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gene expression (to 1.3 * 0.3-fold, P < 0.05 and 1.0 = 0.3
fold, P < 0.05), when compared with Ang Il-alone mice
(2.6 = 1.0 fold, 3.2 * 2.0-fold, respectively). Parallel to the
change in collagen gene expression, tenascin-C mRNA levels
in Ang Il-treated and aldosterone-treated groups were sig-
nificantly upregulated (11.2 * 5.8-fold increase for Ang II,
P < 0.05 and 2.6 = 0.6-fold for aldosterone, P < 0.001)
compared with the control mice (1.0 = 0.2). Eplerenone
treatment significantly abrogated the induction of tenascin-C
expression by Ang Il (2.3 * 1.3-fold, P < 0.05).

Macrophage Infiltration
Immunohistologic analysis demonstrated many Mac 3
positive macrophages to have accumulated in the perivascular
spaces in Ang II-treated mice, whereas only a few macrophages
were observed in control mice (143 * 34 vs 1.8 * 0.9

m
2
n

Coltagen
‘920 10 gen | 02
) 8
14 2
O 15 3 84
w <
e 3
8 10 T
3 €
Q o
8 2
2 5] ®
fe [T}
[0 o
e 0
PN R PR N R PR
& \y
& S &

cells/optic field, P < 0.05; Fig. 3A). In Ang Il/eplerenone-
treated mice, the number of macrophages was significantly
reduced (4.5 * 2.9 cells/optic field, P < 0.05) as compared
with the Ang II-alone case. Aldosterone treatment also caused
an increase of the number of macrophages (6.7 £ 125
cells/optic field, P < 0.01). :

Expression of Cytokines and Growth Factors
Immunostaining demonstrated that Ang II treatment
significantly increased the numbers of PDGF-A—(Fig. 3B) and
PDGF-B—(Fig. 3C) positive cells in the perivascular region
as compared with the controls (17.83 * 337 vs 7.11 %
1.67 cells/optic field, P < 0.01, 323 * 7.2 vs 823 *
3.35 cells/optic field, P < 0.001, respectively). Aldosterone
treatment also significantly increased the number of PDGF-A
and -B positive cells (12.72 * 0.97 vs 7.11 * 1.67 cells/optic
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FIGURE 2. Representative photographs of perivascular areas of myocardial tissue sirius red stained (A) and immunostained for
tenascin-C (B), in situ hybridization of tenascin-C mRNA in an Ang ll-treated mouse (C, D). D is a high power view of the boxed
areas in C. Tenascin-C becomes detectable in perivascular region (arrows in B). Interstitial fibroblasts express tenascin-C mRNA
(arrows in D). Quantification of collagen volume in perivascular areas (E), and relative mRNA level of ¢collagen type la2, lllal and
tenascin-C in myocardium (F). Values are means * SD. Vehicle, vehicle control mice (n = 8); Ang !l, Angiotensin li-treated mice
(n = 6); Ang li + Ep, Ang ll/eplerenone-treated mice (n = 8); Ep, eplerenone-treated mice (n = 5); Aldo, aldosterone-treated mice
(n = 4). *P < 0.05, **P < 0.01, ***P < 0.001 vs vehicle control group. P < 0.05, t11P < 0.001 vs Ang Il-treated group.
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FIGURE 3. Immunohistochemial analysis of mouse myocardial tissue. Representative photographs of immunostained myocardium
and numbers of positively stained cells at perivascular region in each group for Mac 3 (A), PDGF-A (B), PDGF-B (C), PDGF receptor
a (D), and PDGF receptor B (E). Many macrophages, PDGF-A, and -B positive cells are seen at perivascular region of Ang Il-treated

mouse (arrows in A, B, and C).

field, P < 0.01, 17.7 £ 3.86 vs 8.23 = 3.35 cells/optic field,
P < 0.001, respectively). In Ang Il/eplerenone-treated mice,
the numbers of PDGF-A and PDGF-B positive cells were
significantly reduced (8.39 * 1.46 cells/optic field, P < 0.01,
10.7 = 1.63 cells/optic field, P < 0.001, respectively) as
compared with the Ang Il-alone case. Perivascular fibroblasts

in Ang II- or aldosterone-treated mouse heart upregulated the-

expression of PDGF receptor o (Fig. 3D) but did not express
PDGF receptor B (Fig. 3E). No expression of either receptor
was detected in the control group.

. Real-time RT-PCR analysis (Fig. 4) showed that Ang II
and aldosterone treatment significantly upregulated the

mRNA levels for TGF-B1 (1.74 *+ 0.20-fold, P < 0.05 and

1.49 *+ 0.18-fold, P < 0.05, respectively; Fig. 4A) in the
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mouse myocardium when compared with the control mice
(1.0 * 0.35-fold). Eplerenone treatment significantly reduced
TGF-B1 gene upregulation induced by Ang II treatment
(0.67 = 0.11-fold, P < 0.05). In contrast, no significant change
of mRNA level of IL-1B, another major inflammatory mediator
from macrophages, was observed in any of the groups (Fig. 4B).

Effects of Ang Il, Aldosterone, and
Inflammatory/Fibrotic Cytokines on Tenascin-C
Synthesis by Cardiac Fibroblasts in Culture

The direct effects of Ang II and aldosterone on tenascin-C
gene expression of cardiac fibroblasts were examined in
culture by quantitative real-time RT-PCR (Fig. 5). Ang II (0 to
10~® mol/L) significantly increased tenascin-C mRNA levels
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FIGURE 4. Quantitative RT-PCR anal-
ysis of proinflammatory/profibrotic
" mediators in mouse myocardium.
Expression of TGF-B1 was increased
in Ang |- and aldosterone-treated
mice, and eplerenone significantly
reduced this upregulation. No sig-
nificant change of mRNA level of
IL-18 was observed in any groups.
Values are means = SD. Vehicle,
vehicle control mice (n = 10); Ang I,
angiotensin ll-treated mice (n = 3);
Ang Il + Ep, Ang ll/eplerenone-
treated mice (n = 5); Ep, eplere-
none-treated mice (n = 3); Aldo,
aldosterone-treated mice (n = 3).
*P < 0.05 vs vehicle control group,
1P < 0.05 vs Ang ll-treated group.

Relative mRNA Levels

in a dose-dependent manner, and the expression level reached
a peak at the concentration of 1077 mol/L (2.1 * 0.7-fold
increase, Fig. 5A). In contrast, addition of aldosterone (0 to
107° mol/L) did not significantly affect tenascin-C expression
levels at any of the concentrations exarnined (Fig. 5B). Eplerenone
did not significantly influence Ang [I-induced tenascin-C expres-
sion, and no synergism was evident with Ang II (107 mol/L)
in the presence of aldosterone (10™® mol/L, Fig. 5C).

To identify possible mediators of upregulation of
tenascin-C expression in cardiac fibroblasts, cells were treated
with PDGF-BB (Fig. 5D) and TGF-B (Fig. 5E). These factors
caused a significant increase of tenascin-C expression in
a dose-dependent manner.

DISCUSSION

Possible Involvement of Tenascin-C in Reactive
Fibrosis of the Hypertensive Heart

Tenascin-C has been proposed to promote fibrosis
because its expression is upregulated in various fibrogenic
processes such as liver fibrosis,”® lung fibrosis,'? skin wound
healing,'" and scar formation after myocarditis.!”'® Directly
supporting this possibility, we have recently reported that
locally applied tenascin-C accelerates collagen fiber formation
in aneurysmal cavities in a rat model®® and that deficiency of
tenascin-C significantly attenuates liver fibrosis in an immune-
mediated chronic hepatitis mouse model.'> In the present
study, we demonstrated that tenascin-C is not detected in the
normal myocardium but becomes markedly upregulated in
perivascular fibrosing areas in the Ang II-induced hypertensive
mouse heart and that the expression level parallels the extent
of fibrosis. These findings suggest that tenascin-C may be
involved in the progression of reactive fibrosis, and its elevated
expression might be a marker for active progression of the
fibrosis in the hypertensive heart.

MECHANISM OF UPREGULATION OF
TENASCIN-C GENE EXPRESSION

Previous studies demonstrated that expression of
tenascin-C is upregulated with vascular remodeling in
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pulmonary hypertension and spontaneous hypertensive
rats” and that mechanical stress is an important tenascin-C—
inducing factor .(reviewed in reference 8). In this study, we
found that upregulated expression of tenascin-C in Ang II-
induced hypertensive mice was blocked by an aldosterone

-blocker, eplerenone, without affecting the blood pressure level,

which suggests that Ang Il may induce tenascin-C expression
in myocardium through an aldosterone-dependent pathway but
independent of blood pressure. Based on our in situ hybrid-
ization analysis demonstrating that the source of tenascin-C
was cardiac fibroblasts in the perivascular region, we spec-
ulated that aldosterone might stimulate interstitial fibroblasts
to synthesize tenascin-C. However, aldosterone did not induce
tenascin-C synthesis in cardiac fibroblasts in culture, although
Ang II enhanced tenascin-C expression as reported for other
types of cells.?®?° Although it remains controversial whether
cardiac fibroblasts express mineral corticoid receptors,®!'™
several reports have suggested synergism between Ang 1l and
3435 because of induction of Ang II receptor
levels®® or receptor binding®’ by the latter. However, neither
addition of aldosterone nor blocking with eplerenone exerted
any influence on tenascin-C expression induced by Ang II in
the present study. Therefore, it seems likely that aldosterone
facilitates tenascin-C gene expression in vivo not through
a direct action on cardiac fibroblasts but by actions on other
factors secreted by other cells.

There is a growing body of evidence that Ang II/
aldosterone treatment induces inflammation and accumulation
of macrophages in perivascular regions in the myocardium.>¢
Generally, macrophages are important regulators in inflam-
mation in various tissue and the main source of fibrogenic
mediators such as IL-1, TGF-8, and PDGF (reviewed in
reference 38). In the present study, Ang II infusion caused
accumulation of macrophages and upregulation of PDGF-A, -
B, PDGF receptor o, and TGF-B1 in mouse hearts. These
changes were inhibited by -eplerenone, and their extent
correlated with the expression level of tenascin-C. In culture,
TGF-B1 and PDGF upregulated tenascin-C expression by
cardiac fibroblasts. Taken together, it seems likely that
aldosterone elicits inflammatory reaction in perivascular

© 2007 Lippincott Williams & Wilkins
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FIGURE 5. Direct effects of Ang I, aldosterone, and proinflammatory/profibrotic mediators on cultured cardiac fibroblasts. Six
hours after addition of Ang Il (0 to 107 mol/L) or aldosterone (0 to 10™¢ mol/L), total RNA was extracted and relative tenascin-C
mRNA levels were quantified using real-time RT-PCR. Tenascin-C mRNA levels in cardiac fibroblasts treated with Ang Il were
increased (A) but not with aldostercne (B). Combined effects of eplerencne (0, 1078, 1077, 107¢ mol/L) on Ang Il (10~7 mol/L)-
induced tenascin-C expression in cardiac fibroblasts were not observed (C). PDGF markedly upregulated the mRNA for tenascin-C
(D). TGF-B1 also significantly increased tenascin-C expression. Ang |l, angiotensin il-treated (E); Ep, eplerenone-treated; Aldo,

aldosterone; TNC, tenascin-C; *P < 0.05 vs no substance. Values are means = SD. *P < 0.05, ***P < 0.001 vs no substance.

regions in Ang Il-induced hypertensive mouse hearts, which
might, in turn, induce tenascin-C synthesis of fibroblasts partly
through 2 signaling pathways mediated by TGFpB and PDGF-
A-B/PDGF-receptor a.

Although further studies are necessary to elucidate the
complex multistep molecular pathways involved, induction of
tenascin-C by aldosterone in the hypertensive heart might be
a key step in perivascular fibrosis and thus a prime target for
therapy.

CONCLUSION
The present results suggest involvement of tenascin-C in
hypertensive cardiac fibrosis and that blockade of mineralo-
corticoid receptor with eplerenone reduces expression of
tenascin-C by reducing inflammatory reaction, subsequently
resulting in attenuation of perivascular fibrosis.

© 2007 Lippincott Williams & Wilkins
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Abstract

Here is proposed a simple and novel method of displaying left ventricular (LV) function and
dyssynchrony using tissue Doppler imaging. We assessed clinical applicability of this method by
comparing normal subjects (n = 50) and patients with left-bundle branch block (LBBB) (n = 41).
The time-to-peak systolic velocities (TPVs) obtained from the 6 basal L'V segments are assumed to
be “vectors” and aligned radially such that each terminal point is directed to the corresponding LV
segment. The constructed hexagonal graph covers the following aspects of LV function and
dyssynchrony: 1) %area-hexagon, the percent area of the hexagon, reflecting global LV systolic
function; 2) fime-delay magnitude, the length of the composite vector for the 6 vectors; 3) time-delay
angle, the graphical position of the composite vector, that is, the delayed contraction site. Compared
with normal subjects, patients with left-bundle branch block (LBBB) had greater values
of %area-hexagon and time-delay magnitude. The LBBB patients, especially those with LV systolic
dysfunction (n = 23), had the time-delay angle located between the anterior and inferior segments.
The new displaying method permits one-look recognition of LV function and dyssynchrony, and thus
would be useful in the practice of cardiac resynchronization therapy.

Key words: dyssynchrony; tissue Doppler imaging; ventricular function.
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We have developed a simple and novel method of displaying left ventricular (LV) function using
tissue Doppler imaging, the most commonly used technique to assess LV dyssynchrony. This method
provides the measures of global chamber function as well as systolic dyssynchrony. As with systolic
dyssynchrony, the determination of the delayed contraction site and its time-delay magnitude is
possible. This paper introduces the rationale of this method and its clinical applicability by

comparing normal subjects with patients showing lefi-bundle branch block (LBBB).

Methods

Study Subjects. This study consisted of 41 patients showing an LBBB pattern on the surface
electrocardiogram and 50 normal subjects. All the patients were in sinus rhythm and stable in clinical
conditions, some being treated on standard cardiac medications. The normal subjects did not have
evidence of cardiovascular abnormalities on routine echocardiography. Written informed consent
was obtained from all the subjects to participate in this study.

Conventional Echocardiography. Standard ech;)cardiography was performed using a commercially
available apparatus (Vivid 7 echocardiographic scanner [GE-Vingmed Ultrasound, Horten, Norway])
with a 2.5-MHz transducer. The left atrial diameter was measured during sysiole along parasternal
long-axis view from the 2-dimension guided M-mode tracing. The LV dimension and wall thickness
were also calculated using M-mode method, and the LV ejection fraction was assessed by the
modified Simpson’s method using the apical 2 and 4-chamber views. Parameters of LV diastolic
function were assessed by the pulsed Doppler method. These included LV inflow velocities of the
peak early (E) and atrial filling (A) waves, their ratio (E/A), and the E wave deceleration time. Using
tissue Doppler imaging, the peak wall motion velocity of the early diastolic wave (Ea) was obtained
with the sample volume placed at the septal corner of the mitral annulus. The ratio of E/Ea, a

surrogate for LV filling pressure, was also measured (1). The isovolumic contraction time was
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determined using the timing of aortic valve opening on the LV outflow velocity profile.

Tissue Dopplgr imaging. The new method for displaying LV functional parameters was developed
exclusively using a commercially available echocardiographic apparatus (Vivid 7, GE Vingmed,
Horten, Norway). With a 4s transducer equipped with the echo-machine, we recoded color tissue
Doppler images of the apical two-, four-, and long-axis chamber views. Gain settings, filters, and
pulse repetition frequency were adjusted to optimize color saturation, and sector size and depth were
optimized for the highest possible frame .rate (>140 frames/s). At least 3 consecutive beats were
digitally stored for the subsequent offline analysis. With a sa'mple volume of 10x5 mm, we
constituted regional myocardial velocity curves arising ﬁdm 6 basal segments of the LV walls,
namely, anteroseptal, anterior, lateral, posterior, inferior, and septal segments (Figure 1, top left). For
each segment the time—to—pe;k systolic velocity (TPV), a time-interval between the onset of QRS
complex and peak myocardial systolic velocity in ejection phase, was calculated (Figure 1, top right).
To ensure that the peak was located in ejection phase, the timing of aortic opening and closure was
'determin'ed by incorporating pulsed Doppler recc.)rdings of the LV outflow velocity profile.
Reproducibility of TPVs was described in our érevigusly pui)lished reports, which showed
acceptable results (2).

New display of LV function and dyssynchrony. The TPVs obtained are corrected by heart rate
(VRR) and assumed to be “vectors”. The “vectors” are aligned radially such that they center on a
common starting point and each terminal point is directed to the corresponding LV segment (Figure
1, bottom left). Then the terminal points are connected to the adjacent one, turning into a hexagon. '
The constructed hexagonal graph is considered to express the following aspects of LV function and
dyssynchrony (Figure 1, bottom right): 1) %area-hexagon, thé percent area of the hexagon divided
by the overall graph area, reflecting global LV systolic function. The overall "graph area is

determined when the graph scales for each segment are all 500 ms. The rationale for
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the %area-hexagon as an index of LV contractility lies in the fact.that the tissue Doppler—deri‘ved
TPV is correlated inversely with the first derivative of LV pressure curve (peak +dp/dt) and LV
ejection fraction (3) and that the TPV superimposes the isovolumic contraction time, which is
prolonged in the presence of LV dysfunction (4). Thus, the greater the %area-hexagon, the poorer LV
systolic function. The shape of the hexagon also offers visual impression of LV dyssynchrony. With
no-dyssynchrony, the graph shape is equilateral or symmetrical; 2) time-delay magnitude, the length
(time [ms] in unit) of the composite vector for the 6 vectors. With no-dyssynchrony, the time-delay
magnitude is 0 ms; 3) time-delay angle, the graphical position of the composite‘vector, that is, the
delayed contraction site (°). If its terminal point is directed to the posterior segment (“pst” as in
Figure 1), for instance, the timé—delay angle is 180°.. All of these parameters are calculated using the
prototype custom software. The software program can also calculate 3 more measures of LV
dyssynchrony: the standard deviation (SD) of TPVs; the coefficient of variance (SD divided by
mean) of TPVs; and the dispersion of TPVs. Variabies obtained were compared between normal
subjects and LBBB patients.

Statistical analysis. All data are presented as meantSD. A p value of <0.05 is. considered significant.
Continuous variables between the groups were co;ﬁpa?ed by ANOVA and subsequent Sheffe’s
multiple comparison tests. Single linear regression analysis was used to estimate correlations

between echocardiographic parameters.

Results
The LBBB patients were divided into 2 groups based on the presence or absence of LV systolic -
dysfunction (LV ejection fraction <50%). There were 23 patients who had LV systolic dysfunction.
Table 1 shows clinical and conventional echocardiographic parameters of the resultant study groups.

Among the patients with LV systolic dysfunction, 8 had significant mitral regurgitaion and 5 had
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prior myocardial infar_ction. In the patients with preserved systolic function, there were no
appreciable valvular or myocardial abnormalities causing LBBB. There were no significant
differences in age and gender distribution. LV ejection fraction was depressed in the patient groups,
but the difference was not statistically significant between the normal subjects and the patients with
preserved systolic function. There were no significant differences with regard to the pulsed Doppler
parameters of LV diastolic function, although the range of these was apparently greater in the
patients with systolic dysfunction, indicating various LV diastolic abnormalities from abnormal
relaxation to restriétive physiology. The tissue Doppler of the mitral annulus clearly discriminated
diastolic abnormalities, with a significant depression of the Ea and E/Ea in the patients with systolic
dysfunction compared with the other groups.

Table 2 summarizes the measurements of TPVs and the results of t—he new method. The TPVs
were much greater for all the segments in the patients from LBBB groups compared with normal
subjects. This finding was associated with greater _%area-hexagon for the patients. In normal
subjects, %area-hexagon was less than 10% with no overlap with LBBB patients who had systolic
dysfunction (Figure 2). The %area-hexagon had positive correlation with isovolumic relaxation time
(r=0.80, p<0.0001) and negative correlation with LV ejection fraction (r=-0.68, p<0.0001) (Figure 2).
Figure 3 shows the scatter-plots of the time.-delay magnitude against the time-delay angle. The
LBBB patients, especially those with systolic dysfunction, had the time-delay angle located between
the anterior and inferior segments (60° to 240°) with the mean time-delay magnitude around 100 ms.
In the normal subjects, on the other hand, the time-delay angle was evenly distributed all over the
segments with the time-delay magnitude mostly less than 100 ms. The incidence of the time-delay
angle being located in the LV free wall was 87% in the patients with systolic dysfunction compared
with 46% in the normal subjects (p<0.01). Representative analyses of the new nllethdd are shown in

Figure 4.
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Discussion

We have proposed a new method for displaying LV function and dyssynchrony using tissue Doppler
imaging. This method provides 3 major parameters related to LV dyssyﬁchrony and function:
1) %area hexagon; 2) time-delay magnitude; and 3) time-delay angle. The measurements of these
parameters were obviously alter;ed in LBBB patients when compared with normal subjects. This
method would be applied in the practice of cardiac resynchronization therapy.

The %area-hexagon, a percent area of the hexagon made by connecting terminal points of the 6
vectors, is considered to be an indexed TPV. Yamada et al demonstrated clinical usefulness of tigsue
Doppler-derived parameters for the evaluation of LV systolic function (3). They observed that the
time from the electrocardiographic Q-wave to the peak systolic myocardial velocity, as the TPV in
the present study, was correlated with the peak +dp/dt as well as LV ejection fraction. The TPV waé
shown to be prolonged in various disease conditions (3,4) and the %area-hexagon is roughly a sum
of the six TPVs. Thus, the greater value indicates the poorer LV systolic fiinction. In our finding,
there was no overlap of the %area-hexagon between the normal subjects and patients with LBBB
and LV systolic dysfunction.

A number of echocardiographic techniques/parameters fpr the assessment of LV dyssynchrony
have been proposed. M-mode recordings of septal-to-posterior wall motion delay (5) and the
analysis of a single imaging plane (e.g., 4-chamber view) (6) are simple methods for assessing LV
dyssynchrony; however, any dyssynchrony in other walls can be overlooked. Three-dimensional
technique appears to overcome this limitation (7), although the relatively lower spatial resolution
may restrict its clinical feasibility. On the other hand, tissue Doppler-derived long-axis function is
most commonly used to confirm LV dyssynchrony and select pofential responders of cardiac

. resynchronization therapy. Yu et al reported that SD of TPVs in ejection phase among the 12 basal
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and middle myocardial segments was not only the strongestb indicator of LV dyssynchrony but also
the most powerful predictor of the clinical outcome after cardiac resynchronization therapy (8,9).
The receiver operating characteristics curve for predicting LV reverse remodeling demonstrated an
area under the curve of 0.90 with 12-segmental analysis compared to 0.70 with 6-basal segmental
analysis (9). We currently employed 6-segmental analysis, which appears to be inferior. However,
other investigators who examined 2- to 6-basal segmenfs found that the parameters derived were
useful for predicting reverse remodeling (6,10). Moreover, it is tempting to be speculated that the LV
pacing lead should be positioned near the basal segments since the basal part of the LV wall is
activated last in LBBB patients (11). The priority of the new method lies in how more easily
parameters can be obtained and how more detgil information can be available from individual
subjects. The new method permits simultaneous and one-look recognition of the delayed contraction
site, its time-delay as well as global LV function.

In the current observation, the patients with LV systolic dysfunction had the time-delay angle
locéted between the anterior and inferior segments (60° to 240°). This finding is consistent with a
previous study using tissue Doppler imaging, in which the latest mechanical activity was frequently
located in the lateral wall followed by the anterior and posterior regions (12). Some of the normal
subjects had an increased time-delay, indicating thét dyssynchrony is not a specific finding in heart
disease patients. Thus, global LV function should be taken into consideration when assessing
dyssynchrony in individual subjects. We also observed the strong correlation
between %area-hexagon and isovolumic contraction time. The isovolumic contraction time Was
shown to be shortened after successful cardiac resynchronization therapy (12). The new method,
when applied in subjects receiving successful procedure, would reveal decreases in %area-hexagon
and time-delay magnitude. Further study is necessary to prove the practical use of the new method

on cardiac resynchronization therapy.
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Figure Legends
Figure 1.
Top left, a schema of apical 2-. 4- and long-axis views where segments to be analyzed are depicted,
Top right; a representative myocardial velocity curve arising from the bgsal septum; Bottom left, the
“vectors” of the 6 TPVs, each corrected by heart rate (TPVc), being arranged radially; Bottom right,
a completed display of LV function and dyssynchrony. AVC, aortic valve closure; AVO, aortic valve
opening; ant, anterior wall; asp, anteroseptal wall; inf, inferior wall; lat, lateral wall; pst, posterior

wall; sp, septum.

Figure 2.
Correlations of the %area-hexagon with isovolumic contraction time (left) and LV ejection fraction
(right). Open circles indicate normal subjects, closed circles LBBB patients with LVEF >50%, and

closed squares LBBB patients with LVEF <50%.

Figure 3.
Scatter-plots showiﬁg the relationship between the time-delay magnitude and time-delay angle.

Other abbreviations are the same as in Figure 1. Markers are the same as in Figure 2.

Figure 4.

Top, Representative analyses of tissue Doppler irr;aging from a patient with LBBB and LV
dysfunction (right) and form a normal subject (left); Bottom, The displays by the new method for the
corresponding subjects in the top. The maximal graph scales are magnified to 350 ms. Abbreviations

are the same as in Figure 1.
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Table 1. Clinical and conventional echocardiographic parameters in LBBB patients and normal

subjects.

LBBB LBBB Normal p Value

LVEF<50% LVEF>50% |
(n=23) (n=18) (n=50)
Age 67+11 66+9 | 61x14 . 0.114
Female (n) 6 5 o 26 0.277
Prior myocardial infarction 8 0 - 0.019
Significant mitral regurgitaion 5 0 . - 0.658
Heart rate 7089 - 67+8 68+9 0.602
QRS width 150+40* | 155+35* 68+15 <0.001
Left atrial diameter (mm) 4345* 41£7* 32+4 <0.001
LV end—diastdlic dimension (mm) 65+8*t ‘ 52+8 48+5 <0.001
LV end-systolic dimension (mm) 52+11*f 32+8 3014 <0.001
IVS (mm) g£2% g1* 761 <0.001
PW (mm) 8£2* 8+1* 7+1 <0.001
LV end-diastolic volume (ml) 123+£55*% 6625 59+12 <0.001
LV end-systolic volume (ml) 86:47%} 20+13 2346 <0.001
LVEF (%) 31£12*¢ 5745 62+6 <0.001
E (cm/s) 62+27 63+19 68+16 . 0420
A (cm/s) 62+26 69+22 70£19 0.355
E/A | 1.44+1.53 1.08+0.67 1.05+0.42 0.206
12
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E-wave deceleration time (ms) | 204+74 203x56 -197+£52 0.864

Ea (cm/s) 5.3+1.6*f 7.3£1.0* 9.6£2.6 <0.001
E/Ea 13.1+£7.9%% 8.7£2.5 7.542.2 <0.001
Isovolumic contraction time (ms) 144+50* 116+£30* 67+14 <0.001

*p<0.01 vs. normal subjects; {p<0.01 vs. LBBB patients with LVEF>50%. IVS, thickness of the

ventricular septum; LVEF, left ventricular ejection fraction; PW, thickness of the posterior wall.

13
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Table 2. Tissue Doppler-derived parameters in LBBB patients and normal subjects.

LBBB LBBB Normal p Value

LVEF<50% LVEF>50%

(n=23) (n=18) (n=50)
TPVs of the 6 segments (ms)
Anteroseptal wall - 189+49* 185+34* 127+24 <0.001
Anterior wall 220+£74*% 176:&21 * 125+20 <0.001
Lateral wall 239+81* 219+66* 143134 <0.001
Posterior wall 230+68* 233£56* 134+£27 <0.001
Inferior wall 233+69* 216+40* 134£27 <0.001
Septum 210+51* 189+27* 130+23 <0.001
Variables of the new displaying method
%Area-hexagon (%) 20.7+10.8* 17.3£5.5* 7.1x1.6 <0.001
Time-delay magnitude (ms) 115+£59* 110£61* 52442 <0.001
Time-delay angle (°) 181+67 196+85 176100 -
SD-6 42+17* 38+16* 21+14 <0.001
CV-6 0.18+0.08 0.17+0.05 0.16+0.12 0.532
Dispersion of TPVs (ms) .1 11+42* | 98¥3 8* 56+38 <0.001

*p<0.01 vs. normal subjects; p<0.01 vs. LBBB patients with LVEF>50%. CV, coefficient of
variance; LVEF, left ventricular ejection fraction; SD, standard deviation; TPV, time-io—peak systolic

velocity.
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