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Introduction: To compare left ventricular torsion, rotation, twist, and
circumferential strain in patients with left bundle branch block (LBBB) as
compared to normal subjects. Materials/Methods: In this study 23 patients with
LBBB and 14 normal subjects were enrolled. In short-axis view of the left
ventricle, basal, midportion, apical and global circumferential strain were measured
by off-line analysis. The basal, midportion and apical LV segments rotation were
measured and subsequently, in both groups, LV twist and torsion were calculated.
Results: The mean LVEF in the LBBB group was significantly lower than the
normal group. The basal, midportion and global circumferential strain(GCS) were
significantly lower in patients with LBBB as compared to normal subjects. The
mean LV apical rotation in the LBBB group was significantly lower than the
normal group ( -0.28±1.59 vs 0.78 ± 2.59 vs) and P was 0.04. As compared with
normal subjects, the mean basal and midportion LV rotation in LBBB patients had
no significant difference. LV torsion was lower in LBBB compared to the normal
group but the difference was not statistically significant. Conclusion: LV apical
rotation was significantly lower in the LBBB group compared to normal. Global,
basal, and midportion circumferential strain were lower in LBBB than normal
subjects.
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INTRODUCTION

Since 40 years ago, it has been recognized that an altered
cardiac electrical activation puts deleterious effects on the
mechanical functions of ventricles but this topic has gained
more importance in recent years (1). Although the most
accessible method for detecting left bundle branch block
(LBBB) is ECG, whereas not all LBBBs appear in the same
way on ECG or even do not appear on echocardiography (24). It is essential to assess the location and extension of ventricular conduction delay to find pathogenesis but ECG cannot do it precisely. On the other hand, LBBB is a complex
electrical disease resulting from conduction delay located at
several anatomic levels (5) that needs new evaluation methods. The epidemiological studies have described LBBB as an
independent mortality risk factor due to cardiovascular disorders (6). As patients with LBBB have a poorer prognosis
than those without any conductive disorders whether having
an underlying cardiovascular disorder or not (7). Conductive
disorder in patients with heart failure can be associated with
a reduction in cardiac contractility such as left ventricle (LV)

torsion, rotation, and circumferential strain which are the
main components of cardiac function(8, 9). Although LBBB
is critical in the prognosis of patients with cardiac problems,
it can lead to a reduction in the total left ventricular ejection
fraction (LVEF) and reduced cardiac output (10).
Patients with underlying heart failure and concomitant conductive disorders have more mortality rate than patients with
narrow QRS (6, 11) which may be due to the effect of LBBB
on decreasing ejection fraction. Therefore patients with mild
to moderate systolic or diastolic dysfunction and LBBB have
poorer clinical outcomes than patients without conductive disorders (7). It has been proven that LVEF may be influenced by
any defect in LV but will not be severely affected till the advanced stages of the underlying disease (12). Therefore more
sensitive parameters, especially the circumferential strain can
be used for more accurate evaluations. Regional strain measured by echocardiography can be used as a more sensitive
indicator than LVEF (firstly affected in a cardiac disorder) for
monitoring myocardial function (13).
Although the main advantage of CRT has been seen among
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patients with QRS of more than 150 ms. Recent electrical
mapping studies have indicated that the patients diagnosed
with severe LBBB by ECG and have abnormal echocardiography strain, get more benefit from CRT (16, 17). Speckle
echocardiography (SECHO) is an emergent diagnostic modality and an affordable and low-cost tool. Previous studies
on LBBB have focused mainly on the left ventricular strain
pattern, and other mechanical parameters have not been
studied much (18). For this reason, the need for other parameters to describe the mechanical left ventricular defect
by SECHO can be helpful in predicting the exact response
to the CRT. Therefore, we tried to describe the pattern of
left ventricular contraction by three parameters of Rotation,
Torsion, twist, and Circumferential strains in patients with
LBBB and LV dysfunction and normal subjects.

MATERIALS AND METHODS

This cross-sectional study was performed in Dr. Shariati
Hospital, Tehran, Iran. In this study, 23 patients with LBBB
and 14 subjects with normal ECG and normal echocardiography were enrolled. The exclusion criteria consisted of atrial fibrillation, acute coronary syndrome, a history of CRT
within the last three months, the existence of an associated
conductive impairment, the patients’ dissatisfaction about
attending or continuing the study, and insufficient resolution
of echocardiography. Speckle tracking echocardiography
was performed with Epic Philips machine. The left ventricular rotation, torsion, and twist, and circumferential strains
were recorded by the speckle tracking echocardiography
with the parasternal view and in the short axis through three
levels of basal, mid, and apical level.
This study was started after getting the approval by the medical ethics code and the confirmation of the ethical com-

calculated as follows: LV apical rotation-LV basal rotation
(degree). LV torsion was calculated as follows: LV twist/ LV
length (°/cm). The collected data was recorded in version
22 of SPSS software. The descriptive analysis was reported
as a percentage and numbers for qualitative variables and
mean (standard deviation) for quantitative variables. Then,
for comparison of each variable in two groups of patients, an
Independent-sample T-test was performed for quantitative
variables and a Chi-Square test for qualitative variables. The
significant value was calculated with the level of 0.05.

RESULTS

The mean LVEF in the LBBB group was significantly lower than the non-LBBB group (table1). LVDd, and LA size
were significantly higher in LBBB as compared to the nonLBBB group (table1). The mean TAPSE in LBBB patients
was significantly lower than that of the non-LBBB group.
PAPs were significantly higher in patients with LBBB versus non-patients (table 1). Basal, mid-portion and global
circumferential strain (GCS) were significantly lower in patients with LBBB vs the normal group. Apical CS was lower
in LBBB as compared to normal but statistically was not significant. In normal subjects mean basal and mid-portion LV
rotation were negative (counterclockwise ) and apical rotation was positive (clockwise). In LBBB, mean LV basal and
mid-portion were negative, and mean apical rotation was
also negative and so in one direction. The mean LV apical
rotation in LBBB was significantly lower than the normal
group, P<0.04. The mean basal and midportion LV rotation
in LBBB patients had no significant difference with normal
subjects. LV twist and torsion were lower in LBBB patients
as compared to normal subjects but the difference was not
significant.

Table 1: Comparison of cardiac parameters between two groups

Demographic data

LBBB

Normal

p-value

LVEF

33.9(10.8)

55.35(2.37)

<0.001

LV length

7.30(0.84)

6.51(0.84)

0.008

161.78(17.39)

108.714(26.91)

QRS
duration

mittee of Azad university of medical sciences. Patients’
information was not disclosed and no one was forced to
participate in the study. In all stages of the research, the identification of participants remained confidential. All stages
of the study were based on the Helsinki Ethics principles.
The patients’ data were gathered in a structured checklist by
the researcher. Demographic characteristics (age and sex)
were extracted from patient records and basic echocardiographic reports. Off-line analysis was performed to obtain
basal, midportion, and apical rotation(degree). LV twist was

DISCUSSION

<0.001

This study showed that the mean LV apical rotation was positive (clockwise) in normal subjects and negative in LBBB.
Indeed in LBBB, LV rotation in basal, midportion, and apical is in one direction and counterclockwise. Basal, midportion, and global circumferential strain were lower in LBBB
as compared to the normal subjects. In our study, torsion was
lower in LBBB than normal such as P=0.089, which may be
due to a relatively limited number of patients. This point was
discussed along with the results in the study of Pavlyukova
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and colleagues in 2015 (19) that elaborated a reduction of
the torsion and rate of rotation at the apical regions. One of
its applications in the clinical examination is the evaluation
of conduction disorders such as LBBB. However, it is not
clear which of the strain types are used to recognize LBBB
(21). While Miyazaki et al. (22)have indicated Longitudinal
strain preference for the diagnosis of dyssynchrony. Wang
et al. (21)revealed radial or circumferential as important in
diagnosis as well. We didn’t use the longitudinal strain in
our study because of its dependence on the Doppler angle
and its inability to check if LV is enlarged or not. Whereas
we tried to use the circumferential strain in this study because it is vitally important in determining the prognosis
of many cardiovascular events, as mentioned in Choi et al.
study(23). The higher the CS level in the mid-portion, the
more vitality it will attain than other sections. Because in
the study by Choi et al.(23), it was proven that CS at the
middle of the wall, is an independent factor and it can play a
more important role as a predictor of cardiovascular events.
This finding was consistent with the study by Tecelão et al.
In 2007 by CMR,(24) which resulted in a marked decrease
in mid-circumferential shortness in LBBB patients. In this
study, the rate of reduction of apical C.S was also significantly increased in LBBB patients, which was not the case
in our study. In a study by Han et al. (25) in the three groups
(LBBB group, not decreased-EF-treated LBBBs group, and
the healthy control group), the measurement of CS shortening at each of the three mid-ventricular, apical, and basal
sections showed a significant decrease in CS of people with
LBBB. On the other hand, there was a significant decrease
in C.S in patients with cardiomyopathy, regardless of the
juvenile disorder. Therefore, the circumferential strain parameter is inadequate to evaluate this asynchrony in patients
with cardiomyopathy. Because myocardial contractility is
reduced in these patients, regardless of conduction impairment, this leads to the conclusion that a conduction disorder
can appear with different mechanical contraction patterns
that must be distinguished depending on the structure of the
heart and underlying illness.
The higher global circumferential strain in LBBB patients
than non-affected patients is therefore important, which can
be decisive as an important indicator of LV function alongside EF as the standard clinical practice, in Onishi (26) et
al. GCS measurements by CMR and STE have a very close
relationship with EF. Unlike EF, however, because of its renewability, cost savings, and the lack of dependence on individual experience in the use and analysis of imaging tools,
it has been suggested as an effective tool in myocardial evaluation, especially in cases of chemotherapeutic cardiotoxicity changes. In their study, Cho and colleagues also proved
that GCS can be used to predict cardiovascular events in
patients with acute coronary artery disease. However, in a
meta-analysis by Yingchoncharoen (27), natural GCS levels
ranged from -20.9% to -27.8%, but in this study, the mean
non-LBBB group was -11.1%. However, because of previous studies, the effects of such factors as age, sex, race, and
physical characteristics, hemodynamic factors (such as heart
rate and blood pressure), and cardiac factors such as left ventricular size and wall thickness in measuring strain has been

proven.
Determining the natural range for this index requires additional studies. The lower apical rotation rate in LBBB patients, as compared to non-LBBB patients with negative
values, the calculation of torsion in the apical region showed
a decrease in LBBB patients compared to non-affected patients. Due to the fact that the LV rotation index is susceptible to local and general changes in LV (28) which can be a
sign of a change in mechanical performance among LBBB
patients. For the sake of being natural, it needs to coordinate
all parts of the LV and therefore is a specific but insensitive
indicator for assessing the response to the CRT(29). This is
in line with the results of Pavlyukova et al., 2015 (30) which
implies a reduction in the amount of rotation and torsion in
the apical region. Monroe et al.(10) also concluded that torsion levels in patients with LBBB with EF are decreased, as
compared with non-LBBB patients. To evaluate the mechanical ventricular rotation using the speckle tracking strain and
calculating the curvature, in the study of Notomi (31) et al.,
the natural pattern of motion from the apical view was seen
in the form of a slight clockwise rotation. Moreover, a larger
circulation of the tip of the heart in the direction of the counterclockwise was observed. When clocked from the apex,
the counter clock is reported with positive values and clockwise movements with negative values, so in normal cases,
the rotation of the base is recorded negatively and the tip of
the heart is recorded with positive values.
In the apical region, the negative rotation rates in patients
with LBBB compared with the positive values in non-affected patients of this study can confirm the inversion of
the tip of the heart from the anti-clockwise (positive) to a
clock with negative values. It is the result of the Torsion at
the apical level, which is obtained by dividing the apical rotation over the LV length. In the study of Helle-valle (28)
et al. the anti-clockwise movement of the tip of the heart
in the LV discharge phase was recorded in normal subjects
and in the animal model (dog) by SEC and sonomicrometry.
However, left ventricular circulation in the systolic phase is
mainly counter-clockwise, but a small rotation of the clock
was observed during the isovolumic contraction by SEC and
sonomicrometry at the tip of the heart. This rotation was
probably not detected in tagging MRI with a low-resolution
time. Additionally, a decrease in the apical rotation rate with
the obstruction of the LAD and the development of ischemia
were other issues of this study. By comparing SEC with
two MRI and sonomicrometry modalities, the accuracy of
STE was confirmed by correlation of the results with these
two methods. Following the decreased apical rotation in the
study on animal samples, the reduced diastolic function (32)
can lead to EF and SV impairment. It suggests that the presence of this disorder in LBBB patients can be a root cause
of mechanical disorders and inadequacies. By examining it
with imaging methods, it was more accurately diagnosed
than the patients with heart failure. In other comparative
studies such as Teceloa (33) et al. and Han (25) et al., the LV
length, more significant LVDD and LVSD, and greater LA
size in LBBB patients are consistent with the history of this
concomitant disorder with structural heart deficiencies, such
as valve disease and DCM.
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CONCLUSION

LBBB group had a wide QRS and lower ejection fraction.
In patients with LBBB, the mean LV circumferential strain
in mid, basal, and GCS portion were lower than normal subjects. The mean LV apical rotation was significantly lower in
the LBBB group, as compared to the normal group.
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Table 2: Comparison of Echocardiographic Parameters Between LBBB and Normal Subjects

Normal

-11.17

7.52

LBBB

-7.73

7.54

Normal

-11.97

4.08

LBBB

-7.04

4.91

Normal

-12.92

5.54

LBBB

-6.74

4.62

Normal

-11.10

7.61

LBBB

-6.74

4.90

Apical
rotation

Normal

0.78

2.59

LBBB

-0.28

1.59

Midportion
rotation

Normal

-1.08

2.04

LBBB

-1.52

1.78

Basal
rotation

Normal

-1.39

0.96

LBBB

-1.29

1.63

Normal

-0.15

0.30

LBBB

-0.21

0.25

Normal

0.11

0.40

LBBB

-0.04

0.23

Normal

-0.21

0.13

LBBB

-0.18

0.24

Normal

45.57

4.58

Apical CS
Midportion
CS
Basal CS

GCS

torsion_m

torsion_a
torsion_b

0.15

0.003

0.001

0.013

0.04

0.67

0.67

0.914

0.033
0.506

torsion_a
torsion_b

LVDD

LA

AO
RVD

TAPSE

PAPs
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