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Regional Myocardial Contractile Function
Change Evaluated by Tissue Doppler Imaging
after Primary Angioplasty
Jen-Yu Wang,1 Wen-Po Chung,2 Hsien-Li Kao,3 Lung-Chun Lin3 and Chau-Chung Wu3

Background: Myocardial strain and strain rate measurement derived by tissue Doppler imaging has been shown to
be a sensitive method to quantify regional myocardial contractile function. However, the sequential changes of these
parameters in the infarct area and remote zones, which may have tethering effect, after successful primary
percutaneous coronary intervention (PCI) for acute myocardial infarction (AMI) have not been demonstrated.
Methods: Sixteen patients with acute ST-elevation myocardial infarction who underwent successful PCI were included in
this study. We performed echocardiography soon, 24 hours and 72 hours after primary PCI, to measure the peak systolic
strain rate (SSR), postsystolic shortening (PSS), peak strain rate in early diastole (ESR), late diastole (ASR) and peak systolic
strain (esys) to characterize the myocardial contraction. Follow-up echocardiography or thallium-201 myocardial
perfusion imaging were performed 6 months later to identify patients who showed persistent akinesia or fixed perfusion
defect as group 1. Those patients who had imaging examinations implicating viable myocardium were classified as group 2.
Results: Soon after primary PCI, SSR was significantly lower in the infarct zones than in remote zones (P < 0.05),
with concurrent development of PSS (P < 0.05). Furthermore, the reduction of SSR and development of PSS were
observed in group 1, not in group 2. However, the PSS of infarct zones in group 1 recovered after 72 hours (P < 0.05
versus 24 hours after PCI) and reached no significant difference in comparison with that of remote zones when the
SSR of the infarct zones remained significantly lower (P < 0.05).
Conclusion: The infarct zones can be precisely detected using strain and strain rate imaging. The more myocardium
that has vanished, the more the systolic strain rate changes in the infarct zones. Remodeling process after AMI
proceeds and can be observed with strain rate imaging, especially in infarct zones with prominent scar formation.
However, the sequential PSS recovery could not serve as a surrogate marker of myocardial viability.
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INTRODUCTION

be a regional and evolutional process that can induce
alterations in local myocardial deformation and later
cardiac remodeling.1,2 The traditional evaluation of myocardial contractile function has remained on the basis of
visual assessment of regional wall motion and wall thickening. These routine methods are subjective and semiquantitative.3-5 Myocardial strain and strain rate imaging
by tissue Doppler echocardiography may represent a
sensitive and quantitative method to measure regional
myocardial deformation.6 Acute myocardial infarction
(AMI) is a dynamic process that does not occur instantaneously but evolves over hours. Strain and strain rate

Myocardial infarction (MI) or ischemia is known to
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transducer (1-3 MHz). The left ventricular ejection fraction (LVEF) was calculated by biplanar modified Simpson’s method from the apical 4-chamber view. Pulsed
wave Doppler echocardiography was used to evaluate
the left ventricular diastolic mitral flow pattern from the
apical 4-chamber view. The peak early diastolic velocity
(E) and peak late diastolic velocity (A) of mitral flow
were measured.
Tissue Doppler velocity data in three standard apical
views (two-chamber, four-chamber, and apical long-axis)
were collected. Digital cineloops of three cardiac cycles
in sinus rhythm were recorded. Data were transferred to a
computer for offline analysis using QLAB (version 2.0)
software which provided the ability to analyze tissue
Doppler imaging loops, offering quantification of three
parameters: velocity, strain rate (SR), and strain (e).
Guided by the location of the myocardial infarction on
angiographic studies, SR values were measured both in
infarct and remote zones simultaneously (Figure 1). A
curved band was drawn manually along the midline of
myocardial wall from basal to middle segments. It was
manually set to track wall motion, thus maintaining its
mid-myocardial position during the cardiac cycle. Enddiastole was considered at the peak R-wave of the ECG
and end-systole at the time of the aortic valve closure.
The time of the aortic valve closure and mitral valve
opening was identified from the gray-scale images (Figure 1). From the time - Doppler velocity curves, we
measured the following parameters (Figure 2): peak SR
values during systole (SSR), early diastole (ESR), late diastole (ASR), and the postsystolic shortening (PSS) in strain

imaging are used to evaluate sequential changes of myocardial contractile function in infarct and remote, normal
myocardium in patients with AMI in the clinical setting.7,8
We used conventional and strain echocardiography
to integrate these changes and to correlate them in a
72-hour period of reperfused AMI. We sought to assess
the role of strain and strain rate imaging in predicting
myocardial viability.

METHODS
Patients
Sixteen consecutive patients (62 ± 12 years, 13 men)
with their first MI who received successful primary percutaneous coronary intervention (PCI) were enrolled. All
had a characteristic history of prolonged chest pain (> 30
minutes), evolving ECG changes (ST-segment elevation
> 2 mm in 2 contiguous leads) and a significant rise in
serum-specific cardiac enzymes. No patient had undergone previous coronary bypass or intervention. Patients
with a history of MI, dilated or hypertrophic cardiomyopathy, significant valvular disease, arrhythmia, atrial
fibrillation, or pacemaker implantation were excluded.
Ten patients (63%) had an anterior wall MI, and the remaining six had inferior wall MI.
Percutaneous revascularization procedure
Cardiac catheterization was performed by the femoral approach after having obtained written informed
consent. Balloon angioplasty and coronary stent implantation were performed in all patients within 12 hours
after symptom onset. Angiographic success was considered achieved when a Thrombolysis In Myocardial Infarction (TIMI) flow grade of 2 or 3, with < 20% residual
stenosis, was obtained. The antegrade flow in the culprit
vessel was determined angiographically according to the
TIMI grade system.9 Residual stenosis was visually assessed.
Echocardiographic measurements
All patients after a successful PCI underwent echocardiographic studies at 4 hours, 24 hours and 72 hours
after primary PCI. Echocardiography was performed using a SONOS 5500, version C 2.0 (Philips Medical Systems, Andover, Massachusetts) with a low-frequency S3
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Figure 1. (left) A curved band was drawn manually along the midline
of the myocardial wall from basal to middle segments. Guided by the
location of the myocardial infarction on angiographic studies, parameters were measured both in infarct and remote zones simultaneously.
(right) Tissue velocity (up), strain rate (middle), and strain (bottom)
were obtained.
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Comparisons between infarct and remote zones and
their sequential changes were analyzed by paired Student t-tests to determinate whether there was any
significant change. All statistical analyses were completed using the SPSS (version 11) software package.
A two-sided P < 0.05 was considered statistically significant.

Figure 2. Peak strain rate values were measured during systole (SSR),
postsystolic shortening (PSS) during isovolumic relaxation, early
diastole (ESR), and late diastole (ASR). The peak systolic strain (esys) was
obtained by integrating strain rate value over time.

RESULTS
Patient profiles
The patients’ characteristics are shown in Table 1.
Among the 16 patients, 13 patients (81%) were male.
Their ages ranged from 43 to 82 years, with a mean of
62 ± 12 years. Symptom-onset-to-balloon time was 261
± 120 min. The culprit lesions included 10 (63%) in the
left anterior descending (LAD) artery and 6 in the right
coronary artery (RCA). TIMI 3 flow was restored in 12
patients (75%) and TIMI 2 flow in other 4 patients. Peak
cardiac enzyme ranged from 988 to 11,570 U/L, with a
mean of 4468 ± 2890 U/L (Table 1). After 6-month follow-up, those patients were classified into group 1 (6
patients, 37.5%) and group 2 (10 patients, 62.5%) according to the findings of thallium-201 imaging or echocardiography.

imaging that developed after accomplishment of ventricular systole. The peak systolic strain (esys) was obtained by
integrating SR values over time.

Grouping infarct myocardium by follow-up
imaging examinations
Thallium-201 myocardial perfusion imaging or echocardiography was performed about 6 months after AMI,
which would diminish the false negative prediction of
myocardial viability. There were no acute coronary events
or interventions during the follow-up period. Those patients were grouped according to the findings of thallium-201 imaging or echocardiography. The patients
who showed fixed perfusion defect by thallium-201 imaging or persisted akinesia by serial follow-up echocardiography of the infarct myocardium were classified
as group 1. Those who had reversible perfusion defect
on thallium-201 imaging or improving segmental wall
motion on follow-up echocardiography to implicate the
viability of infarct zones were classified as group 2.

Conventional echocardiographic parameters
Table 2 shows the conventional echocardiographic
parameters sequentially regarding global left ventricular
systolic and diastolic function. There was no significant
difference during serial follow-up except LVEF having
improvement 72 hours after successful reperfusion (P <
0.05).

Statistical analysis
Continuous variables are expressed as mean ± SD.

Table 1. Baseline characteristics of the patients with their first MI who received successful primary percutaneous coronary intervention

Patients
Male/female
Age (yrs)
Time-to-balloon (hr)
Final TIMI flow (TIMI 3/TIMI 2)
Peak CK (U/L)
IRA (LAD/RCA)

Total

Group 1

Group 2

16
13/3
62 ± 12
4.4 ± 20.
12/4
4468 ± 2890
10/6

6
5/1
68 ± 11
4.6 ± 1.3
3/3
6942.7
4/2

10
8/2
58 ± 11
4.2 ± 2.4
9/1
2983.3
6/4

P value

0.089
0.725
0.074
< 0.05

Data are expressed as mean ± standard deviation.
Abbreviations: IRA: ischemia-related artery; LAD: left anterior descending artery; RCA: right coronary artery.
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Strain and strain rate parameters
Table 3 shows strain and SR values in infarct and remote zones soon after PCI, 24 hours and 72 hours later.

For SSR, there were significant differences between the
infarct zones and the remote zones (P < 0.05). There
were significant evolutional changes in the infarct zones
between the 4th hour, 24th hour and 72th hour, but not in
the remote zones. For PSS, there was a significant evolutional decrease 24 hours after PCI in the infarct zones,
however, not in the remote zones. In the infarct zones of
group 1 (Figure 3), the PSS persisted lower 24 hours
after PCI (P < 0.001), and reached no significant difference of PSS in comparison with remote zones after 72
hours when the S SR , however, remained significantly
lower in the infarct zones (P < 0.05). The recovery of
PSS in the infarct zones from 24 hours to 72 hours after
PCI was also significant (P < 0.05). Conversely, regional
strain and SR parameters were similar between infarct
and remote zones in group 2 (Figure 4). There was no
significant difference regarding diastolic parameters ex-

Table 2. Conventional echocardiographic parameters
sequentially regarding global left ventricular systolic
and diastolic function
(n = 16)

E (cm)
A (cm)
E/A
LVEF

4 hours

24 hours

72 hours

69.25 ± 17.27
71.63 ± 27.15
1.08 ± 0.45
0.56 ± 0.10

77.75 ± 18.42
68.19 ± 19.73
1.22 ± 0.44
0.58 ± 0.08

73.50 ± 14.60
69.63 ± 24.29
1.17 ± 0.44
00.61 ± 0.09†

Data are expressed as mean ± standard deviation.
† P < 0.05 vs 4 hours
Abbreviations: E: peak early velocity of diastolic mitral flow;
A: peak late velocity of diastolic mitral flow; LVEF: left
ventricular ejection fraction.

Table 3. Sequential changes of strain and strain rate values in infarct and remote zones
Infarct (n = 16)

SSR (1/S)
PSS
ESR (1/S)
ASR (1/S)
ESR/ASR
esys (%)

Remote (n = 16)

4 hours

24 hours

72 hours

4 hours

24 hours

72 hours

-0.56 ± 0.26*
-0.31 ± 0.25*
0.65 ± 0.32
0.71 ± 0.34
1.02 ± 0.59
-9.63 ± 4.02*

-0.68 ± 0.29
-0.30 ± 0.14
-0.93 ± 0.47
-0.76 ± 0.39
01.75 ± 1.51†
-9.73 ± 3.86

-0.57 ± 0.23*
-0.19 ± 0.20*
0.75 ± 0.41
-0.59 ± 0.43*
-2.01 ± 1.84†
-9.27 ± 3.260

-0.77 ± 0.27
-0.11 ± 0.15
-0.72 ± 0.28
-0.80 ± 0.31
1.02 ± 0.5
-11.94 ± 5.76-

-0.75 ± 0.29
-0.16 ± 0.27
-0.76 ± 0.36
-0.74 ± 0.32
-1.37 ± 1.11
-10.37 ± 3.59-

-0.75 ± 0.28
-0.16 ± 0.19
0.80 ± 0.3
-0.82 ± 0.49
-1.38 ± 1.05
-10.23 ± 3.500

Data are expressed as mean ± standard deviation.
* P < 0.05 ischemic zones vs remote zones; † P < 0.05 vs 4 hours.
Abbreviations: SSR: peak strain rate values during systole; ESR: peak strain rate values during early diastole; ASR: peak strain rate
values during late diastole; PSS: postsystolic shortening during isovolumic relaxation; esys: peak systolic strain.

Figure 3. In the infarct zones of group 1, the PSS recovered and reached no significant difference of PSS in comparison with the remote zones after
72 hours, while the SSR, however, remained significantly lower in the infarct zones (# P < 0.05 versus 24 hours after PCI; † P < 0.001 infarct zone vs
remote zone; * P < 0.05 infarct zone vs remote zone).
Acta Cardiol Sin 2007;23:89-96
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Figure 4. There was no significant difference about diastolic parameters except transient increase in peak SR in early diastole (ESR) 24 hours after
PCI in infarct zones of group 2(# P < 0.05 vs 4 hours).

Regional myocardial contractile function undergoes
progressive changes over the hours, days and weeks following MI. This process, in turn, can influence cardiac
function and prognosis. Reperfusion therapy represents
the most effective treatment to salvage myocardium.
Echocardiography allows assessment of efficacy about
interventional therapy for AMI. Myocardial strain is a
measure of regional deformation, caused by interaction
between contractile force, elastic properties and loading
conditions. A number of studies have confirmed the diagnostic potential of strain and SR imaging in the assessment of regional myocardial function.6,10-13 Loading conditions, medications, and global cardiac function can affect
regional myocardial deformation. 14 Also, infarct and
remote myocardial zones may have tethering effect. A surrogate approach is to compare different segments within
the same heart and under the same loading conditions.

investigation, although there was no significant difference in magnitude of esys, SSR in the infarct zones was
reduced compared to the remote zones immediately after
successful PCI, which is in accordance with previous
studies. The infarct zones exhibited partially recovered
systolic contractility 24 hours after reperfusion, however, S SR remained significantly lower in the infarct
zones 72 hours later. The observed transient SSR recovery after reperfusion can be explained by influence with
hypercontractile function of adjacent myocardial segments due to hyperemia.2,15 Derumeaux et al. have found
that systolic myocardial velocity gradient recovered after
reperfusion in myocardial walls with nontransmural infarction, but not with transmural infarction. 16 In our
study, the comparative analysis of strain rate changes
between group 1 and group 2 also showed different alterations in strain rate between those myocardial tissues
having different degrees of damage. Reports suggested
that full restoration of postischemic contractile function
salvaged by reperfusion may require several days to perhaps even longer.17,18 There will be persistent depressed
SSR if transmural infarction has developed in myocardium
of the infarct zones instead of stunning phenomenon.

Sequential changes in regional systolic
parameters
Either transient or chronic regional myocardial ischemia is known to induce predictable alternations in
local myocardial deformation.1,2 As demonstrated in animal models, myocardial ischemia is characterized by
reduction in maximal systolic strain and SR.6,10-13 In our

Sequential changes in postsystolic shortening
It is not yet clear whether PSS indicates viable tissue
after AMI.16,19,20 Both transmurally infarcted and nontransmurally infarcted myocardium retain PSS, therefore,
the isolated finding of PSS is nonspecific to tissue viability. The mechanism of ischemic PSS, which may occur
both in active contraction and entirely passive tethering,

cept transient increase in ESR 24 hours after PCI in the
infarct zones of group 2 (P < 0.05).

DISCUSSION
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in infarct zones having larger degree (transmural) of injury. The evolutional changes of myocardial function
proceeded after AMI especially in infarct zones having
more severe myocardial damages. The changes in systolic SR of infarct zones may serve as an early marker of
the severity of myocardial damages. More studies are
necessary to describe the interactions and evolutions
concerning the cardiac remodeling and the contractile alteration after AMI.

is still under debate. Skulstad et al. differentiated it with
systolic hypokinesis/akinesis or dyskinesis.21 Pislaru et
al. demonstrated diastolic passive deformation measured
by strain echocardiography could distinguish stiff, noncompliant, transmurally infarcted myocardial walls from
those more compliant walls containing viable but stunned myocardium. 22 In our studies, the PSS developed
concurrently with reduced SSR in the infarct zones, especially in group 1, those patients having more severe
myocardial damage. From 24 hours after reperfusion,
PSS recovered progressively and reached no significant
difference in comparison with that at the remote zones
72 hours after intervention. In contrast, there was no significant difference of PSS in the infarct and remote
zones of group 2, those patients having less myocardial
damage. The observation of recovered PSS in our study
was different from previous studies that showed PSS in
ischemic myocardium as a marker of viability,23,24 suggesting that PSS in successfully reperfused MI should
not be proposed as a marker of viable myocardium. During the first 3 days, the interstitial tissue of the infarct
zones becomes edematous and begins coagulation necrosis,25 likely responsible for the decrease in PSS.

Study limitations
Although measurement of strain and SR is advantageous in evaluation of regional myocardial function,
off-line analysis is time-consuming and not frequently
used clinically. Angle dependency is another limitation
of myocardial strain and SR imaging by tissue Doppler
echocardiography.28 Because longitudinal shortening is a
major component of deformation, we compared infarct
and remote myocardial segments via longitudinal strain
and SR. Thus, information from the radial and circumferential deformation was lacking. The natural history of
AMI is a longer period than those investigated here.
Therefore, our results provide only temporal changes in
early phase of AMI. In order to understand the full evolution of myocardial contractile function in reperfused
AMI, further studies should be carried out.

Sequential changes in regional diastolic
parameters
Myocardial injury after AMI affects not only systolic but also diastolic function. A previous study by
Przyklenk et al. described that the myocardial stunning
phenomenon was not limited to regional systolic impairment, but also had a diastolic component.26 Azevedo et
al. reported that reversibly injured myocardium had persistent diastolic dysfunction after reperfused AMI. 27
However, it did not follow regional diastolic functional
recovery beyond 24 hours of reperfusion. In contrast to
these findings, our results found no significant reduction
of diastolic SR in the infarct zones early after reperfusion but transient increase in ESR 24 hours after PCI in
the infarct zones of group 2.
Our findings suggest that the infarct zones of reperfused AMI show different evolutions in contraction in
regard to the composition of irreversibly necrotic tissue
and viable but injured myocardium. Even after successful reperfusion therapy for AMI, both systolic and diastolic SR abnormality persisted for 24 to 72 hours.
Furthermore, the systolic SR decreased more obviously
Acta Cardiol Sin 2007;23:89-96
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應用組織都卜勒超音波評估緊急血管整形術後
心肌局部收縮功能之變化
王禎煜 1 莊文博 2 高憲立 3 林隆君 3 吳造中 3
台北縣 新店耕莘醫院內科及輔仁大學醫學院1
台北縣 亞東醫院 內科2
台北市 台大醫院 內科部 心臟內科3

背景 利用組織都卜勒超音波量測心肌的 strain 與 strain rate，可以做為準確評估局部心肌
收縮功能的方法。然而，在急性心肌梗塞經緊急血管整形術後，心肌梗塞的區域與鄰近的
心肌間，互相有牽扯的效應，這些指標的連續變化並未被研究過。
方法 在 16 位接受緊急血管整形術的 ST 段上升之急性心肌梗塞病人，於緊急血管整形術
後立即進行心臟超音波檢查，並於 24 小時、72 小時後追蹤，量測 peak systolic strain rate
(SSR)、postsystolic shortening (PSS)、peak strain rate in early diastole (ESR)、late diastole (ASR) 和
peak systolic strain (εsys)。在 6 個月之後，安排心臟超音波或鉈-201 掃描來判定心肌梗塞部
位的組織存活性。

結果 於緊急血管整形術後，心肌梗塞區域的 SSR 與鄰近心肌比較，有顯著的降低 (P <
0.05)，同時 PSS 的產生也具有意義的差別 (P < 0.05)。更深入分析，SSR 的降低與 PSS 的產
生僅在第一組病人觀察到，並未發生於第二組病人。在第一組病人，心肌梗塞區域的 PSS
在 72 小時後恢復 (P < 0.05 versus 血管整形術後 24 小時)，與鄰近心肌的 PSS 比較，已無
顯著差異，而心肌梗塞區域的 SSR 仍有顯著的降低 (P < 0.05)。
結論 使用 strain 與 strain rate 影像，可準確量測心肌梗塞區域，越多的心肌損傷，造成越
多的 strain rate 變化。急性心肌梗塞後進行的再塑形過程，特別發生在心肌壞死的梗塞區域，
可以利用 strain rate 影像來評估。PSS 恢復的連續變化，無法作為評估心肌存活性的替代參
數。
關鍵詞：急性心肌梗塞、緊急血管整形術、Strain 與 strain rate 影像。
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