other hand, STE can be derived via the frame-
to-frame tracking of the unique speckle patterns created
by the interference of ultrasound beams within the tis-

sue. Thus, VVI is a novel quantitative echocardiographic
method which can track routine 2D echocardiographic
images and is as such angle-independent (12-16).

There are some reports of the different degrees of de-
creased LV rotation and torsion and even reversed systolic
apical rotation graphs in patients with dilated cardiomy-
opathy (DCM) (Figure 1). This finding may be associated
with severe systolic and diastolic and even electrical ab-
normalities in these patients. It should be emphasized
that the importance of a normally functioning LV apex for
anormal cardiac performance is well known (13, 15, 16).

Figure 1. Delineation of the Apical Myocardial Short-Axis View During Ve-
locity Vector Imaging Analysis
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Table 1. Demographic and Echocardiographic Data of the Patients

Variable Values

Demographic Data
Age,y 56
Body surface area, kg/m? 176
Heart rate, bpm 75
New york heart association 11
QRS duration, ms 160

Echocardiographic data
Mitral regurgitation Up to moderate
Left ventricular end-diastolic dimension index, mm/m? 42
Left ventricular end-systolic dimension index mm/m? 36
Left ventricular end-diastolic volume index, mL/m? 187
Left ventricular end-systolic volume index, mL/m? 163
Left ventricular sphericity index 1.69
Left ventricular ejection fraction, % 20
Peak S-wave velocity at the septal part of the mitral annulus, cm/s 4
Peak E’' wave velocity at the septal part of the mitral annulus, cm/s 4
E/E ratio 27
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Figure 2. Reverse Left Ventricular Apical Rotation (a) Compared with Normal Left Ventricular Apical Rotation (b)
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Figure 3. Left Ventricular Basal Rotation, Which is not Significantly Differ-
ent From That in the Normal Subjects

2. Case Presentation

The patient was a 56-year-old woman, who referred to
our clinic with complaints of dyspnea on exertion of 2
years’ duration. By the time of her referral, the patient’s
dyspnea had exacerbated and reached New York Heart
Association (NYHA) functional class III. She was given full
evaluation, including coronary angiography, and was ul-
timately diagnosed with idiopathic DCM.

Echocardiographic assessment showed severe LV systolic
dysfunction with a left ventricular ejection fraction (LVEF)
of about 20% and up to moderate mitral regurgitation
with concomitant significant diastolic dysfunction. The
patient’s echocardiographic data are presented in Table 1.

Two-dimensional conventional, pulse Doppler transtho-
racic echocardiography was performed with a commercial
GE Vivid™ 7 system (Horten, Norway), equipped with an
M3S multi-frequency harmonic phased-array transducer.
Additionally, the torsional parameters were evaluated
using MyLab™ 60 for VVI (Figure 2). The images were ac-
quired with the subject at rest, lying in the lateral supine
position at the end of expiration. A 2D electrocardiogram
(ECG) was superimposed on the images, and end-diastole
was considered the peak R-wave of the ECG. Additionally,
LV global systolic function was evaluated via the modified
biplane Simpson method for calculating LVEF by measur-
ing the end-diastolic and end-systolic volumes in the 2D
images. The patient’s basal and apical LV rotation and LV
torsion were quantified by STE (Figures 1,3 and 4).

An advanced echocardiographic method applied on
the routine grey scale echocardiographic images, VVI
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Figure 4. Reverse Left Ventricular Twist (a) Compared with Normal Left Ventricular Twist (b)

was originally developed for the analysis of the LV myo-
cardium (1-5). Indeed, VVI is based on myocardial feature
tracking and assesses myocardial motion in 2D, permit-
ting an angle-independent measurement of tissue veloc-
ity and deformation (8-12). An endocardial tracing of a
single frame is manually derived from a routine digital
cine loop, and the periodic displacement of these regions
is tracked in the subsequent frames. By tracking the mov-
ing tissue, the volume changes of the heart chambers can
be calculated automatically, and the tracking data of all
the sample regions (six segments for the basal and four
segments for the apical levels) are transferred to an Excel
Spreadsheet for LV average rotation and rotational veloc-
ity calculation (7-13).

3. Discussion

The main findings of this case presentation are that in
patients with DCM, severe LV dilation and increased sphe-
ricity are associated with reduced or even reversed sys-
tolic apical rotation and that reversed systolic apical ro-
tation with consequent loss of LV torsion reflects a more
advanced disease stage with more severe LV remodeling,
LV dyssynchrony, and more severe systolic and diastolic
dysfunction compared to patients with DCM with nor-
mally directed apical rotation (11-15).

The special motion of the LV is a function of its helically
oriented myofibrils. When we look at the LV from the
apex, the systolic rotation of the base is clockwise, where-
as the apex tends to rotate in a counterclockwise manner.
A normally functioning LV apex is vitally important for
a normal cardiac performance. LV apical rotation repre-
sents the foremost determinant of global LV systolic tor-
sion; however, rapid apical back rotation plays a pivotal
role in the suction of the blood into the LV cavity, support-
ing its filling at low pressures. It has been previously dem-
onstrated that in normal subjects, LVEF is allied to apical,
but not to basal, rotation, although only basal rotation is
age-related: this suggests the clinical importance of api-
cal rotation in the evaluation of LV systolic performance
even without the complex calculation of LV twist. The loss
of this particular motion pattern is probably associated
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with systolic and diastolic and even electrical abnormali-
ties observed in DCM patients (13-16).

The myofibrillar geometry of the LV smoothly trans-
forms from a slightly oblique orientation in the suben-
docardium to a circumferential orientation in the mid
wall and again to an oblique orientation in the subepi-
cardium layer. It has been postulated that this is the
main mechanism for the special LV movement pattern.
LV twist allows a uniform stress distribution on the fibers
and fiber shortening across the wall: this represents an
extremely important mechanism for both ejection and
filling (12-15).

LV twist is calculated as the net difference in LV rotation
between the apical and basal short-axis planes at isochro-
nal time points. The short-axis views at the apical and
basal levels are recorded with identical or very similar
and close heart rates for the measurement of the basal
and apical rotations (13-15). Peak LV twist in heart failure
patients is 4.8 + 2.6 degrees in comparison with 15.0 +
3.6 degrees in control subjects according to Braunwald’s
Heart Disease, ninth edition, 2011 textbook.

Reversed apical rotation and loss of LV torsion in pa-
tients with DCM is very rare and is associated with signifi-
cant LV remodeling, increased electrical dyssynchrony,
impaired systolic function, and increased filling pres-
sures -indicating a more advanced disease stage (13,15-17).
Bogdan A. et al. (13) (2009) demonstrated that in normal
subjects, LVEF is associated with apical, but not with bas-
al, rotation; however, only basal rotation is age-related.
This finding signifies the clinical importance of the api-
cal rotation in the valuation of LV systolic function even
without the complex measurement of LV torsion.

The short-axis plane of the apex provides better acous-
tic settings than that of the base, and through-plane mo-
tion is minimal due to the limited longitudinal motion
of the LV apex. Furthermore, the much smaller size of the
circular cut of the apex simplifies its recording in DCM
patients, while the basal cut is usually difficult to contain
in a short-axis view in patients with extremely dilated
LV.16 A reversed systolic apical rotation with the loss of
LV torsion has also been observed in patients with non-
compaction cardiomyopathy (13, 16-19).
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LV apical rotation represents the foremost determinant
of global LV systolic twist, while rapid apical back rotation
plays a pivotal role in the suction of the blood into the LV
cavity, stimulating its filling at low pressures (13, 15-17).

These findings emphasize the potential clinical benefits
of therapeutic procedures such as cardiac resynchroniza-
tion therapy (CRT) or apex-sparing volume-reduction sur-
gery in DCM. A better definition of the role and implica-
tions of reverse apical torsion in DCM and its importance
and effectiveness in making therapeutic decisions like
CRT implantation requires further studies.
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