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Ventricles at Rest and After Stress
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Uri Rosenschiena, b

Abstract

Background: Diastolic dysfunction precedes systolic dysfunction in 
patients with coronary artery disease. The aim of the study was to 
evaluate the effects of left ventricular (LV) wall motion abnormality 
(WMA) on diastolic LV and right ventricular (RV) function at rest 
and after stress.

Methods: Fifty-nine subjects, 15 with LV-WMA (abnormal group) 
and 44 without (normal group), underwent dobutamine stress echo-
cardiography (DSE) studies, in addition to evaluation of LV and RV 
diastolic function before and after DSE.

Results: Resting mitral flow parameters were similar. DSE increased 
peak A-wave velocities in both groups, and mitral color slope only in 
normal subjects. After DSE, E-wave peak velocities and mitral color 
slope were higher in normal subjects, P < 0.05. At rest and after DSE 
systolic and diastolic pulmonary vein velocities were similar in both 
groups; however, DSE increased these velocities only in normal sub-
jects, P < 0.05. Regional E-wave peak velocities of LV were higher 
at rest in normal subjects, P < 0.05. Both LV and RV, regional peak 
E-wave velocities were not affected by DSE. After DSE, regional A-
wave peak velocities increased in all (P < 0.01), except at the lateral 
region (P = 0.07). DSE increased trans-tricuspid velocities in both 
groups, P < 0.05. Resting A-wave velocities were higher in normal 
subjects, P < 0.01.

Conclusions: Global LV early diastolic filling parameters were not 
affected by LV-WMA at rest. LV-WMA blunted the response after 
stress. RV E-wave velocities increased after DSE, and were not af-
fected by LV-WMA. LV-WMA reduced regional LV-E’ velocities at 
rest but not the reserve. A-wave velocities were not affected by WMA 
and increased after DSE.

Keywords: Diastolic function; Left ventricle; Right ventricle; Dobu-
tamine stress echocardiography; Ischemia

Introduction

Myocardial fibers of both ventricles have similar helical archi-
tecture and are linked to each other [1, 2]. Dynamics of systolic 
left ventricular (LV) and right ventricular (RV) longitudinal 
performance and reserve have been described and shown to 
be linked [3, 4].

Longitudinal ventricular systolic dysfunction precedes 
radial abnormalities [5]. According to the ischemic cascade, 
diastolic ventricular dysfunction precedes both radial and lon-
gitudinal systolic dysfunction [6, 7]. Regional ventricular dys-
function also precedes global ventricular dysfunction. Moreo-
ver, symptoms on effort precede complaints at rest. Therefore, 
the aim of this prospective study was to evaluate changes and 
link between regional LV and RV diastolic function on dobu-
tamine stress echocardiography (DSE).

Methods

Population

Fifty-nine patients without the exclusion criteria, 29 women, 
aged 60.3 ± 13.4 years, were prospectively evaluated for the 
presence of coronary artery disease. Fifteen of the subjects 
(abnormal group) had wall motion abnormality (WMA) at rest, 
and 44 had no WMA at rest (normal group). Exclusion criteria 
included presence of pulmonary disease, right heart disease, 
valvular heart disease, atrial fibrillation or other rhythm distur-
bances and acute coronary syndrome within the last 3 months 
were not included. All subjects underwent DSE studies using 
the usual protocol, and measurement of mitral and tricuspid 
diastolic annular velocities before and immediately after the 
stress study.

DSE

The protocol of dobutamine infusion consisted of 3 min stages 
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for each dose, staring with 5 µg/kg/min and increasing to 10, 
20, 30 and 40 µg/kg/min. If end-points did not occur or 85% of 
the age adjusted heart rate was not achieved, 0.25 mg atropine 
was injected every 2 min up to 1 mg or until the target heart 
rate was achieved. Blood pressure and 12-lead electrocardio-
grams were recorded at rest and throughout the DSE study. 
Horizontal or down-sloping > 1 mm ST-segment depression at 
0.06 s after the J point were considered as evidence for myo-
cardial ischemia.

Image acquisition

Images were obtained while the patients in the left lateral 
decubitus position. A standard commercial Siemens, Acuson 
Sequoia echocardiography system, California, equipped with 
3.5 MHz transducers was used. All patients had complete 
Doppler echocardiographic studies before DSE studies. Par-
asternal long axis and short axis as well as apical four-cham-
ber and two-chamber views were recorded at rest, low dose 
dobutamine infusion, peak exercise and in the recovery period. 
Digital images were stored on magneto-optic discs for later 
off-line analysis. In addition, super VHS videotape recordings 
were performed throughout the studies.

DSE study analysis

Segmental LV wall motion analysis was performed using 
16-segment model. Regional wall motion and segmental score 
was estimated as normal = 1, hypokinetic = 2, akinetic = 3 
or dyskinetic = 4. New or worsening segmental WMA was 
considered as ischemic response. Ischemic response (I) was 
identified when wall motion decreased by at least one grade 
in two adjacent segments or wall motion decreased by at least 
two grades in one segment, otherwise no ischemia, or normal 
response (N) was diagnosed. Wall motion score index (WMSI) 
was calculated as in Figure 1.

Acquisition of ventricular inflow velocities

The sample volume of the pulsed wave Doppler was placed at 
the tips of mitral and tricuspid valves to record LV and RV in-
flow velocities. At rest, easily discernible E and A wave veloci-
ties were recorded in all subjects. After DSE studies, recording 
of ventricular inflow velocities was delayed until the earliest 
separation of E and A waves was observed at heart rates 108 
± 2 bpm as previously reported [8]. Measurements of peak E 
and A velocities as well as E-deceleration times were averaged 
from three consecutive beats. Measurements of the slopes of 
color Doppler-M ventricular inflow tracings were measured 

from three consecutive beats.

Pulmonary venous velocities

Pulmonary venous peak systolic and diastolic velocities were 
measured form the apical four-chamber view and averaged 
from three consecutive beats.

Tissue Doppler imaging

The apical four-chamber, two-chamber and three-chamber 
views were used to assess the longitudinal diastolic veloci-
ties of the mitral annulus. The sample volume of the pulsed 
wave Doppler was located at the mitral annulus and recording 
was performed from the septal, lateral, anterior, inferior and 
posterior portions of the annulus. In addition, Doppler sam-
pling from the proximal anteroseptal segment was performed. 
Tricuspid diastolic annular velocities were recorded from the 
lateral border from the apical four-chamber view. Annular 
Doppler velocities were recorded on videotape for off-line 
analysis. Measurements were averaged from three consecutive 
beats.

Statistical analysis

Statistical analyses were conducted using SPSS software ver-
sion 13 (IBM, Petach-Tikva, Israel). Mean values and standard 
deviation of the six annular mitral and the lateral tricuspid an-
nular longitudinal diastolic velocities were calculated for all. 
Student’s t-test assuming unequal variances was used to com-
pare the normal and abnormal groups, while paired t-test was 
performed to compare the parameters before and after DSE in 
both groups; P < 0.05 was considered significant.

Results

All subjects underwent DSE studies safely and uneventfully. 
Heart rate increased from 62.4 ± 9.9 bpm to 133 ± 14.4 bpm. 
Systolic blood pressure increased from 138 ± 7 mm Hg to 162 
± 9 mm Hg. In the normal group, heart rate increased from 70.7 
± 10 bpm to 138 ± 11.8 bpm, P < 0.00001, and in the abnormal 
group, heart rate increased from 74.2 ± 17.6 bpm to 130.9 ± 
15.6 bpm, P < 0.00001. Heart rate was similar between groups 
both at rest and after DSE studies. Systolic blood pressure in-
creased from 138 ± 7 mm Hg to 162 ± 9 mm Hg, P < 0.0001, in 
all subjects without significant inter-group difference.

LV wall motion analysis

In 26 subjects, WMSI was 1 at rest and did not change after 
DSE, while in 18 subjects WMSI was 1 at rest and increased to 
1.12 ± 0.14 after stress. In 15 subjects, WMSI at rest was 1.36 
± 0.34 and increased to 1.47 ± 0.32 after DSE.

Figure 1. Calculation of wall motion score index. 
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LV filling parameters

Global LV filling parameters at rest

At rest, no significant difference was found in trans-mitral 
filling pulsed-wave Doppler velocity parameters, mitral color 
slope or pulsed-wave pulmonary venous velocities between 
groups with and without LV-WMA (Table 1).

Effects of DSE on global LV filling parameters

In both groups, after DSE studies, peak E-wave velocity did 
not increase significantly. Mitral early diastolic color Doppler 
slope increased only in the normal group (Table 1). Peak late 
diastolic A-wave velocity increased in both groups. As a result, 
the ratio of E/A peak velocity decreased in both groups after 
DSE studies (Table 1). After DSE, pulmonary venous diastolic 
and systolic velocities increased only in the normal group and 
were associated with decrease in their ratio.

Global LV filling parameters after DSE

After DSE studies, the normal group had faster early diastolic 
LV filling with higher peak E-wave velocity, peak E/A veloc-
ity ratio and faster early diastolic mitral color Doppler slope 
compared to the abnormal group (Table 1). Pulmonary venous 
velocities were similar in both groups (Table 1).

Regional LV tissue-Doppler velocities

Annular E and A velocities were discernable in all subjects 
both at rest and after DSE studies.

Regional LV diastolic velocities at rest

At rest, LV tissue-Doppler early diastolic E’ velocities were 
higher in all proximal regions in the normal group compared to 
the abnormal group (Table 2). Late diastolic A’ velocities were 
similar in both groups (Table 2). E/E’ and A/A’ velocity ratios 
at rest were similar in both groups (Table 3).

Effects of DSE test on regional LV diastolic velocities

DSE test significantly increased A’ velocities in all regions, 
while E’ velocities did not change (Table 2). After DSE test, 
E/E’ velocity ratios decreased significantly compared to values 
at rest in both groups in the inferior wall, while all the other 
parameters at all regions did not change significantly (Table 3).

Regional LV diastolic velocities after DSE test

After DSE test, only in the proximal inferior LV segment, E’ Ta
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was higher in the normal group than in the abnormal group, 
while all the other velocities and velocity ratios were similar in 
both groups (Table 2).

RV filling parameters

Inter-group comparison at rest

At rest trans-tricuspid late diastolic A-wave peak velocity was 
higher in the normal group than in the abnormal group, while 
the other parameters were similar (Table 4).

Effects of DSE test

DSE test increased peak E-wave and A-wave tricuspid veloci-
ties in both groups; however, E/A velocity ratio decreased only 
in the normal group (Table 4). While A’ peak velocity increased 
in both groups, peak E’ velocity of RV free wall did not change 
(Table 4). The ratio of E/E’ RV peak velocities increased only 
in the normal group after DSE test (Table 4).

Inter-group comparison after DSE test

After DSE test, no difference in any parameter was observed 
between the groups (Table 4).

Discussion

Global early diastolic LV filling velocities at rest, as assessed 
by mitral E-wave velocity, mitral color slope and pulmonary 
venous velocities, were not affected by the presence of LV-
WMA. On the other hand, regional early diastolic velocities by 
tissue Doppler were lower in the presence of LV-WMA. Glob-
al LV early diastolic E-wave peak velocity after DSE test was 
higher in the absence of WMA. In the normal group, a marked 
increase in global early LV filling parameters and pulmonary 
venous return were observed after DSE test, which may indi-
cate a better diastolic reserve and enhanced LV diastolic re-
laxation. Late diastolic global and regional A-wave velocities 
increased after DSE test and were not affected by LV-WMA 
both at rest and after stress. The ratio of mitral E/E’, as an 
estimate of left atrial pressure [9], was similar in the presence 
or absence of LV-WMA, and was not changed after DSE test, 
except at the inferior region where it decreased after stress. 
These findings may reflect similar preload in both groups but 
with better LV relaxation in the absence of WMA.

Early diastolic global RV filling peak E-wave velocity in-
creased significantly after DSE test and was similar in both 
groups at rest and after stress. Regional RV early filling E’-
wave velocity by tissue Doppler was similar in both groups 
and did not change after stress. The RV E/E’ ratio, an indicator 
of right atrial pressure [10], mildly increased after DSE test the 
normal group, but was similar in both groups at rest and after Ta
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DSE test. Thus, it seems that relaxation of RV was similar in 
both groups and was not affected by the presence of LV-WMA, 
both at rest and after DSE test. Late diastolic tricuspid A-wave 
velocity increased in both groups after DSE test, but at rest it 
was higher in the normal group than in the abnormal group.

It is expected to find an increase in late diastolic A-wave 
mitral velocity in association with the increase in heart rate 
with dobuatmine as previously reported [11]. The increase in 
diastolic and systolic pulmonary venous velocities after DSE 
test in the normal group is an indicator of an increase in stroke 
volume in these subjects. Previously, it was reported that maxi-
mal stroke volume is achieved at a dobutamine infusion dose 
of 20 μg/kg/min and tends to decline at higher doses in sub-
jects without LV-WMA [12]. As stroke volume increases with 
dobutamine, it is expected to find an increase in early diastolic 
E-wave velocity as we found in normal subjects. The elimina-
tion of increase in pulmonary venous velocities and in E-wave 
mitral velocities with dobutamine in subjects with LV-WMA 
may reflect abnormality in LV relaxation and consequently ab-
sence of increase in stroke volume in subjects with coronary 
artery disease. Thus, despite the similarity of global early di-
astolic LV filling in both groups at rest, LV relaxation reserve 
is abolished in subjects with coronary artery disease and LV-
WMA.

While global LV filling was similar at rest in both groups, 
regional early diastolic LV filling by tissue Doppler was more 
sensitive and distinguished the normal group by having faster 
early diastolic E-wave tissue Doppler velocities. This differ-
ence in regional early diastolic velocities was translated into 
the better global early diastolic LV filling reserve in normal 
group. Similar to global LV late diastolic A-wave velocity, the 
increase in heart rate with dobuatmine resulted in higher re-
gional tissue Doppler late diastolic A-wave velocities in both 
groups irrespective of the presence of LV-WMA. After DSE 
test, neither E or A regional tissue Doppler velocities, nor the 
ration of E/E’ or A/A’ distinguished between the groups.

The presence of LV-WMA did not affect RV early dias-
tolic filling. Thus, with the increase in stroke volume after 
dobuatmine, E-wave tricuspid valve velocities increased in 
both groups. Tricuspid valve early diastolic E-wave velocity 
was similar in both groups both at rest and after stress. Higher 
heart rates with dobuatmine, as expected, increased A-wave 
tricuspid valve velocity without significant intergroup differ-
ence. Regional early diastolic E-wave velocity and E/E’ ratio 
were similar in both groups and did not change with dobu-
tamine.

The structure of the myocardium of RV and LV is some-
what different. Thus, contrary to the LV, which is composed of 
three myocardial fiber layers - superficial obliquely directed 
fibers, middle circumferentially directed fibers and deep inner 
layer with longitudinal fibers, the RV wall is composed of two 
myofiber layers [13]. The direction of RV myocardial fibers of 
the superficial layer is circumferential parallel to the atrioven-
tricular groove, turns oblique toward the apex, and is continu-
ous with the superficial layer of the left ventricle [14], while 
the inner myocardial layer of the RV is longitudinally directed 
from base to apex. In addition to the pericardium, and the shar-
ing of the ventricular septum, this structural myocardial conti-

nuity between the ventricles is one of the causes of ventricular 
interdependence. It was reasonable to expect some effect of 
LV-WMA on RV filling. The absence of such effect highlights 
the superiority of diastolic properties of the RV.

Conclusions

Global LV relaxation as evaluated by early diastolic global LV 
filling parameters was not affected by LV-WMA at rest; how-
ever, LV-WMA abolished their reserve. RV E-wave velocities 
increased after DSE test, and were not affected by LV-WMA. 
LV-WMA reduced regional LV annular E’ velocities at rest but 
did not affect their reserve. Late diastolic A-wave velocities 
were not affected by WMA and increased after DSE test.

Limitations

At high heart rates, E and A waves through the atrioventricular 
valves merge together and it is not possible to identify these 
waves separately. Therefore, these waves were recorded when 
the heart rate decreased below 110 bpm [7]. Tissue Doppler 
diastolic waves were more easily identified and discernible at 
higher heart rates, as reported previously [7]. Mitral M-mode 
color Doppler slopes were easily determined at higher heart 
rates.
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