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Abstract Recent literature indicates that torsion of the
left ventricle (LV) is a promising predictor for response
to cardiac resynchronisation therapy (CRT). Among
patients with severe heart failure, 45 to 75% of patients
show rigid body rotation, where the base and apex rotate
in the same direction, instead of normal, opposite
rotation. The occurrence of this phenomenon seems to
be a good indicator for response to CRT. From this
review, it can be concluded that LV torsion might be a
welcome addition to current selection criteria.
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Introduction

Since the introduction of cardiac resynchronisation therapy
(CRT) [1] as a treatment option for severe heart failure,
response rates were found to be no higher than 50—70% [2]
using standard selection criteria such as QRS width >120 ms
and left ventricular (LV) ejection fraction <35% [3].
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The search for better selection criteria for successful
treatment with CRT remains an important topic since the
PROSPECT trial [4] showed that conventional wall motion
and velocity-based dyssynchrony measures are not better
predictors than standard selection criteria.

Recent studies indicate that measures based on
mechanical deformation patterns of myocardial tissue
are better predictors for response to CRT [5, 6]. Strain
parameters such as the circumferential uniformity ratio
estimate (CURE) show promising results [7, 8]. In
addition, recently LV torsion was assessed as a measure
for prediction of CRT response. As this parameter is
rather different from common indexes measuring
dyssynchrony, and preliminary results are excellent,
this review will discuss the potential role of LV torsion
in ischaemic and/or dilated cardiomyopathy for selection
of CRT candidates.

Imaging myocardial torsion

Myocardial torsion is the wringing motion or opposite
rotation of the LV base and apex. Normally, the apex
rotates anticlockwise (when viewed from the apex),
and the base rotates clockwise. LV torsion is caused
by oppositely oriented oblique fibre layers in the
myocardial wall. Rotations are in the direction of the
subepicardial layer, because of its longer lever arm [9]
(Fig. 1).

There is a direct relation between torsion and left
ventricular ejection [10], as well as between untwisting
and (early diastolic) suction [11] of blood. As a consequence,
torsion is decreased in patients with impaired cardiac
function. Changes in LV geometry, such as dilatation of the
LV, will also affect torsion, due to changed myofibre
direction.
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Fig. 1 Schematic drawing of LV torsion and its directions. a Torsion
(T) defined as the CL shear angle, which normalises for the size
of the heart (p: radius, ¢ : rotation, D: distance between slices).
b Orientation of myofibre layers and normal rotational directions in
the LV wall. The left-most image shows the myofibre directions.
Dashed lines: endocardial fibre direction, solid lines: epicardial
fibre direction. ED: end-diastole, ES: end—systole. Solid lines:
epicardial region, dashed lines: endocardial regions. The right-most
image shows untwisting

LV torsion can be measured non-invasively by imaging
with MRI tagging [12] or by ultrasound speckle tracking
[13]. Tt is usually defined as the difference between basal
and apical rotation. As rotation increases linearly over the
length of the LV, it is important that measurements are
normalised and/or taken at the same LV level [9] before
they can be compared between subjects. The diameter as
well as the length of the heart can differ between subjects
and needs to be corrected for. When torsion is defined as
the circumferential-longitudinal shear angle (Fig. 1), it is
independent of LV size [14]. Regarding these physiological
aspects and the definition of torsion, imaging should be best
performed using a reference coordinate system. Hence,
MRI can be considered the golden standard for measuring
LV torsion. However, the studies described in this review
do not always use the same description or definition of
torsion. Therefore, numbers cannot always be compared in
absolute terms. The focus will therefore be on relative
differences and observed torsion patterns in heart failure
patients with dilated or ischaemic cardiomyopathy.

Torsion patterns and cardiac resynchronisation therapy

It has been known for over a decade that LV torsion is
altered in heart failure; LV torsion decreases during
ischaemic and dilated cardiomyopathy [15—17]. However,
the relation between LV torsion and the response to CRT is
a topic that has recently gained interest.

Rigid body rotation

In 2003, Setser et al. [18] showed that in patients with
end-stage heart failure, torsion was not only significantly
reduced, but the basal and apical rotation sometimes
followed the same direction of rotation (Fig. 2). This
more or less results in absence of torsion or so-called
‘rigid body rotation’. In this study, 21 patients with dilated
cardiomyopathy underwent an MRI scan with tagging.
Patients were in NYHA functional class III-IV, and were
eligible for partial LV ventriculectomy. Several rotation
patterns were observed: Basal and apical rotation could
be in the normal direction (base clockwise and apex
anticlockwise when viewed from the apex), although
significantly decreased; both basal and apical rotation
could be clockwise; or both could be anticlockwise. This
‘rigid body rotation” phenomenon appeared in the
majority of the patients (Table 1).

A second study describing this LV rotation pattern was
performed by Kanzaki et al. [19]. They included 17 patients
with dilated cardiomyopathy, but without conduction delay,
for MRI with tagging. All patients were non-ischaemic.
Rigid body rotation was only observed in clockwise
direction, and was worse with lower LV ejection fraction.

Popescu et al. [20] also found a relation between disease
severity and rigid body rotation. In their study, in 50
patients with non-ischaemic dilated cardiomyopathy,
rotation and torsion were analysed by ultrasound speckle
tracking. About half of the patients showed rigid body
rotation. In almost all patients with rigid body rotation,
both basal and apical rotation were clockwise (Table 1).
There was a significant relationship between rigid body
rotation and more severe LV remodelling. Therefore, they
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Fig. 2 Basal and apical rotation curves. Example of rotation curves
for a healthy subject (left), a heart failure patient with normal rotation
directions (middle) and a heart failure patient with rigid body rotation
(right). Vertical black dotted lines indicate aortic valve opening, aortic
valve closure and mitral valve opening, respectively
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Table 1 Prevalence of rigid body rotation in heart failure

Study Patients Rigid body rotation Clockwise Anticlockwise
#) (#,% of patients) (#,% of rigid body rotation) (#,% of rigid body rotation)
Setser et al. [18] 21 16, 76 13, 81 3,19
Kanzaki et al. [19] 17 Unclear
Popescu et al. [20] 50 26, 52 22, 85 4, 15
Van Dalen et al. [21] 10 0,0
Sade et al. [22] 33 15, 45 7,47 8,53
Riissel et al. [23] 34 20, 59 18, 90 2,10

speculated that increased sphericity of the LV might lead
to a change in myofibre directions, which are responsible
for rotation and torsion. Hence, disease progression
(and the accompanying alteration of LV geometry) may
lead to rigid body rotation.

A speckle tracking study in 10 patients with dilated
cardiomyopathy and 10 patients with non-compaction
cardiomyopathy by Van Dalen et al. [21] also reported
about the occurrence of rigid body rotation. In both patient
groups, 3 people had an electrical conduction delay (bundle
branch block). Remarkably, all dilated cardiomyopathy
patients were found to have normal rotation directions,
whereas all patients with non-compaction cardiomyopathy
showed rigid body rotation. In this group, 7 patients had
clockwise rigid body rotation and 3 patients anticlockwise.
Both groups had comparable LV volumes and ejection
fraction. Following their results, the authors suggested
rigid body rotation as a marker for non-compaction
cardiomyopathy, and speculate that in other studies
describing rigid body rotation this diagnosis might have
been overlooked. However, in the study by Popescu et al.
[20], non-compaction cardiomyopathy was an exclusion
criterion. Likely, no rigid body rotation was found in the
dilated cardiomyopathy groups because the number of
patients was limited.

LV torsion and the response to cardiac resynchronisation
therapy

To our knowledge, the first study relating torsion to the
response to CRT dates from 2008 [22]. In this study, Sade
et al. assessed LV torsion using ultrasound speckle tracking
in 33 patients receiving CRT. Both patients with short and
long QRS duration were included. QRS duration was not
related to torsion. In this group, 21 patients had ischaemic
cardiomyopathy and 12 patients non-ischaemic. At baseline
and after 8 months of CRT, there was no difference between
these groups in terms of LV function or rotation/torsion.
About a quarter of patients had rigid body rotation at
baseline (Table 1), which normalised after CRT. CRT
responders were defined by a decrease in end-systolic
volume >10%. Torsion was significantly lower in
responders at baseline and significantly improved after
CRT (Table 2). Although not significant, torsion worsened
in non-responders. From these results, it seems that the
appearance of rigid body rotation is independent of the
presence of ischaemia or QRS width.

Previous own work could confirm the relation
between rigid body rotation and response to CRT [23].
Rotation was measured by MRI with tagging, in 34
patients eligible for CRT. Patients were in NYHA class

Table 2 Effect of CRT on torsion. All studies were speckle tracking studies in humans. Note that absolute numbers must not be compared
between studies because of possible different descriptions of torsion and measurement methods [14]

Responders Non-responders
Study Baseline Follow-up p-value Baseline Follow-up p-value
torsion (°) torsion (°) torsion (°) torsion (°)
Sade et al. [22] (FU 8 months) 1.5+£2.8 6.3+3.6 <0.0001 5.3+3.1 (p=0.01 vs 2.0+3.4 NS
baseline responders)
Bertini et al. [24] (FU 6 months) 43+2.4 8.5+3.2 <0.001 5.442.9 (p=0.07 vs 33422 <0.001
baseline responders)
Zhang et al. [25] (FU 3 months) 6.8+4.5 5.6+5.6 NS 6.9+4.1 (NS vs 4.2+3.7 <0.05

baseline responders)

*FU Follow-up
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HI-IV, QRS width >120 ms, and LV ejection fraction <35%.
Eighteen patients had ischaemic cardiomyopathy, and 16
patients had non-ischaemic cardiomyopathy. It was found
that the majority of patients showed a pattern of LV
torsion, where the apical rotation was inverted (Table 1).
In line with Sade’s study, no differences were found
between the ischaemic and non-ischaemic group.

The degree of rigid body rotation was quantified by
the correlation coefficient between the basal and apical
rotation curve. Acute responders to CRT were classified
as having an immediate increase in dP/dt,,,, of >10%. No
difference in LV function was observed at baseline
between responders and non-responders; hence there was
no relation between LV function and rigid body rotation.
This might be caused by the fact that only end-stage heart
failure patients were included, in whom LV function was
equally low. Patients with a high correlation coefficient,
thus a high degree of rigid body rotation, responded best
to CRT. Eight months after CRT, reversed remodelling was
significantly better in the group with a high correlation
coefficient (Fig. 3).

A study by Bertini et al. [24] investigated the effect of
CRT on LV torsion, using 2D speckle tracking analysis.
They also related this change in torsion to LV reverse
remodelling after 6 months of CRT. Seventy-one CRT
candidates were included, with QRS width >120 ms, NYHA
II-IV and LV ejection fraction <35%. Patients either had
ischaemic or non-ischaemic dilated cardiomyopathy.
Immediately after CRT, torsion significantly increased
and the change in torsion was strongly related to the
change in LV ejection fraction. At six-month follow-up,
40 patients (56%) were responding well to CRT (defined
as a decrease in end-systolic volume >15%). Baseline LV
torsion was lower in the responder group, although not
significant (p=0.07). In the responder group, torsion
significantly increased, whereas in the non-responder
group, there was a significant decrease in LV torsion,
which confirms the study by Sade et al. (Table 2). It was
not reported if and in how many of the patients rigid body
rotation could be observed.

The increase in torsion after six months of CRT was
largest in those patients with the LV lead placed in a
posterolateral position. The more apical, the better. This is
in line with our own study, where the best response to CRT
was also obtained with the LV lead in the posterolateral
position. There are several hypotheses for this finding.
First, the myocardial wall is thinner at the apex. Therefore,
the Purkinje network might be more easily reached with
pacing in this region. Second, normal activation is from
apex to base. Pacing in a more basal region might therefore
disturb the torsion pattern. Furthermore, since torsion is
generated by oppositely oriented fibre layers in the
myocardial wall, and torsion is normally in the direction
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Fig. 3 LV volume and ejection fraction changes at 8 months follow-up.
LV volume and EF changes between baseline and follow-up are shown
for patients with a BARC (basal-apical rotation correlation) below and
above the cut-off value of 0.5. *p<=0.05

of the epicardial layer, it might be that pacing in the
posterolateral/apical region gives best access to activate this
epicardial layer, and torsion direction can be restored.

In contrast to the above, other studies did not find an
effect of CRT on LV torsion. Zhang et al. [25] studied LV
torsion with speckle tracking in 39 patients who received
CRT at baseline and after 3 months of CRT. At baseline,
LV torsion was not different between responders (21
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patients with reduction in end-systolic volume >15%), and
non-responders. Furthermore, torsion did not improve in
responders but worsened in non-responders (Table 2).
However, myocardial strain did improve in responders.
Possibly, there were not many patients with rigid body
rotation among the group. Furthermore, a follow-up time
of only 3 months might be too short for torsion to recover.
In a study by Ashikaga et al. [26], seven dogs with left
bundle branch block and pacing-induced heart failure
were included. LV rotation and torsion mechanics were
measured with MRI tagging. Immediately after CRT,
haemodynamic parameters improved, but not torsion.
From CRT literature, it should be evident that torsion is
not the only parameter affecting CRT response; however,
recent studies indicate that it may play an important role.

Conclusion

Recent studies indicate that besides current selection
criteria for CRT, such as QRS width >120 ms and
ejection fraction <35%, measures of torsion and/or rigid
body rotation are very promising in the prediction of
response to CRT. Evaluation of LV torsion appears to
reveal important new insights into the disease process.
The general observation seems to be that in about 45-75%
of dilated cardiomyopathy patients, depending on the spread
of LV function in the group, rigid body rotation occurs. This
might be related to increased sphericity of the LV, or altered
electrical conduction. However, the occurrence of rigid body
rotation seems to be independent of QRS width. Also, the
presence of ischaemia seems unrelated.

The majority of rigid body rotation is in the clockwise
direction, meaning that the apex follows the rotation of the
base. Specific causes for the direction in which rigid body
rotation occurs, as well as the influence of the direction of
rigid body rotation on the response to CRT, remain unclear.

Besides current selection criteria for CRT such as QRS
width >120 ms and ejection fraction <35%, evaluation of
LV torsion appears to reveal important information about
response. However, although not discussed in this review,
the evaluation of dyssynchrony measures (either based on
myocardial strain or wall motion/velocity) is probably also
of added value. Mainly the relationships between these
measures and LV torsion patters are of interest for a more
thorough understanding of disease progression and the
mode of operation of CRT.

Measurements of myocardial function such as strain and
torsion have been mainly evaluated in a research setting
using MRI as golden standard. With the upcoming quality
and availability of ultrasound speckle tracking, the clinical
perspective is that in the near future, it will be possible to
add such measures to current CRT screening procedures.
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