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Background and Objectives: Dobutamine stress echocardiography (DSE) is an important non-invasive imaging method for evaluating
ischemia. However, wall motion interpretation can be impaired by the experience level of the interpreter and the subjectivity of the visual
assessment. In our study we aimed to combine DSE and tissue syncronisation imaging to increase sensitivity for detecting ischemia.
Subjects and Methods: 50 patients with indications for DSE were included in the study. In 25 patients we found DSE positive for isch-
emia and in the other 25 patients we found it to be negative. The negative group was accepted as the control group. There was no signifi-
cant difference in terms of risk factors and echocardiographic parameters between the two groups, except for wall motion scores. In both
groups, left ventricular dyssychrony was accepted as the difference between time to peak systolic velocity (Ts) in the reciprocal four cou-
ple of non-apical segments at rest and during peak stress. Timings were corrected for heart rate. We compared the differences of the dys-
synchronisation value at rest and during peak stress to determine the distinctions within the groups and between the groups of DSE pos-
itive and negative patients.

Results: We found that stress and ischemia did not create any significant difference over the left intraventricular dyssynchrony with DSE,
although at the segmenter level it prolonged the time to peak systolic velocity (p<0.05). These alterations did not show any significant
difference between positive and negative DSE groups.

Conclusion: As a result, this segmenter dyssynchrony and the time to peak systolic velocity, which is corrected for heart rate, did not en-

hance any new value over DSE for detecting ischemia. (Korean Circ J 2013;43:384-390)
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Introduction

Ischemic heart diseases are among the more prominent cause of
death in the community. In these diseases, early diagnosis protects
the patient from death and permanent disability. Dobutamine stress
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echocardiography (DSE) is one of the most reliable techniques for
detecting ischemic heart diseases.” Cardiac stress echocardiography
does not provide knowledge about how much obstruction is pres-
ent in the coronary vessels at the anatomic level. However, it provi-
des knowledge about the physiological importance of the obstruc-
tion in the coronary lumen. This technique, in particular, can be used
for patients who cannot tolerate an exercise test, while at the same
time it is important for evaluating myocardial viability, hibernation,
valvular heart diseases, and, in selected patients, can be utilized prior
to non-cardiac surgery.? When used for detecting ischemia, the most
important limitation of this technique's effectiveness depends on
the physician and image quality of the patient.” Wide studies repo-
rted that the technique has an accuracy of 80-85% compared with
other techniques. False negative results may be connected with in-
adequate stress and heart rates. False positive results can arise from
true ischemia without angiographycally significant lesions, varia-
tions of normal wall movements, and regional changes of endocar-
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dial thickening.? In the presence of coronary arterial occlusion, do-
butamine increases myocardial volume oxygen consumption. This
condition causes myocardial ischemia with a mismatch of present-
ation consumption.” Numerous studies have revealed the relation-
ship between myocardial synchrony and the clinical symptoms of
heart failure.” Asynchronous motion can be clearly traceable in co-
ronary arterial disease between left ventricular (LV) segments. Pre-
vious studies stated that TSI could be used in ischemic and infarcted
coronary arterial disease for determining regional myocardial dis-
ease.? Tissue Synchronisation Imaging is dependent on tissue Dop-
pler imaging, which can automatically measure time to peak velo-
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city (Ts) and peak velocity (Vp); encoded myocard with different co-
lours, and placed tissue synchronisation images on the tissue im-
ages. In the early phase of the contraction of normal myocardium,
which can manage the peak velocity encoded with green colour,
there was no delay in movement (Ts 20-150 msec). Delayed contr-
acted myocardium is encoded with yellow or red colour, according
to the degree of the delay, to maintain peak velocity. A moderate de-
lay can be seen as yellow (Ts 150-300 msec): a severe delay can be
seen as red (Ts 300-500 msec).® In this study, we investigated the
extent and importance of LV dyssynchrony when the ventricle was
exposed to dobutamine stress. We also aimed to increase the clini-
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Fig. 1. Tissue synchronisation imaging and measurements of intraventricular dyssynchrony at 2 chamber and 4 chamber images.
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cal utility of DSE by evaluating normal and abnormal synchronisa-
tion with Tissue Synchronisation Imaging and determining if there
is any change in the synchronization of myocardial segments with
ischemia.

Subjects and Methods

Patient population

This study was undertaken at the Atatlirk University Faculty of
Medicine, Department of Cardiology. Inclusion criteria were admitt-
ing to our policlinic with chest pain and those not suitable for ex-
ercise testing because of orthopaedic problems, arthritis, peripheral
arterial disease with claudication, or prior stroke and obstructive
pulmonary disease. Exclusion criteria were acute coronary syndro-
mes, decompensated heart failure, uncontrolled ventricular or su-
praventricular tachyarrhythmias, uncontrolled hypertension, hyper-
trophic obstructive cardiomyopathy, severe aortic stenosis, and QRS
duration more than 120 ms. The study population consisted of 50
patients (26 men, 24 women). The control group consisted of these
50 patients, 25 of whose DSE results were negative. Written in-
formed consent was obtained from all participants before DSE was
performed. The study conformed to the principles of the Declara-
tion of Helsinki and was approved by the Atatlirk University Faculty
of Medicine Ethics Committee. All patients were monitored for two
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hours in the coronary intensive care unit after the test was concluded.

Echocardiographic study

Transthoracic echocardiographic examination including DSE (Figs.
1 and 2) was performed with a commercially available ultrasound
system (Vivid 7, GE Healthcare) equipped with a 2.5-MHz trans-
ducer. All data was stored at three cardiac cycles at rest and at peak
stress digitally, and analysed off-line by two cardiologists. B blocker
drugs were ceased 48 hours prior to testing. Dobutamine was giv-
en intravenously at three-minute periods with increased doses at 5,
10, 20, 30, 40 mcgr/kg/minute. Among our patients, we achieved a
target heart rate and positive DSE criteria without atropine. Electro-
cardiography and blood pressure were monitored using non-inva-
sive methods. The test terminated when the target heart rate was
reached, in the event of new or worsened wall motion abnormality,
new continuously arrhythmia, increases and persistence of systolic
blood pressure over 200 mm Hg, seeing ST-segment depression or
elevation, or in the event of chest pain or dyspnea. New or worsen-
ed wall motion abnormality in at least two segments was accepted
as positive criteria for DSE? Scoring wall motion abnormalities was
performed in accordance with the American Society of Echocardio-
graphy Committee recommendations: 1) normal; 2) hypokinesia; 3)
akinesia: 4) dyskinesia.” In tissue Doppler imaging mode a cursor was
placed to the lateral, septal, anterior and inferior walls' basal and mid
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Fig. 2. Dobutamin stress echocardiography images at 40 megr/kg/minute.
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points at apical four chamber and apical two chamber images for ob-
taining myocardial velocity graphics. Apical segments of the heart
were not encoded with colour using the TSI method, so we did not
analyse these segments. Systol was accepted as 200 ms after the
start of QRS complex. The time from the beginning of QRS complex
to peak systolic velocity was measured from 8 segments at rest and
at peak stress. Measurements were corrected for heart rate using
the Bazett Formula (Tscor=Ts/vR-R).2 The absolute value of the dif-
ference between opposite segments' Tscor values (inferior and an-
terior, lateral and septal) was accepted as intraventricular dyssyn-
chrony.® Intraventricular dyssynchrony was measured separately at
rest and peak stress. We made intragroup and intergroup comparisons
with differences of dyssynchrony values at rest and peak stress.

Statistical analyses
Data was entered and analysed using the Statistical Package for
the Social Sciences (SPSS) statistical software version 10.0 (SPSS
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Inc,, Chicago, IL, USA). The Wilcoxon signed rank test was used to de-
termine the intragroup differences and the Mann-Whitney U test
was used to determine the intergroup differences for continuous va-
riables. The Pearson chi-square test was used to determine the dif-
ference between discontinuous variables. p<0.05 was accepted as
significant.

Results

Fifty potentially suitable patients were included for study. A total
of 25 patients' DSE tests were determined as positive. The other 25
patients' tests were negative and those patients were specified as
the control group. All patients were in sinus rhythm and had no
segmental wall motion abnormality. DSE positive patients under-
went coronary angiography, and we founded left anterior descend-
ing lesions in 4 (16%) patients, circumflex lesions in 11 (44%) pa-
tients and right coronary artery lesions in 8 (32%) patients. Lesions

Table 1. General characteristics of dobutamine stress echocardiography positive and negative patients

DSE positive (n=25) DSE negative (n=25) p

Age (years) 51.5+8.8 533186 NS
Sex (women/men) 8/17 15/10 NS
Height (cm) 160.0+12.5 157.7+13.7 NS
Weight (kg) 83.2%18.9 78.5+20.5 NS
Systolic blood pressure (mm Hg) 125.3+11.2 130.0£13.0 NS
Diastolic blood pressure (mm Hg) 78.019.4 81.316.4 NS
Peak systolic blood pressure (mm Hg) 150.0+31.8 141.8145.4 NS
Peak diastolic blood pressure (mm Hg) 7661123 71.8+18.2 NS
Heart rate (beats/min.) 76.8110.8 80.6+10.1 NS
Maximal heart rate (beats/min.) 120.5+27.7 148.8+6.6 <0.05
LVDD (mm) 46.016.9 459+438 NS
LVSD (mm) 29.816.0 30.1£3.7 NS
IVS (mm) MN1+1.4 11.3+2.4 NS
PW (mm) 11.4£1.8 11.7£2.4 NS
LVEF (%) 63.0t5.2 63.813.9 NS
LA (mm) 36.7t1.4 35.81+2.2 NS
Score 18.0+0.3 18.010.0 NS
Assessed segment number 18 18 NS
Peak score 204111 18.01£0.0 <0.05
Assessed segment number at peak stress 18 18 NS
Maximal dobutamine dosage (mgr/kg/min.) 2561111 36.616.1 <0.05
Coronary angiography results, n (%)

LAD lesion 4(16)

LCx lesion 11 (44)

RCA lesion 8(32)

LVDD: left ventricular diastolic diameter, LVSD: left ventricular systolic diameter, IVS: interventricular septum thickness, PW: posterior wall thikness, LVEF:
left ventricular ejection fraction (Modified Simpson method), LA: left atrium diameter, NS: not significant, DSE: dobutamine stress echocardiography, LAD:

left anterior descending, LCx: left circumflex, RCA: right coronary artery
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were considered to have a diameter stenosis of =50%. In two (8%)
patients, coronary angiography readings were normal. The distribu-
tion of age, sex, height, weight, LV systolic and diastolic diameters,
left atrium diameter, ejection fraction (using the Modified Simpson
method), diabetes mellitus, hypertension, smoking rates, coronary
arterial disease and family history is shown in Table 1 and 2. The dis-
tribution of these characteristics was similar across groups. As ex-
pected, heart rate was higher in the control group than in the DSE
positive group because of positivity being detected at a lower heart
rate. Again, as expected, the peak stress wall motion score was fo-
und to be significantly higher in the DSE positive group than in the
control group. Ts was measured in 120/120 segments at rest and
peak stress in the two groups. Corrections were made using the Ba-
zett formula. In Table 3, the mean values of measured segments Ts
values and standard deviations are shown. In the control group, we
could not find any significant difference in Tscor values between

Table 2. General characteristics of dobutamine stress echocardiography
positive and negative patients

DSE positive DSE negative

(n=25) (n=25)

Diabetes mellitus, n (%) 7 (28) 6 (24) NS
Prior infarction 0 0 NS
Hypertension, n (%) 12 (48) 8(52) NS
Smoking, n (%) 17 (68) 12 (48) NS
Advanced age (age>60), n (%) 5(20) 3(12) NS
Family history, n (%) 5(20) 7 (28) NS
Obesity, n (%) 15 (60) 13 (52) NS
Sinusal rythm, n (%) 25 (100) 25 (100) NS
Coronary angiographic results, n (%)

Normal 2(8)

One vessel disease 16 (64)

Two vessel disease 4(16)

Three vessel disease 3(12)
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segments at rest and peak stress. Conversely, there was a significant
difference in the DSE positive patient group in the Tscor values of all
segments at rest and peak stress (Table 4). There was no significant
difference in the terms of intraventricular dyssynchrony between
mutual segments of the DSE positive and negative groups at rest
and peak stress. However, in the DSE positive group, we found a dif-
ference quite close to the significance level at the mid-inferior seg-
ment (ischemia detected more often than the other segments) and
mid-anterior segment (compared segment of the mid-inferior seg-
ment) (Table 5). When we compared the two groups' dyssynchrony
values at rest and peak stress, we did not find any significant dif-
ference (Table 6).

Discussion

Delayed contraction of myocardium, decreased contraction po-
wer, and dyssynchronous motion is characterised by reduced systolic
function. Myocardial contraction depends on energy. In myocardial
ischemia, energy supply decreases and systolic dysfunction occurs.
Analysing local myocardial contraction characteristics, illuminating
systolic vitodynamics and the physiological mechanisms of myocar-

Table 4. Corrected time to peak velocity (ms) values at dobutamine stress
echocardiography positive group

DSE positive DSE positive
at rest at peak stress P
Basal lateral 117.1132.4 146.71£36.4 <0.05
Basal septal 116.81£29.7 147.8133.3 <0.05
Mid lateral 117.7£30.8 141.71£34.4 <0.05
Mid septal 116.3+£29.4 144.9+31.2 <0.05
Basal anterior 129.0+£20.9 152.9426.1 <0.05
Basal inferior 134.5£31.1 171.9£35.1 <0.05
Mid anterior 126.71£28.4 155.8128.4 <0.05
Mid inferior 130.2£29.5 179.3128.2 <0.05

NS: not significant, DSE: dobutamine stress echocardiography

DSE: dobutamine stress echocardiography

Table 3. Time to peak velocity values (ms) and standard deviations of analysed segments

DSE positive at rest

DSE positive at peak stress

DSE negative at rest DSE negative at peak stress

(n=25) (n=25) (n=25) (n=25)
Basal lateral 85.6119.6 106.2£29.5 8224225 129.4+35.0
Basal septal 86.6+16.5 107.4£30.1 81.8£20.0 125.31£34.6
Mid lateral 104.1£24.9 103.0£29.6 99.7£16.0 125.31+34.6
Mid septal 102.8+23.1 105.4£29.1 95.4+11.3 130.6+30.0
Basal anterior 115.0+22.0 110.8£24.0 131.6+£29.5 14391413
Basal inferior 119.8£30.1 124.24+31.9 127.6128.9 14791414
Mid anterior 113.0£30.3 112.1£22.1 128.2+31.7 155.1+41.1
Mid inferior 116.41£28.3 129.8+26.8 126.9126.4 156.0+41.0

DSE: dobutamine stress echocardiography
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Table 5. Intraventricular dyssynchrony values (ms) in the same groups
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DSE positive at rest DSE positive at peak stress

p DSE negative at rest DSE negative at peak stress p

BABI 137 225
MAMI 12.7 226
BLBS 10.8 7.8
MLMS 11.4 Ol5

NS 13.2 15.0 NS
NS* 19.6 16.5 NS
NS* 9.0 8.3 NS
NS 8.7 8.2 NS

*p=0.05. BABI: basal anterior-basal inferior, MAMI: mid anterior-mid inferior, BLBS: basal lateral-basal septal, MLMS: mid lateral-mid septal, DSE: dobuta-

mine stress echocardiography, NS: not significant

Table 6. Intraventricular dyssynchrony values (msn) in dobutamine stress
echocardiography positive and negative groups

DSE positive DSE negative
(n=25) (n=25)
MAMI difference 19.0 13.7 NS
BABI difference 13.2 14.6 NS
BLBS difference 46 6.9 NS
MLMS difference 44 39 NS

BABI: basal anterior-basal inferior, MAMI: mid anterior-mid inferior, BLBS:
basal lateral-basal septal, MLMS: mid lateral-mid septal, DSE: dobutamine
stress echocardiography, NS: not significant

dium play important roles in the diagnosis of ischemia and infarct.
Tissue Doppler imaging, strain rate imaging, and tissue synchronis-
ation imaging can be used for determining local myocardial conduc-
tion and systolic function.®®
mining myocardial dyssynchrony before and after cardiac pacema-

) Goresan et al.' first used TSI for deter-

ker implantation. They found a sensitivity of 87% and specificity of
100% for determining myocardial dyssynchrony, reporting that TSI
is a simple and usable method for the quantitative determination
of regional myocardial dyssynchrony. However, with the exception
of a few studies, TSI was not used for detecting ischemia and de-
termining regional motion abnormality through the result of hypox-
ia. In our study, we aimed to develope the usage of this technique in
clinical life.

Dobutamine stress echocardiography allows for the detection of
ischemia by a non-invasive method in patients who are older, whose
exercise capacity has decreased and for whom participating in an ex-
ercise test is difficult or impossible. Exercise allows patients to reach
higher heart rates but decreases the heart rate much faster. Imaging
problems result at a higher rate than for DSE." We used DSE with
the intention of obtaining much better exposure of ischemia dys-
synchrony.

We found that the stress induced by DSE did not make a signifi-
cant difference in intraventricular dyssynchrony, but prolonged the
elapsed time to reach peak systolic velocity at the segmental level.
There was no significant difference due to these changes in the DSE
positive and negative groups. Therefore, no new value was caused
by DSE for detecting inducible ischemia when segmental dyssyn-
chrony and time to peak systole were corrected for heart rate. There

www.e-kgej.org

are conflicting results relating to the effects of stress at dyssynchro-
ny in the studies performed by stimulated tachycardia. Lafitte et al.'”
reported in patients with normal LV function that exercise did not
modify the extent of LV asynchrony. In contrast, in heart failure pa-
tients, LV dyssynchrony increased by at least 209% in 34% of them,
remained stable in 37%, and decreased by at least 20% in 29%.
Furthermore, 26% of heart failure patients had either exercise in-
duction or normalisation of ventricular dyssynchrony. Valzania et al.”
studied CRT implanted patients whose QRS duration was over 130
ms. At rest, CRT withdrawal was associated with an increased inter-
ventricular mechanical delay and impaired intraventricular synchro-
ny. They reported that dobutamine infusion had no impact on inter-
and intraventricular synchrony. During stress, there was an im-
provement in LV performance both at the "on" and "off" positions.
However, LV dp/dt, aortic VTI, cardiac output, mean systolic peak
velocities, and LV filling time during dobutamine stress were signifi-
cantly greater with CRT "on" Although they analysed peak systolic

1" investi-

velocity times without correcting for heart rate, Kang et a
gated the impact of exercise induced changes in intraventricular dys-
synchrony in patients with nonischemic cardiomyopathy. They fo-
und no significant difference in intraventricular dyssynchrony with
exercise, but indicated that dyssynchrony value could change with
exercise. These studies support our findings. We found that there
was no significant difference in intraventricular dyssynchrony in
DSE positive and negative groups, although in the two groups in-
traventricular dyssynchrony increased at two segments and did not
change in two segments with stress. Again in our study we showed
that dyssynchrony was dynamic in the majority of patients and that
it can be changed by DSE. These dynamic changes significantly in-
crease the time to peak systolic velocity with heart rate. These con-
ditions show that intrasegmental dyssynchrony can be induced by
DSE in patients who have no dyssynchrony at rest. De Sutter et al.'®
reported from the Belgian Multicentre Registry on dyssynchrony
that the prevalence of inter- and intraventricular dyssynchrony was
low (17% and 18%, respectively) in patients with heart failure and
preserved left ventricular ejection fraction (LVEF). However, in the
presence of a QRS width of =120 ms, this prevalence increased to
almost 50%, comparable to that for patients with heart failure and
reduced LVEF and a QRS width of =120 ms. Hummel et al."® revealed

http://dx.doi.org/10.4070/kc}.2013.43.6.384
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that stress effects occur especially among patients with heart fail-
ure and whose QRS width was over 120 ms. Da Costa et al."” assert-
ed that the effect of stress on dyssynchrony depends on whether
QRS width is over or under 120 ms., heart rate, the agent of the st-
ress, and the variety of dyssynchrony definition. They presumed that
this was the reason for the variable results from different studies. In
our study, we selected patients with a QRS width under 120 ms. Ag-
ain, in our study, we payed additional attention to the general char-
acteristics of patients with no difference between the two groups.

We aimed to combine the TSI method, which uses wall motions'
quantitatively time parameters for detecting myocardial conduc-
tion and contraction functions, and DSE in probable coronary heart
disease patients. However, as we mentioned earlier, the tissue syn-
chronysation imaging technique, when combined with DSE, does
not provide any quantitative benefit for detecting ischemia. There
is a pressing need for further studies in combining TSI and DSE.

Study limitations

Although the study sample was small, it was formed for the ho-
mogeneous patient population, and, because of ethical reasons, we
did not correct negative DSE with angiographic methods. The TSI
method does not detect apical segments of the heart, so we did not
study patients with apical wall motion abnormalities. The other limi-
tations of this study were the image quality changes from patient to
patient. Peak systolic velocity time is impacted by the Doppler angle,
so we used a Doppler angle under 15 degrees, decreasing the angle
effect on the results.
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