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LEFT VENTRICULAR ROTATION AND TWIST:
WHY SHOULD WE LEARN?
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OSAKA, JAPAN

The left ventricle twists in systole storing potential energy and untwists (recoils) in diastole releasing the energy. Twist aids left

ventricular ejection and untwist aids relaxation and ventricular filling. Therefore, rotation and torsion are important in cardiac

mechanics. However, the methodology of their investigations is limited to invasive techniques or magnetic resonance imaging.

Wiith the advent of speckle tracking echocardiography, however, rotation and torsion (twist) become familiar to echocardiographers.

In this review, I outline the mechanism and influencing factors of rotation and torsion with the anticipation of the routine use of

these measurements in clinical practice.
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INTRODUCTION

It has been known for a long time that the heart makes ro-
tation along its long-axis and a wringing (twisting) motion.
Many investigators have made use of various different tech-
niques to measure this twist motion and to attempt to explain
its significance. Such techniques include embedding radi-
opaque markers in the myocardium and observing their
movements through biplane cine angiography,” and making
observations with sonomicrometry in animal hearts.” Many of
these techniques are invasive, and thus unsuitable for observ-
ing the hearts of human subjects. Since the 1990s, however,
techniques employing magnetic resonance imaging (MRI)
tagging have seen extensive use.”” While MRI has greatly
furthered our understanding of the twist motion of the hu-
man heart and thereby cardiac physiology, the need for large
installations and the significant costs incurred mean that the
range of applications is severely restricted.

Echocardiography is a noninvasive technique that can be
carried out at the bedside, and therefore has become the opti-
mal tool for studies on cardiac mechanics of diseased and
healthy hearts. Thus, a number of studies on cardiac function,
hemodynamics and cardiac physiology have been performed
using echocardiography. There have been also many attempts
to evaluate cardiac rotation and twist by echocardiography.
However, the best that can be said with conventional 2-di-

mensional echocardiography is that the short-axis cross-sec-
tion of the heart rotates in relation to the position of the papil-
lary muscles.” Therefore, limitations exist to its use in the
observation and quantitative evaluation of twisting.

In 2005, Notomi et al.” calculated the rotation of the left
ventricle from the revolving speed of the myocardial tissue
measured using tissue Doppler imaging from the short-axis
view. They reported that twisting can be measured from the
difference in the magnitude of rotation of the apical and basal
short-axis cross-sections, and that twisting measured using
this technique agrees well with that determined by MRI tag-
ging technique. However, tissue Doppler imaging has not be-
come widely used for this research, as it is technically demand-
ing to assess rotation. Later, the same investigators showed that
rotation and twisting of the ventricle could also be measured
with a high degree of accuracy using 2-dimensional speckle
tracking echocardiography.” It has subsequently become pos-
sible to measure twisting easily at the bedside, meaning that
analysis of twisting motion has attracted considerable atten-
tion from echocardiographers.

DEFINITIONS

There are several words relating to wringing such as rota-
tion, twist, torsion, etc. “Rotation” is rotatory movement about
the center of the mass in the left ventricular short-axis image.”
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Looking from the apex, counterclockwise rotation is expressed
with positive values and clockwise rotation with negative val-
ues, generally in units of degrees. In the normal heart, the base
rotates clockwise during systole and the apex rotates counter-
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Fig. 1. Myocardial fiber orientation and direction of rotation. Myocardial
fibers in the subepicardium helically run in a left-handed direction, fibers
in the mid layer run circumferentially, and fibers in the subendocardium
helically run in a right-handed direction.
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Fig. 2. Myocardial contraction and rotation. When myocardial fibers on
the subepicardial side contract, clockwise rotational torque is produced
at the base and counterclockwise rotational torque at the apex. When
myocardial fibers on the subendocardial side contract, counterclockwise
rotational torque is produced at the base and clockwise rotational torque
at the apex.
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Fig. 3. Opposite rotation at the base and apex. Subepicardial radius is
larger than subendocardial radius (r2 > r1). Therefore, subepicardial
rotational torque is larger than subendocardial rotational torque (R2 > R1).

clockwise, producing a wringing motion. The difference in
turning angle between the base and apex is called the “net twist
angle” or “net torsion angle”, expressed in degrees. “Torsion”
and “twist” are often used interchangeably. While twist is
sometimes used simply to mean wringing, torsion is more ac-
curately defined as the base-to-apex gradient in rotation angle
along the long-axis of the left ventricle, expressed in degrees per
centimeter. Some investigators express torsion as the axial gra-
dient in rotation angle multiplied by the average of the outer
radii of apical and basal planes. Properly speaking, this defini-
tion would be appropriate for comparing the wringing motion
of hearts of different sizes.” However, because left ventricular
long-axis diameter and short-axis diameter change dramatically
during a cardiac cycle, this normalization can be used for com-
parison of only the peak magnitude of torsion. For the sake of
simplicity, here I use torsion to mean net twist angle.

WHY DOES THE LEFT VENTRICLE ROTATE?

Why does the left ventricle rotate, and furthermore, why do
the apex and base rotate in opposite directions? To answer these
questions, we need to understand the orientations of the myo-
cardial fibers. In the left ventricle, fibers in the subepicardium
run in a lefc-handed direction, fibers in the mid layer run cir-
cumferentially, and fibers in the subendocardium run in a right-
handed direction (Fig. 1). These myocardial fibers are connect-
ed to each other, with a smooth transition from subendcardium
to mid layer, and then to subepicardium, about the long-axis.
Contraction of these three layers of myocardial fibers causes not
only longitudinal, circumferential, and radial movements of the
heart, but also contortion of the myocardium.

Myocardial fibers on the subepicardial side run in a left-hand-
ed direction, and contraction of these fibers will cause the base
to rotate in a clockwise direction and the apex to rotate in a
counterclockwise direction. Myocardial fibers on the subendo-
cardial side run in a right-handed direction, and contraction of
these fibers will cause the base to rotate in a counterclockwise
direction and the apex to rotate in a clockwise direction (Fig. 2).
This means that rotations caused by the subepicardium and
subendocardium are in opposite directions. Why, then, does
clockwise rotation of the base and counterclockwise rotation of
the apex become significant? In other words, why is it the rota-
tion of the subepicardial side that becomes significant? This is
explained by the difference in the radius of rotation of the sub-
epicardium and subendocardium (Fig. 3). The radius of rota-
tion of the subepicardium is greater than that of the subendo-
cardium. The subepicardium consequently provides greater
torque than the subendocardium, as a result of which the rota-
tion of the subepicardium is significantly expressed.

WHY IS TWIST MOTION NECESSARY?

The degree of shortening of myocardial fibers is of the order
of 15-20% at most. If ejection was simply the result of con-
traction of myocardial fibers, the ejection fraction would be
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Fig. 4. Tagged magnetic resonance imaging of a canine heart. Arrows at the apex mark the initial positions of two tags. By the end of isovolumic
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relaxation, tags have recoiled almost completely to their starting position indicating that recoil is largely an isovolumic event.™

15-20%, whereas the actual ejection fraction of the human
heart is 60-70%. This is due to the involvement of twisting.
Myocardial fibers are oriented in a spherical fashion, so that
when they contract they cause a simultaneous wringing ac-
tion, resulting in an ejection fraction of 60-70%.'” In addi-
tion, after twisting has occurred during systole, untwisting
occurs during diastole. Untwisting is known to occur mostly
during isovolumic relaxation phase, suggesting that this mo-
tion assists left ventricular relaxation (Fig. 4).'” Actually, un-
twisting is a good index of ventricular relaxation. Dong et
al.'V reported a significant negative linear relationship be-
tween tau (an index of ventricular relaxation) and recoil rate
(untwisting velocity) by MRI and Notomi et al.'? also found
a similar relation with echocardiography. They observed it in
dogs intervened by dobutamine, esmolol and pacing.

WHAT ARE ROTATION AND TWIST GOVERNED
BY?

Here, I would like to indicate what rotation and torsion are
governed by. I believe rotation (twist) to be governed mainly
by three factors: 1) the degree of contraction and relaxation of
the myocardium; 2) the balance between contraction of the
subendocardium and subepicardium; and 3) orientation of the
myocardial fibers. I will explain these in turn.
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Fig. 5. Relationship between dP/dt and net twist angle.

DEGREE OF CONTRACTION AND RELAXATION OF THE
MYOCARDIUM

Rotation is caused by myocardial contraction, so the degree
of rotation is evidently governed by the degree of myocardial
contraction. Rotation is therefore increased by catecholamines.
Fig. 5 shows the relationship between dP/dt and net twist de-
gree. In this dog experiment, dP/dt is controlled by intrave-
nous dobutamine. There is a significant linear relationship
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suggesting a direct relation between myocardial lengthening
and twist.

Rotation is enhanced by raising the preload and is reduced
by raising afterload. Dong et al."” reported higher left ventric-
ular end-diastolic volumes produced higher twist when end-
systolic volumes were held constant and higher left ventricular
end-systolic volumes produced lower twist when end-diastolic
volumes were held constant. This can be well understood by
thinking of the relation between the cardiac muscle and load-
ing conditions.

THE BALANCE BETWEEN CONTRACTION OF
SUBENDOCARDIUM AND SUBEPICARDIUM

As already noted, despite the fact that contractions of the
subendocardium and subepicardium produce rotation in op-
posite directions, the result is that subepicardial contraction

Subendocardial dysfunction
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RT2 > RT1 Hyper-rotation

Fig. 6. Hyper-rotation in the presence of subendocardial dysfunction.
Apical rotation is shown as in Fig. 3. When there is subendocardial
dysfunction, RT1” becomes smaller than RT1. Then, because of RT2 >>
RT1’, hyper-rotation is produced.

becomes significant due to the difference in torque, so that the
base rotates in a clockwise direction and the apex in a conter-
clockwise direction. Then, what would happen in the presence
of dysfunction of the subendocardium? Contraction of the
subepicardium would probably become relatively more signif-
icant, resulting in increased rotation (hyper-rotation) (Fig. 6).
On the other hand, what would happen in the case of subepi-
cardial dysfunction? Rotation of the subepicardium would
probably decrease, resulting in hypo-rotation of the ventricle.

Subendocardial dysfunction is well known to appear with
myocardial ischemia, hypertension, and many other diseases.
Hyper-rotation found in patients suspected of having any of
these diseases may indicate subendocardial dysfunction. In
other words, measurement of rotation could possibly lead to
early detection of such disease.

Diastolic heart failure (heart failure with preserved ejection
fraction) has been increasing in recent years.'? Park et al.!”
measured rotation and twist in cases of diastolic heart failure,
and compared the results with normal subjects. Rotation and
twist both showed higher values in the abnormal relaxation
(grade 1) group than in the normal group, and values showed
a progressive decrease as the degree of diastolic dysfunction
advanced to pseudonormalization (grade 2) and restrictive pat-
tern (grade 3) (Fig. 7). Hyper-rotation in the group with ab-
normal relaxation, which is early-stage diastolic dysfunction,
was probably a manifestation of subendocardial dysfunction.
Rotation or twist greater than normal values, even with nor-
mal ejection fraction, should probably be regarded as an initial
stage of diastolic dysfunction. Wang et al.''” showed that
twisting and untwisting do not decrease with diastolic dys-
function. They measured twisting and untwisting in subjects
with contraction disorder, diastolic disorder with preserved
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Fig. 7. Assessment of diastolic dysfunction based on mitral inflow, mitral annular velocity and left ventricular rotation and torsion. E: peak velocity of
the early diastolic filling wave, A: peak velocity of the late diastolic filling wave, E’: peak early diastolic annular velocity, A": peak late diastolic annular

velocity.™




ejection fraction, and normal hearts, and found that while val-
ues for both twisting and untwisting were low in cases of con-
traction disorder, these values were not significantly different
from normal subjects in diastolic dysfunction cases. Thus, un-
twisting is not impaired in diastolic dysfunction, at least in its
early stage. This means untwisting does not reflect ventricular
relaxation. This may make readers confusing because I wrote
“untwisting is a good index of ventricular relaxation” above. I
think this contradiction may be explained by the difference of
disease. Dong et al."” and Notomi et al.'” observed significant
relationship between tau and untwisting velocity in dogs with
systolic dysfunction that was created by esmolol. While Park
1 and Wang et al.'®"” observed preserved untwisting ve-
locity in patients with diastolic dysfunction with preserved
ejection fraction. We probably have to treat differently pa-
tients with systolic dysfunction and those with diastolic dys-
function when we try to evaluate diastolic function from un-
twisting velocity.

Rotation and twisting are known to increase with advanc-
ing age,'"™ and this can be explained by the subendocardial
dysfunction that is believed to occur with age. In other words,
aged people are more or less suffered from diastolic heart fail-

ure. Despite of muscular disease, twisting is relatively pre-
20

et al.

served in hypertrophic cardiomyopathy.*” This seems to be
due to reduced subendocardial function resulting from dys-
function of the subendocardial microcirculation. If interstitial
fibrosis advances so that there is dysfunction across the full
thickness of the myocardium in hypertrophic cardiomyopathy,
then rotation will, of course, be reduced.

In some cardiac diseases such as sarcoidosis, muscular dys-
trophy and myocarditis, subepicardial dysfunction can occur

earlier then subendocardial dysfunction. It would be interest-
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ing to investigate if there is hypo-rotation with preserved ejec-
tion fraction in the early stage of such diseases.

ORIENTATION OF MYOCARDIAL FIBERS

The subendocardial fibers run at an angle of approximately
60° to the long-axis, and the subepicardial fibers run at an an-
gle of approximately 60° in the opposite direction. If the car-
diac chambers become rounded as a result of heart failure, the
angle becomes greater, resulting that the myocardial fibers run
in a more transverse fashion. Rotation and twist are known to
be reduced when this occurs. Fig. 8 shows the relationship be-
tween left ventricular shape and twist angle.?” Here, the sphe-
ricity index is defined as the ratio of the long-axis diameter
and the short-axis diameter in diastole. The smaller the sphe-
ricity index (i.e., the more spherical the left ventricle becomes),
the less the twisting. A parabolic relationship exists between
left ventricular shape and twisting, so that twisting is also re-
duced if the left ventricle becomes overly elliptical. Left ven-
tricular shape is closely associated with the orientation of fi-
bers. When you see the globular left ventricle, its twist would
be small. Because the globular left ventricle often accompanies
with systolic dysfunction, the reduced twisting may be also
due to myocardial dysfunction.

Tanaka et al.”” found rotation and twist decreased in pa-
tients with congenital pericardial defect without changes in
regional myocardial strains, and they concluded the pericardi-
um played an important role in twist. In fact, this decrease in
rotation and twist could probably be explained by left ventric-
ular shape in addition to the role of pericardium. In animal
studies, Chang et al.* measured twist angle before and after
incision of the pericardium, and also after the pericardium was
resutured. They found that twist was reduced as a result of
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pericardiotomy and increased again as a result of resuturing of
the pericardium. This was attributed to changes in left ven-
tricular shape that occurred as a result of pericardiotomy.

WHY DO WE NEED TO STUDY TWIST?

Rotation and twist are concepts that first became familiar to
echocardiographers with the appearance of speckle tracking
echocardiography. In what ways this knowledge will be of use
in clinical settings remains unclear. In addition, we feel there
are several limitations in measuring rotation and twist in rou-
tine clinical practice. For example, there may be an inter-
vender variability of speckle tracking measurements. Three-
dimensional speckle tracking echocardiography, not two-
dimensional speckle tracking echocardiography, should be
used to avoid the effect of the through plane motion. None-
theless, as previously stated, there can be no doubt that mea-
suring twist will further our understanding of cardiac mechan-
ics. Also, identification of hyper-rotation probably implies
subendocardial dysfunction that is caused by various reasons. I
await the day when rotation and twist are recognized as new
evaluations of cardiac function.
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