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ABSTRACT

Objective Myocardial early systolic lengthening (ESL)
duration is prolonged in patients with coronary artery
disease (CAD). However, the relationship between the
fractional flow reserve (FFR), the current gold standard

for evaluating physiological myocardial ischaemia, and
ESL has not been studied. The aims of this study were to
investigate whether left ventricular (LV) ESL duration could
identify patients with CAD, and to examine the relationship
between FFR and LV ESL duration.

Methods In this single-centre, cross-sectional,
prospective study of 75 patients with suspected or known
CAD, we performed two-dimensional speckle tracking
echocardiography at rest on the day before coronary
angiography or percutaneous coronary intervention. Apical
3 views were used to examine ESL duration, defined as
time from onset of the Q wave to maximum myocardial
systolic lengthening.

Results Thirty-five patients had non-significant stenosis.
Forty patients with CAD underwent FFR testing: 17 had an
FFR>0.8 and 23 had an FFR<0.8. Global ESL duration was
20.9+22.2 ms in patients with non-significant stenosis,
36.4+23.2 ms in patients with FFR>0.8 and 39.6+29.5 ms
in patients with FFR<0.8 (p=0.020). However, global and
regional ESL durations were not significantly correlated
with FFR and demonstrated poor reproducibility.
Conclusion Although myocardial ESL duration was
significantly prolonged in patients with CAD compared
with patients without CAD, ESL at rest showed poor
reproducibility, and this new parameter did not predict FFR
in patients with suspected CAD.

INTRODUCTION
The accurate identification of patients
with ischaemic heart disease is crucial for
successful early revascularisation. The early
diagnosis of myocardial ischaemia has been
challenging, despite several attempts at
non-invasive quantification of ischaemic
myocardial contractions.! * Two-dimensional
(2D) speckle tracking echocardiography
(STE) has played a pivotal role in the early
diagnosis of coronary artery disease (CAD).**
Previous studies indicated that an isch-
aemic myocardium with reduced active force

Key questions

What is already known about this subject?

» Duration of myocardial early systolic lengthening
(ESL) by speckle tracing echocardiography is pro-
longed in patients with coronary artery disease
(CAD).

» However, there are no data about the relationship
between fractional flow reserve (FFR), which is the
current gold standard for evaluating physiological
myocardial ischaemia, and left ventricular (LV) ESL.

What does this study add?

» The results of this study demonstrated that LV ESL
duration at rest was significantly prolonged in pa-
tients with CAD and FFR<0.8 compared with those
without significant CAD, whereas LV ESL duration
did not show a significant correlation with the FFR
value in those with CAD.

How might this impact on clinical practice?

» Although myocardial ESL duration was significantly
prolonged in patients with physiologically significant
CAD, ESL at rest showed poor reproducibility and did
not predict an FFR in these patients.

» Myocardial ESL in clinical practice provided no
additional diagnostic information to identify those
with significant myocardial ischaemia defined as
reduced FFR.

will lengthen when left ventricular (LV) pres-
sure rises during early systole before onset of
systolic shortening in patients with CAD.” °
However, there are no data about the relation-
ship between fractional flow reserve (FFR),
which is the current gold standard for evalu-
ating physiological myocardial ischaemia and
used to determine the optimal therapy, ™’
and LV early systolic lengthening (ESL).

The aims of this study were to investigate
whether the duration of LV ESL could iden-
tify patients with CAD, and to examine the
relationship between FFR and duration of LV
ESL.
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METHODS

Study population

This prospective, single-centre, cross-sectional study was
conducted between September 2012 and December
2014 in the Shinshu University Hospital. We included
75 consecutive patients who were referred to our depart-
ment with suspected or known CAD. All patients under-
went elective diagnostic coronary angiography (CAG)
because of stable chest pain and/or elective percuta-
neous coronary intervention (PCI) because of objective
signs of ischaemia from exercise ECG, stress thallium-201
single-photon emission CT, or clinical symptoms. The
exclusion criteria were acute coronary syndrome, a
history of myocardial infarction, significant valvular heart
disease, atrial fibrillation and bundle branch block with
QRS>120 ms consistent with a previous report.” Our
institutional review board approved the protocol, and
written informed consent was obtained from each patient
before the CAG examination. This study was conducted
in accordance with the principles outlined in the Decla-
ration of Helsinki.

Standard ultrasound examination and measurement

All ultrasound examinations were performed with a
commercially available echocardiographic machine
with an S3 transducer (Vivid Seven System, GE Health-
care, Horten, Norway). Parasternal and apical projec-
tions were obtained according to the recommendations
of the American Society of Echocardiography.'' '* The
LV volume and ejection fraction (EF) were calculated
using the biplane Simpson’s method from the apical
four-chamber and two-chamber views. Pulsed Doppler
echocardiography was used to obtain the transmitral and
pulmonary venous flow velocities, with sample volumes
positioned at the level of the mitral tips and the right
upper pulmonary vein 1 cm below the ostium, respec-
tively. The peak velocities of early (E) and late filling (A)
waves, the E/A ratio of peak velocities and deceleration
time of the E-wave were measured from transmitral flow
velocities, and the peak velocities of systolic (S), diastolic
(D) and A waves, S/D ratio of peak velocities were also
measured from the pulmonary venous flow velocities.

{ Duration of LV ESL

Figure 1

Early diastolic mitral annular velocities of the septal and
lateral mitral annulus (e’ velocity) were obtained by tissue
Doppler imaging and the E/¢’ ratios were calculated.

2D speckled tracking echocardiography

The second harmonic B-mode images were obtained
for offline analysis (EchoPAC Dimension BT12.0, GE
Vingmed Ultrasound, Horten, Norway). 2D STE at rest
was performed the day before CAG or PCI. Apical four-
chamber and two-chamber, and long-axis views were used
to determine the LV longitudinal strain. The frame rate
for 2D echo was 92.7+2.7 frames per second. Longitudinal
strain was measured by 2D-STE using an 18-LV segment
model."” The LV endocardial border was manually traced
in the end-systolic frame, and the software subsequently
and automatically traced the borders in the other frames.
End-systole was defined by aortic valve closure in the
apical long-axis view. LV global longitudinal strain (GLS)
was calculated as the mean longitudinal peak negative
strain from each of three apical views during a cardiac
cycle. For each segment, the peak negative systolic
strain value (representing maximum segmental systolic
shortening), peak positive early strain (representing
maximum segmental systolic lengthening), duration of
ESL and postsystolic shortening (PSS) were recorded by
fully automated software. The values from all segments
were averaged to obtain a mean value for each patient,
according to the methodology about the duration of ESL
in the previous paper.” Regarding the duration of ESL, we
analysed the global and regional values in each patient.
The duration of LV ESL was defined as time from onset
of the Q wave on ECG to maximum myocardial systolic
lengthening (figure 1A). PSS was defined as peak nega-
tive strain during diastole minus peak negative systolic
strain.'* When the minimum segment length occurred
during systole, PSS was zero by definition. Three consec-
utive beats were measured and averaged for each meas-
urement. Based on an 18-LV segment model of myocar-
dial perfusion territories,'” regional strain was calculated
as the value of segments belonging to the perfusion
territory in the left anterior descending coronary artery
(LAD) (seven segments out of the 18-LV segment model).

Anterior

Anteroseptal Anterolateral

Inferoseptal Inferolateral

Inferior

Representative example of LV early systolic lengthening duration using two-dimensional speckle tracking

echocardiography (A) and 18-LV segment model (B). LAD, left anterior descending coronary artery; LCX, left circumflex; LV ESL,
left ventricular early systolic lengthening; RCA, right coronary artery.
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The theoretical perfusion area may not reflect the real
perfusion areas particularly in left circumflex and right
coronary arteries. Therefore, we analysed the composite
of regional strain belonging to the perfusion territory in
left circumflex and right coronary arteries (11 segments
out of the 18-LV segment model) (figure 1B)."*"

Coronary angiography and FFR

Multidirectional CAG was performed according to
Judkins technique. The degree of coronary artery
stenosis was rated visually according to the criteria of
the American Heart Association.”” PCI was performed
at the discretion of the operator. An intracoronary
pressure and temperature sensor-tipped 0.014-inch
wire (Certus, St Jude Medical, Minneapolis, MN, USA)
was passed through a 6 F or 7 F guiding catheter. The
sensor near the wire tip measured the distal pressure
and temperature, whereas the shaft of the pressure wire
detected proximal temperature. Maximal hyperaemia
was induced by infusing intravenous adenosine triphos-
phate (140-180 pg/kg/min) through a 4 F sheath via
the brachial vein or by injecting intracoronary papa-
verine hydrochloride (8-12 mg)."®'” FFR was measured
after CAG or before PCI. Three measurements were
made and averaged. FFR was defined as the mean distal
pressure divided by the mean proximal pressure during
maximal hyperaemia.'"® Non-significant CAD (nsCAD)
was defined as <50% diameter narrowing in all three
vessels on visual estimation. CAD was defined as 250%
diameter stenosis in any coronary artery.

Intraobserver and interobserver variability

The intraobserver and interobserver variabilities for LV
GLS, mean LV peak positive early strain and mean dura-
tion of LV ESL were studied in a group of 27 randomly
selected subjects, based on measurements repeated by
one observer at different times, and by two observers
who were unaware of each other’s measurements. The
bias (mean difference) and limits of agreement (1.96
SDs of difference) between the first and second meas-
urements were determined.

Statistical analysis

Continuous variables are summarised as mean=SD
if normally distributed, and as median and IQR if
non-normally distributed. Categorical variables are
described as percentages. Comparisons among groups
were performed with the use of analysis of variance for
normal continuous variables, the Kruskal-Wallis test
for non-normal continuous variables and y* analyses
for categorical variables. When significant differences
among groups were present, the Bonferroni post hoc
test was used to compare individual groups. Correla-
tions between the FFR and the duration of LV ESL were
studied using a non-parametric (Spearman’s) corre-
lation coefficient. Receiver operating characteristic
(ROC) curve analyses were used to evaluate the diag-
nostic ability of echocardiographic indices to classify

patients with CAD or FFR<0.8. The optimal cut-off
value was the value for which the sum of sensitivity and
specificity was the highest on the ROC curves. A logistic
regression analysis was performed to identify patients
with CAD by using variables that included clinical char-
acteristics, risk factors and echocardiographic indices.
Multivariable analysis was performed using all variables
with a p value <0.1 in the univariable analyses. A value
of p<0.05 was considered to indicate statistical signifi-
cance. All analyses were performed using SPSS V.21.0
(SPSS) and STATA V.14.1 (StataCorp, College Station,
TX, USA).

RESULTS

Clinical characteristics and conventional echocardiography
Patient clinical characteristics are listed in table 1. Thir-
ty-five patients revealed nsCAD. Forty patients, who
underwent FFR, showed CAD, with 17 patients having
FFR=0.8 and 23 patients having FFR<0.8. Patients
with CAD were older than those without (p=0.04).
Sex, blood pressure, history of hypertension, dyslipi-
daemia and diabetes mellitus were similar among the
three groups, whereas smoking was significantly more
common in patients with CAD than in those with
nsCAD. Multivessel disease and visual stenosis did not
differ between the two groups with CAD. With respect
to drug therapies, the use of antiplatelet medications
and statins in patients with CAD was significantly more
frequent compared with patients with nsCAD. Left
atrial diameter, LV thickness and LVEF did not differ
among the three groups. There was no difference in
transmitral, pulmonary venous flow, or pulsed tissue
Doppler parameters among the three groups, except
for the peak E-wave, A-wave and D-wave velocities.

LV myocardial deformation

The values of LV GLS, PSS, LV peak positive early strain
and duration of LV ESL are shown in figure 2. There was
no difference in LV GLS, PSS and LV peak positive early
strain (p=0.14, p=0.71 and p=0.19, respectively) among
the three groups. The duration of ESL was 20.9+22.2
ms in patients with nsCAD, 36.4+23.2 ms in patients
with FFR>0.8 and 39.6+29.5 ms in patients with FFR<0.8
(overall, p=0.020). With respect to regional strain
belonging to the perfusion territory in the LAD, dura-
tion of LV ESL was significantly prolonged in patients
with FFR<0.8 compared with patients with nsCAD and
FFR>0.8 (p=0.001 and 0.018, respectively). There was no
difference in LV longitudinal strain, PSS and LV peak
positive early strain (p=0.22, p=0.67 and p=0.31, respec-
tively) among the three groups (table 2). The duration
of global and regional (on target lesion) LV ESL did not
show the significant correlation with the value of FFR
(n=40, r=0.0093, p=0.95; n=40, r=-0.14, p=0.40, respec-
tively). However, the duration of regional ESL belonging
to the perfusion territory in the LAD was significantly
correlated with FFR (161 segments, r=-0.21, p=0.007),

Minamisawa M, et al. Open Heart 2018;5:6000896. doi:10.1136/0penhrt-2018-000896

3



Open Heart

||

nsCAD CAD
Variable (n=35) FFR>0.8 (n=17) FFR<0.8 (n=23) P values

Male/female 18/17 6/11 15/8 0.17

Diastolic blood pressure (mm Hg) 7610 76+16 7510 0.95

Hypertension, n (%) 27 (77) 11 (65) 17 (74) 0.63

Diabetes mellitus, n (%) 18 (51) 8 (47) 11 (48) 0.94

Multivessel disease, n (%) 6 (35) 10 (44) 0.21

Aspirin/other antiplatelet medication, n (%) 13 (37) 16 (94)* 23 (100) <0.01

Beta-blocker, n (%) 4(11) 4(24) 6 (26) 0.26

Haemoglobin (g/L) 1.35+0.19 1.34+0.18 1.340.14 0.90

Haemoglobin A1c (%) 6.4+1.0 6.3+0.9 6.4+0.9 0.95

Echocardiographic findings

LV thickness (septum) (cm) 1.1+0.2 1.2+0.3 1.1+0.2 0.28

LV end-diastolic diameter (cm) 4.7+0.5 4.8+0.7 47+0.4 0.88

LV end-diastolic volume index (mL/m?) 36=11 3811 34+10 0.55

LV ejection fraction (%) 65+6 68+7 66+9 0.41

Peak E velocity (m/s) 0.63+0.17 0.65+0.13 0.74+0.15* 0.044

E/A 0.82+0.23 0.76+0.15 0.84+0.22 0.50

Pulmonary venous flow

Peak D velocity (m/s) 0.41+0.08 0.36+0.08 0.44+0.12t 0.04

Mitral annulus TDI

e’ (lateral) (cmv/s) 8.1+2.7 72417 8.0+1.8 0.44

E/e’ (lateral) 8.5+3.5 9.6+3.1 9.5+2.3 0.33

Values are number (%), mean + standard deviation, or median (25th, 75th percentiles).

*P<0.05 versus nsCAD group.

1P<0.05 versus FFR>0.8 group.

ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; CAD, coronary artery disease; FFR, fractional flow reserve; LDL, low density
lipoprotein cholesterol; LV, left ventricular; TDI, tissue Doppler imaging; €, peak early diastolic velocity of the mitral annulus; nsCAD, non-significant
coronary artery disease.

-

Minamisawa M, et al. Open Heart 2018;5:6000896. doi:10.1136/0penhrt-2018-000896



Coronary artery disease

A B .
; -5
£
Q\i‘12.0 E
1 2 .l
O .60 g o
E g
2
200 2 a5
p=0.14 K p=0.71
-24.0
20
nSCAD CAD CAD nsCAD CAD CAD
c FFR208  FFR<08 FFR208  FFR<08
254
g ] =0.032
£ Ean e ° 0.16 0.99
£ 201 m -o. -0,
5 g P R
> E
5§ " ﬁ 90 Overall
s > =0.020
g 10 E il
¥ 2
§ 5 g
3 o
o o
nsCAD CAD CAD nsCAD CAD cAD

FFR20.8 FFR<0.8 FFR208 FFR<038

Figure 2 Myocardial deformation in patients with and
without coronary artery disease measured by LV GLS levels
(A), postsystolic shortening (B), LV peak positive early strain
(C), and duration of LV ESL (D). The bottom and top whiskers
indicate the fifth and 95th percentile levels, respectively;

the lower and upper boundaries of the boxes, the 25th

and 75th percentile levels, respectively; and the horizontal
line within the box, the median level. CAD, coronary artery
disease; FFR, fractional flow reserve; LV ESL, left ventricular
early systolic lengthening; LV GLS, left ventricular global
longitudinal strain; nsCAD, non-significant coronary artery
disease.

whereas the duration of regional ESL in the non-LAD
coronary artery was not significantly correlated with FFR
(187 segments, r=0.11, p=0.14). As to the centre region
of ischaemia (using first three longest segments in each
patient), the duration of regional ESL in the LAD was
also significantly correlated with FFR (n=23, r=-0.56,
p=0.0051). The duration of regional ESL (using the only

first three longest segments) in the non-LAD did not
show the correlation with FFR (n=17, r=0.44, p=0.076)
(figure 3).

Discrimination of patients with and without CAD

In the univariable logistic regression analysis, age and
duration of LV ESL were associated with the presence of
CAD. Multivariable logistic regression analyses found that
age and duration of LV ESL were significantly associated
with the presence of CAD (table 3). Of the examined
2D-STE parameters in global measurements, the area
under the ROC curve (AUC) for detecting the presence
of CAD was the greatest for duration of LV ESL (AUC
0.68, 95% CI 0.56 to 0.80, p=0.006) (figure 4A). As deter-
mined by the ROC curve analysis, an LV ESL duration
>14.3 ms (sensitivity 72.5%, specificity 55.6%) separated
patients with CAD from patients with nsCAD. Further-
more, the AUC for detecting the patients with FFR<0.8
was the greatest for duration of LV ESL (AUC 0.65, 95%
CI 0.52 to 0.79, p=0.035) (figure 4B). As determined by
ROC curve analysis, an LV ESL duration >21.2 ms (sensi-
tivity 78.3%, specificity 52.8%) separated patients with
FFR<0.8 from the other patients.

Reproducibility

Intraobserver and interobserver reproducibility of STE
indices are shown in table 4. The LV GLS average coef-
ficient of variation showed excellent reproducibility.
The measurement of duration of global LV ESL showed
modest reproducibility, whereas that of LV peak positive
early strain showed poor reproducibility. With respect to
regional measurements, duration of LV ESL did not show
good reproducibility.

Table 2 Regional speckle tracking echocardiographic findings

nsCAD CAD P values
Variable (n=35) FFR>0.8 (n=17) FFR<0.8 (n=23)
Left anterior descending territories n=35 n=8 n=15
LV longitudinal strain (%) —16.4 (-14.7,-18.6) -16.3(-15.2,-18.2) -13.9(-12.9,-17.2) 0.22
Postsystolic shortening (%) —0.76 (-0.25, -1.10) —0.26 (0, —1.5) —0.32 (-0.058, -1.27) 0.67
LV peak positive early strain (%) 0.58 (0.23, 0.84) 0.73(0.17,1.03) 0.83 (0.61,1.08) 0.31
Duration of LV ESL (ms) 20.9 (11.0, 34.2) 23.1 (8.5, 36.0) 46.4 (33.8, 59.0)*t 0.01
Left circumflex and right coronary artery territories n=35 n=9 n=8
LV longitudinal strain (%) -17.5(-16.8,-19.0) -16.3(-15.2,-18.2) -17.5(-16.5,-19.5) 0.27
Postsystolic shortening (%) -0.47 (-0.23,-0.81) -0.58 (-0.32, -0.99) -0.32 (-0.034, -0.69) 0.30
LV peak positive early strain (%) 0.72 (0.58, 1.25) 1.36 (0.58, 1.79) 0.92 (0.57,1.91) 0.21
Duration of LV ESL (ms) 27.1(15.2,40.8) 53.8 (19.8,65.2) 37.0(28.2,55.9) 0.05

Values are median (25th, 75th percentiles).
*P<0.05 versus nsCAD group.
TP<0.05 versus FFR>0.8 group.

CAD, coronary artery disease; ESL, early systolic lengthening; FFR, fractional flow reserve; LV, left ventricular; nsCAD, non-significant

coronary artery disease.
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Figure 3 Correlation between fractional flow reserve and duration of (A) global LV ESL, (B) regional LV ESL, (C) regional LV
ESL (first three longest segments) in the LAD, and (D) regional LV ESL (first three longest segments) in non-LAD. DESL, duration
of ESL; ESL, early systolic lengthening; LAD, left anterior descending coronary artery; LV, left ventricular.

DISCUSSION

To the best of our knowledge, this is the first study
examining the relationship between FFR and duration
of LV ESL in patients with CAD. The main findings can
be summarised as follows. First, we demonstrated that
duration of LV ESL at rest was significantly prolonged in
patients with CAD and FFR<0.8 compared with patients
with no significant CAD. Second, the duration of LV ESL
was significantly associated with the presence of CAD,

whereas this new parameter did not show a significant
correlation with the FFR value in patients with CAD.
Third, the mean duration of LV ESL and LV peak positive
early strain coefficients of variation showed poor repro-
ducibility. These findings suggested that the duration of
LV ESL might not be a useful parameter to evaluate the
physiological myocardial ischaemia in these patients.
Smedsrud et al reported that prolonged duration of
ESL in stable patients with suspected CAD was related

A
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> >
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Figure 4 Receiver operating characteristic (ROC) curves for detecting (A) patients with coronary artery disease and (B)
patients with FFR<0.8 in global measurements. The AUC for duration of LV ESL was the highest, with optimal ROC cut-off
points of 13.4 ms (A) and 21.2 ms (B), respectively. AUC, area under the ROC curve; FFR, fractional flow reserve; LV ESL, left
ventricular early systolic lengthening; LV GLS, left ventricular global longitudinal strain; PSS, postsystolic shortening.
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Table 4 Intrarobserver and interobserver reproducibility of speckle tracking echocardiography data
Intraobserver Interobserver
Bias and limits of Bias and limits of
agreement (%) CV (%) agreement (%) CV (%)
Global measurements
LV GLS 0.45+0.62 2.14 0.36+0.63 2.30
LV peak positive early strain 0.29+0.40 23.57 0.31+0.43 24.03
Duration of LV ESL 7.34+10.18 7.91 10.20+14.13 12.75
Regional measurements of LV ESL duration
Apical four-chamber view 12.31+£17.04 16.07 4.90+6.79 16.80
Apical two-chamber view 8.42+11.64 9.85 13.63+18.84 15.99
Apical long-axis view 8.54+11.78 9.98 16.95+23.42 24.71

CV, coefficient of variation; ESL, early systolic lengthening; GLS, global longitudinal strain; LV, left ventricular.

to the presence of significant coronary artery stenosis.
They demonstrated that prolonged duration of ESL at
rest enabled detection of significant CAD by using visual
estimation on CAG, and provided incremental value over
peak systolic longitudinal strain for the identification of
patients with significant CAD.” However, whether dura-
tion of LV ESL provides added value for prediction of
the presence of physiological significant CAD had not
been previously studied. Contrary to our expectations,
duration of LV ESL did not predict an FFR, which is
the current gold standard for evaluating the physiolog-
ical myocardial ischaemia, in patients with CAD in the
present study.

The LV ESL values in our study were relatively shorter
than values in the report by Smedsrud et al’ In that
report, the LV ESL values in patients with and without

CAD were 76+37 and 3823 ms, respectively. Further-
more, an average LV ESL duration of 14.3 ms revealed
optimal sensitivity and specificity for identification of
CAD in our study, and the optimal cut-off values were
also shorter than values in that report (cut-off values,
58 ms). Although inclusion and exclusion criteria in
our study accorded with the above study, we considered
other possible explanations for the difference in results
between our study and the previous report. First, we
should consider vendorrelated variability in 2D-STE
measurements.'’ All examinations were performed using
a Vivid 7 scanner in both studies; therefore, equipment
was not a concern. Second, frame rates of analysed
images in our study (mean, 92.7+2.7 frames per second)
were relatively higher than those in the above study
(mean, 76+16 frames per second). However, Shin et al

Table 3 Logistic regression analyses of predictors of coronary artery disease

Univariate Multivariate
OR (95% CI) P values OR (95% ClI) P values
Age 1.06 (1.01to 1.11) 0.01 1.06 (1.01t0 1.17) 0.02
Sex, female 0.96 (0.39 t0 2.38) 0.92
Systolic blood pressure 1.01 (0.99 to 1.04) 0.38
Hypertension 0.69 (0.25t0 1.95) 0.45
Dyslipidaemia 2.25 (0.84 t0 6.00) 0.11
Diabetes mellitus 0.83(0.351t0 2.11) 0.73
Smoking 1.75 (0.83 t0 3.69) 0.14
Multivessel disease 1.11 (0.86 t0 2.32) 0.65
BNP 1.01 (0.99 to 1.01) 0.88
LV ejection fraction 1.03(0.97 t0 1.10) 0.34
LV GLS 1.09 (0.87 t0 1.35) 0.46
Postsystolic shortening 1.00 (0.36 t0 2.80) 0.99
LV peak positive early strain 1.96 (0.78 t0 4.85) 0.15
Duration of LV early systolic lengthening 1.03 (1.01 t0 1.05) 0.0060 1.03 (1.01 t0 1.05) 0.010

BNP, B-type natriuretic peptide; GLS, global longitudinal strain;
LV, left ventricular.
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performed a validation study to compare the global peak
systolic strain at low (mean, 30 frames per second) and
high frame rates (mean, 72 frames per second).”” They
found no significant difference, and good correlation
was observed between the two different frame rates in LV
peak strain measures. Third, the LV segmentation models
were different between the previous and our study. In
the previous report, longitudinal strain was measured
by 2D-STE using a 16-LV segment model. For simplicity,
we measured longitudinal strain using 18-LV segment
model, because it was the default setting for offline anal-
ysis. Indeed, Voigt et al demonstrated that the 18-segment
model is simple and well suited to describe myocardial
mechanics from 2D data."® More studies are needed to
elucidate whether the different LV segmentation models
could account for the difference in LV ESL duration
values between the two studies. Further large-scale multi-
centre studies are needed to confirm the different values
of LV ESL between the previous report and our study.

The mechanism underlying LV ESL remains unclear.
Animal experiments conducted by Lyseggen et al
suggested that a normal myocardium generates sufficient
active force to shorten when LV pressure increases during
systole, whereas an ischaemic myocardium has reduced
active force and tends to lengthen passively during early
systole.”’ During the isovolumetric contraction phase,
when the mitral valve has moved to its final closing posi-
tion and LV volume is constrained, there is a tug-of-war
between the different LV segments.*

The durations of both global and regional ESL did not
show the significant correlation with FFR in the present
study, whereas the duration of regional ESL belonging
to the perfusion territory in the LAD was correlated
with FFR. Voigt et al demonstrated that exercise induced
marked changes in LV myocardial strain.>> However, we
performed echocardiography at resting condition alone.
Considering that FFR was measured in the status of
maximal hyperaemia induced by adenosine triphosphate
or papaverine hydrochloride, LV ESL after exercise or
a stress protocol might show the correlation with the
FFR. More studies are needed to clarify whether LV ESL
during exercise could predict FFR.

In the present study, we found no differences between
patients with and without CAD with regard to LVEF, LV
GLS and PSS. Although PSS has been reported to be
a sensitive marker of myocardium ischaemia induced
by dobutamine stress,** the presence of PSS is not a
specific sign of ischaemia.”” Voigt et al demonstrated that
one-third of normal LV segments had PSS on longitudinal
strain measurements.”” Their findings might account for
no significant difference in the values of PSS among the
three groups in the present study.

Clinical implications

In large clinical trials, identification of ischaemic myocar-
dium using an objective physiological definition such
as FFR has been associated with a greater likelihood
of benefit from revascularisation.” Therefore, it is

important to diagnose the physiological myocardial
ischaemia accurately through non-invasive quantifica-
tion. On the basis of our findings, LV ESL duration at rest
can be used to identify patients with CAD, whereas LV
ESL duration did not show a significant correlation with
FFR value in patients with CAD. Furthermore, the meas-
urement of LV ESL duration did not show good repro-
ducibility, contrary to that of LV GLS. Taken together,
the utility of LV ESL for the detection of myocardial
ischaemia should be interpreted cautiously until verified
in large-scale multicentre studies.

Study limitations

Our findings represented a single-centre experience of
FFR and echocardiography in patients with suspected
CAD. Therefore, the first limitation was the relatively
small number of subjects. However, our study is the
first report to evaluate the relationship between FFR
and duration of LV ESL. Second, we did not evaluate
the values of 2D-STE indices after PCI, and our analysis
was based on single echocardiographic findings the day
before angiogram. Therefore, we could not clarify the
values of 2D-STE parameter changes after PCI. Third,
cardiac MRI was not performed in this study. We might
have included some patients with evidence of myocar-
dial infarction by late enhancement of cardiac MRI.
Despite these limitations, our findings provide new
insight into the diagnostic significance of duration of
LV ESL in patients with suspected CAD. Fourth, our
patients were examined at resting condition, following
the protocol of the previous report.” Therefore, we
could not evaluate the changes is LV ESL after exercise
or a stress protocol.

CONCLUSIONS

Although duration of myocardial ESL was significantly
prolonged in patients with physiologically significant
CAD compared with patients without CAD, ESL at rest
showed poor reproducibility, and this new parameter
could not predict an FFR in these patients.
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