
Introduction:
The basis of pathophysiologic benefit of revascularization
is improving the function of viable myocardium37. Early
coronary re-canalization helps to survive the viable
myocardium and improve global LV function and
survival46. According to the studies in patients with CAD
and LV dysfunction, the disease outcome can be improved
with surgical revascularization (CABG) or PCI37. PCI in
patients with preserved LV function and optimal medical
therapy doesn’t reduce the cardiac death and MI, but it
decreases the need for other procedure and the risk of
angina. Its effect on LV systolic or diastolic function is

not clear31. PCI has been used increasingly for
revascularization in ischemic heart disease (IHD) patients.
In most of the studies, the primary PCI, criterion such as
ejection fraction (EF), diastolic function and the wall motion
or chamber sizes has been investigated. But result of
previous studies in related area, about elective PCI, has
shown unequal viewpoints1,6,13,27,30,32,39,41. Intervals
between MI and PCI, basic left ventricular ejection fraction
(LVEF) before PCI and global condition of the patients
affect the result of PCI. Angina occurs when there is regional
myocardial ischemia caused by inadequate coronary
perfusion and is usually but not always induced by
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Abstract:
PCI has been used increasingly for revascularization in ischemic heart disease patients. In the cardiology
practice, the assessment of left ventricular (LV) function is of paramount importance. Two-dimensional
echocardiography and Doppler echocardiography remain the most important diagnostic tests/tool for the
evaluation of left ventricular function.  The present study was conducted to determine the impact of PCI on
myocardial function assessed by 2D, M mode and tissue Doppler echocardiography in patients with chronic
stable angina. The interventional study was carried out in the Department of Cardiology, University Cardiac
Centre, Bangabandhu Sheikh Mujib Medical University Hospital, Dhaka over a period of 1 year between
January 2013 to December 2013. Patients with chronic stable angina undergoing percutaneous coronary
intervention (PCI) during the study period were the study population. A total of 40 such patients were
consecutively included in the study. The myocardial function parameters were assessed by 2D, M mode and
Tissue Doppler echocardiography before PCI and 48 hours and 6 weeks after PCI. Left ventricular end
diastolic dimension (LVEDD) did not experience any change 2 days after PCI, but a significant reduction was
noted 6 weeks after PCI (P < 0.001). Similarly no change was observed 48 hours after PCI in left ventricular
end systolic dimension (LVESD) but a significant decrease was evident 6 weeks after PCI (p < 0.001). LVEF
also did not exhibit any change in the first 2 days after PCI, but significantly raised 6 weeks after PCI (p <
0.001). Tissue Doppler Imaging (TDI) showed that there was insignificant improvement in Em, Am, and Em/
Am ratio 48 hours after PCI. But there was significant improvement of the same parameters at the lateral mitral
annulus 6 weeks after PCI (p = 0.044, p = 0.036 and p = 0.021 respectively). While DTm did not experience any
change in first 2 days after PCI, it exhibited significant change at endpoint of study (p = 0.018), RTm and Sm
peak velocity however, did not improve following PCI. Q-wave increased from 7.0 cm/sec before PCI to 7.2 cm/
sec 48 hours after PCI and 7.5 cm 6 weeks after PCI (p < 0.001). Percentage of strain decreased from -15.0 before
PCI to -15.4 at the endpoint (p < 0.001) and strain rate from -1.3% before PCI to -1.4% 6 at the endpoint.  From
the findings of the study it can be concluded that Tissue Doppler echocardiographic indices Strain, strain rate
and Q analysis can detect the early changes of improvement in the left ventricular myocardium  in patient with
chronic stable angina after 48 hours of  PCI . Other 2D , M mode  and tissue Doppler  echocardiographic
indices showed improvement after 6 weeks of PCI .

University Heart Journal
Vol. 9, No. 2, July 2013



increases in myocardial oxygen requirements. Cardinal
features of chronic stable angina include complete
reversibility of the symptoms and repetitiveness of the
anginal attacks over time, typically months to years. New,
prolonged, or recent-onset symptoms are characteristic
of unstable angina12.  In chronic ischemia, myocardium is
supposed to suffer and there is suppose to changes in
myocardium eventually the left ventricular function51. In
the cardiology practice the assessment of left ventricular
(LV) function is of paramount importance. Clinical
decisions regarding medical management,
revascularization, and valve replacement often rely on its
accurate assessment. They are very reliable in measuring
the outcome of various cardiac and coronary procedures
and also carry important prognostic indications.

Two-dimensional echocardiography and Doppler
echocardiography remain the most important diagnostic
tests/tool for the evaluation of left ventricular function.
Compared with other imaging tests, echocardiography is
portable, biologically safe, and cost-effective.Tissue
Doppler echocardiography utilizes the modifications of
blood flow by Doppler technology which calculates the
velocity of myocardium segment by segment. This study
aims to compare the various echocardiographic parameters
and gives stimulus to formulate a echocardiographic
guideline, which parameters to be practiced routinely and
which parameters are needed at which period of time. This
study will also strengthen or refute studies which have
focused the newer parameters like myocardial function.

Materials and Methods:
Having obtained permission from the Ethical Committee
of University Cardiac Centre, BSMMU, Dhaka,
Bangladesh, this interventional study was carried out on
patients with chronic stable angina undergoing
percutaneous coronary intervention in the University
Cardiac Centre, Department of Cardiology, BSMMU,
Dhaka. After the selection of the patients in the study
groups echocardiography of 2D, M mode and Tissue
Doppler study were done. A variable frequency phased-
array transducer (2·5–3·5–4·0 MHz) was used for two-
dimensional, M-mode and Doppler imaging.Standard
Doppler echocardiography was performed on the subjects
in partial left decubitus  position, by Vivid 7
Dimension.Doppler echocardiographic and tissue Doppler
tracings were recorded on  super VHS videotapes and
high-fidelity paper strip at a velocity of 150 or 100 mm/s.
All echo, Doppler and tissue Doppler measurements were

analysed by two experienced readers using the
recommendation of the American society of
echocardiography by the average of five cardiac cycles,
to minimize difference during the breath cycle. 2D and M-
mode: Measurements of left ventricular walls and chambers
were done according to the American Society of
Echocardiography Measurements as follows: (A)
Measurement of left ventricle: Left ventricular end diastolic
diameter, Left ventricular end systolic diameter, Left
ventricular ejection fraction (EF %) & Wall motion.
(B)Tissue Doppler:  In apical four-chamber view, the tissue
Doppler sample volume was subsequently being placed
at the level of left ventricular lateral mitral annulus. Tissue
Doppler systolic indexes include: Myocardial peak velocity
of Sm (m/s), Diastolic indexes included: Myocardial early
(Em) and atrial (Am) peak velocities (m/s), Em/Am ratio,
deceleration time (DTm) and relaxation time (RTm) (ms).
Systolic and diastolic measurements may be determined
in each regionas indexes of regional function. Myocardial
functions were analyzed by: Tissue tracking or q-analysis,
Strain & Strain rate.

Data were processed and analysed using computer
software SPSS (Statistical Package for Social Sciences)
version 16 (SPSS Inc., Chicago, IL, USA).Continuous
variables were expressed as means ± SDs. Categorical
variables expressed as frequency and corresponding
percentages. To compare between the pre and post PCI
groups the continuous variables were analyzed using the
repeated measure ANOVA test. Multiple comparisons at
different time intervals were done by General Linear Model
Repeated Measures Define Factor(s). The level of
significance was set at 0.05 and p<0.05 was considered
significant.

Results:
The present study intended to determine the impact of
PCI on myocardial function in patients with chronic stable
angina included a total of 40 patients. The myocardial
function parameters were assessed by 2D, M mode and
TissueDoppler echocardiography before PCI, 48 hours
and 6 weeks after PCI. The findings of the study derived
from data analyses are presented below:

Age distribution of the patients shows that 40-50 years
age group comprised the main bulk (60%) followed by <
40 years (20%),50-60 years (15%) and 60 or > 60 years
(5%). The mean age of the patients was 46.4 ± 6.5 years
and the minimum and maximum ages were 36 and 61 years
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respectively (Table I). Majority (95%) of the patients were
male giving a male to female ratio of 19:1  (Fig. 1).  Fifty five
percent of the patients were businessman, 30% service-
holder and the rest 15% were engaged in diverse
occupation (Fig. 2). Over one-third (35%) of the patients
were of normal weight for their height, 60% overweight
and 5% obese (Fig. 3). Chest pain on exertion was the
predominant complaint (95%), followed by shortness of
breath (85%), fatigue (70%) and palpitation (40%). Ten
percent patients had headache and 5 were asymptomatic
(Fig. 4).  Ninety percent of the patients had smoking habit
diabetes, 15% diabetes, 70% family history of CAD and
35% past history of associated illnesses (Fig. 5). Left
ventricular end diastolic dimension (LVEDD) before PCI
was 53.8 mm which did not experience any change 2 days
after PCI, but a significant reduction was noted 6 weeks
after PCI (P < 0.001). Similarly no change was observed in
left ventricular end systolic dimension (LVESD) between
24 hours before and 48 hours after PCI, but a significant
decrease was evident 6 weeks after PCI (p < 0.001). LVEF
did not exhibit any change in the interval between 24 hours
before and 48 hours after PCI, but significantly raised 6
weeks after PCI (p < 0.001) (Table II, Table III and Fig 6-

8).Tissue Doppler Imaging (TDI) shows that there was
insignificant improvement in  Em, Am and Em/Am ratio 48
hours after PCI. But there was significant improvement of
the same parameters at the lateral mitral annulus 6 weeks
after PCI (p = 0.044, p = 0.036 and p = 0.021 respectively).
While DTm did not experience any change 48 hours after
PCI, it exhibited significant change 6 weeks after PCI (p =
0.018). But no change was noted during the interval
between 24 hours before and 6 weeks after PCI in terms of
RTm and Sm peak velocity (Table IV, Table V and Fig9-14).
Q-wave increase from 7.0 cm/sec before PCI to 7.2 cm/sec
48 hours after PCI and   7.5 cm 6 weeks after PCI (p < 0.001).
Percentage of strain decreased from -15.0 before PCI to -
15.4 6 weeks after PCI (p < 0.001) and strain rate from -1.3%
before PCI to -1.4% 6 weeks after PCI (Table VI, Table VII
and Fig 15-17).

Fig.-1: Distribution of respondents by their sex (n=40)

Fig.-2: Distribution of respondents by their clinical
presentation(n = 40*)

*Total will not correspond to 100 % for multiple
responses

Fig.-3: Stratification of patients by their cardiovascular
risk factors (n = 40*)

*Total will not correspond to 100 % for multiple
responses

Table-I
Distribution of the patients by their age (n=40)

Age (years)* Frequency Percentage

<40 20 20.0

40-50 24 60.0

50-60 6 15.0

>60 2 5.0

*Mean age = (46.4± 6.5) years; range = (36 – 61) years.
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Table-II
Changes in LVsystolicfunction (2D & M-mode) parameters

Left Ventriclular 2D TDI parameters Evaluation time p-value

24 hrs before PCI 48 hrsafterPCI 6 wks after PCI

LVEDD (mm) 53.8 ± 6.8 53.3 ± 5.9 51.2 ± 5.6 < 0.001

LVESD (mm) 35.7 ± 5.8 35.3 ± 5.5 33.7 ± 5.4 < 0.001

LVEF (%) 54.3 ± 5.8 54.6 ± 5.2 56.2 ± 4.7 < 0.001

Table-III
Multiple comparisons at different time intervals of Left Ventriclular 2D & M-mode

Variables Comparison between Mean difference p-value

LVEDD (mm) 24 hrs before PCI vs. 48 hrs after PCI 0.450 0.381

48 hrs after PCI vs. 6 weeks after PCI 2.100 < 0.001

24 hrs before PCI vs. 6 weeks after PCI 2.550 < 0.001

LVESD (mm) 24 hrs before PCI vs. 48 hrs after PCI 0.300 0.209

48 hrs after PCI vs. 6 weeks after PCI 1.700 < 0.001

24 hrs before PCI vs. 6 weeks after PCI 2.000 < 0.001

LVEF (mm) 24 hrs before PCI vs. 48 hrs after PCI 0.350 0.480

48 hrs after PCI vs. 6 weeks after PCI 1.600 < 0.001

24 hrs before PCI vs. 6 weeks after PCI 1.950 <0 .001

.Table-IV
Changes echocardiographic parameters at the lateral mitral annulus

LV lateral annulus Evaluation time p-value

24 hrsbefore PCI 48 hrs after PCI 6 wksafter PCI

Em peak velocity (cm/s) 34.7 ± 20.1 34.7 ± 22.0 34.8 ± 23.4 0.044

Am peak velocity (cm/s) 24.4 ± 10.1 24.4 ± 10.1 27.9 ± 11.2 0.036

Peak Em/Am ratio 1.480  ± 0.510 1.480  ± 0.500 1.471  ± 0.511 0.021

DTm (ms) 137.1 ± 22.0 137.1 ± 22.0 137.3 ± 22.0 0.018

RTm (ms) 46.0 ± 9.7 46.1 ± 9.7 46.7 ± 9.7 0.761

Sm peak (m/s) 0.10 ± 0.01 0.11 ± 0.01 0.12 ± 0.01 0.830
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Table-V
Multiple comparison at different time intervals of LV lateral mitral annulus

Variables Comparison between Mean difference p-value
Em peak velocity (cm/s) 24 hrs before PCI vs. 48 hrs after PCI 0.000 0.874

48 hrs after PCI vs. 6 weeks after PCI 0.100 0.013
24 hrs before PCI vs. 6 weeks after PCI 0.100 0.013

Am peak velocity (cm/s) 24 hrs before PCI vs. 48 hrs after PCI 0.000 0.972
48 hrs after PCI vs. 6 weeks after PCI 3.600 0.040
24 hrs before PCI vs. 6 weeks after PCI 3.600 0.040

Peak Em/Am ratio 24 hrs before PCI vs. 48 hrs after PCI 0.000 0.743
48 hrs after PCI vs. 6 weeks after PCI 0.009 0.048
24 hrs before PCI vs. 6 weeks after PCI 0.009 0.048

DTm (ms) 24 hrs before PCI vs. 48 hrs after PCI 0.000 0.861
48 hrs after PCI vs. 6 weeks after PCI 0.150 0.037
24 hrs before PCI vs. 6 weeks after PCI 0.150 0.037

RTm (ms) 24 hrs before PCI vs. 48 hrs after PCI 0.100 0.572
48 hrs after PCI vs. 6 weeks after PCI 0.600 0.649
24 hrs before PCI vs. 6 weeks after PCI 0.700 0.721

Sm peak (m/s) 24 hrs before PCI vs. 48 hrs after PCI 0.010 0.852
48 hrs after PCI vs. 6 weeks after PCI 0.010 0.852
24 hrs before PCI vs. 6 weeks after PCI 0.020 0.743

Table-VI
Changes in myocardial function following PCI

Myocardial function Evaluation time p-value
24 hrs before PCI 48 hrs after PCI 6 wks after PCI

Q wave (cm/sec) 7.00 ± 1.20 7.28 ± 1.60 7.56  ± 1.51 <0.001
Strain (%) -15.0 ± 1.7 -15.1 ± 1.7 -15.4 ± 1.7 <0.001
Strain rate (%) -1.3 ± 0.1 -1.4 ± 0.1 -1.4 ± 0.1 <0.001

Table-VII
Multiple comparisons at different time intervals of Myocardial function by tissue Doppler

Variables Comparison between Mean difference p-value
Q wave (cm/sec) 24 hrs before PCI vs. 48 hrs after PCI 0.276 0.002

48 hrs after PCI vs. 6 weeks after PCI 0.285 <0.001
24 hrs before PCI vs. 6 weeks after PCI 0.561 <0.001

Strain (%) 24 hrs before PCI vs. 48 hrs after PCI 0.109 0.006
48 hrs after PCI vs. 6 weeks after PCI 0.295 <0.001
24 hrs before PCI vs. 6 weeks after PCI 0.404 <0.001

Strain rate (%) 24 hrs before PCI vs. 48 hrs after PCI 0.039 0.105
48 hrs after PCI vs. 6 weeks after PCI 0.064 <0.001
24 hrs before PCI vs. 6 weeks after PCI 0.103 <0.001
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Discussion:
The present study was aimed at determining the impact of
percutaneous coronary intervention (PCI) on myocardial
function assessed by tissue Doppler echocardiography,
and our target also was to find out if after PCI longitudinal
and circumferential myocardial impairment improved or not.
The potential of tissue Doppler–derived Measurements
TDI is a promising technique in the evaluation and follow
up of patients with ischemic heart disease. Myocardial
hibernation represents chronically impaired myocardial
function, which is fully reversible upon reperfusion20. There
was significant improvement in E-wave, A-wave and E/A
ratio at the lateral mitral annulus 6 weeks after PCI (p =
0.044, p = 0.036 and p = 0.021 respectively). The deceleration
time (DTm) also exhibited significant change 6 weeks after
PCI (p = 0.018) which is consistent with Diller, et al’s (2009)
study. They examined twenty-four consecutive patients with
chronic stable angina and preserved systolic left ventricular
function who underwent PCI; patients had PW-TDI and
conventional echocardiography before PCI, 1day, and 6
weeks after PCI. The results of their study showed that the
systolic peak velocity improved in the septal, lateral, inferior,
and right ventricular areas (p < 0.05 for each), but
insignificant trend toward an improvement in the posterior
wall (p = 0.06) was found17. Consistent with findings in the
present study Rashid (2012) showed that there was highly
significant increase in systolic myocardial velocity S wave
at inferior, anterior, septal, and lateral walls of LV, and also
lateral wall of RV at 1 day, and 6 weeks after intervention,
while it was insignificant at posterior wall of LV.

In the present study there was significant increase in
LVEDD and LVESD with consequent improvement LVEF
after intervention. Diller, et al. (2009) showed that the early
diastolic velocities improved at all sites (p <.05 for each).
The most pronounced improvement occurred in the septal
area17. In this present study, results are in agreement with
Hashemi et al. (2010) They studied thirty patients who
had single vessel disease (LAD disease), and underwent
elective PCI providing that their systolic ejection fraction
was > 40%. All patients had pulsed wave TDI performed
before PCI and 48 hours and 3 months after PCI; their
study showed significant increase of early diastolic E’
wave of the septal angle of mitral valve annulus (P value
<0.05)25. In our study there was a significant increase of
E’/A’ ratio at the lateral angle of mitral valve annulus after
PCI (p < 0.05. In Rashid et al’s study there was a significant
increase of E’/A’ ratio at the lateral angle of mitral valve
annulus after PCI (p < 0.05), but there was insignificant
correlation between E’/A’ ratio at lateral angle of tricuspid
valve annulus before and after PCI, but our study did not
include this parameter. Hashemi, et al. (2010) showed

significant increase of E/A ratio of septal angle of mitral
valve annulus after PCI (P value <0.05) (Hashemi et al.
2010), this is because they selected only the patients with
LAD disease.

In the present study there were significant differences in
all conventional echocardiographic measures (LVEDD,
LVESD and LVEF) between baseline and 6 weeks following
PCI. Diller and associates showed that trans-mitral and
trans-tricuspid flow Doppler parameters and ejection
fraction failed to reflect any improvement 1 day after PCI
and 6 weeks after PCI17. In Rashid’s study there was an
insignificant relation among all conventional
echocardiographic measures from baseline to 6 weeks after
intervention, although similar agreement was lacking in
study done by Carluccio et al. (2006), who reported that
left ventricular volumes and contractile dysfunction as
assessed by conventional echocardiography improved 8
± 3 months after revascularization in patients with impaired
left ventricular function. This is the difference between
our study and the study done by Carluccio et al. because
we selected the patients with preserved systolic function,
and may be due to short period follow up in our patients (6
weeks).

Conclusion & Recommendation:
From the findings of the study it can be concluded that
Tissue Doppler echocardiographic indices Strain, strain
rate and Q analysis can detect the early changes of
improvement in the left ventricular myocardium  in patient
with chronic stable angina after 48 hours of  PCI . Other 2D
, M mode  and tissue Doppler  echocardiographic indices
showed improvement after 6 weeks of PCI .This small scale
study may play a pivotal role in making a more conclusive
large scale study.
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