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Introduction

Left bundle branch block (LBBB) is a
common conduction abnormality, often as-
sociated with coronary artery disease, sys-
temic arterial hypertension, aortic valve
disease, and dilated cardiomyopathy1. In a
few cases “isolated” LBBB is due to a non-
specific fibrosis of the cardiac conduction
system2. In patients with LBBB an asyn-
chronous contraction of the interventricular
septum is often detectable and is due to an
altered electrical activation sequence3.

An asynchronous contraction occurring
after normal left ventricular (LV) systolic
ejection, during a prolonged relaxation pe-
riod, has been observed in experimental
models4,5 and in humans at ventriculogra-
phy6. This phenomenon, defined as post-
systolic shortening or thickening or post-
systolic motion (PSM), has been recently

also described at pulsed tissue Doppler
(TD)7, an ultrasound modality which al-
lows the quantification of both the systolic
and diastolic segmental myocardial wall
velocities8,9. PSM has been identified as a
consequence of coronary artery occlusion
and has also been considered as a hallmark
of an ischemic but viable myocardium5,10-12.
However, TD-derived PSM has been also
detected in hypertensive patients with LV
hypertrophy13 and in isolated LBBB14, i.e.
in the absence of angiographically docu-
mented coronary artery disease.

In view of the above, the present study
was designed to characterize the TD differ-
ences in patients with PSM associated with
LBBB, with or without angiographic evi-
dence of stenosis of the left anterior de-
scending coronary artery (LAD), in rela-
tion to clinical and standard Doppler
echocardiographic variables.
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Background. An asynchronous contraction occurring during a prolonged relaxation period, de-
fined as post-systolic motion (PSM), has been described as being a consequence of coronary occlusion
but also in other conditions including isolated left bundle branch block (LBBB). The aim of this study
was to characterize PSM of the interventricular septum at pulsed tissue Doppler in LBBB with or
without stenosis of the left anterior descending coronary artery (LAD).

Methods. Forty-two patients with chronic, complete LBBB and tissue Doppler-derived septal PSM
were divided into two groups on the basis of their coronary angiography: 27 without LAD stenosis
and 15 with LAD stenosis (≥ 50%). Standard Doppler echocardiography and tissue Doppler of both
the middle posterior septum and lateral mitral annulus were performed in the apical 4-chamber view.

Results. Standard Doppler diastolic indexes were comparable between the two groups. Septal tis-
sue Doppler showed lower myocardial systolic (Sm) and atrial peak velocities (both p < 0.05), a higher
PSM (p < 0.005), and a longer relaxation time (p < 0.02) and pre-contraction time (p < 0.05) in patients
with LAD stenosis. A Sm/PSM ratio < 1 was detected in 86% of patients with LAD stenosis and in 22%
without LAD stenosis (sensitivity 73%, specificity 77%, positive predictive value 64%, negative pre-
dictive value 84%). Tissue Doppler of the mitral annulus showed a significantly longer relaxation time
and pre-contraction time and a lower atrial velocity in the presence of LAD stenosis. In the overall pop-
ulation, PSM was positively associated with ejection fraction and negatively with age and septal thick-
ness. In a multiple linear regression analysis, only LAD stenosis (ß = 0.42, p < 0.005) and ejection frac-
tion (ß = 0.32, p = 0.03) were independent predictors of PSM (cumulative r2 = 0.27, p < 0.002).

Conclusions. Tissue Doppler may be useful to distinguish septal myocardial asynchrony in LBBB
with and without LAD stenosis.

(Ital Heart J 2003; 4 (10): 706-712)



Methods

Selection of the study group. This is a prospective
multicenter study. The original cohort comprised 53
patients with chronic (> 6 months), complete LBBB
and recurrent angina pectoris or atypical chest pain,
but without primary cardiomyopathies, hemodynami-
cally significant valvular heart disease, congenital
heart disease, previous myocardial infarction, pressure
or volume right ventricular overload, permanent pace-
maker and abnormal atrioventricular pathways. From
this cohort, 42 patients (30 males, 12 females, mean
age 59 years) with pulsed TD evidence of interventric-
ular septal PSM were selected, after their informed
consent and approval of the Institutional Committee
were obtained.

Major ECG criteria required for the diagnosis of
complete LBBB were: a duration of the QRS complex
> 120 ms (measured in the lead where it was widest), a
notched and splintered QRS complex with a predomi-
nantly negative QRS (QS or rS) deflection in lead V1
and a widened slurred R wave in lead V5, lead V6 and/or
lead I15.

The presence of TD-derived PSM of the interven-
tricular septum was defined as any clear (≥ 2 cm/s) my-
ocardial velocity occurring upon the baseline between
the end of the myocardial systolic velocity and the on-
set of the myocardial early diastolic velocity.

All the selected patients underwent standard Dop-
pler and TD echocardiography and coronary angiogra-
phy. Patients were divided into two groups on the basis
of their coronary angiography: 27 had no LAD stenosis
whereas 15 had significant LAD stenosis (≥ 50%). Of
note, among the patients with LAD stenosis, none pre-
sented significant stenosis of any coronary branches
other than the LAD.

Standard Doppler echocardiography and tissue
Doppler. Standard Doppler echocardiograms and
pulsed TD were performed with the subjects in partial
left decubitus, using the Vingmed System Five (GE,
Horten, Norway), Toshiba Powervision 8000 (Toshiba,
Tokyo, Japan) and ATL 5000 (ATL Ultrasound, Both-
ell, WA, USA), all equipped with a variable-frequency
phased-array transducer and TD capabilities. Consecu-
tively coded, Doppler echocardiographic and TD trac-
ings were recorded on super VHS videotapes and high-
fidelity paper strip (velocity of 150 or 100 mm/s) and
examined by two readers using the average of at least 3
cardiac cycles.

Two-guided, M-mode LV analysis and Doppler
recording of the LV transmitral diastolic inflow was
performed as previously described16. The LV mass was
calculated using the criteria of the American Society of
Echocardiography17 and normalized for body height18.
The two-dimensional LV end-diastolic and end-sys-
tolic volumes were calculated using the Simpson
method19 and the LV ejection fraction was calculated

using the following formula: end-diastolic volume –
end-systolic volume/end-diastolic volume � 100.

Pulsed TD was performed at transducer frequencies
of 3.5-4.0 MHz, adjusting the spectral pulsed Doppler
signal filters to obtain the Nyquist limits of 15 and 20
cm/s, and using the minimal optimal gain. In the apical
4-chamber view, the pulsed Doppler sample volume
was subsequently placed in two different regions: mid-
dle interventricular septum (the perfusion of which is
provided by the LAD) and LV lateral mitral annulus.
The apical 4-chamber view was chosen to obtain the
quantitative assessment of the regional myocardial wall
motion almost simultaneously to the Doppler LV in-
flow and to minimize the incidence angle between the
Doppler beam and the LV longitudinal motion. The fol-
lowing TD measurements were determined as indexes
of regional myocardial function: myocardial systolic
peak velocity (Sm, m/s), myocardial pre-contraction
time (from the onset of the ECG QRS to the beginning
of Sm) and contraction time (from the beginning to the
end of Sm) (all in ms) as systolic indexes and myocar-
dial early (Em) and atrial (Am) peak velocities (m/s) and
their ratios, and relaxation time (RTm) (ms) – corre-
sponding to the time interval elapsing between the end
of Sm and the onset of Em – as  diastolic measurements.
PSM was identified during RTm, using the previously
mentioned criteria. Our TD methods and reproducibili-
ty have been previously described20.

Coronary angiography. Biplane coronary angiograms
using the Judkins technique were performed with a
standard cineangiographic system in multiple views.
Lumen diameter narrowing was graded as 0, < 25, 25,
50, 75, 90, and 100% in 15 arterial segments. In the pre-
sent study, the definition of a significant anatomical
stenosis implied a ≥ 50% luminal narrowing localized
in the first or middle segments of the coronary arterial
tree.

Statistical analysis. Variables are presented as mean ±
1 SD. Analysis of variance was performed to estimate
intergroup differences. Linear regression analyses and
partial correlation testing using Pearson’s method were
used to assess univariate relations. The prediction of
PSM was made using stepwise, forward, multiple re-
gression analyses that included potential confounding
variables not obviously related to each other. The null
hypothesis was rejected for p < 0.05.

Results

The study population included patients with arterial
systemic hypertension (26/42; 62%), aortic valve dis-
ease (9/42; 21%) and isolated LBBB (7/42; 17%). With
regard to the 15 patients with LAD stenosis, coronary
angiography showed a narrowing of 85.5 ± 4.0%.
Among these patients, 9 were hypertensive, 5 had mod-
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erate aortic regurgitation, and 1 mild aortic valve steno-
sis. The demographic characteristics of the groups are
listed in table I. No differences in gender, age, body
mass index, heart rate, blood pressure and ECG-derived
QRS duration were found between the two groups. The
results of Doppler echocardiographic analysis are re-
ported in table II. Patients with LAD stenosis had a sig-
nificantly lower septal wall thickness and a greater LV
end-diastolic diameter (both p < 0.01). No differences
of the two-dimensional-derived LV ejection fraction
and Doppler indexes of LV diastolic function were
found between the two groups.

Table III shows the results of pulsed TD analysis of
both the middle posterior septum and LV lateral mitral
annulus. At the level of the posterior septum, patients
with LAD stenosis had higher amplitude PSM (p
< 0.005), a longer RTm (p < 0.02) and PCTm (p < 0.05)
and a lower Am and Sm peak velocity (both p < 0.05). Of
note, we did not find any difference of the PSM ampli-
tude in relation to the different degrees of LAD nar-
rowing in this subgroup. An Sm/PSM ratio < 1 was
found in 86% of patients with LAD stenosis but only in
22% of patients without LAD stenosis (sensitivity 73%,
specificity 77%, positive predictive value 64%, nega-
tive predictive value 84%). Figures 1 and 2 show two
examples of LBBB, without and with LAD stenosis re-

spectively: the Sm/PSM ratio is > 1 in the patient with-
out coronary artery disease and < 1 in the patient with
LAD stenosis. At the level of the LV mitral annulus pa-
tients with LAD stenosis had a longer RTm (p < 0.01)
and PCTm (p < 0.05) and a lower Am peak velocity (p
< 0.05), without any difference in the Em/Am ratio and
Sm peak velocity.

Possible univariate relations of the PSM amplitude
with demographic and echocardiographic variables
were assessed in the overall population. The PSM peak
velocity was positively related to LV ejection fraction
(r = 0.32, p < 0.05) and negatively related to both the
septal wall thickness and age (both r = -0.38, p < 0.01).
No significant relation of PSM was found with the
body mass index (r = 0.18), heart rate (r = -0.10), sys-
tolic and diastolic blood pressure (r = -0.11 and r =
-0.10 respectively) and with the septal Sm (r = -0.10)
and RTm (r = 0.15). Using a multiple linear regression
analysis performed in the overall population and in-
cluding age, ECG QRS duration, septal wall thickness,
LV internal end-diastolic diameter, LV ejection frac-
tion and evidence of significant LAD stenosis (1 = no,
2 = yes) as potential determinants, LAD stenosis (stan-
dardized ß coefficient = 0.42, p < 0.005) and LV ejec-
tion fraction (ß = 0.32, p = 0.03) were found to be in-
dependent predictors of the PSM amplitude (cumula-

708

Ital Heart J Vol 4 October 2003

Table I. Characteristics of the study population.

Variable LBBB with LAD- LBBB with LAD+ p
(n=27) (n=15)

Gender (M/F) 20/7 10/5 NS
Age (years) 61.7 ± 13.2 57.6 ± 10.5 NS
Body mass index (kg/m2) 27.5 ± 3.7 26.8 ± 4.1 NS
Systolic BP (mmHg) 137.2 ± 15.6 141.3 ± 23.9 NS
Diastolic BP (mmHg) 79.8 ± 14.5 84.3 ± 11.9 NS
Heart rate (b/min) 78.5 ± 14.5 71.7 ± 11.2 NS
QRS duration (ms) 142 ± 9.1 141 ± 8.6 NS

BP = blood pressure; LAD = left anterior descending coronary artery; LBBB = left bundle branch block. LAD- = patients without sig-
nificant LAD stenosis; LAD+ = patients with significant LAD stenosis.

Table II. Standard Doppler echocardiographic analysis.

Variable LBBB with LAD- LBBB with LAD+ p

Septal wall thickness (mm) 12.0 ± 1.7 10.5 ± 1.9 < 0.01
Posterior wall thickness (mm) 10.2 ± 1.7 9.7 ± 2.0 NS
LV internal diastolic diameter (mm) 53.5 ± 6.4 58.1 ± 7.4 < 0.01
LV internal systolic diameter (mm) 36.7 ± 8.1 39.6 ± 10.2 NS
Two-dimensional ejection fraction (%) 54.6 ± 9.4 54.7 ± 5.5 NS
LV mass index (g/m2.7) 43.1 ± 7.1 44.6 ± 7.2 NS
E peak velocity (m/s) 0.56 ± 0.14 0.58 ± 0.10 NS
A peak velocity (m/s) 0.58 ± 0.07 0.61 ± 0.12 NS
E/A peak velocity 0.95 ± 0.21 0.93 ± 0.15 NS
E deceleration time (ms) 198.3 ± 30.0 201.5 ± 34.4 NS
Isovolumic relaxation time (ms) 87.9. ± 14.6 90.1 ± 21.8 NS

LAD = left anterior descending coronary artery; LBBB = left bundle branch block; LV = left ventricular.
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Table III. Tissue Doppler analysis of the middle interventricular septum and left ventricular (LV) mitral annulus.

Variable LBBB with LAD- LBBB with LAD+ p

Middle interventricular septum
Sm peak (cm/s) 6.17 ± 1.8 5.19 ± 0.8 < 0.05
PCTm (ms) 133.1 ± 35.5 143.5 ± 33.5 < 0.05
CTm (ms) 242 ± 58.1 240.6 ± 55.3 NS
Em peak (cm/s) 6.7 ± 1.6 7.00 ± 1.9 NS
Am peak (cm/s) 7.7 ± 3.8 9.91 ± 3.7 < 0.05
Em/Am ratio 0.83 ± 0.5 0.76 ± 0.2 NS
RTm (ms) 133.8 ± 37.2 159.33 ± 27.5 < 0.02
PSM (cm/s) 5.3 ± 1.8 8.0 ± 4.0 < 0.005
Sm/PSM ratio (%) 33 ± 0.3 41 ± 0.3 < 0.001

LV lateral mitral annulus
Sm peak (cm/s) 7.8 ± 1.24 8.8 ± 2.7 NS
PCTm (ms) 130.3 ± 42.09 145.6 ± 41.9 < 0.05
CTm (ms) 232.4 ± 15.2 235.7 ± 13.4 NS
Em peak (cm/s) 9.2 ± 3.00 9.3 ± 4.8 NS
Am peak (cm/s) 11.9 ± 2.37 10.2 ± 2.8 < 0.05
Em/Am ratio 0.77 ± 0.33 1.10 ± 0.3 NS
RTm (ms) 89.5 ± 41.0 127.2 ± 50.9 < 0.01

Am = myocardial atrial peak velocity; CTm = myocardial contraction time; Em = myocardial early diastolic peak velocity; PCTm = my-
ocardial pre-contraction time; PSM = post-systolic motion; RTm = myocardial relaxation time; Sm = myocardial systolic peak velocity.

Figure 1. Coronary angiography (left panel) and pulsed tissue Doppler pattern of the posterior septal wall (right panel) in a patient with left bundle
branch block but without left anterior descending coronary artery stenosis. The post-systolic motion (PSM) is lower than the myocardial systolic peak
velocity (Sm) (Sm/PSM = 1.56).

Figure 2. Coronary angiography (left panel) and pulsed tissue Doppler pattern of the posterior septal wall (right panel) in a patient with left bundle
branch block and significant left anterior descending coronary artery stenosis. Note the higher amplitude of the post-systolic motion (PSM) and the my-
ocardial systolic peak velocity (Sm)/PSM ratio < 1. Am = myocardial atrial peak velocity; Em = myocardial early peak velocity.



tive r2 = 0.27, standard error 2.11 cm/s, p < 0.002). Af-
ter removing the effect of LAD stenosis and of LV
ejection fraction from the model, the partial relation
coefficients of the other variables versus PSM were
found to be not significant.

Discussion

LBBB is characterized by a delay in the onset and
completion of the systolic ejection phase and by a
shortening of the LV diastolic period. This abnormally
prolonged activation is often associated with late asyn-
chronous contraction of the interventricular septum3

that often alters the assessment of the LV global and
segmental functions at usually employed noninvasive
imaging21. LBBB may develop both in patients with
and without coronary artery disease. The non-invasive
diagnosis of LAD stenosis in this subset is particularly
difficult because of the well known ECG limitations1,
possible myocardial scintigraphic antero-septal perfu-
sion defect artifacts22 and echocardiographic abnormal
septal wall motion21,23 occurring also in patients free of
LAD stenosis. Stress echocardiography has already
been proved to be superior to myocardial scintigraphy
for the detection of significant LAD stenosis in patients
with LBBB24 and its prognostic value in this clinical
setting is recognized25.

TD is an easy-to-use ultrasound tool, which permits
the measurement of the systolic and diastolic velocities
of the regional myocardial walls8,9 and the identifica-
tion of myocardial asynchrony26. The findings of the
present study indicate that septal PSM can be docu-
mented by means of this technique in LBBB and uti-
lized to distinguish LBBB patients with or without
coronary artery disease.

Post-systolic motion in patients with and without
coronary artery disease. The first documentation of
PSM was made in the 1970s in experimental studies
after myocardial infarction10. The regional myocardial
function was assessed in open chest animal models us-
ing sono-micrometry and a decrease in systolic short-
ening with an increase in PSM was described as an ef-
fect of progressive myocardial ischemia27. More re-
cently, other studies performed in animal models
demonstrated that post-systolic contraction occurs
both in case of moderate ischemia (when the my-
ocardium is hypokinetic or akinetic and it should be
due to active contraction) as well as in case of severe
ischemia (when the myocardium is dyskinetic and it
should be due to an entirely passive mechanism)5.
PSM has also been observed in humans at ventriculog-
raphy after acute anterior myocardial infarction6 and at
pulsed TD during percutaneous transluminal coronary
angioplasty7 and has been interpreted as a marker of
myocardial ischemia and viability11. However, PSM
also occurs in subsets of patients free of coronary

artery stenosis, including those with LV hypertrophy13

and LBBB14. In accordance with these previous obser-
vations, we found PSM even when LBBB was not as-
sociated with LAD stenosis. Of note, we chose the
middle posterior septum for TD analysis since the in-
terventricular septum is more often involved than the
other LV walls in the paradoxical motion induced by
LBBB and the perfusion of the middle portion of this
wall is provided by the LAD.

Differences of post-systolic motion in left bundle
branch block with or without left anterior descend-
ing coronary artery stenosis. Although the presence
of septal PSM was the main selection criterion in the
present study, a TD septal pattern with PSM was often
evidenced in our overall original population of LBBB
(42/53 patients; 79%). Among the 42 selected patients,
the group with LAD stenosis was characterized by a
higher PSM peak velocity and a lower Sm peak veloci-
ty. PSM occurs during the myocardial relaxation peri-
od which, according to previous observations28, is
lengthened in the presence of coronary stenosis. In non-
ischemic conditions, PSM could be simply secondary
to a wall motion heterogeneity due to prolonged intra-
ventricular conduction. In LBBB associated with LAD
stenosis, a lower Sm is an obvious consequence of a re-
duced myocardial contraction while the higher PSM
amplitude could be explained by the additive effect of
the delayed myocardial tension which is more pro-
longed during the relaxation phase4. Of interest, a
Sm/PSM ratio < 1 was evident in 86% of patients with
LAD stenosis but only in 22% of those without coro-
nary artery disease. This ratio might be useful to ex-
clude significant LAD stenosis in LBBB patients since
it showed good sensitivity and specificity and a nega-
tive predictive value of 84%.

With regard to temporal analysis, a prolonged pre-
contraction time and RTm were found at the level of
both the septal wall and LV mitral annulus in patients
with LAD stenosis. Asynchronous contraction associ-
ated with LBBB is likely to lead per se to a delayed my-
ocardial relaxation3. Additionally, the longer relaxation
time in the presence of coronary artery disease could be
due to a further effect of myocardial ischemia. Of note,
except for minor changes of the Am, the systolic and di-
astolic peak velocities of the LV mitral annulus were
not significantly modified in patients with LAD steno-
sis. This finding is consistent with the observation of a
globally preserved LV longitudinal function identified
in this set of patients also at standard echocardiography. 

Associations of post-systolic motion in the overall
left bundle branch block population. In the overall
population, PSM was negatively related to age and
septal wall thickness, in agreement with the changes in
myocardial elastic properties developing with aging
and LV wall hypertrophy13. In addition, the PSM am-
plitude was positively associated with LV ejection
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fraction, i.e. to LV systolic function. This finding sug-
gests a possible effect of a good LV global systolic
function in sustaining a prolonged delayed motion of
the asynchronous myocardium by the neighboring
normally contracting LV walls. A recent assessment by
means of strain Doppler echocardiography supports
the hypothesis that the abnormal contraction develop-
ing during isovolumic relaxation in a dyskinetic area
may reflect the work performed on that area by other
myocardial segments5. The multiple linear regression
model provided additional information by adjusting
the above associations for clinical and echocardio-
graphic confounders. By this analysis, the presence of
LAD stenosis and, to a lesser extent, LV ejection frac-
tion were the only independent predictors of the PSM
amplitude. The independent association between evi-
dence of significant coronary stenosis and a higher
PSM peak velocity is consistent with previous stud-
ies4-6,27 and suggests a potential clinical role of TD in
the identification of coronary artery disease in patients
with LBBB.

Study limitations. In the present study, among the LV
myocardial walls pulsed TD sampling was limited to
the interventricular septum and to the LV lateral mitral
annulus, which corresponds to the overall LV longitu-
dinal motion. Although it is well known that the con-
traction asynchrony of LBBB is particularly overt at the
septal level3, it could have been more comprehensive to
evaluate even other LV myocardial segments, possibly
influenced by the abnormal electrical conduction pre-
sent in LBBB. Another limitation is due to the assess-
ment exclusively of the LV longitudinal motion (since
our TD recording was performed only in the apical 4-
chamber view), without considering the circumferen-
tial shortening (in the parasternal short-axis view). Our
choice, however, was mainly due to the assumption
that, because of a reduced translation movement, the
pulsed TD septal pattern is more easily obtainable in
the apical views. A further limitation arises from the
population selection criteria and our findings cannot be
extrapolated to the general population with LBBB be-
cause they are limited to those presenting with PSM.
However, it has to be taken into account that TD de-
tected PSM in the majority of the assessed patients.
Further studies including larger cohorts of patients with
LBBB are needed to confirm our data.

In conclusion, despite its main prognostic implica-
tions25, the evidence of coronary artery disease in pa-
tients with LBBB is difficult to unmask using the tradi-
tional non-invasive tools21. The present study demon-
strates that TD provides two different patterns of septal
asynchrony due to LBBB, where PSM presents differ-
ent characteristics in patients with and without signifi-
cant LAD stenosis. Pulsed TD could be a relevant tool
for the detection of the coexistence of LBBB and coro-
nary artery disease in the clinical setting.
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