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tréi bang thong sé6 mirc d6 bién dang va van téc bién dang theo truc
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bénh nhan ting huyét 4p do 2 tro 1én va mac huyét ap tam thu sau khi
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2/Trong danh gia chirc nang tim truong co thé sir dung ty s6
E/GLSR-IVRT dé woc tinh ap lyc d6 day ma khdng bi anh huong
boi tudi tac va tan sé tim.

3/ Can c6 nghién ciru véi c& mau Ién hon & ngudi binh thuong
dé c6 gia tri tham chiéu thich hop cho nguoi Viét Nam.



DANH MUC CAC CONG TRINH KHOA HQC PA CONG BO
LIEN QUAN PEN LUAN AN

TT

Tén cbng trinh
(tac gia)

Niam
cong bd

Tén tap chi

Assessment of left ventricular
volume and ejection fraction
using speckle tracking
echocardiography

(Nguyén Th; Diém, Nguyén
Anh Vii, D6 Doan Loi)

2013

Journal of Medicine and
Pharmacy, No.3

bénh gia chuc nang tdm thu
that trai bang ky thuat siéu am
tim danh dau mé & bénh nhan
tang huyét ap

(Nguyén Th; Diém, Nguyén
Anh Vii, D6 Doan Loi)

2014

Tim Mach Viét Nam
s6 66

Panh gia chuc nang tam thu
that trdi & bénh nhan ting
huyét ap c6 suy tim phan suit
téng mau binh thuong bang ky
thuat siéu 4m tim danh dau mé
(Nguyén Th; Diém, Nguyén
Anh Vii, D6 Doan Loi)

2015

Tim mach Viét Nam
86 72

Panh gia chic nang tam
truong that trai bang siéu am
déanh ddu md co tim & bénh
nhan ting huyét 4p

(Nguyén Th; Diém, Nguyén
Anh Vi, D6 Doan Loi)

2017

Noi Khoa s6 21




MINISTRY OF EDUCATION AND TRAINING
HUE UNIVERSITY
MEDICAL AND PHARMACEUTICAL UNIVERSITY

NGUYEN THI DIEM

STUDY ON LEFT VENTRICULAR FUNCTIONS USING
SPECKLE TRACKING ECHOCARDIOGRAPHY IN
PATIENTS WITH PRIMARY SYSTEMIC HYPERTENSION

Specialization: CARDIOLOGY
Code: 627201 41

SUMMARY OF MEDICAL DOCTORAL THESIS

HUE 2017



Research completed at:
HUE UNIVERSITY OF MEDICINE AND PHARMACY

Supersivors:
1. Assoc. Prof. Dr. NGUYEN ANH VU
2. Prof. Dr. DO DOAN LOI

Reviewer 1:

Reviewer 2:

Reviewer 3:

The thesis will be defended in front of the Thesis Jury Board of Hue
University

Organized at: HUE UNIVERSITY, No.4, LE LOI STREET, HUE CITY.
At: day month year

A thesis can be found at:

National Library

Library of Central Health Information

Library of Hue University of Medicine and Pharmacy



INTRODUCTION

1.Urgency
Today, hypertension has become one of the most rapidly

growing cardiovascular diseases in many countries around the world.
Hypertension causes complications in many important organs like
heart, brain, eyes, kidneys and peripheral arteries. With the
development of medicine, although a great number of new drugs and
therapeutic strategies have emerged, frequency of complications and
deaths remains relatively high. Thus, early detection of cardiac
abnormalities before left ventricular hypertrophy occurs may help
clinicians have a better treatment strategy. For this reason, we carried
out the thesis:”’Study on Left Ventricular Functions Using Speckle
Tracking Echocardiography in Patients with Primary Systemic
Hypertension’. It aims at the following two goals:

1. To assess left ventricular functions by 2D speckle tracking
echocardiography in hypertensive patients with preserved left
ventricular ejection fraction.

2. To find out reference values of myocardial deformation
parameters, rates of left ventricular dysfunction, correlations with
age, heart rates, some classic echocardiographic parameters and
relations with some of risk factors.
2.Scientific significance

In clinical practices, echocardiography is a diagnostic tool
usually chosen to assess cardiac functions. Two commonly used
methods are M-mode and Simpson 2D ultrasound. However, these
methods, which are semi-quantitative and dependent on
echocardiographers’ experiences, have low sensitivity in detecting
cardiac abnormalities. In recent years, cardiac deformities (strain)
have been shown to be a useful measure of detecting premature
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cardiac dysfunction prior to left ventricular hypertrophy occurence.
Magnetic resonance is the gold standards for evaluating myocardial
strain. However this technique is expensive, so it is difficult to be
applied in clinical practices. Tissue Doppler imaging can evaluate
myocardial strain in the longitudinal axis but this method is angle
dependent. Speckle tracking echocardiography (STE) is a new
technique that allows the evaluation of myocardial functions through
multiple myocardial imaging analysis on 2D or 3D echocardiograms.
Therefore, it is not angular, providing an objective and repetitive
amount of cardiac functions in each region and in the entire heart
muscle. As a result, STE can evaluate myocardial dysfunction at the
onset of abnormal tissue function, with no change in cardiac
morphology. So we conducted this research to apply this new
technology in evaluation of cardiac functions.
3. New contributions of this thesis

Application of STE has helped us evaluate cardiac functions in
multi-directions and detect their early abnormalities in hypertensive
patients with normal routine echocardiography. In addition, we have
provided some reference values for myocardial strain in normal
Vietnamese people as the basis for subsequent studies.
4. Thesis outline

The thesis has 138 pages, including introduction (3 pages),
literature review (36 pages), subjects and methods of study (25
pages), results (36 pages), discussion (34 pages) , conclusion (2
pages), recommendation (1 page). It additionally composes of 45
tables, 1 chart, 5graphs, 25 pictures, 187 references, including 13
Vietnamese and 174 English materials.
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Chapter 1
LITERATURE REVIEW

1.1.DEFINITIONS AND CLASSIFICATION OF SYSTEMIC
HYPERTENSION
1.1.1.Definitions of systemic hypertension
According to the ESH / ESC in 2013 and Vietnam Heart
Association in 2014:
-Measurement at clinics: Systolic blood pressure (BPmax)
>140mmHg and / or diastolic blood pressure (BPmin) >90 mmHg. Or
-Holter blood pressure: daytime (at bedtime): BPmax >
135mmHg and / or BPmin > 85mmHg. At night: BPmax > 120
mmHg and / or BPmin > 70 mmHg. BP in 24 hours: BPmax >130
mmHg and / or BPmin> 80 mmHg. Measurement at home: BPmax>
135 mmHg and / or BPmin> 85 mmHg.
1.1.2.Classification
Table 1.1.Classification of systemic hypertension according to
Vietnam Heart Association in 2014

Diagnostic BPmax BPmin
category* (mmHg) (mmHgQ)
Optimal <120 and <80
Normal <130 <85
High normal 130- 139 85- 89
Grade 1 140- 159 90- 99
hypertension
Grade 2 160-179 | 9°F | 100-100

hypertension

Grade 3

. >180 >110
hypertension

Isolated systolic

. >140 and <90
hypertension

When a patient’s systolic and diastolic BP levels fall into different
categories, the higher diagnostic category applies.
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1.2. MYOCARDIAL STRAIN IN SYSTEMIC HYERTENSION
1.2.1. Definition of strain

Strain (deformation) is a fractional change in length compared
to the original length. Strain has no unit and is described in %. Strain
can be positive or negative. Strain speed is the rate of variation in
deformation and is measured in 1/ sec or sec - 1.

1.2.2. Types of myocardial strain

Longitudinal strain is the shortening and prolongation of the
left ventricle. Radial strain is the thinning and thickening of the wall
of the heart. Circumferential strain evaluates cardiac wall changes in
a circumferential fashion. Twist is the difference between the rotation
of the basal of the heart and the rotation of the apex of the heart.
1.2.3. Myocardial strain in hypertensive patients by STE

STE 2D allows the measurement of cardiac mechanical
parameters called myocardial strain (including deformity and rate of
deformity) on 2D cardiac imaging.

The basic principle of 2D imaging is to monitor the movement
of the spots (gray particles). These spots are caused by the interaction
and reflection of the ultrasonic beam into myocardium. In
hyppertensive heart, endothelial layer is the most vulnerable layer.
Longitudinal strain of the left ventricle is mainly controlled by
endothelial layer so the longitudinal strain is altered as early as
possible. The function of the medial and outer layers of cardiac
muscle is usually unaffected at an early stage of hypertensive heart.
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Chapter 2
SUBJECTS AND METHODS OF STUDY

2.1.OBJECTS OF THE STUDY

The study examined of 194 people of which 151 hypertensive
patients were managed and treated under the Hypertension program
of Bach Mai Hospital in Hanoi and 43 control groups who were
collected from clinics of the Vietnam Heart Institute- Bach Mai
Hospital from October, 2012 to July, 2013.
2.1.1. Disease groups

Criteria for disease selection: patients diagnosed with
primary hypertension according to European Society of
Hypertension/ European Cardiovascular Society standards in 2013
and according to the Vietnam Hypertension Division 2014.

Exclusion criteria

Heart failure with reduced ejection fraction, EF <50%, acute
or chronic ischemic heart disease, valvular heart disease: mild to
severe valvular stenosis, moderate and severe valvular
regurgitation. Pericarditis. Congenital heart disease. Cardiac
arrhythmias, non sinus rhythm. Secondary hypertension, chronic
lung disease. Liver failure, kidney failure, organ transplantation,
diabetes mellitus. Bad imaging quality.
2.1.2. Control group

Criteria for selecting control groups: control groups were
normal people who went to medical examination at the clinics of the
Vietnam Heart Institute. They met the following criteria: No
cardiovascular disease, no diabetes mellitus. No pulmonary
hypertension. Normal echocardiography indexes as per standards of
the American Heart Association 2015.



Exclusion criteria

Cases of poor quality of imaging. Disagreement to participate
in the study.

2.2. RESEARCH METHODS
2.2.1. Study Design: A cross-sectional descriptive study.
2.2.Analysis of myocardial strain

A 2D imaging with 40-90 frames per second or at least 40% of
the heart rate, 3 longitudinal sections and 3 horizontal transverse
sections were taken. Two points on both sides of the mitral annulus
and one point on the apex of the heart were selected/ were clicked on.
Myocardial strain was automatically analyzed by softwares. Then
parameters were exported to excel 2007 to calculate the average of
the strain.

Global longitudinal strain and global longitudinal strain rate of
the left ventricle (GLS, GLSR) is the average of three longitudinal
sections (17 segments of the myocardium).

+ Global radial strain and radial velocity (RS, radial vel) is the
mean of the three transversal sections.

+ Twisted calculated according to the formula:

Twist angle (0) = angle of rotation of the base of the heart -
angle of rotation of the apex of the heart

Torsion speed (0 / s) = rate rotation of the apex — rate rotation
of the base

Untwist velocity (0 / s) = (Peak torsion in systolic periode —
torsion at mitral valve opening)/ time difference between the peak
twist and twist at the time mitral valve opening
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Chapter 3
RESEARCH RESULTS

3.1. GENERAL CHARACTERISTICS OF THE SAMPLE

Totally, 235 people were eligible for the study but 41 were
excluded due to poor image quality. So in the end, we had 194 people
for the study, of which 151 were hypertensive patients and 43
without cardiovascular disease as the control group. We had the

following results:

Table 3.1. General characteristics of the sample

Control group Hypertensive p
Characteristics (n=43) group(n=151)
(X+sD) ()_(+SD)
Age (year) 58,33+8,21 60,91+8,13 >0,05
Sex (male) % 39,7 37,7 >0,05
Sex (female) % 60,5 62,3 >0,05
BMI 22,13+2,27 22,83+ 2,23 >0,05
BSA (m?%) 1,58+0,144 1,58+0,141 >0,05
BP max 114,19+10,63 137,62+12,8 <0,001
BP min 68,02+9,01 81,52+8,54 <0,001
Heart rate (bpm) 68,63+12,3 70,32+11,47 >0,05
LVMI (g/m?) 72,44+14 92 87,43+23,68 <0,001
LVIDd (cm) 4,58+0,38 4,5+0,45 >0,05
PWT (cm) 0,8+0,1 0,95+0,49 <0,05
RWT 0,35+0,05 0,42+0,21 <0,05
EF- Mode 69,53+5,54 70,65+6,18 >0,05
EF- Simpson (%) 65,7945,71 65,28+6,33 >0,05
FS (%) 39,3+4,55 40,12+5,12 >0,05

Remarks: There was no difference in age, sex, BMI, heart rate,
left ventricular internal diastolic dimension, posterior wall thicness,

relative wall thickness, ejection fraction and fractional shortening
between the hypertensive group and the control group.
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3.2. EVALUATION OF LEFT VENTRICULAR FUNCTION BY STE
Table 3.4: Comparison of systolic strain between hypertensive
and control groups

Control group
(n=43)

Hypertensive
group (n=151)

Parameters p
(X+sD) ()_(+SD)

GLS (%) -16,52+1,19 | -11,57+£2,37 | <0,001
GLSR (1/s) -0,96+0,13 -0,73+0,15 <0,001
GCS (%) -17,9242,39 | -13,52+4,97 <0,001
GCSR (1/s) -1,1140,15 - 0,940,23 <0,001
GRS (%) 12,33+1,94 10,24+3,4 <0,001
Radial vel. (cm/s) 1,98+0,35 1,65+0,42 <0,001
Peak twist (°) 11,33+4,51 10,56+5,38 >0,05
Twist rate (%/s) 90,13+34,19 | 78,94+33,85 >0,05
Time to peak twist (5) 1,19+0,29 1,13+0,26 >0,05 (m)
Longitudinal-
circumferential -17,22+1,44 | -12,55+2,83 <0,001
systolic index
Global systolic

15,59+1,46 11,79+2,9 <0,001

Index

(m) Mann- Whitney test.
Remarks: GLS,, GLSR, GCS, GCSR, GRS, radial velocity,
longitudinal-circumferential systolic index and global systolic index
in the hypertensive group were lower than those in the control group.

This difference is statistically significant. The twisting angle, twist
rate and time to peak twist did not differ between the two groups.

Such difference is non-statistically significant.
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Table 3.5: Comparison strain according to left ventricular

morphology
Hypertensive group
C;orr;tjrgl Concentric | Eccentric | Concentric Normal
Parameters (n=43) hypertrophy | hypertensio | remodeling | geometry
R+50 (n=21) n (n=9) (n=35) (n=86)
( ) (X+SD) | (X+SD) | (X+SD) | (X+SD)
-10,8£248 |-1264+154 | -111+255 |-11,84+2,28
O - y i ¥y ) il il ¥
GLS (%) 165251191 0 001* | p<0,001* | p<0001* | p<0001*
-0.69+0,13 | -0,78+0,08 | -0,73+0,16 | -0,73+0,15
CLSR(Us) | -0968013 | hoo1x | p<005* | p<0001* | p<0001*
-1498+459 | -1517+6,05 | -13,52+4,78 | - 13,0+4,99
o - L) ¥ L) 1 k) L} ’ 1
GCS (%) 1922239 | 70008 5005 | p<0001* | p<0,001*
-0,95+0,22 | -1,0+£018 -0,87+£0,22 | -0,88+0,24
CCSR(Ws) | -1128015 | e | 5005 | p<0001* | p<0001*
11,66£3,57 | 11,69+3,71 | 10,02+3,03 9,82+34
o Ll Ll i 1 1 1 1 H
GRS (%) 12335194 | ™ 005 05005 | p<005* | p<0,001*
. 1,76+0,34 1,97+043 1,61+0,39 1,6+0,43
Radial vel (cm/s) 1,98+0,35 05005 05005 0<0,05* 0<0,001*
. 1107451 9,79+5,27 11574492 | 10,1565
Peak twist (°) | 11,33+4,51 55005 55005 5005 05005
. 76,45+33,63 | 78,13+15,92 | 76,56+33,05 |80,61+35,89
Twistrate (%) | 90,13+34,19 05005 05005 05005 05005
Time to peak twist | 1,19+0,29 1,18+0,27 1,28+0,23 1,14+0,22 1,1+0,27
©) p>0,05 (k)
Longitudinal-
circumferential | - 17,22+1,44 | 12<§%i0211 2" 13’351 352’;78 ) 12<(3) %)32137 ) 113%32133
systolic index <t P<t, P<C, P<C,
Global systolic 1550+1 46 1248129 13194306 | 11,55+269 | 11,58+2,94
index T p<0,05* p>0,05 p<0,001* p<0,001*

(K) Kruskal-Wallis test, * compared to the control group
Remarks: Longitudinal strain and longitudinal strain rate,
longitudinal-circumferential systolic and global systolic index in
hypertensive patients without left ventricular hypertrophy were

significantly reduced. The twist, twist rate and time to peak did not
differ between the two groups.
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Table 3.6: Comparison of systolic strain in patients with
congestive heart failure with preserved ejection fraction (HF-
pEF) and control group

Control Hypertensive group
group No HF-pEF HF-pEF
Parameters (n=43) (n=90) (n=61)
(X+sD) (X+sD) (X+sD)
-16,52+1,19| -11,93+£2,21 -11,04+£2,5
o . ) : : : :
GLS (%) p<0,001* p<0,001*
- 0.96+£0.13 - 0,74£0,15 -0,71+£0,14
GLSR (155) p<0,001* 0<0,001*
-17,92+2,39 | -14,0£4,79 -12,82+5,17
0 L L 1 1 1 L
GCS (%) p<0,001* p<0,001*
-1,11+0,15 - 0,9240,23 - 0,86+0,24
GCSR (1) p<0,001* p<0,001*
12,33+£1,94 10,63£3,19 9,66+3,65
0 ki L L ’ 1 Ll
GRS (%) P<0,05* 0<0,001*
Radial vel. 1,98+0,35 1,71+0,39 1,56+0,43
(cmis) p<0,05* p<0,001*
. 11,33+4,51 10,945,06 10,04+5,83
0 ) ) ’ 1 1 1
Peak twist (°) 0>0,05 0>0,05
90,13+34,19| 76,39+32,14 82,7+36,17
0 1 ’ 1 ’ ’ ’
Peak rate (°/s) 00,05 0>0,05
. . 1,19+0,29 1,14+0,27 1,12+0,25
Time to peak twist(s) 00,05 (K)
Longitudinal- -17,22+1,44 | -12,97+2,49 -11,93+3,21
circumferential systolic p<0,001* p<0,001*
index
Global systolic 15,59+1,46 12,19+2,61 11,21+3,,21
Index p<0,001* p<0,001*
* Compared to the control group
Remarks: GLS, GLSR, GCS, GCSR, GRS, radial vel,

Longitudinal-circumferential systolic index, global systolic index
reduced in patients with no heart failure and remarkably decreased in
HF-pEF (p<0.01).
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Table 3.7: Comparison of systolic strain in patients with clinical

features of heart failure and control group

Control Hypertensive group
group NYHA1 NYHA 2 p
Parameters (n=43) (n=90) (n=61)

(X+sD) | (X+SD) | (X+SD)
GLS (%) -16,52+1,19| - 11,93+2,21 | -11,04+2,5 <0,001
GLSR (1/s) -0,96+0,13 | -0,74+0,15 | -0,71+0,14 <0,001
GCS (%) -17,92+2,39| -1444,8 -12,8245,17 <0,001
GCSR (1/s) -1,12+0,15 | -0,92+0,23 | -0,86+0,24 <0,001
GRS (%) 12,33+1,94 | 10,63+3,19 9,66+3,65 <0,001
Radial vel

1,98+0,35 1,7140,39 1,56+0,43 <0,001
(cmis)
Peak twist (°) | 11,33+4,51 | 10,945,06 10,04+5,83 >0,05
Twist rate (°/s) [90,13+34,19 | 79,39+32,14 | 80,7+36,17 >0,05
Time to peak 1,19+0,29 1,14+0,27 1,12+0,25 >0,05
twist (s)
Longitudinal-
circumferential |- 17,22+1,44| - 12,97+2,49 | - 11,93+3,21 <0,001
systolic index
Global systolic

15,59+1,46 | 12,19+26 11,2143,21 <0,001

index

Remarks: GLS, GLSR, GCS, GCSR, GRS, Radial velocity,

longitudinal-circumferential

systolic and global

reduced with NYHA vs the controls.

systolic

index
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Table 3.8: Table 3.7: Comparison of systolic strain in grade of

hypertension

Control Hypertensive group |
Parameters group Grade 1 Grade 2 Grade 3
(n=43) (n=7) (n=45) (n=99)
(X+sD) | (X+SD) | (X+SD) (X+sD)
-16,5241,19 | -12,81+1,3 | -1124+2,6 | -11,63+2,29
0 ) ) ) ) ) ) ) )
GLS (%) p<0,05* p<0,001* p<0,001*
-0,96+0,13 | -0,76+0,13 | -0,74+0,18 -0,73+0,14
GLSR (1) p<0,05* p<0,001* p<0,001*
-17,92+2.39 |-14,86+7,23| -12,7745,03 | -13,77+4,77
0 ) ) ) ) i) i) ) )
GCS (%) 05005 | p<0,001* | p<0,001*
-1,12+0,15 | -0,95+0,21 | -0,87£0,24 -0,89+0,24
GCSR (L/s) p>0,05 p<0,001* p<0,001*
12,33+1,94 | 10,84+£3,75 | 9,56%3,73 10,5+£3,21
0 1 1 1 1 ) ) ) )
GRS (%) 05005 | p<0,001* | p<0001*
Radial vel 1,98+0,35 1,7£0,35 1,61+0,44 1,67+0,41
(cm/s) p>0,05 p<0,001* p<0,001*
. 11,33+4,51 9,0+6,07 10,7+6,03 10,6+5,06
0 I ) ] 1 ] l ] l
Peak twist () 00,05 00,05 00,05
Twist rate (%) 90,13+£34,19 | 67,19£19,1 | 77,34+34,89 80,05+£34,2
p>0,05 p>0,05 p>0,05
Time to peak 1,1940,29 1,15+0,13 1,09+0,21 1,15+0,29
twist (S) p>0,05 (K)
Longitudinal- | -17,22+144 |-13,83+3,31| -12,01+£3,07 | -12,71+2,67
circumferential p>0,05 p<0,001* p<0,001*
systolic index
Global systolic| 15,59+1,46 12,83+34 | 11,23+£3,12 11,97+2,74
index p>0,05 p<0,001* p<0,001*

(K) Kruskal- Wallis test. * Compared to the control group

Remarks: In patients with grade 1,2,3 of hypertension, systolic
strain and systolic strain rate were decreased in comparison with the
control group. GCS, GSR, longitudinal-circumferential systolic and
global systolic index were significantly reduced grade 2 and 3 of
hypertension (p <0.001).
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3.2.2. Evaluation of diastolic functions

Table 3.10: Comparison of left ventricular diastolic strain in

hypertensive patients and control groups

Control group | Hypertensive
Parameters (n=43) group (n=151) p
(X+sD) (X+sD)
GLSR- IVRT (1/s) 0,51+0,28 0,36+0,17 <0,05
GLSRe (1/s) 0,86+0,22 0,61+0,18 <0,001
GLSRa (1/s) 0,96+0,24 0,75+0,22 <0,001
GCSRe (1/s) 1,05+0,29 0,79+0,3 <0,001
GCSRa (1/s) 0,78+0,27 0,68+0,28 <0,05
Untwisting rate (%s) 37,47+22,46 32,9+25,63 >0,05 (m)
E/GLSR- IVRT (cm) | 229,25+234,05 | 233,7£190,49 | <0,05(m)
GLSRe/GLSRa 0,98+0,49 0,9+0,48 >0,05 (m)
GCSRe/GCSRa 1,71+1,92 1,27+1,07 <0,05(m)

(M) Mann-Whitney test.
Remarks: GLSR-IVRT, GLSRe, GLSRa, GCSRe, GCSRa

were lower in the hypertensive patients than in the control

group (p <0.05). Untwisting rates were reduced in hypertensive

patients compared to the control one, but the difference was not

statistically significant.

E / GLSR-

IVRT

hypertensive group compared with control.

increased

in the
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Table 3.12: Comparison of diastolic strain in hypertensive
patients with HF-pEF and control group

Control Hypertensive group
oML 9TOUR N0 HF-pEF | HF-pEF
Parameters (n=43) (n=90) (n=61)
X+SD — _
( ) (x+SD) (x+SD)
0,51+0,28 0,36+0,16 0,37+0,19
GLSR- IVRT (1/s)
p<0,05* p<0,05*
0,86+0,22 0,63+0,18 0,58+0,18
GLSRe (1/s)
p<0,001* p<0,001*
0,96+0,24 0,78+0,23 0,72+0,21
GLSRa (1/s)
p<0,001* p<0,001*
1,05+0,29 0,81+0,28 0,76+0,32
GCSRe (1/s)
p<0,001* p<0,001*
0,78+0,27 0,69+0,28 0,68+0,28
GCSRa (1/s)
p>0,05 p>0,05
. 37,47+22,46 | 29,14+20,19 | 38,44+31,38
Untwisting rate (%s)
p<0,05 (K)
229,251234,05\ 234,03+203,03 ‘233,211171,98
E/GLSR- IVRT (cm)
p>0,05 (K)
0,98+0,49 \ 0,9+0,53 \ 0,89+0,41
GLSRe/GLSRa
p>0,05 (K)
1,71+1,92 ‘ 1,25+1,14 | 1,3+0,97
GCSRe/GCSRa
p>0,05 (K)

(K) Kruskal-Wallis test, * compared to the control group

Remarks: In patients without HF-pEF, GLSRe, GLSRa and
GCSRe were lower than in the control group and the greatest
decrease was seen in HF-pEF patients (p<0.001). Untwisting rate
increased with the occurrence of HF-EF (p <0.05).
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Table 3.17: Comparison of diastolic strain to filling pressure

Hypertensive group
. Abnormal
Normal filling o
Control group(n=43) pressure filling
Parameters (>—< +SD) (n=119) pressure
o (n=32)
+ —
(X+sD) (X+5D)
0,51+0,28 0,37+0,18 0,34+0,16
GLSR- IVRT (1/s) D006 D006
GLSRe (1s) 0,86+0,22 0,6+0,18 0,62+0,19
p<0,001* p<0,001*
GLSRa (1) 0,96+0,24 0,75+0,23 0,774£0,2
p<0,001* p<0,05*
1,05+0,29 0,78+0,29 0,84+0,33
GCSRe (1/s) N .
p<0,001 p<0,05
0,78+0,27 0,7£0,27 0,644£0,3
GCSRa (1/s) 05005 05005
. 37,47+22,46 32,14£26,75 35,88+21,06
Untwisting rate (%s)
p>0,05 (K)
229,25+243,05 ‘ 226,59+201,64 ‘260,141141,06
E/GLSR- IVRT (cm)
p<0,05 (k)
0,98+0,49 \ 0,91+0,52 \ 0,85+0,31
GLSRe/GLSRa
p>0,05 (k)
1,71+1,92 ‘ 1,29+0,97 ‘ 1,19+1,41
GCSRe/GCSRa

p<0,05 (k)

(K) Kruskal- Wallis test. *Compared to the control group

Remarks: GLSR-IVRT, GLSRe, GCSRe, reduced in patients
with normal filling pressure and remarkably decreased in those with
abnormal filling pressure (p<0.01). Conversely, E/GLSR-IVRT
increased in patient with abnormal filling pressure.
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3.3. THE VALUE OF MYOCARDIAL STRAIN, PROPORTION OF

LEFT VENTRICULAR DYSFUNCTION, CORRELATION WITH

AGE, HEART RATE, SOME CLASSIC ECHOCARDIOGRAPHIC

PARAMETERS, AND ASSOCIATED WITH A NUMBER OF RISK

FACTORS

3.3.1. Mean values of myocardial strain in the control group:
Table 3.19. Mean values of myocardial strain in the control group

Parameters (X+SD)
GLS (%) -16,52+1,19
GLSR (1/s) -0,96+0,13
GCS (%) -17,9242,39
GCSR (1/s) -1,11+0,15
GRS (%) 12,33+1,94
Radial vel. (cm/s) 1,98+0,35
Twist (°) 11,33+4,51
Twisting rate (%s) 90,13+34,19
Time to peak twist (s) 1,19+0,29
Untwisting rate (%s) 37,47+22,46
Longitudinal-circumferential systolic index -17,22+1,44
Global systolic index 15,59+1,46

Remarks: The mean values of systolic strains in longitudinal,
circumferential, radial axis were respectively - 16.52 + 1.19; - 17.92
+2.39; 12.33 + 1.94. twist was 11.33 + 4.51.
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3.3.2. Proportion of systolic dysfunction

Table 3.21: Proportion of systolic dysfunction

Parameters Proportion of abnormal strain
n %

GLS 143 94,7
GCS 98 64,9
GRS 48 31,8
Longitudinal-circumferential 122 80,8
systolic index

Global systolic index 102 67,5

Remarks: The proportion of abnormal GLS was highest with 94,7%

3.3.3.Proportion of diastolic dysfunction

3.25: Proportion of diastolic dysfunction

Proportion of abnormal strain
Parameter
n %
GLSRe (1/s) 27/151 17,9
GLSRa (1/s) 10/151 6,6
GCSRe (1/s) 25/151 16,6
GCSRa (1/s) 1/151 0,7
Untwisting rate (%/s) 14/151 9,3

Remarks: The proportion
with 17,9%

of abnormal GLSRe was highest
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3.3.4. Correlation with some basic echocardiographic parameters,
age and heart rate:
Table 3.29: Correlation between systolic strain with age and

heart rate

Parameters Age Heart

rate

r 0,066 0,105

GLS p >0,05 >0,05

r - 0,025 0,18

GCS p >0,05 <0,05
r 0,021 - 0,262

GRS p >0,05 <0,05
Twist r 0,045 - 0,109

p >0,05 >0,05

Longitudinal-circumferential r 0,006 0,202
systolic index p >0,05 <0,05
.. r 0 -0,228

lobal | :

Global systolic index 0 50,05 <0.05

Remarks: GLS, GCS, GRS, twist, Longitudinal-circumferential
systolic index and global systolic index did not correlate with age. GLS,
twist did not correlate with the heart rate.

Table 3.30: Correlation between diastolic strain with E / A ratio

andE/e’

Parameters E/A E/e’
E/GLSR- IVRT Fr) 202 gg 302?);
GLSRe/GLSRa ; <06?c?c?1 ->06,10057
GCSRe/GCSRa ; 202 (7): ->0(f0651

Remarks: The GLSRe/GLSRa and GCSRe/GCSRa ratios
correlated with the E/A ratio. The E/GLSR- IVRT ratio correlated
with E/A and E/e’ ratios.
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3.3.5. Relationship between strains and a number of risk factors
Table 3.33: Relationship between systolic strain with
dyslipidemia and continuous treatment

Parameters Dyslipidemia Continuous treatment
No Yes No Yes

GLS -12,2141,95 | -11,424244 | -11,42+2,72 | -11,64+2,2
p>0,05 p>0,05

GCS -14,16+4,99 | -13,39+4,97 | -12,21+4,89 | -14,1244,91
p>0,05 p<0,05

GRS 10,86+3,41 | 10,09+3,39 9,12+3,55 | 10,7443,22
p>0,05 p<0,05

Longitudinal- | -1319+2,38 | -12,39+292 | -11,81+29 | -12,88+2,75

circumferential

systolic index p>0,05 p<0.05

Global systolic | 1241+2,66 | 1164+294 | 10,96+2,95 | 1217+281
index p>0,05 p<0,05

Remarks: There was no difference between the degree of
systolic strain and dyslipidemia. Patients who were not treated
showed a remarkable reduction in GCS, GRS,
longitudinal-circumferential systolic index and global systolic index
in comparison with those treated continuously (p<0.05).

Table 3.38: Systolic blood pressure according to longitudinal-
circumferential systolic and global systolic index

continuously,

Longitudinal-circumferential

systolic index p
Systolic BP Normal Reduction
127,93+9,02 139,92+12,51 <0,001
(95%CI 7,94+16,04)
Global systolic index
Systolic BP Normal Reduction P
128,57+8,1 141,96+12,39 <0,001

(95%Cl 10,05+16,73)

Remarks: The mean systolic blood pressure in the patient with
normal longitudinal-circumferential systolic and global systolic index
were lower than those with abnormal index.
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Chapter 4
DISCUSSION

4.1. GENERAL FEATURES

We found no differences in age, sex, BMI, BSA, left
ventricular internal dimension diastolis between hypertensive group
and control group.

4.2. EVALUATION OF LEFT VENTRICULAR FUNCTIONS
BY STE4.2.1. EVALUATION OF SYSTOLIC FUNCTION

In hypertensive patients, we found that GLS, GCS, GRS,
Longitudinal-circumferential systolic index and Global systolic index
were lower than those of the control group. At the same time, these
parameters also decreased in hypertensive patients without left
ventricular hypertrophy, grade 2, 3 of hypertension and HF-pEF; and
the greatest decrease was noticed in patients with left ventricular
concentric hypertrophy. Moreover, these decreases also increased
with NYHA. Twist has not changed.

This result was consistent with those from various studies by
Kosmala, Imbalazano, Krainer, Kosmala and Morris.

The cause of myocardial deformity in hypertensive patients
was endothelial fibroblast fibrosis with interstitium fibrosis and
fibrosis around the arteries.

4.2.2. Evaluation of diastolic functions

We recognized that longitudinal diastolic (GLSR-IVRT,
GLSRe, GLSRa) and circumferential diastolic strains (GCSRe,
GCSRa) reduced in hypertensive patients compared to the control
group and significantly reduced in HF-pEF. The same results were
also noticed in a great number of researches. In addition, we found
that E/GLSR- IVRT in hypertensive group was higher than that of
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control group and increased in patients with abnormal left
ventricular filling pressure. There was a correlation between
E/GLSR- IVRT and E/e ' (r = 0.26, p = .002, Spearman.) According
to Kasner, GLSR- IVRT decreased and E/GLSR- IVRT increased in
HF-pEF compared to control group.
4.3. THE VALUE OF MYOCARDIAL STRAIN, PROPORTION OF
LEFT VENTRICULAR DYSFUNCTION, CORRELATION WITH
AGE, HEART RATE, SOME CLASSIC ECHOCARDIOGRAPHIC
PARAMETERS, AND ASSOCIATED WITH A NUMBER OF RISK
FACTORS

We found that normal GLS ranges between - 16.52 + 1.19%.
The American Ultrasound Association and the European Association
Echocardiography in 2015 also recommended that normal GLS
values ranged from -15.9% to -22.1%, however there were not yet
valid numbers for GCS and other myocardial strain. The prevalence
of pre-clinical systolic dysfunction in the hypertensive group was as
follows: GLS 94.7%, GCS 64.9%, GRS 31.8%. There was a
relationship between continuous treatment with systolic strain.

Multivariate analysis showed that systolic blood pressure was
a direct effect on longitudinal-circumferential systolic index and
global systolic index.
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CONCLUSION

1. Evaluation of left ventricular function

- Longitudinal, circumferential, radial systolic strain,
longitudinal-circumferential systolic index and global systolic index
in patients without left ventricular hypertrophy and HF-pEF were
lower than those of control group. The greatest reduction were found
in patients with HF-pEF and NYHA 2.

-Longitudinal strain and longitudinal strain rate were the most
decreased in patients with concentric hypertrophy and grade 2
hypertension.

-The twist has not changed.

-Longitudinal early diastolic strain and circumferential early
diastolic strain reduced in hypertensive patients without Ileft
ventricular hypertrophy, HF-pEF. The greatest reduction lied with
HF-pEF and NYHA 2 patients.

- Longitudinal early diastolic strain began to decrease in
patients with diastolic dysfunction 1; and the greatest decrease was in
degrees 2 and 3.

- Longitudinal diastolic strain in isovolumic relaxation time
phase significantly reduced in patients with concentric hypertrophy,
diastolic dysfunction grade 2,3 and filling pressure increased.

-E/GLSR-IVRT increased in diastolic dysfunction grade 1 and
the most found in grade 2 and 3, filling pressure and dilation of left
atrium also increased.

-The untwisting rate has not changed.
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2.The value of myocardial strain, proportion of left ventricular
dysfunction, correlation with age, heart rate, some classic
echocardiographic parameters, and associated with a number of
risk factors

- Reference values of the longitudinal, circumferential, radial
strain and twist were - 16.52 + 1.19; - 17.92 + 2.39; 12.33 + 1.94 and
11.33+4.51

- The proportion of left ventricular dysfunction: 94.7% with
longitudinal strain; 64.9% with circumferential strain; 31.8% with
radial strain; 80.8% with longitudinal-circumferential and 67.5%
with global systolic index.

-Longitudinal, circumferential, radial systolic strain and strain
rate, twist, longitudinal-circumferential systolic index and global
systolic index were not correlated with age.

- Longitudinal and circumferential early diastolic strain,
E/GLSR-IVRT ratio, GLSRe/GLSRa, GCSRe/GCSRa were
correlated with E/A ratio. The E/GLSR-IVRT ratio correlated with
E/e '. Diastolic strains were not correlated with heart rate. The
E/GLSR-IVRT ratio was not correlated with age and heart rate.

-Multivariate analysis indicated that systolic blood pressure
affected the longitudinal-circumferential systolic index and global
systolic index. Systolic blood pressure in patients with normal
longitudinal-circumferential systolic index and global systolic index
was lower than those with abnormal longitudinal-circumferential
systolic index and global systolic index.
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RECOMMENDATION

Based on the results of the study in patients with primary
hypertension, we have some recommendations:

1/Considerations should be given to assessing left ventricular
systolic functions by the parameters of strain and strain rate in
longitudinal axis, longitudinal-circumferential systolic index and
global systolic index in hypertensive patients without changing in
routine echocardiography parameters, especially applicable to
patients with hypertension grade 2 and above and systolic blood
pressure after treatment at > 130 mmHg. These help early detection
of cardiac functional changes and classification of cardiovascular
risks so as to choose a more appropriate and active treatment
strategy.

2/ For assessment of diastolic function, the E /GLSR-IVRT
ratio can be used to estimate the filling pressure. This ratio is not
affected by age and heart rate

3/ A study with larger sample sizes in normal people is needed
to have appropriate reference values for Vietnamese people.
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