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Left ventricular twist was decreased in isolated left
bundle branch block with preserved ejection fraction
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ABSTRACT

Objective: Left ventricular (LV) rotation and twist play an important role in LV contraction and relaxation. Left bundle branch block (LBBB) de-
teriorates both diastolic and systolic functions. We evaluated the LV twist in patients with LBBB and preserved ejection fraction (EF) (>50%) to
determine twist as a potential marker for subtle myocardial dysfunction.

Methods: This observational cross-sectional study included 34 LBBB patients with preserved EF who were free from ischemic and valvular
disease (Group 1) and 36 healthy controls (Group 2). All patients underwent 2-D Doppler and 2-D speckle tracking echocardiography. LV apical,
basal rotation, and twist were evaluated in both groups and compared accordingly. In addition, subjects were dichotomized considering the
median twist value of the study population. Binary logistic regression analysis was performed to determine the independent variables associated
with inframedian twist.

Results: Baseline clinical characteristics were similar in LBBB patients and controls. Mean apical rotation (2.5°+1.9° vs. 4.4°+2.9°; p=0.002),
basal rotation (-2.9°+2.3° vs. -4.1°+2.7°; p=0.05), and twist (5.4°+3° vs. 8.6°+3.3° p<0.001) were decreased in group 1. Parameters related to
intra- and interventricular mechanical dyssynchrony, such as longitudinal left ventricular dyssynchrony index (LVdys) and preejection interval
of LV, interventricular mechanical delay (IVMD), and left posterior wall contractions (SPMWD) were significantly higher in the LBBB group. The
median twist value of the studied population was 6.65°. Binary logistic regression analysis showed that only presence of LBBB was indepen-
dently associated with inframedian twist (0R=6.250; 95% Cl: 2.215-17.632; p<0.001).

Conclusion: The LBBB might have induced the reduction of LV twist by diminishing the LV rotation before inducing a prominent effect on the left
ventricular ejection fraction (LVEF). Therefore, twist may be considered as a marker for subtle LV dysfunction in LBBB with substantially normal
EF. (Anatol J Cardiol 2017; 17: 475-80)
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Introduction

Left bundle branch block (LBBB) is, in general, linked to an
underlying heart disease and it has been reported to affect ap-
proximately 25% of all heart failure (HF) patients (1). Alternatively,
LBBB can also be isolated and may diminish cardiac perfor-
mance in the absence of structural defects with a high preva-
lence rate of 1.5% in the general population (2). Chronic HF is a
major ongoing problem in clinical medicine and one of the crucial
issues in treating HF is its detection in the subclinical phase.

LBBB causes widening of the QRS complex, deteriorates
both systolic and diastolic functions, and constitutes a risk fac-
tor for the development and progression of HF (3-5). The deterio-
rations are associated with a shortening of LV diastole by pro-

longation of preejection and relaxation times, paradoxical septal
motion with an associated decrease in regional ejection fraction
(3-6). Moreover, LBBB causing intra- and interventricular dys-
synchrony leads to uncoordinated contraction of the ventricle
and alterations in LV mechanical activity; it is also associated
with cardiac remodeling (3, 5, 6).

LV twist is defined as the wringing motion of the heart caused
by opposite rotations of the LV apical and basal segments. The
magnitude of LV twist is dependent on the fibres’ architecture,
relaxation, and contractility of the myocardium. Measurement of
LV twist might play an important role in determining the LV dia-
stolic and systolic dysfunctions. Alterations in the LV twist have
been reported in various conditions and the potential clinical ap-
plications of twist are still under research (7-10). The changes
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in ventricular geometry due to cardiac remodeling in LBBB may
influence the LV twist (5, 6).

Conventional echocardiographic methods may be insuf-
ficient to show cardiac functional changes earlier in patients
with LBBB. Speckle tracking echocardiography (STE), which is a
noninvasive image-processing method that analyzes myocardial
deformation, independent of cardiac translation and angle, has
been extensively used in many studies for twist analysis (8—11).

Most studies evaluating the impact of LBBB on LV systolic
function examined the effect of cardiac resynchronization thera-
py and evaluated the effect of dyssynchrony on LV torsion essen-
tially in advanced HF patients (12-14). In this study, the influence
of isolated LBBB on LV rotation and LV twist was investigated
by 2-D-STE to identify subclinical LV dysfunction in patients with
preserved EF (>50%).

Methods

Patient selection

We screened all of the patients who were admitted to our
hospital's outpatient cardiology clinic for a general check-up
with electrocardiogram (ECG) in this observational cross-sec-
tional study. Any symptomatic patient with a history of systemic
diseases, ischemic heart disease, abnormal systolic function,
global or regional wall motion abnormality, valvular chronic heart
disease, sinus node dysfunction, atrial fibrillation, pacemaker
implantation, and consuming antiarrhythmic medication was
excluded. Initially, 81 patients were enrolled in the study. After
excluding 11 patients from the study due to inadequate image
quality, we recruited 70 volunteers in total. Among the screened
subjects; 34 patients (mean age 66+11 years, 23 females) had
LBBB on the ECG with normal systolic function (Group 1). Age
and sex matched 36 asymptomatic patients (mean age 64+12
years, 22 females) with normal ECG and LV function were select-
ed as a control group (Group 2). All patients gave their voluntary
and informed consent for data collection and the study was ap-
proved by the local ethics committee of the Sakarya University.

Electrocardiogram

The QRS duration was measured on 12-lead surface ECG
from the first deflection of the QRS complex to its terminal iso-
electric component. The diagnostic criteria for LBBB included
QRS duration over 120 ms; increased intrinsicoid deflection
time (80-120 ms); absence of septal Q-waves in the left precor-
dial leads; presence of wide, notched, or slurred R-waves on
the left precordial leads; and presence of monophasic QS on
leads V1 and V2.

Echocardiography

Conventional echocardiography was implemented with a
(Philips Medical Systems, Amsterdam, Netherlands) using an
X5 transducer. M-mode /2-D echocardiography and Doppler
study were performed to evaluate the LVEF and diastolic func-

tion. The early transmitral (E) and late transmitral (A) inflow ve-
locities were obtained from the mitral inflow Doppler signals.
Mitral annulus velocities were achieved from the septal annu-
lus of the LV by tissue Doppler imaging (TDI).

A pulsed-wave Doppler was used to evaluate the interven-
tricular mechanical delay (IVMD). The right and left ventricular
preejection intervals were measured from the onset of the QRS
on the ECG to the onset of pulmonary and aortic outflow; the
IVMD was calculated by subtracting the preejection intervals of
the right ventricles from the left ventricles.

Intraventricular dyssynchrony was evaluated by calculating
the time delay between the motion of the septum and the left
posterior wall contractions (SPMWD) on M-mode images from
the parasternal short-axis view at papillary muscle level.

To evaluate the longitudinal LV dyssynchrony, apical 4-cham-
ber views were used and the regions of interest (ROls) were in
the basal segments of the left ventricle’s lateral and septal walls.
LV dyssynchrony index (LVdys), standard deviation of the time
from cardiac cycle onset to minimum systolic volume, was as-
sessed quantitatively as the maximal time delay between the
two basal segments and calculated as the time interval from the
onset of QRS to the peak systolic velocity (Sm).

Apical and basal short-axis rotations were measured by 2-D
STE. Sector width and image depth were optimized to maintain
an adequate frame rate of 60-110 frames/s and probe frequen-
cy was in the range of 1.7-4 mHz. Short-axis basal images were
defined from the mitral ring level and apical images were de-
fined from the LV cavity without any papillary muscles and any
visualization of the RV in sight. In particular, efforts were taken
to make the LV cross-section as circular as possible. For short
axis basal images and apical images, four sequential cardiac
cycles were obtained and transferred to a QLAB workstation
(Philips) for off-line analysis. Using the commercially available
2D strain software, the endocardial border of each short-axis
plane in the end-systolic frame was manually traced. The soft-
ware algorithm then automatically segmented the LV short-axis
plane into six segments and searched for speckles in the ROls
on a frame-by-frame basis using the sum of the absolute differ-
ence algorithm. Furthermore, the software defined the ventricu-
lar centroid for the mid-myocardial line on a frame-by-frame
basis during one cardiac cycle and calculated the time-domain
LV rotation and radial displacement profiles for each segment
in both short-axis planes. The peak LV twist was calculated by
subtracting the peak basal rotation from the peak apical rota-
tion (15).

Statistical analysis

Continuous variables were tested for normal distribution
using the Kolmogorov—Smirnov test. Data are expressed as
means+SD for normally distributed continuous variables, as
median and interquartile ranges for skew-distributed continu-
ous variables, and as frequencies for categorical variables. The
Pearson chi-squared test was used to compare categorical vari-
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ables. The means for normally distributed continuous variables
were compared by independent-samples t-test. Skew-distribut-
ed continuous variables were compared using a Mann—-Whitney
U test. Pearson’s and Spearman’s correlation coefficients were
used for determining the correlations between twist and other
parameters. LV median twist was identified. Binary logistic re-
gression analysis was performed to determine the independent
variables associated with inframedian twist. A two-tailed p<0.05
was considered statistically significant. Statistical analyses
were performed with the SPSS software (IBM SPSS Statistics
20, SPSS Inc., IBM Corp., Armonk, NY).

Results

General characteristics of the study population

Age and sex distributions, heart rate, BMI, hypertension,
diabetes mellitus, and smoking incidence were similar between
the two groups. The baseline clinical characteristic values of all
subjects were summarized in Table 1.

Echocardiographic parameters of the study population

Although LVEF was preserved in all patients, EF was slightly
lower in group 1 (58.8+7 vs. 65.7+7%; p=0.042). Variables repre-
senting the LV diastolic function such as E, A, and E/A ratios
were similar. E' (5.6+1.3 vs. 7+1.9 cm/sn; p<0.001) and E/E’ ratios
(9.95+3.4 vs. 7.7+2.2; p=0.002) were distinctly different between
the two groups. Parameters related to intra- and interventricular
mechanical dyssynchrony, such as longitudinal LVdys, preejec-
tioninterval of LV, IVMD, and SPMWD were significantly different
in the two groups (Table 2). The LVdys was found to be longer in
group 1(38.9+28.3 vs. 18.5+17.1; p=0.009); however, there were no
significant correlations between LVdys and the apical, basal ro-
tation, and LV twist. The SPWMD was higher in group 1(71.7+26
ms vs. 22.08+12.8 ms; p<0.001), and it negatively correlated with
the apical rotation (r=-0.308; p=0.01), basal rotation (r=—0.158;
p=0.188), and LV twist (r=—0.448; p<0.001). Additionally, the SPW-
MD was found to be positively correlated with the QRS duration
(r=0.786; p<0.001) in univariate analysis. LV preejection intervals
were longer in group 1(226.9+25.7 ms vs. 180.6+25.7 ms; p=0.001)
but right ventricular preejection intervals were similar between
the two groups (163.9+22.6 ms vs. 156.9+27.2 ms; p=0.247). IVMD
was consequently longer in group 1(63+22.5 ms vs. 23.7+16.7 ms;
p=0.001). The correlation was not obvious between IVMD and
LV twist (OR=0.988; 95% Cl 0.960-1.017; p=0.416). The absolute
values of IVMD and QRS duration were positively correlated
(r=0.568; p<0.001).

There was a significant decrease in the magnitude of the
mean peak systolic apical rotation (2.5°£1.9° vs. 4.4°+2.9°,
p=0.002) and a less pronounced decrease in the basal rotation
(-2.9°+2.3° vs. -4.1°+2.7°; p=0.05) in the LBBB patients (Fig. 1).
The mean LV twist was found to significantly decrease (5.4°+3°
vs. 8.6°+£3.3°% p=0.001) as a result of a predominant decrease in
the apical rotation (r=0.997; p<0.001) and a slight decrease was

Table 1. Baseline clinical characteristics of the patients

LBBB Control P

Age, years 6611 64+12 0.582
Men/women 11/23 14/22 0.682
Heart rate, beats/min 74+12 72+9 0.523
BMI, kg/m? 29.7+5.7 29.6+5.2 0.889
Hypertension 20 (57.1%) 17 (48.6%) 0.632
DM 7(20%) 16 (17.1%) 0.540
Smoking 5(14.3%) 10 (28.6%) 0.244
QRS duration, ms* 138/143/155 82/90/93 0.001
PR interval, ms 168.4+28.3 168.3+27.4 0.994
BMI - body mass index; DM - diabetes mellitus; LBBB - left bundle branch block. *Data
are presented as median and interquartile ranges

Table 2. Comparison of echocardiographic parameters between the
two groups

LBBB Control P
LVEF, % 58.8+7 65.7+7 0.042
E, cm/s 54.1£16.6 52.4+16.3 | 0.666
A, cm/s 82.4+17.9 70.6£13.7 | 0.003
E/A ratio* 0.56/0.64/0.74 | 0.6070.65/1.10 | 0.186
E',cm/s 5.6+1.3 7+1.9 0.001
A’ cm/s 8.7+2 9.2+2.1 0.403
E/E’ ratio 9.95+3.4 1.7+2.2 0.002
Basal rotation,®, -2.9+2.3 -4.1+2.7 0.050
Apical rotation,®, 2.5+1.9 44+29 0.002
Twist,®, 5.4+3 8.6+3.3 0.001
Longitudinal, LVdys 38.9+28.3 18.5+£17.1 0.009
Preejection interval of RV, ms | 163.9+22.6 156.9+27.2 | 0.247
Preejection interval of LV, ms | 226.9+25.7 180.6+25.7 | 0.001
IVMD, ms 63+22.5 23.7£16.7 | 0.001
SPMWD, ms 71.7+26 22.1£12.8 0.001
A - late-diastolic mitral inflow velocity; A" - late-diastolic mitral annular velocity;
E - early mitral inflow velocity; E’ - early-diastolic mitral annular velocity; IVMD -
interventricular mechanical delay; LVEF - left ventricular ejection fraction; LVdys - left
ventricular dyssynchrony index; SPWMD - septal to posterior wall motion delay. *Data
are presented as median and interquartile ranges

observed in the basal rotation (r=0.639; p<0.001) in group 1. The
median twist value of the studied population was 6.65°. In or-
der to find the independent factors associated with abnormal
twist (inframedian twist), binary logistic regression analysis was
performed. Parameters included in logistic regression equation
were; age, sex, presence of LBBB, presence of diabetes, pres-
ence of HT and LVEF QRS duration, PR interval, E, E’, E/E’, BMI,
SPWMD, LVdys, and preejection interval of LV. Binary logistic re-
gression analysis showed that only presence of LBBB was inde-
pendently associated with the inframedian twist (0R=6.250; 95%
Cl: 2.215-17.632; p<0.001) (Table 3).
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Flgure1 Examples of LV rotation in two patlents with LBBB and control. The top two panels represent aplcal and basal rotations in patient with LBBB
and the bottom panels represent the rotations in the control patients. The LV rotates counter-clockwise at the apical level and rotates clockwise at
the basal level. Counter-clockwise rotation as viewed from the apex is expressed as a positive value, and clockwise rotation is expressed as a nega-
tive value. Peak LV twist can be computed as peak apical-peak basal rotation. There was a decrease in the magnitude of the peak systolic apical

rotation, basal rotation and consequently an LV twist in the LBBB patient

Table 3. Binary logistic regression analysis for inframedian twist

P OR (95% Cl)
LVEF (%) 0.721 0.984 (0.901 to 1.075)
LBBB 0.001 6.250 (2.215 to 17.632)
LVdys, ms 0.667 1.005 (0.984 to 1.026)
IVMD, ms 0.416 0.988 (0.960 to 1.017)
SPWMD, ms 0.273 1.015 (0.988 to 1.043)
QRS duration 0.695 1.006 (0.977 to 1.035)
E, cm/s 0916 1.003 (0.948 to 1.062)
E', cm/s 0.559 1.067 (0.859 to 1.325)
E/E', cm/s 0.140 0.910 (0.726 to 1.142)
Discussion

In this study, the effect of the isolated LBBB on LV rotation
and LV twist was evaluated to identify the subclinical LV dys-

function in patients with preserved EF (>50%). LV rotation and
twist were decreased with LBBB, especially due to a decrease
in the apical rotations. There was no significant relationship be-
tween the EF and the LV twist. LV rotation and twist are essential
components of cardiac performance. Changes in the ventricular
geometry due to cardiac remodeling that may resultin a conse-
quent loss of the specific LV architecture and a rearrangement
of LV myofibers deteriorates both diastolic and systolic LV func-
tions (5, 6). Moreover, alteration in the LV electrical activation
usually causes change in the LV mechanical activity (16). LBBB
may lead to uncoordinated contraction of the myofibers and may
have the potential to diminish rotational mechanics and induced
a significant reduction in LV twist while the LVEF was not appar-
ently influenced. Hence, it might be expected that LBBB would
affect LV twist that could be implemented as a clinical index of
contractility and may serve as a potential marker of myocardial
dysfunction in the isolated LBBB independent from EF More
studies are necessary to determine the most practical and use-
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ful parameters for identifying early-stage systolic dysfunction in
patients with isolated LBBB.

The relationship between LV twist and LV function

According to the previously published studies, the LBBB
plays animportant role in inducing the onset of LV dysfunction (1,
3, 6). The presence of LBBB on routine ECG in patients without
identifiable cardiac disease leads to the occurrence of signifi-
cant impairment of LVEF during follow-up (1-3, 14). We cannot
presume that our patients will develop clinically apparent HF
during the follow-up, but close monitoring with a reliable index
such as the LV twist index would be an appropriate approach.

Besides the absence of any report in the literature evaluat-
ing the effect of LBBB on LV twist in patients with preserved EF,
there are conflicting studies about LV twist in patients with LBBB
and reduced EF Mornos et al. (17) indicated that LV twist was
significantly lower in patients with reduced LVEF and LBBB com-
pared to patients without LBBB. Alternatively, Attana et al. (10)
revealed that LV twist was lower in patients with HF; however,
the QRS duration or LBBB had no effect on LV twist. In contrast
to Attana et al. (10), our findings revealed that the net twist de-
creased with LBBB and apical rotation was found to be the pri-
mary contributing factor for decrease in LV twist, which is con-
sistent with the study by Opdahl et al. (18). Alternatively, similar
to results by Attana’s study, QRS duration was not found to be the
independent predictor of net LV twist. There was no significant
relationship between EF and LV twist in our study, similar to the
results from study of Bertini et al. (13). This is perhaps because
all the subjects enrolled in this study had no significant structur-
al heart disease that would lead to the occurrence of significant
LVEF impairment; however, notably, the conflicting reports in the
literature about the LV twist values may result in one of the major
limitations of twist studies. For example, Mornos et al. (17) and
Attana et al. (10) reported mean LV twist values in the range of
10°-13°, which are higher than the LV twist values reported in
our study; however, Takeuchi et al. (8) and Saygisunar et al. (19)
reported mean peak twist values in the range of 6°-8°, which are
quite similar to our findings. The discrepancies in the reported
LV twist values may be due to the placement and positioning of
the imaging plane in the apex: it is known that rotation increases
toward the apex. Hence, a more caudal transducer position is
associated with increased measured LV apical rotation and twist
values (20, 21). In our study, the apical level was defined as the
imaging plane with no visible papillary muscles and any visual-
ization of the RV in sight. Therefore, the apical rotation may have
been measured more basally, and thus, we obtained lower rota-
tion and twist values.

Ventricular dyssynchrony and its relationship to twist

LV mechanics and particularly LV twist are absolutely depen-
dent on the electrical activation, and the presence of abnormal
activation of the ventricles [(e.g., an LBBB) results in intra- and
interventricular delays (6, 12, 22)]. This leads to a reduction in

the LV apical and basal rotation (consequently, LV twist) and the
dyssynchronous contraction of the LV apical and basal regions,
and thus, plays an important role in inducing the onset of LV dys-
function (3-5). The effects of cardiac pacemakers and resyn-
chronization therapy on LV torsion in advanced HF patients have
been investigated in several studies (12—14). All of these findings
demonstrate that LV torsion is not only a parameter of LV func-
tion but also reflects the extent of LV dyssynchrony. Consistent
with these studies, patients with LBBB had a longer inter- and
intraventricular delay, which were positively correlated with the
QRS duration. But there was no correlation with LV twist and
inter- and intraventricular delay in our study. This may be related
to the normal EF in the study population.

The LVdys was longer in patients with LBBB than in the con-
trol patients. The longer interval to peak velocity suggested that
myocardial segments needed more time to synchronically con-
tract or relax and this might have resulted in a loss of mechani-
cal work. Although the inverse correlation of LV torsion with the
degree of LV dyssynchrony has been reported, we found no sig-
nificant relationship between the apical rotation, basal rotation,
LV twist, and the LVdys. This is possibly due to the assessment of
the LVdys only via the two-segmental model and without having
any clear cut-off or predictive values for LV twist (23).

Ventricular diastolic dysfunction and its relation to twist

In general, collectively with systolic dysfunction, which is
reflected by less LV twist, diastolic dysfunction is also present
in patients with LBBB. Only a minor degree of diastolic dysfunc-
tion was present for both groups in our study, with slightly higher
estimated LV filling pressure for the LBBB patients. Although
variables representing LV diastolic function, such as E" and E/E’
ratios, were significantly different between the two groups, we
found no significant correlation among these variables and LV
twist; however, Park et al. (9) have shown an increase in the tor-
sion in the early stages of diastolic dysfunction in patients with
hypertension, hypertrophic cardiomyopathy, and amyloidosis.
This difference may result from the inclusion criteria, that is, our
patients were free from structural heart disease; however, this is
an interesting research area and should be further explored to
elucidate the relation between cardiac mechanic indices with
different stages of diastolic dysfunction in various patient groups.

Study limitations

Our results should be considered in the context of several lim-
itations. First, the number of patients in this study was relatively
small. In addition, although STE can be a useful and additive meth-
od for transthoracic echocardiography, several limitations with
speckle-tracking exist. The selection of optimal imaging planes
for computation is quite challenging due to limited acoustic win-
dows and the oblique orientation of the heart in the chest cavity.
Twist is a nonlinear function of the ventricle, and its magnitude
crucially depends on the measurement of the apical and basal
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levels, without any clear reference points reported (12, 20). The
more caudal transducer position is associated with increased
measured LV apical rotation and twist values (20, 21). Poor speck-
le-tracking can also lead to false-positive results, which is a major
concern. Additionally, our primary aim did not include the evalua-
tion of diastolic dysfunction and LV dyssynchrony. Therefore, the
untwisting rate was not assessed. We assessed LV dyssynchrony
using conventional methods and only with two-segmental models
lacking clear cut-off and predictive values.

Conclusion

We conclude that LBBB might affect LV twist, it can be imple-
mented as a clinical index of systolic function, and may serve as
a potential marker of subtle myocardial dysfunction in patients
with isolated LBBB.
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