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Global Circumferential Strain by 2-Dimensional Speckle Tracking Method
for the Evaluation of the Left Ventricular Function
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Gil Medical Center, Incheon, Korea

ABSTRACT

Background and Objectives: The speckle tracking method using 2-dimensional (2D) echocardiography is not
affected by the tethering of neighboring segments and angulation. Global circumferential strain (GCS) of the left
ventricle (LV) has been suggested as a systolic index and correlated with LV contractility. The purpose of this
study was to investigate whether acute changes in preload affect global circumferential strain and to evaluate the
usefulness of GCS by the speckle tracking method. Subjects and Methods: 2D echocardiography was performed
in 69 patients with end-stage renal disease before and after hemodialysis to measure the LV end-diastolic volume
and LV ejection fraction. 2D images were acquired from the short-axis view of the mid-LV for the evaluation of
GCS. Results: Mean LV end-diastolic volume significantly decreased from 91.2+33.3 mL to 72.3+32.0 mL (p<
0.05), and LV ejection fraction decreased from 63.6+13.1% to 60.0111.2% (p=0.006) after hemodialysis.
However, mean GCS showed no significant change after hemodialysis (17.2+5.3% vs. 16.6£4.7%, p=0.13).
GCS was found to be well correlated with LV ejection fraction (r=0.54, p<0.05) and peak systolic mitral annular
velocity (r=0.46, p=0.000), but not with LV preload (r=0.06, p=0.622). Conclusion: GCS using the speckle
tracking method is a useful index for the evaluation of LV systolic function because it is not affected by acute
preload change and is correlated with LV ejection fraction and peak systolic mitral annular velocity. (Korean Circ
J 2008;38:379-386)
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LV mass index (g/m”)=LV mass/body surface area (2] 2)

(LVIDA+PWTd/2+1VSTd/2)— (LVIDs+Hs/2)
(LVIDd+PWTd/2+IVSTd/2)

Midwall FS= X100

(F4] 3)

(LVIDd+Hd/2) ~LVIDd’=(LVIDs+Hs/2)~LVIDs’ (3-4] 4)
LVID: LV internal dimension, PWT: posterior wall thick-
ness, IVST: interventricular septal thckness, Midwall FS:
midwall fractional shortening, H: PWT+SWT, SWT: septal

wall thickness, d: diastolic, s: systolic
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719} zﬂﬂﬁ 22 7}7F 160+8.5 cm (143~184 cm)9} 1,59
+0.18 m” (1.2~2.1 m") o]t 6932 3=} % 29g0] &

A4 715 A01E T I9oR, SEH olRE (mitral
regurgitation)©| 207, WA =22 (gortic regur-

gitation)©o] 59, F4AA wlti7} 129 o| A TEE R ESH

36904 Fio] 91glar 3872 1 eto] 9J9iTt (Table 1).

24 A% A& dof, Wyl Taple 29}

57 OIQWI A2 B4 & {oabA 1

= 5*4 A59] §ogt 2ol7h Fict.
ARsH B4 A 9124333 mLoA R4 F 723+

32.0 mLZ 9-9l3}4| (p=0.000) A3l FTEES E

f

Table 1. Baseline characteristics of the study subjects (n=69)
Age (years) 50.0+11.5(23-77)

Gender (M/F) 33/36

Height (cm) 160.0£8.50 (143-184)

Body weight (kg  57.0£9.5

BSA (m?) 1.59£0.18 (1.2-2.1)

MR (n=20) GI/IV(n=12) Gl (n=6) GII(n=2)
AR (n=5) GI/IV (n=2) G II (n=3)

LV hypertrophy n=12

DM n=36

HTN n=38

BUN (mg/mL) 67.7%+23.3 (12.0-113.0)

Cr (mg/mL) 9.331+2.97 (2.40-15.80)

BSA: body surface area, MR: mitral regurgitation, AR aortic re-
gurgitation, LV hypertrophy: diastolic thickness of left ventricular
posterior wall =12 mm, DM: diabetes mellitus, HTN: hypertension

| Peal | -34.75 -23.20 -16.48 -28.88 -36.82

Fig. 1. Speckle tracking method using a 2D echocardiographic image. Automatic frame-by-frame tracking of natural acoustic markers
around the traced line was used to measure the global circumferential strain along the selected region of interest at the level of the mid-LV.
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Table 2. Comparison of body weight, blood pressure, and heart
rate between pre- and post-hemodialysis

Table 4. Comparison of circumferential and longitudinal strains
between pre- and post-hemodialysis

Pre-hemodialysis ~ Post-hemodialysis p
BW (kg) 57.0%+9.5 549+94 0.000
SBP (mmHg) 145.5£26.4 133.5£22.2 0.008
DBP (mmHg) 79.0£15.8 73.1%+13.9 0.023
HR 75.6t13.1 771£155 0.329

BW: body weight, SBP: systolic blood pressure, DBP: diastolic blood

pressure, HR: heart rate per minute

Table 3. Comparison of echocardiographic parameters between
pre- and post-hemodialysis

Pre-hemodialysis ~ Post-hemodialysis p
EDV (mL) 91.2%+333 72.31+32.0 0.000
ESV (mL) 354+27.0 30.3£23.4 0.001
EF (%) 63.61t13.1 60.0t11.2 0.006
E (m/sec) 0.83£0.25 0.66£0.22 0.000
A (m/sec) 0.84*£0.23 0.78+0.22 0.029
E/A ratio 1.05£0.44 0.90*£0.44 0.004
DT (msec) 177.3£56.6 194.4+57.7 0.048
E’ (cm/sec) 56*t15 491t1.6 0.001
A’ (cm/sec) 8.1%2.2 8.2%+23 0.725
S’ (cm/sec) 4.7£1.0 4.6+1.0 0.250
LVMI (g/m?) 176.8 £58.5 173.3+71.9 0.420
MES (%) 223%7.2 20.61+6.0 0.011

Pre- Post-
hemodialysis hemodialysis ®
GCS (%) 17.2£53 16.6 4.7 0.127
Regional circumferential
strain (%)
Anteroseptal region 18.6%9.3 16.1 8.6 0.002
Anterior region 12.6+7.7 12.7£7.0 0.919
Lateral region 9.8£6.5 10.6%+7.0 0.360
Posterior region 122+6.7 128+6.2 0.512
Inferior region 19.3+74 20.0£7.3 0.499
Septal region 22.5£8.0 204+73 0.005
GLS (%) 17.0%+4.9 15144 0.00
Apical 4 chamber view 16.6£5.1 15.0£4.6 0.01
Apical 2 chamber view 173+5.6 153%5.0 0.00

GCS: global circumferential strain, GLS: global longitudinal strain

EDV: end diastolic volume (preload), ESV: end systolic volume, EF:
ejection fraction, E: peak E wave velocity, A: peak A wave velocity,
DT: deceleration time, E’: mitral annular peak early diastolic velocity,
A’t mitral annular peak late diastolic velocity, S’ mitral annular peak
systolic velocity, LVMI: left ventricular mass index, MFS: midwall
fractional shortening
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Fig. 2. Correlation between left ventricular preload (end-diastolic
volume, EDV) change and global circumferential strain (GCS)
change.
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Table 5. Correlation among mitral annular peak systolic velocity
(S"), midwall fractional shortening (MFS), ejection fraction (EF),
global circumferential strain (GCS), and global longitudinal strain
(GLS)

EF GCS GLS
r-value (p) r-value (p) r-value (p)
S’ A) 0.46 (0.000) 0.42 (0.000) 0.37 (0.022)
B) 0.25 (0.043) 0.46 (0.006) 0.44 (0.000)
C) 0.38 (0.000) 0.46 (0.000) 0.40 (0.000)
MFS A) 0.48 (0.000) 0.35 (0.003) 0.38 (0.008)
B) 0.05 (0.709) 0.33 (0.006) 0.33 (0.008)
C) 0.31 (0.000) 0.35 (0.000) 0.37 (0.000)

A) Pre-hemodialysis, B) Post-hemodialysis, C) Including pre- and
post- hemodialysis
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Table 6. Sensitivity and specificity of global circumferential strain
(GCS) obtained by the speckle tracking method to detect normal
left ventricular ejection fraction (EF, 55%) in 69 patients with end-
stage renal disease (total 138 measurements including pre- and
post-hemodialysis). Patients are divided according to the mean
GCS (19.1%) of normal persons (n=25)

EF<55% EF=>55%
GCS<19.1% 31 62
GCS=19.1% 2 43
Total 33 105
Sensitivity: 93.9%, specificity: 41.0%
1.0
0.8 1
0.6 -
2
3
2z
3
0.4 4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Fig. 5. Receiver operating characteristic (ROC) curve of global
circumferential strain (GCS) (area under the curve, AUC 0.765).
Sensitivity was 72.7% and specificity was 54.3% when a cut-off
GCS value of 17.11% was used to detect normal left ventricular
ejection fraction.
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