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Left ventricular dysfunction measured by tissue Doppler imaging and strain rate imaging
in hypertensive adolescents

Hye Mi Ahn, M.D,, Sun Ok Jung, M.D,, Jung Hyun Kwon, M.D. and Young Mi Hong, M.D.

Department of Pediatrics, School of Medicine, Ewha Womans University, Seoul, Korea

Purpose: Left ventricular (LV) hypertrophy and impaired diastolic function may occur early in systemic hypertension. Diastolic
dysfunction is associated with increased cardiovascular risk. Tissue Doppler imaging (TDI)-derived tissue velocity and strain
rate are new parameters for assessing diastolic dysfunction. The aim of this study is to determine whether TDI and strain
rate imaging (SRI) would improve the ability to recognize early impaired diastolic and systolic functions compared with

conventional echocardiography in hypertensive adolescents.

Methods: We included 38 hypertensive patients with systolic blood pressure above 140 mmHg or diastolic blood pressure
above 90 mmHg. Ejection fraction and myocardial performance index (MPI) were estimated by conventional echo-
cardiography. Peak systolic myocardial velocity, early diastolic myocardial velocity (Em), and peak late diastolic myocardial

velocity (Am) were obtained by using TDI and SRI.

Results: In the hypertensive group, interventricular septal thickness was significantly increased on M-mode echocar-
diography. Em/Am was significantly decreased at the mitral valve annulus. Among hypertensive subjects, the E strain rate
at basal, mid, and apex was significantly decreased. Systolic strain was significantly decreased at the septum in the

hypertensive group.

Condusion: Strain rate might be a useful new parameter for the quantification of both regional and global LV functions
and could be used in long-term follow up in hypertensive patients. Early identification by SRI of subjects at risk for hyper-
tensive and ventricular dysfunction may help to stratify risk and guide therapy. Further studies, including serial assessment
of LV structure and function in a larger number of adolescents with hypertension, is necessary. (Korean J Pediatr

2010;53:72-79)
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Fig. 1. Myocardial performance index (MPI) and modified MPI of the left ventricle; ICT, isovolumic contraction
time; IRT, isovolumic relaxation time; ET, ejection time; AV, atrioventricular; AVV, atrioventricular valve; V,

ventricular.
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Fig. 2. Myocardial velocity by tissue Doppler imaging (TDI) in a
hypertensive adolescent; S, systolic myocardial velocity; E, early
diastolic myocardial velocity; A, late diastolic myocardial velocity.
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Fig. 3. Strain by strain rate imaging (SRD in a hypertensive
adolescent.
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Fig. 4. Strain rate by strain rate imaging (SRI) in a hyperten-
sive adolescent.
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M-mode Z&3F A4 ¥ FA= 18l 7.8£1.2 mm,

el F2skAl FAR AL, A
611.2 mm, tiZ7olA 6.6£1.4 mm
g F7HE HAAth

EFE 5 Alolol §93k xfo)7} gtk (Table 2). Myo-
cardial performance index (MPID) 2} Modified MPI 25 2] %+
ztol= gldtH(Table 3). R A/ £55 4 4% A i
L5 vl 0.5340.14 m/s®E A 0.46+0.11 m/sell
il f-oJskAl F7hsk3ith(Table 4).
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Table 1. Anthropometric Data of Study Group Table 3. Myocardial Performance Index (MPI) and Modified
- - MPI in Hypertensive and Normotensive Groups
Hypertensive Normotensive
Anthropometric data group group Hypertensive Normotensive P
(n=38) (n=19) group group value
Height (cm) 168.2+10.5 166.1£5.8 MPI 0.42+0.05 0.40£0.06 0.088
Weight (kg) 70.9+12.4" 573144 LV ICT (ms) 60.09+10.80 56.82+10.48 0.107
BMI (kg/m?) 253428 19.1£0.9 LV IRT (ms) 61.80£9.92 62.44£7.84 0.389
Obesity index (%) 127.7+18.5 103.6+1.5 LV ET (ms) 292.34+24.48 299.10+20.34 0.116
Systolic BP (mmHg) 147.6+6.7° 117.5£12.8 Modified MPI 0.40+0.07 0.39+0.06 0.219
Diastolic BP (mmHg) 80.6+7.8" 71.4+9.4 IVCT (ms) 62.11£14.94 58.22+£11.23 0.123
. . IVRT (ms) 55.06+10.43 56.63£9.58 0.264
Abbreviations : BMI, body mass index; BP, blood pressure ET (ms) 29213419 55 295.13415.02 0.247

*P<0.05 different from control group
P»0.05 significantly different from control group
Abberiviations: MPI, myocardial performance index; LVICT, left

Table 2. Selected Parameters by Conventional Echocardio- ventricular isovolumetric contraction time; LVIRT, left ventricular
graphy in Hypertensive and Normotensive Groups isovolumetric relaxation time; LVET, left ventricular ejection time;
IVCT, isovolumetric contriaction time; IVRT, isovolumetric relaxation
Hypertensive ~ Normotensive time: FT. eiection time
P value »EL g
group group
M-mode . Table 4. Mitral Inflow Variables by Conventional Echocardio-
IVSd (mm) 7.8+1.2 6.7£1.1 0.0002 graphy in Hypertensive and Control Groups
LVPWd (mm) 7.6+1.2 6.6x1.4 0.0006 ] )
2D Echo Hypertensive Normotensive P
LVEDV (mL)  121.3£27.5  94.0%+24.5 0.001 group group value
LVESV (mL) 35.2+14.6" 28.4%9.1 0.015 Mitral Valve
EF (%) 70.7+6.7 69.5+6.1 0.222 E (m/s) 0.94+0.17  0.90+0.14  0.204
*P<0.05 significantly different from control group A (m/s) 0.53+0.14 0.46£0.11 ~ 0.027
Abbreviations: IVSd, interventricular septal thickness in diastole; E/A 1.86£0.45 2.02+0.47  0.079

LVPWd, left ventricular posterior wall thickness in diastole; LVEDV, DT (ms) 1459142580 137.89+23.64 0.096
left ventricular end diastolic volume; LVESV, left ventricular end
systolic volume; EF, ejection fraction

*P{0.05 significantly different from control group
Abbreviations: E, peak early diastolic velocity; A, peak late diastolic
velocity; DT, deceleration time

3. Tissue Doppler Image0i| 2|gt X

uy =R} 227 AL & :
TDIZ G2 annulusA 589 7571 A2 S12 (Sm: peak Table 5. Systolic and Diastolic Parameters by Tissue Doppler
o

systolic myocardial velocity)< 18 Ao 7.9+1.2 Imaging (TDD) in Hypertensive and Normotensive Groups
cm/sec, A7 Ao s 7.2+1.2 cm/sec, Am (peak late Hypertensive Normotensive P
diastolic myocardial velocity) = 8 HawdolA 7.3+1.7 group group value
cm/sec, A7 FAadeA 6.4£1.1 cm/sec® T Alololl 723t TDI (septal MV Ann) 0.01
atol7k g9k, Em/Am Wl 38 Fad 1.740.4 34 Had Sm. (cm/s) 7912 72412 0.04

2 " Lalol Hadold AAL A ad o ola Em (cm/s) 11.7+2.1 11.9£2.2 0.328
o1 1.920.52 = FadelA 8 Fadel Vs oot Am (cm/s) 73+17° 6411 0.008
S7¥atod ek, 8 (posterior wall) ellA] 74 Sme 1189k F & E/Em 8.2+1.8 7.7+1.2 0.127
ol A 11.142.1 em/sec, B4 2ol 9.942.3 cm/seco] Em/Am 1.7£0.4 1.9%0.5 0.007

_ . . TDI (posterior wall)
o ° oF R ado] A 8.1+1. A} 2 2 ol & .
B AmE ILS % L_Oﬂ 18.1£1.9 envsee, B4 B Sm (cm/s) 1114217 9.9+23 0.035
7.3+1.8 cm/sec ©& NS FAadoNA FJ8h E3ktH(Table Em (cm/s) 174430  17.4+338 0.469
5). Am (cm/s) 81+19°  7.3%18 0.041
E/Em 55+1.2 55413 0.374
4. SRIo|| 2§t £=7]| strain} SR &3 Em/Am 2.3+0.6 2.510.6 0.096
ZA AN 2 2227 strain® BHAToIA 19.15+ 8.65% *P<0.0§ ;igni_ficantly differer}t from control group
T Abbreviations: MV Ann, mitral valve annulus; Sm, peak myo-

2 ATelA F3 22.63£5.55% R F w2 5HA Wkth A cardial velocity; Em, peak early diastolic myocardial velocity; Am,
T sl Ado|A] ZA 8 27 strains LA TR peak late diastolic myocardial velocity

ol ¥]3) f-<J3tAl wekek(Table 6). SRIZ 54, $49, s, Aol
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A Z% SRS T - Abololl {8 Aol 7t Tt 2, 9,
3H AHo| A =743k SR—e (peak strain rate in early filling) =
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0.05). SR—a (peak strain rate in late filling) = S+ 7tell £-<
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Table 6. Systolic Strain by Strain Rate Imaging (SRI) in Hyper-
tensive and Normotensive Groups

Hypertensive ~ Normotensive P value
group group
Septum (%)
Basal -20.69+4.95 -21.89+4.38 0.151
Mid -19.15+8.65  -22.63+5.55 0.032
Apex -19.35+8.00 -20.60+6.57 0.249
Lateral (%)
Basal -18.55+6.13°  -21.78+6.71 0.021
Mid -17.15£4.59"  -19.77+4.92 0.014
Apex -13.99+554"  -17.93+5.36 0.002
Inferior (%)
Basal -19.20+4.44"  -21.56+3.85 0.013
Mid -20.79+4.35 -24.37+3.53 0.000
Apex -21.71+5.46 -21.91+6.55 0.444
Anterior (%)
Basal -20.62+5.26 -21.84+6.26 0.197
Mid -19.67+5.08° -24.35+5.52 0.000
Apex -13.11+6.82° -20.70+12.13 0.001

*P<0.05 significantly different from control group

Table 7. Strain Rate at the Ventricular Septum by Strain Rate
Imaging (SRD) in Hypertensive and Normotensive Groups
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Table 8. Strain Rate at the Lateral Wall by Strain Rate Imaging
(SRD) in Hypertensive and Normotensive Groups

Hypertensive ~ Normotensive

P value
group group
SR-s (s-1)
Basal -1.25+0.33 -1.25+0.26 0.498
Mid -1.10+0.55 -1.15+0.55 0.371
Apex -1.10+0.73 -1.31£0.50 0.100
SR-e (s7)
Basal 1.75+0.74 1.91+0.70 0.186
Mid 1.79+0.67" 2.13+£0.57 0.015
Apex 2.14+0.86" 2.76+0.80 0.001
SR-a (s
Basal 0.85+0.45 0.80+0.34 0.316
Mid 0.69+0.37 0.75+0.26 0.231
Apex 0.65+0.55 0.59+0.26 0.303

*P<0.05 significantly different from control group
Abbreviations: HTN, hypertension; SR-s, peak systolic rate in
systole; SR—e, peak strain rate in early diastole; SR—e, peak strain
rate in late diastole

Table 9. Strain Rate at the Inferior Wall by Strain Rate Imaging
(SRD) in Hypertensive and Normotensive Groups

Hypertensive ~ Normotensive P value Hypertensive Normotensive P value
group group group group
SR-s (s°H SR-s (57D
Basal -1.14+0.24  -1.17£0.31 0.317 Bsal -1.34+0.26 -1.33+0.26 0.462
Mid -1.17+£0.21  -1.21%£0.22 0.229 Mid -1.21+0.20 -1.22+0.16 0.458
Apex -1.33+£0.41  -1.37%£0.35 0.330 Apex -1.30+0.63 -1.21+0.71 0.303
SR-e (™) SR-e (™)
Basal 1.3940.46° 1.60£0.32 0.019 Basal 1.68+0.58 1.64+0.33 0.379
Mid 1.56+0.36" 1.75+0.37 0.017 Mid 1.43+0.42° 1.62+0.32 0.027
Apex 2.29+0.76" 2.66+0.82 0.029 Apex 1.90+0.71" 2.24+0.79 0.039
SR-a (57 SR-a (57
Basal 0.79+0.44 0.77£0.24 0.432 Basal 0.74+0.24 0.80+0.30 0.190
Mid 0.76+0.36 0.66+0.16 0.093 Mid 0.66+0.22 0.65%0.21 0.439
Apex 0.73+£0.55 0.57+£0.27 0.075 Apex 0.60+0.37 0.51£0.22 0.117

*P<0.05 significantly different from control group
Abbreviations: SR-s, peak systolic rate in systole; SR—e, peak
strain rate in early diastole; SR—e, peak strain rate in late diastole

*P<0.05 significantly different from control group
Abbreviations: SR-s, peak systolic rate in systole; SR—e, peak
strain rate in early diastole; SR—e, peak strain rate in late diastole
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Table 10. Strain Rate at the Anterior Wall by Strain Rate
Imaging (SRD) in Hypertensive and Normotensive Groups

Hypertensive Normotensive

P value
group group
SR-s (s7V
Basal -1.18+0.58 -1.2740.32 0.219
Mid -1.16+0.44 -1.26+0.33 0.169
Apex -1.18+0.55 -1.19+0.63 0.478
SR-e (s7H
Basal 1.78+0.64 2.03£0.66 0.061
Mid 1.72+0.54" 2.08+0.62 0.007
Apex 1.85+0.84 1.94+0.92 0.330
SR-a (s
Basal 0.7940.49 0.94+0.50 0.112
Mid 0.5940.39 0.67+0.27 0.204
Apex 0.48+0.37 0.48+0.26 0.496

*P<0.05 significantly different from control group
Abbreviations: SR-s, peak systolic rate in systole; SR—e, peak
strain rate in early diastole; SR—e, peak strain rate in late diastole,
SRI, strain
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