wJ

World Journal of
Cardiology

Online Submissions: http:/ /www.wjgnet.com/esps/
wjc@wjgnet.com
doi:10.4330/ wjc.v4.i12.341

World | Cardiol 2012 December 26; 4(12): 341-346
ISSN 1949-8462 (online)
© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Global and segmental myocardial deformation by 2D
speckle tracking compared to visual assessment

Ashraf M Anwar

Ashraf M Anwar, Department of Cardiology, King Fahd Armed
Forces Hospital, Jeddah 21159, Saudi Arabia

Ashraf M Anwar, Department of Cardiology, Al-Azhar Univer-
sity, Cairo 2010, Egypt

Author contributions: Anwar AM was solely responsible for
this study and wrote this manuscript.

Correspondence to: Dr. Ashraf M Anwar, MD, PhD, FESC,
Department of Cardiology, King Fahd Armed Forces Hospital,
PO Box 9862, Jeddah 21159,

Saudi Arabia. ashrafanwar2000@hotmail.com

Telephone: +966-5-66584970 Fax: +966-2-6651868
Received: July 5, 2012 Revised: October 20, 2012
Accepted: October 27, 2012

Published online: December 26, 2012

Abstract

AIM: To examine the feasibility and reliability of mea-
suring global and segmental longitudinal strain (LS)
compared to visual assessment of wall motion (WM).

METHODS: Assessment of segmental (17 left ventricu-
lar segments) LS using automatic function imaging (AFI)
in 55 patients (60.0 + 8.7 years, 73% male) divided into
2 groups: group I included 35 patients with WM abnor-
malities and/or impaired ejection fraction and group II
included 20 patients with normal WM and ejection frac-
tion. Visual analysis of WM abnormalities was performed
using 2-dimensional echocardiography (2DE) and WM
score was calculated. Both modalities were analyzed by
one expert reader at 2 different sessions.

RESULTS: Analysis of 935 left ventricular segments
was completed in 94.1% and 96.3% by visual assess-
ment and AFI, respectively. There was a strong positive
linear relationship between the WM score and global LS
in all patients. Intra-observer agreement for calculation
of WM score was excellent for group I patients (kappa:
0.97) and very good for group II patients (kappa:
0.92). Intra-observer agreement for AFI showed excel-

(4 9

3u;l::eng® WJC | www.wjgnet.com

341

lent agreement with very small mean difference in both
group I and II (-0.0 £ 2.3 and -0.0 £ 1.9, respectively).

CONCLUSION: The interpretation of global and seg-
mental LS using AFI is a more feasible and reliable
technique for the quantification of myocardial deforma-
tion than visual assessment of WM scores.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Echocardiographic evaluation of segmental and global
myocardial function by visual assessment is the most

used method". The visual assessment relies mainly on
myocardial radial performance, and is limited by high
inter- and intra-observer variability. Furthermore, it pro-
vides a subjective evaluation of endocardial thickening
and excursion'”. Tissue Doppler imaging was expected
to overcome these limitations, but its sensitivity to mea-
sure the longitudinal and radial deformation was limited
due to the angle-dependancy with inability to differenti-
ate between active and passive myocardial motion'™,
Speckle-tracking echocardiography (STE) is a new
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noninvasive imaging technique that quantitatively ana-
lyzes global and regional myocardial function. Its evalua-
tion is based on tracking natural acoustic reflections and
interference patterns within an ultrasound window". A
large amount of published data has described the ac-
curacy and clinical applications of STE with the ability
to elaborate the myocardial deformation in longitudinal,
radial and circumferential directions'®”.

Automated function imaging (AFI) is a novel al-
gorithm calculating the myocardial deformation from
ultrasound speckles that is used to measure myocardial
strain. It tracks the percentage of wall lengthening and
shortening which helps to assess myocardial deforma-
tion based on grayscale images, similar in concept to
magnetic resonance imaging tagging. It presents an ob-
jective, semi-automatic, and angle-independent analysis
of longitudinal peak systolic strain (I.S) based on speckle
tracking and provides a single bull’s-eye summary of the
left ventricular (LV) segmental wall strain”.

The objective of this study was to assess the feasibil-
ity and reliability of AFI compatred with visual assess-
ment by 2-dimensional echocardiography (2DE), regard-
less of underlying cardiac disorders.

MATERIALS AND METHODS

The study included 55 consecutive patients who were re-
ferred for echocardiography for assessment of LV func-
tion and segmental wall motion (WM) abnormalities. The
inclusion criteria were adequate image quality and sinus
rhythm. Conventional 2DE was performed according to
guidelines using a commercial ultrasound system (Vivid
7, GE Health Medical, Milwaukee, WI, United States)
supported by a multi-frequency transducer (M3S 1.7/3.4
MHz). After the completion of the 2DE study, the 17 LV
segments were assessed by visual analysis and AFI. Both
visual analysis and AFI were performed by one experi-
enced observer at two different settings. The first analysis
was performed immediately after the end of each study.
The second re-analysis of all studies was performed by
the same observer after collection of cases. The interval
between the 2 analysis was 1 mo. In each study, the ob-
server was blinded to the previous readings.

Visual analysis: Visual analysis of the contractile func-
tion of all the 17 segments was interpreted according to
the American Society of Echocardiography criteria'”
using a four-point score: (1) normal; (2) hypokinetic; (3)
akinetic; or (4) dyskinetic. The sum of the WM scores,
averaged over the number of segments with interpretive
scores, gave the WM score index.

AFI protocol: The AFI was performed through an off-
line analysis of 3 digitally stored 2D images (apical long-
axis, 2- and 4-chamber) with high frame rates (> 60
frames/s) using commercial imaging analysis softwate
(EchoPAC 6.1.0, GE Health Medical)"". The peak sys-

tolic strain values in a 17-segment LV model were used
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in the present study. End-systole was defined as aortic
valve closure in the apical long-axis view by continu-
ous Doppler wave recording. Automated delineation of
endocardial borders was obtained through marking the
mitral annulus level and at the apex on each digital loop.
The area of interest was manually adjusted if automated
delineation was not optimal. Segments with poor image
acquisition or artifacts were excluded due to inability to
measure LS. Segmental LS was calculated as the percent-
age of lengthening or shortening and the results for
each plane were displayed (Figure 1). The results for all
3 planes were then combined in a single bull’s-eye sum-
mary (Figure 2). The sum of LS, averaged over the num-
ber of segments with interpretive scores, gave the global
LS. The normal values of segmental and global LS were
considered (-17.4% for females and -15.9% for males)
based on the Hunt study in Norway'” which presented
the reference values in 1266 healthy individuals accord-
ing to age and sex.

Statistical analysis

Statistical analysis was performed using the software pack-
age SPSS version 11.5 (SPSS Inc, Chicago IL, United
States). All data obtained were presented as mean £ SD.
Paired sample 7 test was performed to determine the dif-
ference in values between the repeated readings of visual
analysis and AFIL The level of significance was set to P
< 0.05. Intraobserver agreement for visual analysis score
for each segment was estimated using kappa values and
classified as excellent with a value of 0.93-1.0, very good
0.81-0.92, good 0.41-0.60, and poor < 0.4, Intraobserver
agreement for global and segmental LS measurements was
estimated according to the Bland and Altman method" ",

RESULTS

Baseline criteria

The study included 55 consecutive patients (60.0 = 8.7
years, 73% male). Depending on 2DE calculation of LV
ejection fraction and assessment of WM abnormalities,
the patients were classified into 2 groups: group [ included
35 patients with WM abnormalities and/or impaired LV
ejection fraction (< 50%), and group II included 20 pa-
tients with normal WM and LV ejection fraction. Baseline
criteria of both groups are displayed in Table 1. Clinical
data of patients in group I showed a higher incidence
of diabetes, hypertension, smoking and ischemic heart
disease (55%, 40%, 45% and 55%, respectively) than for
patients in group II (30%, 25%, 30% and 15%, respec-
tively). Through analysis of LV by the 17-segment model,
a total of 935 segments were assessed by both visual and
AFTI analysis techniques. Global LS was well correlated (R
= 0.86, P < 0.0001) with WM score index in all patients,
while the correlation with LV ejection fraction was less (R
=0.62, P < 0.01).

Visual analysis
Complete analysis was achieved in all patients within 3.5
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t+ 1.9 min. Complete scoring was obtained for 880 seg-
ments (94.1%), while it was not possible for 55 segments
(5.9%) due to poor endocardial visualization. Distribu-
tion of the missed segments showed high incidence for
basal antero-lateral (40%), basal anterior (20%) and api-
co-inferior (20%). The highest intra-observer correlation
(R > 0.8, P < 0.0001) was obtained for analysis of mid
segments of all walls, while the lowest correlation (R =
0.56, P = 0.01) was for both basal antero-lateral and bas-
al anterior segments. Intra-observer agreement for cal-
culation of WM score was excellent for group 1 patients
(kappa value: 0.97) and very good for group II patients
(kappa value: 0.92).

AFl analysis

Complete analysis was achieved in all patients within 3.9
t+ 2.1 min. Manual modification of the endocardial boz-
der was petformed to get optimal delineation in 10 pa-
tients (18%). Calculation of LS was obtained for 900 seg-
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Figure 1 Segmental longi-
tudinal strain displayed in
3 image planes. A: Apical
4-chamber; B: Apical 2-cham-
ber; C: Apical long axis views.

Figure 2 Measurements of longitudinal strain in all
17 left ventricle segments represented in bull’s eye
map in normal (right) and abnormal (left) subjects.

ments (96.3%), while it was not obtained for 35 segments
(3.7%). Distribution of the missed segments showed
high incidence for basal antero-lateral (26%), apico-lateral
(20%), apico-inferior (20%) and basal anterior (14%).
The highest intra-observer correlation (= 0.83, P <
0.0001) was obtained for analysis of apico-lateral, apico-
septal, apico-inferior, mid antero-lateral, mid infero-septal
and mid antero-septal segments. The lowest correlation
(R = 0.53, P = 0.008) was for the basal antero-lateral
segment. Basal and apical anterior segments showed low
correlation (R = 0.65, P = 0.001). Using the Bland and
Altman method for intra-observer agreement showed
excellent agreement with a very small mean difference in
both groups of patients (Table 2). Comparison between
both techniques is summarized in Table 3.

Reclassification of patients

Based on global LS calculation, all patients in group I and 5
patients in group 1 had reduced global LS (-12.4% * 2.1%).
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Table 1 Baseline criteria of all patients

Total Group [ Group 1I

(=55 (=35 (z=20) 7vaue

Age 594+13.6 61.0£99 57.7£16.9 0.4
Gender, 1 (%) 0.8

Male 29 (725%) 14 (70%) 15 (75%)

Female 11 27.5%) 6 (30%) 5 (25%)
IVS (mm) 103+24 94+21 113+24 0.01
PW (mm) 98+17 9415  102+19 0.1
LV mass 2454 +£99.5 2549+1089 2353+90.6 0.5
LA diameter (mm)  383+6.6 402+64 36.3+6.3 0.07
LVDD (mm) 512+98 552+11.6 49.0+51  0.009
LVSD (mm) 364+119 413+141 302453  0.008
LV-FS (%) 30.0+11.1 264+119 349+7.1 0.03
LVDV (mL) 1194 +£65.7 137.9+858 99.9+208  0.07
LVSV (mL) 65.7+60.8 873+773 40.9+20.1 0.02
LV-EF (%) 499+15.0 419+14.1 59.7 £8.1 0.0001
WM score 20.6+6.4 249+64 16.0+ 0.0 0.0001
WM score index 13+04 1.6+04 1.0+0.0 0.0001
Global LS -11.8+6.7 93171 -15.6 £3.7 0.02

Data ara show as mean + SD. IVS: Interventricular septum; LA: Left atrium;
LS: Longitudinal strain; LV: Left ventricle; LVDD: LV diastolic dimension;
LVDV: LV diastolic volume; LV-EF: LV ejection fraction; LV-FS: LV frac-
tion shortening; LVSD: LV systolic dimension; LVSV: LV systolic volume;
PW: Posterior wall; WM: Wall motion.

The remaining 15 patients in group II had normal global
LS (-17.8% * 1.6%). The 5 patients in group II with re-
duced global LS were older (62.1 £ 2.3 years), 4 males and
1 female. All were diabetic and hypertensive. 2DE showed
bordetline LV ejection fraction (51.2% % 0.8%).

DISCUSSION

This study demonstrated that AFI analysis of global and
segmental LS was well correlated with visual assessment
of WM abnormalities. Compared to visual assessment,
AFI showed very small intra-observer variability regard-
less of the presence or absence of WM abnormalities
and impaired LV systolic function.

The visual interpretation of WM abnormalities with
conventional 2DE is based on the assessment of myo-
cardial thickening and endocardial excursion. This meth-
od is widely used for assessing LV global and segmental
systolic function. However, it is observer-dependant and
requires experience!l. Several reports have described
the reliability and feasibility of STE to evaluate global
and segmental myocardial deformation throughout the
cardiac cycle in both normal and abnormal subjects. It
is able to investigate LV function (circumferential, radial
and longitudinal) without angle dependency™"”

The AFI algorithm is a novel method based on 2D
strain imaging which tracks acoustic pixels equally distrib-
uted within the myocardial wall. It enables the quantifica-
tion of myocardial strain simultaneously in different LV
segments with ultrasound beam angle-independency. Pre-
vious studies reported that AFI is a fast, simple and high
reproducible tool for semi-automatic assessment of LV
function that supports clinical decision-making™'. The
current study aimed to evaluate the reliability and feasibil-
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Table 2 Intra-observer correlation and variability of segmen-

tal analysis by visual analysis and automatic function imaging

Wall motion score Speckle tracking (AFI)
Total GroupI Group I Total Group I Group 1T
(n = 55) (n = 35) (n = 20) (n = 55) (n = 35) (n = 20)
Istreading 20.6+64 249+64 16.0+0.0 -11.8+6.7 -93+7.1 -156+3.7
2nd reading 22.6+87 273+59 177429 -13.6+55 -113+56 -15.6+4.8
R=0.73,P=0.03 R=0.9, P<0.0001
21+59 24459 17+29 -002+20 -00+£23 -00+19

Correlation
MD

Data ara show as mean + SD. MD: Mean difference; AFI: Automatic func-
tion imaging.

Table 3 Summarized comparison between automatic function

imaging and visual analysis of wall motion abnormalities

Visual analysis AFI
Analysis time (min) 35+1.9 39+21
Complete analysis (%) 94.10 96.30
Intra-observer mean difference
Normal subjects 1.7+29 -0.0+1.9
Abnormal subjects 2459 -0.0+23

Data ara show as mean + SD. AFI: Automatic function imaging.

ity of AFI to detect segmental WM asynergy compared
with visual assessment.

In agreement with the studies of Reisner e a/'"® and
Munk e /", global LS was correlated better with WM
score index than with LV ejection fraction (R = 0.86, P <
0.0001; R = 0.62, P < 0.01, respectively).This finding can
be explained by the direct effect of LV volume and heart
rate on calculation of ejection fraction, while this effect is
minimal on WM score index and nil on global LS.

By AFI, complete analysis was obtained for 96.3%
of segments while by visual analysis, it was less (94.1%).
This was explained by the higher percentage of un-
interpretable segments by visual analysis due to poor
endocardial delineation, while AFI (which depends on
objective tracking of pixels) originated predominantly
from the sub-endocardial fibers™. Among the missed
segments, basal antero-lateral and basal anterior had the
higher incidence by both AFI and visual analysis, with
tendency of better intra-observer correlation for AFI
than visual analysis.

Theoretically speaking, the semi-automated calcula-
tion improves reproducibility of the technique when
compared with objective assessment. This can explain
the good intra-observer variability in measurement of
global LS and LV rotation by 2D speckle tracking which
was demonstrated in previous studies**". In the current
study, excellent intra-observer correlation and agreement
was shown by both techniques in normal subjects. In ab-
normal subjects, AFI showed better intra-observer cor-
relation and agreement than visual assessment.

Reclassification of our patients based on global LS
measurements showed that a considerable percentage
(25%) of patients who were considered as normal due to
absent segmental WM abnormalities had reduced global
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LS. This was in agreement with previous studies!”*

which demonstrated that quantification of segmental and
global LS may detect subclinical LV dysfunction eatlier
than visual analysis of WM in asymptomatic patients with
apparently normal LV ejection fraction.

The number of patients included is relatively small;
however, it was enough to reach the target of the study.
Only one software application (AFI) was applied for
measurement of LS; therefore, our results must be taken
in consideration towatds the AFI only and not for other
available software.

The AFI algorithm enabled a comprehensive assess-
ment of global and segmental LS of the LV. It overcame
the subjective and semi-quantitative analysis of LV ob-
tained by visual assessment and showed better intra-ob-
server agreement in both normal and abnormal subjects.
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