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Clinical Validity of Longitudinal Pre-Ejectional Myocardial
Velocity for Identifying the Transmural Extent
of Viable Myocardium
Early After Reperfusion of an InfarctRelated Coronary Artery
Hyung-Kwan Kim, MD*,†; Yong-Jin Kim, MD*,†; Sung-A Chang, MD*,†; Song-Yi Kim, MD*,†;
Ho-Joon Jang, MD*,†; Whal Lee, MD**,†; Jin-Shik Park, MD*,†; Dae-Won Sohn, MD*,†;
Byung-Hee Oh, MD*,†; Young-Bae Park, MD*,†; Yun-Shik Choi, MD*,†
Background Positive longitudinal pre-ejectional velocity (+PEVL) was recently reported to be a reliable index
of myocardial recovery early after successful revascularization in myocardial infarction (MI); that is, it recognizes
the transmural extent of viable myocardium. The applicability of PEVL in the real-world clinical setting for identifying the transmural extent of viable myocardium in reperfused recent MI was assessed.
Methods and Results Using tissue Doppler imaging, the resting basal and mid myocardial PEVLs were determined within 3 days after revascularization in 41 consecutive patients with recent MI. Infarct thickness was semiquantified using delayed gadolinium-enhanced magnetic resonance imaging (MRI) at baseline and at 6-month
follow up to differentiate transmural from nontransmural MI. The proportion of segments showing the presence
of +PEVL was not significantly changed as infarct thickness increased (p=0.2), with 66.2% having +PEVL even
in segments involving >75% transmural infarction. Moreover, +PEVL was found in a large fraction of segments
with akinesia (70.4%). Specificity and negative predictive value of +PEVL for assessing infarct nontransmurality
were disappointingly low (32.0% and 26.9%, respectively). All of these results were not altered when the 6-month
follow-up MRI was done.
Conclusions +PEVL cannot be regarded as a reliable marker for predicting the transmural extent of viable myocardium in recent MI. (Circ J 2007; 71: 1904 – 1911)
Key Words: Magnetic resonance imaging; Myocardial infarction; Pre-ejectional velocity; Tissue Doppler
imaging

T

he early identification of viable myocardial extent
after reperfusion therapy in patients with myocardial infarction (MI) is of substantial clinical value,
in terms of patient management and predicting prognosis.1–6
Because myocardial reperfusion after a reversible ischemic
insult frequently results in a protracted contractile dysfunction, which is often described as ‘myocardial stunning’,7,8
conventional wall motion assessment is limited in detecting
viable myocardium with clinically acceptable confidence.
Although dobutamine stress echocardiography, magnetic
resonance imaging (MRI) or nuclear myocardial perfusion
imaging has been traditionally used to assess myocardial
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viability, their applications are, in part, limited by their cost,
availability, and variability.
Interestingly, 2 previous studies suggested that resting
longitudinal pre-ejectional velocity (PEVL) measured at the
apical echocardiographic views by tissue Doppler imaging
(TDI) is a simple and accurate parameter that allows the
prediction of contractile recovery after percutaneous coronary intervention (PCI) in patients with occluded coronary
artery disease, implying the ability of PEVL to identify the
extent of viable myocardium.9,10 However, because a large
number of patients with coronary artery disease comprise
those with multi-vessel disease, not just a single-vessel disease, and wide spectrum of the left ventricular (LV) systolic
function, this potential association between PEVL and
myocardial viability requires confirmation before a general
application of this attractive index can be made to a cohort
of patients with multi-vessel coronary artery disease. Therefore, the purpose of this study was to apply this intriguing
new TDI parameter to patients with recent MI who also had
single- and multi-vessel coronary artery disease, and to
assess its reliability in determining the transmural extent
of viable myocardium, using delayed-enhanced MRI as a
reference modality.
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Methods
Study Population
Forty-one consecutive patients who had experienced a
first acute or subacute MI (age 55.6±11.6 years; range, 31–
78 years) were prospectively recruited. All of them underwent successful PCI of an infarct-related coronary artery,
and no significant coronary stenoses requiring an additional
revascularization procedure remained after PCI in any patient. Acute MI was defined as typical ischemic chest pain
lasting for at least 30 min in combination with either an
elevation of cardiac-specific troponins or an electrocardiographic change of ST-segment elevation within 24 h from
symptom onset and subacute MI, with a time gap between
onset of symptoms and PCI performance from 24 h to <2
weeks. Patients with persistent severe heart failure (Killip
class III or IV and/or LV ejection fraction (LVEF) <20%),
uncontrolled myocardial ischemia or ventricular tachycardia, infarct-related arteries unsuitable for PCI, unsuccessful
PCI, left bundle-branch block, atrial fibrillation, or more
than mild valvular regurgitation were excluded. Whether or
not patients enrolled in the present study had multi-vessel
coronary artery disease was not in the consideration of the
patient enrolment.
The study protocol was approved by the Institutional
Review Board of the Seoul National University Hospital,
and written informed consent was obtained from all participants before study enrollment.
Echocardiography
With the patient in a supine left lateral position, a comprehensive transthoracic echocardiography was performed
within 72 h after PCI, using a commercially available echocardiographic machine (Vivid 7, GE Medical System,
Horten, Norway). Routine standard echocardiographic examinations included LVEF by biplane modified Simpson’s
method and early (E) and late transmitral inflow velocities,
and deceleration time of E velocity by pulsed-wave Doppler
with the sample volume placed between the tips of mitral
leaflets.
Three consecutive heart beats at the apical 4-, 2-, and 3chamber images were digitally captured onto a magnetooptical disc in a cineloop format for later offline analysis of
TDI data, using a customized dedicated software package
(EchoPac vers. 5.0.1 for PC, GE Medical System, Horten,
Norway). Gain and filter settings were carefully adjusted
for better acquisition of myocardial tissue signals. Frame
rates were at least above 120 frames/second, which allows
for a temporal resolution of <9 ms, depending on the width
and depth of the images obtained. A sample volume of 5×
5 mm was placed at the center of the basal and mid myocardial segments as parallel as possible to the motional vector
of the myocardial segments being analyzed. All apical segments were discarded from the analyses due to the difficulty
in aligning the Doppler beam with the longitudinal motion
vector.
Motion of the anterior mitral leaflet was tracked throughout the cardiac cycle by the color M-mode TDI technique to
determine cardiac time intervals, as described elsewhere.11
Longitudinal systolic (SL’) and early diastolic (EL’) myocardial tissue velocities, as well as longitudinal peak velocity
during the pre-ejectional period (PEVL), were obtained
using a 16-segments model. When a biphasic PEVL pattern
was encountered, the dominant one over the other, in terms
of an absolute value, was chosen for subsequent analysis.
Circulation Journal Vol.71, December 2007

Average values for PEVL were taken from 3 consecutive
cardiac cycles in each patient. In addition, as a categorical
term, a positive PEVL value (+PEVL) was considered an
indicator of myocardial viability, whereas a negative PEVL
value (–PEVL) was regarded as a nonviable marker, according to previous studies.12,13 Sensitivity, specificity, positive
and negative predictive values, and test accuracy of +PEVL
for the prediction of nontransmural MI were subsequently
assessed in reference to the baseline and 6-month follow-up
cardiac MRIs.
Measurement of Infarct Thickness by Delayed
Hyperenhanced Cardiac MRI
Cardiac MRI (Sonata 1.5T, Siemens, Erlangen, Germany)
was performed after PCI using a phased-array coil wrapped
around the chest. The acquisition time gap between echocardiography and cardiac MRI was fewer than 3 days. After
localizing the heart, long axis and short axis cine images
with a slice thickness of 8 mm and a gap of 2 mm were obtained throughout the entire LV using contiguous 2-dimensional steady-state precession sequences. After administering an intravenous bolus of gadodiamide (0.1 mmol/kg) at a
rate of 5 ml/s using an infusion pump, delayed enhancement
imaging was obtained with phase-sensitive inversion recovery sequence. Images were acquired during the patient’s
short breath-holding at end-expiration. Using ARGUS software (Siemens), infarct transmurality in the regions of interest was evaluated by an investigator blinded to the echocardiographic TDI results. For 31 patients (368 segments),
cardiac MRI was repeated 6 months after the index MI and
PCI by the same protocol. Quantification of the transmural
extent of delayed enhancement was determined on a 5-grade
scale basis using a 16-segments model as follows: 0 represents no hyperenhancement relative to the entire myocardial
wall thickness; 1, 1–25% hyperenhancement; 2, 26–50%
hyperenhancement; 3, 51–75% hyperenhancement; and 4,
76–100% hyperenhancement.14 Regional wall motion score
of an individual myocardium was also coded for each
myocardium on a 3-grade scale basis: 1, normokinesia; 2,
hypokinesia; and 3, akinesia. The analyses of cardiac MRIs
were performed by one expert (WL), who was unaware of
patient clinical and echocardiographic data.
Inter- and Intra-Observer Variabilities for PEVL
Measurements
Inter- and intra-observer variabilities for PEVL measurements were determined by analyzing 60 segments in 5 randomly selected patients by 2 independent blinded observers,
and these were further analyzed using least squares-fit
linear regression analysis with SEE.
Statistical Analysis
All values are expressed as the mean ± SD or as a percentage. Proportion of the presence of +PEVL was compared
using linear-by-linear association test in reference to each
category of infarct thickness. Fisher’s exact test was employed to evaluate differences in the failure rate of PEVL
measurements according to the coronary circulation characteristics; that is, anterior (mid inferoseptal, basal to mid
anterior, and basal to mid anteroseptal segments) or posterior
(basal inferoseptal, basal to mid anterolateral, basal to mid
inferior, and basal to mid inferolateral segments) circulation.
Test accuracy and the positive and negative predictive values
of color-coded TDI-derived +PEVL for differentiating transmural from nontransmural infarction in a given myocar-
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0.36
–4.6±2.5
–4.1±2.5
–4.4±2.3
–4.7±2.5
–5.7±2.2
–4.6±2.5
0.21
–4.6±2.4
–4.8±2.1
–4.6±3.0
–3.5±1.7
–4.5±2.6

0.88
4.8±9.5
3.9±2.0
3.8±1.5
4.0±1.6
4.9±1.7
5.2±11.3
0.14
4.2±1.8
4.2±1.5
3.9±1.2

76–100%
51–75%
26–50%
1–25%

p value
Total

SL’, longitudinal systolic myocardial velocity; EL’, early diastolic myocardial velocity; MRI, mgnetic resonance imaging.

Clinical characteristics and conventional echocardiographic parameters are described in Table 1. Overall, a total
of 464 myocardial segments were analyzed for SL’, EL’ and
PEVL measurements. Among these, 17 myocardial segments
(3.7%) were considered unfeasible for reliable assessments
of PEVL, and SL’ and EL’ values were not procurable in 16
myocardial segments (3.67%). The number of myocardial
segments subtended by anterior circulation from the left
anterior descending coronary artery was 192 (41.4%),
whereas the number of those supplied by posterior circulation from the left circumflex coronary artery and/or right

–4.6±2.4

Results

EL’ (m/s)

All statistical analyses were performed using SPSS version 13.0 (SPSS Inc, Chicago, IL, USA), and a p value of
<0.05 was considered statistically significant.

3.2±1.3

Test accuracy=(True positive+True negative)/Total number of tests performed;
Positive predictive value = True positive/(True positive +
False positive); and
Negative predictive value=True negative/(True negative+
False negative).

3.3±2.2

dium were calculated using the following equations:

76–100%

*‘Smoking’ means active smokers as well as those ex-smokers who stopped
smoking <1 year before enrollment.
BMI, body mass index; LAD, left anterior descending coronary artery; LCX,
left circumflex coronary artery; RCA, right coronary artery; (N)STEMI,
(Non) ST-elevation myocardial infarction; ACEI, angiotensin-converting
enzyme inhibitors; ARB, angiotensin receptor blockers; LV, left ventricle;
LVESV (LVEDV), left ventricular end-systolic (end-diastolic) volume; E,
early mitral inflow velocity; A, late mitral inflow velocity; DT, deceleration
time of mitral E velocity.

51–75%

Conventional echocardiographic parameters
LV systolic function
LVESV (ml)
62.4±30.5 (range, 29.1–214.2)
LVEDV (ml)
126.8±33.9 (range, 67.8–272.1)
LVEF (%)
52.2±9.3 (range, 21.3–66.4)
LV diastolic function
E (m/s)
0.66±0.19
A (m/s)
0.63±0.18
E/A ratio
1.14±0.47
DT (m/s)
186.5±49.0

Table 2 Relationship Between SL’ or EL’ and the Infarct Thickness Estimated by the Baseline and 6-Month Follow-up Cardiac MRI

41 (100%)
26 (63.4%)
36 (87.8%)
37 (90.2%)

26–50%

21:13:7

Baseline MRI-determined infarct thickness

22:4:15
32:9

0%

10 (24.4%)
13 (31.7%)
27 (65.9%)
8 (19.5%)

0%

6-Month follow-up MRI-determined infarct thickness

Total

55.6±11.6
34 (82.9%)
24.2±2.8

1–25%

Clinical characteristics
Demographics
Age (years)
Male gender (%)
BMI (kg/m2)
Risk factors
Diabetes mellitus
Hypertension
Smoking*
Dyslipidemia
Infarct-related artery
LAD:LCX:RCA
STEMI:NSTEMI
Disease severity
1-:2-:3-vessel disease
Medical treatments
Aspirin or clopidogrel
β-blocker
ACEI or ARB
Statin

4.3±1.8

Study patients (n=41)

SL’ (m/s)

p value

Table 1 Clinical Characteristics and Conventional Echocardiographic
Parameters of the Study Patients
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32
27
15
319

43.3%
21.9%
25.9%
6.7%
22.0%

30

354

0.15
13
7
7
1

447
71
PEV L, longitudinal pre-ejectional velocity. Other abbreviation see in Table 2.

29
24
7
316
Total

% within infarct thickness

25.3%

28.6%

20.8%

27.6%

33.8%

119
24
8
5
2
80
–PEVL

66.2%
72.4%
79.2%
71.4%
74.7%
% within infarct thickness

+PEVL

236

5

19

21

47

328

0.2

55

78.0%

93.3%

74.1%

78.1%

56.7%

83

271
17
25
20
14
195

Total
76–100%
51–75%
26–50%
1–25%

6-Month follow-up MRI-determined infarct thickness

0%
p value
Total
76–100%
51–75%
26–50%

Baseline MRI-determined infarct thickness

1–25%
0%

Relation Between PEVL and Cardiac MRI-Determined
Infarct Thickness
In Reference to the Baseline Cardiac MRI as a Reference
Modality No statistically significant relationship was
found between PEVL (treated as a continuous variable) and
the different categories of MRI-determined infarct thickness (p=0.18). In addition, the proportion of myocardial
segments with +PEVL in each category failed to show any
meaningful trend as MRI-determined infarct thickness
increased (p=0.2) (Table 3). Among 323 segments with delayed enhancement involving <25% of the myocardial wall,
241 segments (74.6%) clearly showed +PEVL, whereas 47
of 71 segments (66.2%) with >75% extent of infarction
demonstrated +PEVL. Likewise, based on the subgroup
analyses using 109 segments with regional wall motion
abnormalities on the baseline cardiac MRI, there was no
significant relationship between PEVL (as a continuous
variable) and MRI-determined infarct thickness (p=0.11).
The proportion of segments showing +PEVL was not significantly different throughout the categories stratified
according to infarct thickness (p=0.35).
In Reference to the 6-Month Follow-up Cardiac MRI as

Table 3 Comparison of the Proportion of Segments With +PEVL According to Cardiac MRI-Determined Infarct Thickness

Relation Between SL’ or EL’ Values and Cardiac
MRI-Determined Infarct Thickness
As expected, SL’ failed to differentiate transmural from
nontransmural infarction (4.2±1.8 m/s vs 4.1±1.1 m/s with
the baseline MRI as a reference standard, p=0.76; 3.8±
1.7 m/s vs 5.0±10.4 m/s with the 6-month follow-up MRI as
a reference standard, p=0.36). Moreover, SL’ values stratified
by the baseline MRI-based infarct thickness (0%, 1–25%,
26–50%, 51–75%, and 76–100% hyperenhancement) were
4.3±1.8 m/s, 3.3±2.2 m/s, 3.2±1.3 m/s, 3.9±1.2 m/s, and
4.2±1.5 m/s, respectively (p=0.14). The corresponding
values in relation to the 6-month follow-up MRI were
5.2±11.2 m/s, 4.9±1.7 m/s, 4.0±1.6 m/s, 3.8±1.5 m/s, and
3.9±2.0 m/s, respectively (p=0.88) (Table 2), confirming
that SL’ is unhelpful for estimating the magnitude of infarct
thickness. Indeed, all SL’ values feasible for analysis displayed positive values regardless of the infarct transmurality.
With the baseline cardiac MRI as a reference, EL’, similarly to SL’, was unsuccessful for differentiating transmural
from nontransmural MI (–4.3±2.4 m/s vs –4.7±2.5 m/s; p=
0.23), indicative of its limited power for predicting myocardial viability in the setting of recent MI. This was also
true for the relation between EL’ and infarct thickness as
determined by both the baseline and the 6-month follow-up
cardiac MRIs (Table 2). All EL’ values feasible for analysis
displayed negative values irrespective of infarct thickness.
For further supporting evidence, we included only 114
segments with regional wall motion abnormalities on the
baseline cardiac MRI, among which 5 segments were discarded because of failure to obtain a PEVL value. For this
subgroup analyses, again, both SL’ and EL’ did not show
any differences between segments with transmural and
those with nontransmural infarction (3.9±1.8 m/s vs 3.4±
1.7 m/s, p=0.14 for SL’ and –4.5±2.3 m/s vs –4.4±1.7 m/s,
p=0.84 for EL’), again upholding the concept that TDIderived SL’ and EL’ are unhelpful for differentiating infarct
transmurality.

p value

coronary artery was 272 (58.6%). In terms of the failure of
PEVL measurements, no significant differences were observed between segments from anterior and posterior circulation (9 segments (4.7%) vs 8 segments (2.9%), p=0.33).

KIM H-K et al.

1908
Table 4 Comparison of the Proportion of Segments With +PEVL According to Regional Myocardial Wall Motion
Determined by Cardiac MRI
Regional myocardial wall motion
Normal

Hypokinesia

Akinesia

+PEVL
% within PEVL category
% within regional wall motion

251
76.5%
74.3%

18
5.5%
72.0%

59
18.0%
70.2%

–PEVL
% within PEVL category
% within regional wall motion

87
73.1%
25.7%

7
5.9%
28.0%

25
21.0%
29.8%

338

25

84

Total

p value

0.45

Abbreviations see in Tables 2,3.

Fig 1. A representative example of a tissue Doppler imaging (TDI) tracing of a false positive result in a patient with
myocardial infarction (MI). This patient experienced MI in the area of the right coronary artery 1 day before enrolling in
the study, which is evident based on the akinetic basal and mid inferior myocardial segments in end-diastole (A) and endsystole (B). Even if cardiac magnetic resonance imaging with delayed gadolinium enhancement well displayed the transmural infarction of these myocardial segments without any expectation of myocardial functional recovery (C), positive
longitudinal pre-ejectional velocity was definitely demonstrated by TDI analysis (D, E). In this patient, the left ventricular
apex showed normal wall motion.

a Reference Modality Again, we found no significant
trend between PEVL and the different categories of the 6month follow-up MRI-determined infarct thickness (p=
0.16). In terms of the proportion of segments with +PEVL
in each category, no statistical significance could be demonstrated (p=0.15) (Table 3). Of 368 myocardial segments
feasible for analysis on the 6-month follow-up MRI, 17 of
30 segments (56.7%) with delayed enhancement of >75%
displayed +PEVL. In contrast, 265 segments showed <25%
transmural necrosis, among which +PEVL was noted in 209
segments (78.9%).
Regional Wall Motion Assessed by Cardiac MRI and its
Relation to the Presence of +PEVL
On the basis of the baseline cardiac MRI, +PEVL was
found in a large proportion of segments with akinesia
(70.2%), although the proportion of segments with +PEVL
was highest for segments with normokinesia (74.3%). This
was also true for analyses based on the 6-month follow-up
MRI, with 71.7% of akinetic segments showing +PEVL. On

the whole, most myocardial segments displayed +PEVL,
irrespective of regional wall motion score (Table 4). A
representative example of +PEVL in transmural MI; that is,
a false positive result, is clearly illustrated in Fig 1, which
shows +PEVL was manifested in the basal and mid inferior
myocardial walls, in which transmural MI was documented
by delayed-enhanced cardiac MRI.
Similar results were derived from analyses using 109 segments with regional wall motion abnormalities on the baseline cardiac MRI; that is, +PEVL was consistently found in
most myocardial segments showing dysfunctional motion
(18 of 25 segments (72.0%) for hypokinetic segments vs 59
of 84 segments (70.2%) for akinetic segments; p=0.99).
Ability of +PEVL to Differentiate Transmural From
Nontransmural MI
In an attempt to simply examine the ability of +PEVL to
differentiate transmural from nontransmural myocardial
necrosis, all myocardial segments were assigned to either a
nontransmural infarction group, involving only subendocarCirculation Journal Vol.71, December 2007
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dial layers (ie, the extent of infarct thickness is <50%), or a
transmural infarction group, in which the subendocardial
layer and any degree of the epicardial layer were involved
(ie, the extent of infarct thickness is ≥50%). Based on the
baseline cardiac MRI, the sensitivity, specificity, positive
and negative predictive values, and test accuracy of +PEVL
were 74.9%, 32.0%, 79.3%, 26.9%, and 62.9%, respectively, for the prediction of the nontransmural infarction of a
particular myocardial segment. The corresponding values
for patients with single-vessel coronary artery disease were
70.8%, 26.9%, 72.0%, 25.7%, and 58.8%, respectively. The
corresponding values obtained from the 6-month follow-up
cardiac MRI are summarized in Table 5, and show no significant differences when compared with those derived
from the baseline MRI.
When the same analyses were conducted using only 105
segments with regional wall motion abnormalities on the
baseline cardiac MRI, the sensitivity, specificity, positive
and negative predictive values, and test accuracy of +PEVL
were 60.5%, 32.4%, 37.7%, 71.9%, and 47.7%, respectively, for the prediction of the nontransmural infarction of a
particular myocardial segment. These results strongly advocate that the overall ability of +PEVL to predict nontransmural infarction is limited.
Intra- and Inter-Observer Variabilities for Measuring PEVL
Inter- and intra-observer variabilities for PEVL were determined by 2 independent blinded observers who analyzed
5 randomly selected patients. Two observers showed a
correlation coefficient of r=0.92 (SEE =0.69). In terms of
intra-observer variability, the correlation was found to be
r=0.95 (SEE =0.55). The results concerning the presence or
absence of +PEVL reported by 2 independent observers
were consistent in 59 out of 60 segments (98.3%).

Discussion
TDI is a non-invasive, versatile echocardiographic technique capable of accurately measuring brief velocity changes
in the myocardium with the help of its high temporal resolution,15–17 which enables both radial pre-ejection velocity
(PEVR) and PEVL to be easily measured. Normal myocardial velocity pattern during the pre-ejectional period has
been described elsewhere.18,19 A number of studies have
addressed the diagnostic potential of TDI in the assessment
of regional myocardial function.15,19,20 However, most
studies have focused on systolic and early diastolic myocardial velocities, and myocardial velocity during the preejectional period has received less attention. Moreover, the
utilization of SL’ for determining the infarct transmurality
of a particular myocardium at risk is known to be limited
due to tethering and translational effects.20,21
Recently, Pislaru et al devised an intracardiac approach
to apply PEVR (not PEVL) to the assessment of the extent
of myocardial necrosis.12 They demonstrated that a decrease
in +PEVR correlates better than systolic myocardial velocity
with the transmural extent of necrosis. A more recent
animal experimental study suggested that PEVL is highly
sensitive to changes in blood supply and that its use could
make TDI a more powerful tool for quantifying regional
myocardial function.13 Even more recently, using a transthoracic approach, Penicka et al showed the usefulness of
PEVL for predicting the recovery of contractile function
during follow up in the setting of recent MI and a singlevessel coronary artery disease.9 In their study, they hypoCirculation Journal Vol.71, December 2007

Table 5 Test Accuracy, Sensitivity, Specificity, and Positive and
Negative Predictive Values for All Myocardial Segments

Test accuracy
Sensitivity
Specificity
Positive predictive value
Negative predictive value

Baseline
MRI-based
(n=464)

6-Month follow-up
MRI-based
(n=368)

62.9%
74.9%
32.0%
79.3%
26.9%

70.1%
78.4%
31.7%
84.1%
24.1%

Abbreviation see in Table 2.

thesized that the tethering effect might be restricted during
the pre-ejectional period, which might provide PEVL with
the ability to reflect myocardial viability with acceptable
overall sensitivity, specificity and accuracy. Although
smaller than those during the systolic or diastolic period, we
believe that tethering effects during the pre-ejection period
are unlikely to be negligible. As supporting evidence, a
decrease in the longitudinal LV length before aortic valve
opening was well demonstrated with high-speed cineventriculography.22 Again, this is advocated by the fact that
longitudinal pre-ejectional myocardial displacement can
constitute 14% of the total longitudinal myocardial displacement, confirming the occurrence of a ‘LV reshaping
process’ during the pre-ejectional period and, as such, the
possibility of the generation of tethering force during this
period.23 This is especially true in a situation in which the
reference point (ie, the position of the transducer) is located
just above the apical myocardium (ie, echocardiographic
apical views), toward which the rest of the myocardial
segments move.
In the present study, for comprehensive assessment of the
clinical validity of +PEVL value relative to the baseline, as
well as the 6-month follow-up cardiac MRIs, we recruited
patients with recent MI and single- as well as multi-vessel
coronary artery diseases. Surprisingly, most myocardial
segments with an infarct extent of >75% demonstrated
+PEVL. According to an earlier study using cardiac MRI,
which was applied to the infarcted human heart, the magnitude of segmental functional recovery gradually diminished
with an increasing degree of transmural extent of necrosis,
being completely absent in segments showing >75% transmural extent of delayed hyperenhancement.14 Accordingly,
+PEVL in the segments with delayed hyperenhancement
involving >75% of myocardial thickness can be considered
to be a false positive result in the context of myocardial
viability. Based on the results of the present study, despite
enthusiasm offered by resting PEVL of an individual
myocardium for the prediction of myocardial viability or in
the estimation of the transmural extent of myocardial
necrosis in the setting of recent MI, the clinical value of
resting PEVL is practically limited owing to its low specificity and low negative predictive value, regardless of the
severity of coronary artery disease (ie, single-vessel vs
multi-vessel disease). Our results are in accordance with
those by Lyseggen et al, who reported that there is no consistent relation between +PEVL and regional myocardial
contractility in an experimental model.24 They also concluded that +PEVL is mostly load-dependent and does not
reflect contractile dysfunction during ischemia.24
We believe that this practical limitation is partly attributable to the tethering effect caused by actively contracting
the adjacent myocardium. This is clearly depicted in Fig 1,
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in which akinetic movements in conjunction with transmural infarction in the basal and mid inferior walls strongly
suggest the absence of viable myocardium. Even in this situation, a more apically oriented normokinetic apicoinferior
wall has repercussions on the longitudinal movements of
the basal and mid inferior walls, which generate +PEVL
due to a tethering effect, despite the presence of transmural
infarction in these segments.
Resting PEVR at the parasternal short axis view might be
less influenced by the tethering effect if the reference point
is located at the center of the LV cavity, as performed by
Pislaru and colleagues,12 and has a special advantage over
the longitudinal approach currently used in a transthoracic
fashion. Unfortunately, however, the current TDI technique
using transthoracic echocardiography can provide myocardial velocities only from anteroseptal and inferolateral
walls owing to its angle-dependency. Although intracardiac
echocardiography enables comprehensive alignment of the
Doppler beam with radial myocardial movements, it is less
available in daily clinical patient care than transthoracic
echocardiography. Furthermore, technical developments of
Doppler echocardiography are expected for the sake of
more easy acquisition of the resting PEVR with transthoracic approach.
The present study has some limitations that need to be
addressed. First, the purported angle-dependency of the
TDI technique is an inherent limitation and, thus, might
affect the measurement of absolute PEVL values. However,
we obtained not only the absolute value of PEVL, but also
the presence or absence of +PEVL as a categorical variable.
Second, the absolute PEVL values are largely dependent on
the myocardial segments examined. The determination of
PEVL by strain rate imaging may be a solution to overcoming the tethering effect and the variability of its value
depending on the segments assessed, unlike its parent
methodology, TDI. However, although strain rate imaging
technique is theoretically a promising and interesting tool,
especially thanks to its independence of tethering or translational effect, it is highly susceptible to signal noise and, as
such, inter-observer correlation is not satisfactory,25–27 which
is an important pragmatic limitation that compromises the
clinical acceptance of strain rate imaging technique. Third,
the apical segments were omitted from the analyses, which
could not be avoided because of the inherent limitation of
TDI; that is, angle-dependency. Fourth, we used cardiac
MRI-determined infarct thickness as a surrogate index for
viability, not a contractile functional recovery with cineangiography in contrast to a previous study.6 Although myocardial contractile recovery provides more direct evidence
for the viability of a given myocardial segment, infarct transmurality assessed by delayed enhanced cardiac MRI is a
more sensitive and objective marker for cardiac remodeling,
delayed myocardial contractile recovery, and prognosis.14
Thus, we do not believe that the results of the present study
are likely to be altered by this methodological discrepancy.
In conclusion, despite the emerging interest in the preejectional phase and its corresponding myocardial velocity,
in a real-world clinical setting encompassing patients with
multi-vessel coronary artery disease, resting +PEVL has
limited potential for identifying the transmural extent of
viable myocardium in patients with reperfused recent MI.
Whether or not resting +PEVR enables improved recognition of functional recovery or infarct transmurality of an
individual myocardium in the human heart requires further
study.
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