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Abstract
Background : Evaluation of tissue �brosis and myocardial hypertrophy in left ventricular (LV) remodeling
is the basis of post-treatment evaluation of hypertensive heart disease HHD). Extracellular volume (ECV)
and myocardial strain parameters can indirectly re�ect the changes of both. Our objective was to analyze
the characteristics of ECV and strain parameters in LV myocardium of HHD with varying degrees of
systolic dysfunction, and to explore the changes of both after treatment for hypertension.

Methods: A total of 62 HHD patients were divided into 3 groups according to ejection fraction (EF<30%,
30%≦EF<50%, EF≧50%). Twenty-one of these patients underwent cardiac magnetic resonance CMR
reexamination more than six months after receiving antihypertensive medication. The initial T1 time and
post-enhancement T1 time of each segment were measured, and the ECV was calculated. Radial strain
(RS), circumferential strain (CS) and longitudinal strain (LS) of LV were measured by cvi42 software, and
the differences in CMR parameters between different groups and before and after treatment were
compared.

Results: The mean, basal and middle ECV value of HHD groups with different EF were all higher than
that of the control group ( p <0.05), but the difference between HHD groups was not statistically
signi�cant.  With the decrease of EF, the absolute value of both the global or local strain decreased.
Strain is related to LVMI and ECV. In general, ECV, global RS (GRS) and global CS GCS  improved after
treatment, but the improvement of LS impairment in HHD patients is di�cult.

Conclusions: ECV and myocardial strain parameters are more sensitive to myocardial abnormalities, and
ECV, GRS and GCS are more sensitive to treatment. Although it is di�cult to improve longitudinal strain
impairment in HHD patients, it is more important for prognosis evaluation. ECV and myocardial strain
parameters can be used as good makers for long-term monitoring of the e�cacy of HHD patients.

Introduction
HHD is a structural and functional abnormality of the heart caused by a long-term increase in systemic
circulating arterial pressure. Its pathophysiological basis is cardiac remodeling, which including the
development of left ventricular hypertrophy (LVH) and diffuse interstitial �brosis [1].LVH is an
independent risk factor for essential hypertension cardiovascular events [2–4]. Myocardial �brosis is the
most important predictor of diastolic dysfunction [5] and is also involved in the development of systolic
heart failure in hypertensive patients [6]. Therefore, the evaluation of tissue �brosis and cardiomyocyte
hypertrophy in left ventricular remodeling is important for post-treatment evaluation of HHD. ECV and
myocardial strain parameters can be obtained non-invasively using CMR imaging. In CMR studies, ECV
can be used as an important indicator to identify myocardial diffuse �brosis, early myocardial �brosis or
mild myocardial abnormalities. Several studies have suggested an increase in diffuse �brosis in
hypertensive patients as demonstrated via CMR measurements of ECV. However, these changes were
small and only occurred in patients with LVH [7]. CMR myocardial strain measurements can be used to
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monitor the whole heart or local myocardial systolic dysfunction at early disease stages. Multi-parametric
CMR methods should be ideal for monitoring these patients given critical relationship between strain,
�brosis, and cardiomyocyte hypertrophy.

Multiple studies have shown that hypertension medication can reverse LVH [8–9], but the risk of heart
failure remains after return of LVH[10–11]. CMR measurements during animal model studies
demonstrated changes in cardiomyocyte hypertrophy and interstitial �brosis following treatment [12].
Additional clinical studies are critically needed to explore the relationship between myocardial structure
and function by CMR, particularly following therapy in patients with HHD. The purpose of our study was
to compare CMR myocardial ECV and strain parameters in HHD patients with different degrees of left
ventricular dysfunction and also compare these myocardial ECV and strain parameters before and after
antihypertensive drug therapy.

Methods
Patients

The subjects were patients with hypertension who underwent contrast-enhanced CMR scans in the out-
patient and in-patient departments of Xiangya Second Hospital of Central South University between
January 2016 and September 2019.At the same time LVH is requiredsubjects. Hypertension was
determined on the basis of blood pressure ≥140mmhg systolic or ≥90mmhg diastolic on three different
days. The reference criterion for LVH was LVMI, a measurement parameter of cardiac magnetic
resonance imaging, >81g/m2 in men,>61g/m2 in women[13]. Exclusion criteria for this study included
cardiomyopathy, secondary hypertension, arrhythmia, coronary heart disease, signi�cant valvular heart
disease, a history of diabetes, a history of malignant tumors, a history of sleep apnea, and severe kidney
disease when examinees were known to have other causes. Among the included patients, 21patients
received CMR reexamination after regular use of antihypertensive drugs for more than 6 months. In this
study, 26 healthy persons, age matched to the above HHD group, with normal blood pressure and no
history of hypertension, served as a control and underwent identical CMR examination protocol. This
study was approved by the ethics committee of Xiangya Second Hospital of Central South University, and
all subjects signed an informed consent.

CMR protocol

Imaging studies were performed on a 3T scanner (MAGNETOM Skyra, Siemens Healthcare, Erlangen,
Germany) with an 18-channel body coil combined with the spine coil. Scanning protocols included both
the LV cine sequence using a segmented balanced steady-state free-precession (bSSFP) acquisition
performed at the end of inspiration and the pre/post T1-mapping sequences using the modi�ed look-
locker inversion recovery (MOLLI) method with a 5b(3b)3b/4b(1b)3b(1b)2b scan scheme. The acquisition
planes of the cine imaging included LV short-axis as well as two-chamber and four-chamber long-axis
views. The scanning parameters included repetition time: 3.2 ms; echo time: 1.43 ms; �ip angle: 44°;
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temporal resolution: 40 ms; �eld of view: 320 mm × 400 mm; acquisition matrix: 126 × 224; short-axis
slice thickness: 8 mm with 8 to 10 slices acquired for full LV coverage. Myocardial T1 mappings were
performed before and 15 minutes after gadolinium-diethylenetriaminepentaacetic acid (GD-DTPA)
injection. The image planes included two-chamber view, four-chamber long-axis view and three short-axis
views of LV at base, middle and apex. The scanning parameters included repetition time: 277ms;echo
time1 ms; �ip angle 35°; �eld of view: 320 mm × 400 mm; acquisition matrix: 125×256. The contrast
agent dose was 0.2mmol/kg at an injection rate of 2.5ml/s.

Image analysis

All strain parameters and conventional cardiac function parameters were obtained using the commercial
post-processing software cvi42 (Circle Cardiovascular Imaging, Calgary, Alberta, Canada, version 5.9.3).
Cine image series acquired in short-axis and four-chamber long-axis orientations were imported into the
3D module of the software. Cine image series acquired in short-axis, two-chamber long-axis and four-
chamber long-axis orientations were imported into the Tissue Tracking module of the software.
Endocardium and epicardium tissue contours were drawn semi-automatically, and left and right ventricle
boundary points were marked manually. Based upon demarcations of LV, myocardial strain parameters
were calculated via the cvi42 software package including: 2D and 3D RS, CS, and LS. Conventional
cardiac function parameters were also calculated including LVEDVI, LVESVI, LVSVI, and LVMI. T1 values
of the heart muscle and blood pool before and after enhancement were obtained from the inline T1 map
generated by the MOLLI sequence. According to the LV 17-segment analysis method developed by the
American Heart Association, the initial T1 time and post-enhancement T1 time of each segment were
measured, and the mean T1 values before and after enhancement of segments 1-6 (basal segment),
segments 7-12 (middle segment), and segments 13-16 (apical segment) were calculated. The ECV values
of the LV basal segment, central segment and apex segment and the overall ECV values were calculated
according to the following formula: ECV =(1-hematocrit)×[(1/T1MyoPost -- 1/T1MyoPre)/(1/T1BloodPost-
1/T1BloodPre)]. T1MyoPre, T1MyoPost, T1BloodPre, T1BloodPost were the T1 measurements performed in
myocardium and blood before and after contrast enhancement, respectively. Hematocrit was obtained by
routine hematological examination of the patient. EDWT was obtained by measuring the wall thickness
of left ventricular segments 1-16 at end diastole (mean value recorded for each patient).

Statistical analysis

Statistical analysis was performed using the SPSS version 20 (IBM Corp, Armork, New York, USA). All
continuous data were expressed as mean ± standard, and one-way analysis of variance (ANOVA) was
used for multiple comparisons. Data that did not conform to a normal distribution were expressed as
median and inter-quartile range with two-sided non-parametric test used for multiple comparisons. The
CMR data acquired from patients before and after drug treatment were compared using a paired-sample
t-test or non-parametric test of related samples if data did not conform to a normal distribution. Pearson
correlation or Spearman correlation coe�cients were calculated to evaluate the relationship between
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different parameters (Spearman for cases wherein data did not conform to normal distribution). p<0.05
was considered statistically signi�cant.

Results
Patient characteristics and LV cardiac function

In this study, 62 HHD patients were enrolled and divided into 3 groups according to their EF. Among them,
22 patients in the group had an EF less than 30%, 18 patients had an EF greater than or equal to 30% and
less than 50%, and 22 patients had an EF greater than 50%. Among these patients, 21 patients underwent
CMR re-examination after taking antihypertensive drugs for more than 6 months. The antihypertensive
drugs were either ACEI or ARB drugs. For these patients, after antihypertensive drug treatment, blood
pressure was controlled to within 130-110/90-70 for twice consecutive observations. Table 1 lists the
basic characteristics and main cardiac function parameters measured for HHD groups and control group.
There were no statistically signi�cant differences in age among the four groups. There was no signi�cant
difference between the EF value measured in HHD groups and the control group. LVEDVI, LVESVI, LVMI
and EDWT of HHD patients increased with the decrease of EF, whereas, LVSVI didn’t show such trend.
LVSVI of the HHD patients in the group with 30%<EF<50% and the group with EF≥50% was increased
compared to the control group, but LVSVI of the group with EF<30% showed no signi�cant difference
from the control group.

ECV

Representative CMR images and T1 maps used for ECV calculations are shown in Fig. 1. Comparisons
been the mean value and local ECV for each group are shown in Table 2. The mean ECV value of
myocardium, and the ECV value of basal and middle myocardium of HHD groups with different EFs were
all higher than that of the normal control group (P<0.05), but there was no signi�cant difference among
HHD groups. There was no signi�cant difference of the ECV value in apical myocardium among the
groups.

Myocardial strain parameters

Comparisons between global and local myocardial strain values in the different groups are shown in
Table 3. For HHD patients, with a decrease in EF the absolute value of strain decreased both globally and
locally. There were statistically signi�cant differences in GRS among the four groups (P<0.01). After the
exception of the GRS parameter, there was no signi�cant difference in HHD in the EF≧50% group and the
control group (P<0.01). There were signi�cant differences of the global and local CS and LS between the
EF<50% group and the EF≧50% group.

Relationships between LV function parameters, ECV, and myocardial strain

When comparing all HHD patients, EF demonstrated a signi�cant correlation with GRS, GCS, and GLS
strain parameters (Fig. 2).The coe�cient of association between



Page 7/19

EF and GRS is the biggest in patient groups with EF<50%; however, GLS has the greatest effect on EF for
the largest slope. In patient groups with EF ≥ 50%, GCS has a larger slope and a larger correlation
coe�cient than that of GRS and GLS. Across all the subjects, global strain parameters demonstrated a
relatively weak correlation to ECV (Fig. 3A). A strong correlation was observed between LVMI and global
strain parameters (Fig. 3B).

Comparison between LV function, ECV and myocardial strain before and after treatment

Overall, after six months of antihypertensive drug treatment, patients had higher EF (p = 0.02), lower
LVEDV (p = 0.03), EDWT (p = 0.03), and mean ECV (p < 0.001). The RS of global and middle segment and
the absolute value of the basal and global CS were all increased (p < 0.05). The differences among
LVEDVI, LVSVI, LVMI, and LS were not statistically signi�cant (Table 4). As shown in Fig 4, the RS of a
patient with HHD was improved after six months treatment. The strain of apical, middle, and basal
segments tended to be synchronized and recovered after treatment (Fig.4 E).

Discussion
In this study, we made several important �ndings. Firstly, after six months of antihypertensive drug
therapy, there was an improvement in cardiac function, myocardial �brosis, and LVH in HHD patients with
well-controlled blood pressure. Secondly, GRS may be more sensitive to assess the systolic function of
HHD compared with other parameters. Thirdly, compared with myocardial �brosis, myocardial
hypertrophy has better correlation with myocardial strain. In addition, there is a local difference in the
elevation of ECV in HHD patients. Compared with the apical segment of LV, the middle segment and the
basal segment may be more likely to be involved in the HHD.

ECV

There was no signi�cant difference in ECV among the groups with different EF (Table 2), but we found
that there was a local difference in ECV. ECV values in the basal and middle segments were higher than
those in the apical segment; however, there was no such difference in the normal control group,
suggesting that HHD �brosis may be more easily involved in the basal and middle segments. The ECV
values are overlapped among the groups. Therefore, it is di�cult to distinguish HHD patients with
preserved EF from the normal control group only by the ECV value.

Myocardial strain

The absolute value of the global and local strain decreased with the decrease of EF in HHD patients. The
myocardial strain value was also reduced in HHD patients with preserved EF value, suggesting that the
strain value is more sensitive in re�ecting the LV systolic function compared to EF value. Among the three
global strains, GRS has the greatest value change in HHD patients with EF≧50%. That is to say, GRS may
be more sensitive to evaluate systolic function for these patients, consistent with literature report [14]. By
combining mathematical and echocardiographic methods, Stokke Thomas M et al. found that strain
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measurement seems to be a better method for quantifying systolic function, and that longitudinal
shortening may be a more sensitive marker of systolic dysfunction [15], which may be related to the
diseases we study and the different examination methods. We found that the GCS contributed more than
GRS and GLS to EF in the HHD patients with preserved EF, though it didn't change much. Studies have
shown that signi�cant reduction of LS can be compensated by increasing CS or wall thickness or the
decrease of diameter [15]. In addition, although the GRS value decreased, the slope of the univariate
linear regression between GRS and EF is small, so that the effect on EF is weak. This may be the reason
why the EF can keep normal.

Correlation

We found that LVMI was positively correlated with the GCS and GLS but negatively correlated with GRS.
Compared to the correlation between ECV and LVMI, the correlation between myocardial strain and LVMI
was stronger. It is consistent with the literature reports that LVH has a greater effect on overall LS than
diffuse �brosis [16]. Studies have found that ECV in hypertensive cardiomyopathy is positively correlated
with LV mass and CS [17]. An animal study showed that diffuse subendocardial �brosis is also correlated
with decreased longitudinal contractile force and decreased peripheral strain in hypertensive
rats[18].Furthermore, although the correlation coe�cient was low, we still observed a correlation between
ECV and strain in all subjects, suggesting that diffuse myocardial �brosis causes the reduction of the
myocardial strain. Previous studies have also reported that an increase in ECV re�ects potential changes,
such as �brosis, collagen swelling, and increased collagen cross-linking, leading to changes in
myocardial function [19].

Impact on LV function parameters, ECV, myocardial strain after treatment

Studies have shown that LVH regression by inhibiting the neuroendocrine pathways of rennin angiotensin
aldosterone system (RASS) and sympathetic nervous system(SNS) is greater than LVH regression by
lowering blood pressure alone [20]. ACEI and ARB antihypertensive drugs can inhibit the RASS
neuroendocrine pathway and improve LV remodeling[21-22].After six-month treatment, the mean wall
thickness at the end of the diastolic period was signi�cantly improved, but the changes in LVMI and
LVEDVI were not signi�cant, suggesting that short-term treatment improved LVMI and LVEDVI weakly.
After six-month treatment, the EF value and the absolute value of myocardial strain increases, indicating
that myocardial systolic function is improved. Besides, there were obvious improvements of GRS and
GCS after treatment, but there was no improvement of GLS. This suggests that GRS and GCS may be
more sensitive to the treatment. Although the improvement of LS impairment in HHD patients is di�cult,
it is more important for prognostic evaluation. A study on HHD echocardiography showed that strain
(especially GLS) was associated with the major adverse cardiac events (MACE), and the MACE was also
associated with the deterioration of LV longitudinal function during mid-term follow-up [23]. After
treatment, there was a de�nite but limited decrease in the ECV value of HHD patients, suggesting that the
myocardial �brosis may be slightly improved after treatment.

Limitations
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The current study has some limitations. First of all, the sample size is small, so the sample may not
accurately re�ect the overall situation. Secondly, there is no grouping based on the choice of treatment
drugs, so different types of antihypertensive drugs may have different therapeutic effects, and CMR
parameters may also change differently. Thirdly, patients were not followed up for cardiac adverse events
after treatment, and the combination of changes in related parameters with prognosis may be more
meaningful for guiding clinical treatment.

Conclusions
ECV and myocardial strain parameters for myocardial abnormalities are more sensitive. ECV, GRS and
GCS are more sensitivity to treatment than other parameters. The improvement of GLS in patients with
HHD is weak, but for prognostic assessment it may be more important.ECV and myocardial strain
parameters can be used as CMR marker for long-term monitoring of the curative effect of patients with
HHD.

Abbreviations
CMR=Cardiovascular magnetic resonance imaging

HHD = Hypertensive heart disease

LV = Left ventricular

ECV = Extracellular volume

EF = Ejection fraction

LVH = Left ventricular hypertrophy

LVMI = Left ventricular mass index

LVEDVI = Left ventricular end-diastolic volumeindex

LVESVI = Left ventricular end-systolic volume index

LVSVI = Left ventricular stroke volume index

EDWT = End Diastolic Wall Thickness

RS = Radial strain

CS = Circumferential strain

LS = Longitudinal strain



Page 10/19

ACEI = Angiotensin converting enzyme inhibitor

ARB= Angiotensin receptor blocker

Declarations
Ethics approval and consent to participate

The research protocol complies with the human ethics standards and was approved by the Medical
Ethics Committee of the Second Xiangya Hospital of Central South University.

Consent for publication

One of the authors of this manuscript (Xiaoyue Zhou) is an employee of Siemens Healthineers Ltd. The
remaining authors declare no relationships with any companies whose products or services may be
related to the subject matter of the article.

Availability of data and materials

The datasets used and analysed during the current study are available from the corresponding author on
reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

This study was supported by the National Natural Science Foundation of China NO.81701660 .

Authors' contributions

Junqiao N: collected cases , analyzed images, performed statistical analysis, read literature, drafted the
manuscript, Mu Z:design experiment, collected cases, analyzed images, read literature, drafted the
manuscript, Yan W:designed experiment, critically reviewed the manuscript, Jun L: designed experiment,
critically reviewed the manuscript, Shanshan W: performed statistical analysis, critically reviewed the
manuscript, Jia Wang: performed statistical analysis, Xiaoyue Z: revised manuscript, Hui L: read
literature, critically reviewed the manuscript, critically, Yanyu L: acquired data, Feng H: acquired data. All
authors read and approved the �nal manuscript.

Acknowledgements

Not applicable

Author details



Page 11/19

Not applicable

References
1. Díez J, González A, López B, Querejeta R. Mechanisms of disease: pathologic structural remodeling

is more than adaptive hypertrophy in hypertensive heart disease. Nat Clin Pract Cardiovasc Med
2005; 2:209–16. [PubMed: 16265485]

2. Devereux RB, Wachtell K, Gerdts E, Boman K, Nieminen MS, Papademetriou V, et al. Prognostic
signi�cance of left ventricular mass change during treatment of hypertension. JAMA 2004;
292:2350–2356.

3. Levy D, Salomon M, D’Agostino RB, Belanger AJ, Kannel WB. Prognostic implications of baseline
electrocardiographic features and their serial changes in subjects with left ventricular hypertrophy.
Circulation 1994; 90:1786–1793.

4. Yurenev AP, Dyakonova HG, Novikov ID, Vitols A, Pahl L, Haynemann G. Management of essential
hypertension in patients with different degrees of left ventricular hypertrophy: multicenter trial. Am J
Hypertens 1992; 5 (pt 2):182S–189S.

5. Ohsato K, Shimizu M, Sugihara N, Konishi K, Takeda R. Histopathological factors related to diastolic
function in myocardial hypertrophy. Jpn Circ J 1992;56:325–33. [PubMed: 1533688]

�. Querejeta R, López B, González A, Sánchez E, Larman M, Martínez Ubago JL, et al. Increased
Collagen Type I Synthesis in Patients With Heart Failure of Hypertensive Origin. Circulation 2004;
110:1263–8. [PubMed: 15313958]

7. Treibel Thomas A, Zemrak Filip, Sado Daniel M et al. Extracellular volume quanti�cation in isolated
hypertension - changes at the detectable limits?.J Cardiovasc Magn Reson, 2015, 17: 74.

�. Wachtell K, Bella JN, Rokkedal J, Palmieri V , Papademetriou V , Dahlöf B, et al. Change in diastolic
left ventricular �lling after one year of antihypertensive treatment: The Losartan Intervention For
Endpoint Reduction in Hypertension (LIFE) Study. Circulation 2002; 105:1071–6. [PubMed:
11877357]

9. Worthy G. Hypertensive left ventricular hypertrophy: a mechanistic approach to optimizing regression
assessed by cardiovascular magnetic resonance. J Journal of Hypertension, 2012, 30(10):2039-
2046.

10. Mathew J, Sleight P, Lonn E, Johnstone D, Pogue J, Yi Q, Bosch J, Sussex B, Probst�eld J, Yusuf S.
Reduction of cardiovascular risk by regression of electrocardiographic markers of left ventricular
hypertrophy by the angiotensin-converting enzyme inhibitor ramipril. Circulation 2001;104:1615–
16213

11. Devereux RB, Wachtell K, Gerdts E, Boman K, Nieminen MS, Papademetriou V, Rokkedal J, Harris K,
Aurup P, Dahlof B. Prognostic signi�cance of leftventricular mass change during treatment of
hypertension. JAMA 2004; 292:2350–2356.



Page 12/19

12. Otavio R. Coelho-Filho, Ravi V. Shah, Tomas G. Neilan, et al. Cardiac Magnetic Resonance
Assessment of Interstitial Myocardial Fibrosis and Cardiomyocyte Hypertrophy in Hypertensive Mice
Treated With Spironolactone. J Am Heart Assoc2014;3(3) e000790.

13. Olivotto I, Maron MS, Autore C, et al. Assessment and signi�cance of left ventricular mass  by 
cardiovascular  magnetic  resonance  in  hypertrophic  cardiomyopathy. J Am Coll Cardiol. 2008;
52(7):559-66.

14. Jonathan C. L. Rodrigues, Stephen Rohan, Amardeep Ghosh Dastidar, et al. The Relationship
Between Left Ventricular Wall Thickness, Myocardial Shortening, and Ejection Fraction in
Hypertensive Heart Disease: Insights From Cardiac Magnetic Resonance Imaging. J Clin Hypertens
(Greenwich) 2016; 18:1119-1127.

15. Stokke T M , Hasselberg N E , Smedsrud M K , et al. Geometry as a Confounder When Assessing
Ventricular Systolic Function: Comparison Between Ejection Fraction and Strain. Journal of the
American College of Cardiology, 2017, 70(8):942-954.

1�. Ulf Neisius,,Lana Myerson,Ahmed S. Fahmy,et al.Cardiovascular magnetic resonance feature
tracking strain analysis for discrimination between hypertensive heart disease and hypertrophic
cardiomyopathy. PLoS ONE 2019, 14(8): e0221061.

17. Sujith Kuruvilla, Rajesh Janardhanan, Patrick Antkowiak, et al. Increased Extracellular Volume and
Altered Mechanics Are Associated with Left Ventricular Hypertrophy in Hypertensive Heart Disease,
not Hypertension Alone. JACC Cardiovasc Imaging. 2015 February; 8(2): 172–180.

1�. 18. Ishizu T, Seo Y, Kameda Y, Kawamura R, Kimura T, Shimojo N, et al. Left ventricular strain and
transmural distribution of structural remodeling in hypertensive heart disease. Hypertension. 2014;
63: 500–506.

19. Rommel KP, von Roeder M, Latuscynski K, et al.Extracellular volume fraction for characterization of
patients with heart failure and preserved ejection fraction. J Am Coll Cardiol 2016; 67:1815–25.

20. 20. Joanna Burnsa, Stephen G. Balla, Gillian Worthyb, et al. Hypertensive left ventricular hypertrophy:
a mechanistic approach to optimizing regression assessed by cardiovascular magnetic resonance.
Journal of Hypertension 2012, 30:2039–2046.

21. Wachtell K, Bella JN, Rokkedal J, Palmieri V, Papademetriou V, Dahlöf B, et al. Change in diastolic left
ventricular �lling after one year of antihypertensive treatment: The Losartan Intervention for Endpoint
Reduction in Hypertension (LIFE) Study. Circulation 2002; 105:1071–6.

22. Joanna Burnsa, Stephen G. Balla, Gillian Worthy, et al. Hypertensive left ventricular hypertrophy: a
mechanistic approach to optimizing regression assessed by cardiovascular magnetic resonance.J
Hypertens 2012; 30(10) :2039-46.

23. Saito Makoto, Khan Faisal, Stoklosa Ted et al. Prognostic Implications of LV Strain Risk Score in
Asymptomatic Patients With Hypertensive Heart Disease. JACC Cardiovasc Imaging, 2016, 9: 911-21.

Tables



Page 13/19

Table1 Patient Characteristics and LV function for HHD and healthy control groups.
 

  HHD(n=62) Controls

(n=26)

p value

EF<30%

(n=22)

30%≦EF<50% (n=18) EF≧50

(n=22)

Age(years) 43.7±13.6 46.3±14.8 49.3±10.3 44.6±13.7 0.36

Gender 20M 2F 16M 2F 19M 3F 22M 4F 0.28

BMI 30.4±5.9 25.5±3.5 25.7 4.5 24.6±3.7 <0.05ad

EF (%) 22.0(6.6 35.8 14.6 68.3 9.3 61.0 7.3 <0.01a b e f

LVEDVI

(ml/m2 )

149.9 50.1 110.4 43.2 68.3 24.7 59.7 23.3 <0.01a b ef

LVESVI

(ml/m2 )

122.1 37.9 70.2 19.1 21.3 16.0 23.4 10.0 0.000a b ef

LVSVI

(ml/m2 )

32.0(15.3) 45.2(22.6) 45.5(13.3) 35.6 14.1 <0.05c d e

LVMI (g/m2 ) 128.3 40.4 115.35 39.1 89.5 35.6 44.7 13.9 <0.01a b c e

EDWT cm 1.2±0.2 1.2±0.2 1.1±0.2 0.8±0.2 <0.05 a b c

Abbreviations: a EF<30% compared with Controls; b 30%≦EF<50% compared with Controls;  c EF≧50 compared with Controls; d EF<30%
compared with 30%≦EF<50%; e EF<30% compared with EF≧50; f30%≦EF<50% compared with EF≧50
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Table 2 ECV for HHD and healthy control groups.
   

  HHD(n=62) Controls

(n=26)

pvalue

EF<30%

(n=22)

30%≦EF<50% (n=18) EF≧50

(n=22)

Mean 0.28±0.03 0.27±0.03 0.27±0.03 0.24±0.02 <0.05a b c

Base 0.30(0.06) 0.29(0.07) 0.28(0.07) 0.23(0.03) <0.01a b c

Middle 0.29±0.05 0.29±0.05 0.28±0.03 0.24±0.02 <0.05a b c

Apex 0.25(0.00) 0.25 0.01 0.25 0.01 0.25 0.04 0.992

Abbreviations: a EF<30% compared with Controls; b 30%≦EF<50% compared with Controls;   c EF≧50 compared with Controls ; d EF<30%
compared with 30%≦EF<50%; e EF<30% compared with EF≧50; f30%≦EF<50% compared with EF≧50
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Table 3 Global and regional myocardial strain parameters for HHD and healthy control groups.
 

  HHD(n=62) Controls

(n=26)

p value

EF<30%

(n=22)

30%≦EF<50% (n=18) EF≧50

(n=22)

RS          

Global 8.2±2.9 13.8±4.3 29.1±6.0 35.6±7.5 <0.01a b c e d f

Base 9.6(7.3) 16.9(10.4) 14.5817.39 30.4 17.0 43.2(17.0 <0.05a b e f

 Middle 6.6 (4.0) 10.3(5.2) 25.4(8.9) 31.9(14.2) <0.01a b e f

Apex 8.6±5.9 13.7±3.9 31.3±11.1 36.2±10.9 <0.01a b e f

CS

 

         

Global -7.1(3.2) -10.1(3.2) -19.6(4.8) -20.5(4.1) <0.01a b e f

Base -6.5(2.5) -10.1(3.2) -17.5(5.8) -18.9(3.8) <0.01a b e f

Middle -6.2(3.0) -10.8(3.3) -20.2(3.9) -20.7(4.2) <0.01a b e f

Apex -9.2(4.9) -12.6(5.1) -22.5(5.2) 24.74 -22.8(5.3) 23.29 <0.01a b ef

LS          

Global -4.0(2.9) -6.5(2.4) -12.1(3.8) -14.9(3.6) <0.05a b e f

Base -2.7(7.3) -4.7(4.5) -10.4(6.2) -12.6(4.8) <0.05a b e f

Middle -3.7(3.2) -6.5(3.6) -12.1(6.0) -14.2(4.7) <0.05a b e f

Apex -5.4(2.9) -10.0(3.0) -14.9(3.4) 35.55 -17.9(4.1) <0.05a b e f

Abbreviations: a EF<30% compared with Controls; b 30%≦EF<50% compared with Controls;   c EF≧50 compared with Controls ; d EF<30%
compared with 30%≦EF<50%; e EF<30% compared with EF≧50; f30%≦EF<50% compared with EF≧50
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Table 4 Comparison between LV function, ECV and myocardial strain before and after 6-months anti-hypertension drug therapy

  Before treatment After treatment p value

EF 44.6±22.3 52.4±18.9 0.02

LVEDVI(ml/m2 ) 96.9 67.7 74.8 40.1 0.06

LVSVI(ml/m2 ) 40.0±16.4 40.1±13.8 0.85

LVMI(g/m2 ) 106.5 31.2 97.6 36.2 0.18

EDWT cm 1.2 0.2 1.1 0.3 0.03

ECV      

Mean 0.27 0.04 0.25 0.04 0.000

Base 0.29±0.04 0.25±0.04 0.000

Middle 0.25 0.01 0.24 0.01 0.001

Apex 0.25 0.01 0.24 0.01 0.71

RS      

Global 16.8±8.9 22.7±9.5 0.01

Base 20.7±11.1 29.5±16.7 0.06

Middle 11.0 17.0 20.2 14.3 0.027

Apex 13.6 17.9 20.4 22.3 0.64

CS      

Global -13.4±5.6 -16.0±4.6 0.03

Base -9.9 10.5 -10.9 7.8 0.02

Middle -12.0 11.9 -17.4 8.3 0.16

Apex -16.2±6.5 -19.6±5.2 0.05

LS      

Global -6.9 6.0 -9.0 5.4 1.00

Base -5.4 5.0 -5.2 13.1 0.13

Middle -6.4 6.4 -8.7 5.8 0.50

Apex -10.7 8.0 -12.0 6.3 0.12

Figures
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Figure 1

Representative example of T1 mapping for ECV measurement Short-axis cine image (A), baseline pre-
contrast T1 map (B with mean T1 relaxation time in myocardium ROI = 1272ms and blood pool ROI =
1597ms) and post-contrast T1 map (C with mean T1 relaxation time in myocardium ROI = 532msand
blood pool ROI = 332ms) and ECV = 0.22.

Figure 2

Relationship between EF and myocardial strain measurements There was strong correlation between EF
and GRS, GCS, and GLS strain measurements. When separately considering only those patients with EF
less than 50%, the magnitude of slope between EF and GLS, GCS, and GLS parameters was greater than
observed for patients with EF >= 50%.
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Figure 3

The relationship between myocardial strain andECV as well as thatbetween myocardial strain and LVMI A
relatively weak correlation was observed between ECV and global strain (A). A strong correlation was
observed between LVMI and global strain (B).
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Figure 4

RS comparison before and after treatment of a HHD patient Long-axis left-ventricle views in HHD patient
before (A) and after (D) 6-month of treatment with color-map overlay of RS measurements at end systole.
The corresponding time course of RS measurements across the cardiac cycle for basal green line ,
middle white line , and apical purple line segments are shown in panels B and E, respectively. RS
measurements before (C) and after (F) treatment for each segment of the 16-segment model are shown.


