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Abstract

Background. Leftventricular (LV) systolicimpairment, particularly in the longitudinal direction, is considered
an early and sensitive marker of hypertensive heart disease and increased cardiovascular risk. The evidence
indicates that aortic stiffness and central hemodynamic factors are important determinants of LV performance,
mediating the interaction between the heart and vascular load. Despite the existence of cross-sectional
analyses linking central blood pressure (BP) parameters with LV mechanics, no longitudinal data are available
which include serial measurements in the course of antihypertensive treatment.

Objectives. Toinvestigate the associations between changes in LV longitudinal and circumferential function
with alterations in arterial hemodynamics and ventricular-arterial coupling (VAC) in patients with uncom-
plicated hypertension during a 12-month follow-up.

Materials and methods. In this retrospective study, 216 patients (age 64.3 7.6 years) underwent echo-
cardiography including left ventricular longitudinal (GLS) and circumferential strain (GCS) analysis, brachial
BP measurements, VAC (combining echocardiography and brachial BP), and arterial hemodynamics using
radial tonometry at baseline and after 12 months of antihypertensive therapy. Patients were grouped into 2
subsets: with improvement in GLS (n = 103) and with deterioration in GLS (n = 113).

Results. No significant differences were observed in the majority of cardiovascular, demographic or clinical
characteristics between the groups. The subset with improvement in GLS demonstrated more favorable
changes over follow-up in pulse wave velocity (p = 0.03), central augmentation pressure (p = 0.01) and
ventricular-arterial coupling (p = 0.04) compared to patients showing deterioration in GLS. In the multi-
variable analysis, independent determinants of changes in GLS were: GLS at baseline (—0.48; p < 0.001),
changes from baseline to follow-up in central augmentation pressure (—0.29; p = 0.002) and ventricular-
arterial coupling (—0.25; p = 0.004). Independent determinants of analogous changes in GCS were: GCS
at baseline (—0.46; p < 0.001) and changes in central augmentation pressure (—0.22; p = 0.02).

Conclusions. Left ventricular longitudinal and circumferential functional remodeling over time in hyper-
tensive patients is associated with arterial hemodynamics and ventricular-arterial coupling.

Key words: hypertension, pulse wave analysis, arterial hemodynamics, ventricular-arterial coupling, lon-
gitudinal and circumferential strain
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Background

Left ventricular (LV) functional abnormalities have been
widely recognized as an early manifestation of hypertensive
heart disease (HHD) contributing to the increased cardiovas-
cular risk.I"* The introduction of new imaging techniques,
particularly speckle tracking echocardiography, provided
evidence that in addition to LV diastolic derangements, LV
systolic impairment, especially in the longitudinal direction,
should be considered an early and sensitive marker of LV
functional compromise, resulting from the detrimental ef-
fect of hypertension (HT).>® Changes in LV circumferential
contractility in the natural history of disease processes are
not well understood; however, the relatively delayed develop-
ment of this dysfunction has been reported consistently.”-!!

Accumulating evidence indicates that aortic stiffness and
central hemodynamic factors are important determinants
of LV performance, mediating the interaction between
the heart and vascular load.!? Specifically, LV pressure load
and myocardial function are associated with hemodynam-
ics in the proximal aorta. Increased aortic stiffness ampli-
fies early systolic load (evidenced by an increase in central
pressure augmentation) and impairs ventricular-arterial
coupling (VAC), which adversely affects cardiac function.
Moreover, alterations in LV and aortic physiology enhance
the risk of heart failure, especially heart failure with pre-
served ejection fraction (HFpEF), thus paving the way for
adverse outcomes, such as HT.13

The association between central loading factors, as-
sessed noninvasively with pulse wave analysis (PWA) from
peripheral (e.g. brachial) arteries, and LV performance and
structure has been demonstrated in previous studies.}*~2!
However, no diagnostic approach has been developed that
would favor the use of specific central hemodynamic pa-
rameters. Moreover, to our knowledge, no longitudinal
data are available concerning the correlation of central
hemodynamic parameters, including VAC, with LV me-
chanics, in the course of antihypertensive treatment.

Objectives

The aim of this study was to investigate the relationship
between alterations in LV longitudinal and circumferential
function with changes in arterial hemodynamic character-
istics and VAC in patients with uncomplicated HT during
a 12-month follow-up.

Materials and methods
Study subjects
This study was a retrospective analysis of 216 pa-

tients with uncomplicated HT, including 105 men and
111 women who participated in the BP GUIDE study,??
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and had complete datasets including LV deformation and
PWA parameters. Among inclusion criteria were: 18—
75 years of age, lack of pregnancy, and antihypertensive
therapy including from 1 to 3 hypotensive drugs. Exclu-
sion criteria included: severely abnormal LV mass index
(>59 g/m?7 in women and >64 g/m?” in men), clinical his-
tory of coronary artery disease or renal disease, serum cre-
atinine >1.6 mg/dL, secondary HT, uncontrolled HT (office
brachial blood pressure (BP) >180/100 mm Hg), aortic valve
stenosis, or upper limb obstructive atherosclerosis. All pa-
tients were in the sinus rhythm to ensure the reliability
of myocardial deformation assessment and PWA.

Protocol

Each participant underwent echocardiography, includ-
ing LV longitudinal and circumferential strain analysis,
brachial BP measurements, and estimated central hemody-
namics assessment using radial tonometry at baseline and
after 12 months of supervised HT management. Medica-
tion quantity was determined by daily defined dose (DDD)
and according to the World Health Organization standards
for exact quantifications of drug amount and standardiza-
tion.?® Patients were stratified according to the changes
in global longitudinal strain (GLS) over the follow-up pe-
riod (follow-up value minus baseline value) into 2 groups:
with improvement in GLS and with deterioration in GLS.
The study was conducted in accordance with The Declara-
tion of Helsinki, and the protocol was approved by the in-
stitutional bioethics committee. All subjects gave their
informed consent for inclusion before they participated
in the study.

Echocardiography

Echocardiographic imaging was performed using Vivid
E9 and Vivid 7 equipment (GE; Vingmed Ultrasound
AS, Horten, Norway) with phased array 2.5 MHz mul-
tifrequency transducers. The assessment of LV func-
tion at baseline and 12-month follow-up was carried
out by a single expert observer (W.K.) who was blinded
to the clinical data.

Conventional and tissue Doppler imaging

The measurements of cardiac dimensions, wall thick-
nesses, LV ejection fraction, and Doppler parameters of mi-
tral inflow and mitral annular velocities were obtained
according to the recommendations of the American So-
ciety of Echocardiography and the European Association
of Cardiovascular Imaging.?*

The assessment of LV mass and ejection fraction were
calculated by real-time three-dimensional echocardiog-
raphy. The left atrium (LA) volume was measured using
Simpson’s technique from the apical four-chamber and
two-chamber views at the end of ventricular systole, just
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before mitral valve opening. The LA volume index was
computed by adjusting LA volume to body surface area.
The LV inflow parameters were evaluated using pulsed
wave Doppler from the apical four-chamber view with
the sample volume placed between the tips of mitral leaf-
lets, and included peak early (E) and late diastolic flow
velocity (A), along with deceleration time of the E-wave
(DT). Pulse wave tissue Doppler was used to define peak
early diastolic tissue velocity (e') at the septal and lateral
parts of the mitral annulus. The ratio of mitral inflow early
diastolic velocity to the average e’ velocity obtained from
the septal and lateral sides of the mitral annulus (E/e") was
calculated to estimate LV filling pressure.?®

Speckle tracking imaging

Left ventricular deformation was assessed using a semi-
automated two-dimensional speckle tracking technique
(EchoPac; General Electric Healthcare, Horten, Norway)
that analyzed all segments of the left ventricle in the 3 api-
cal views (longitudinal strain) and parasternal short axis
view at the papillary muscle level (circumferential strain).
The LV strain measurements were performed at a frame
rate of 60-80 frames/s. The measurements included
the greatest negative value on the strain curve. Global lon-
gitudinal (GLS) and circumferential strains (GCS) were
calculated as the averages of all LV segments interrogated.
If more than 2 segments in a single view remained poorly
tracked despite manual correction of the region of inter-
est, global deformation parameters were not computed.
All echocardiographic parameters were averaged over 3
consecutive cardiac cycles and reported as absolute values.

BP and hemodynamic measurements

Office brachial BP was measured in duplicate after
10 min of rest in the sitting position using a validated de-
vice (Omron HEM 907; Omron Healthcare, Kyoto, Japan).
Central hemodynamics were estimated using radial to-
nometry (SphygmoCor; AtCor Medical, Sydney, Austra-
lia) with calibration of radial waveforms, using brachial
systolic blood pressure (SBP) and diastolic blood pressure
(DBP). This approach seeks to preserve the level of differ-
ence in SBP between brachial and central arterial sites,
but underestimates the true central aortic SBP.2° Hence,
the focus of this analysis was on waveform indices, includ-
ing augmented pressure and augmentation index from
both, the untransformed radial waveform as well as the de-
rived central waveform. Augmented pressure was assessed
as the pressure difference between the 1% and 2" systolic
peaks on the pressure waveforms. Augmentation index was
calculated as a percentage of augmented pressure to pulse
pressure on the central and radial waveforms. To correct
for differences in heart rate (HR), augmented pressure and
augmentation index values were adjusted to a standard
of 75 bpm. Pulse pressure was computed by the difference
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between SBP and DBP at brachial and central sites. Pulse
pressure amplification was calculated as the ratio of bra-
chial to central pulse pressure. Twenty-four-hour ambu-
latory BP was recorded using TM 2430 equipment (A&D
Mercury, Thebarton, Australia).

Combined BP-echocardiography variables

The ventricular-arterial coupling ratio was calculated
as the quotient of aortic (Eal) and LV end-systolic elas-
tance (ELVI) indices, where Eal and ELVI were defined
as the ratio of end-systolic pressure to echocardiographic-
derived stroke volume index and end-systolic volume in-
dex, respectively. End-systolic pressure was computed from
the equation 0.9 x brachial SBP.?” Peripheral vascular re-
sistance index was calculated by mean arterial pressure/
cardiac index (the product of two-dimensional stroke vol-
ume and HR indexed to body surface area).

Statistical analyses

Data are presented as mean values * standard deviation
(SD) for continuous variables and as counts and percentages
for categorical variables. Homogeneity of variances was
assessed using the Levene’s test. Between groups, compari-
sons were performed using an unpaired two-sided Students
t-test for continuous variables and yx? test for categorical
variables. The associations of changes in GLS and GCS
from baseline to follow-up with other variables were ana-
lyzed using Pearson’s correlation coefficient and multivari-
able linear regression analysis. The components of multi-
variable models were selected on the basis of anticipated
and demonstrated univariate associations. Changes in par-
ticular parameters were calculated by subtracting the base-
line value from the follow-up value, and were expressed
in the units of their measurements. The reproducibility
of strain measurements was evaluated by the Bland—Alt-
man method (mean difference and 95% confidence interval
(95% CI)). All calculations were carried out with standard
statistical software (STATISTICA v. 13; StatSoft Inc., Tulsa,
USA). The level of statistical significance was set at a two-
sided p-value <0.05.

Results

Patients were grouped into 2 subsets depending
on the change in the value of GLS after 12 months of an-
tihypertensive therapy: with improvement in GLS (n = 103)
and with deterioration in GLS (n = 113).

Patient profile
Baseline demographic, clinical and cardiovascular char-

acteristics according to the change in GLS are presented
in Table 1. A significantly lower GLS at baseline was found
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Table 1. Baseline demographic, clinical and cardiovascular characteristics according
to the change in global longitudinal strain over a 12-month follow-up

GLS deterioration | GLS improvement

Variables at follow-up at follow-up p-value
n=113 n=103
Age [years] 64.9 £7.2 63.7 £8.0 0.23
Male sex, n (%) 51 (45) 52 (50) 0.60
BMI [kg/m?] 294 £46 29.7 £5.1 0.55
Creatinine [mg/dL] 0.88 £0.18 0.88 +£0.18 0.96
eGFR [mL/min/1.73 m?] 82.1£14.8 84.1 +£15.1 033
Mean 24-hour SBP [mm Hg] 131.1£115 1341 +12.7 0.073
Mean 24-hour DBP [mm Hg] 75575 77.1 £7.6 0.13
bSBP [mm Hg] 1329+£14.9 1306 £12.9 0.24
bDBP [mm Hg] 769 9.2 774 £98 0.66
bPP [mm Hg] 560+11.8 53.1+109 0.07
PWV [m/s] 95+£22 94 +2.1 0.59
CcAGPH HR 75 [%] 21 87 2197 0.87
cAP HR 75 [mm Hg] 9.0+4.9 89+5.1 0.92
rAlx [%)] 81413 82£16 0.64
PVRI [U/m?] 5351234 543 £144 0.76
Eai 42+19 4310 0.57
ELVi 87130 82425 0.22
VAC 0.51+0.27 0.55£0.15 0.13
LV diastolic diameter [cm] 44405 4304 0.31
LV mass index [g/m?] 309453 313455 0.56
LA volume index [mL/m?] 329497 3354113 0.72
LV ejection fraction [%] 62.2+49 608 5.7 0.072
GLS [%] 194 +2.1 17.7 £2.1 <0.001
GCS [%] 173 £2.8 17.1£2.8 0.64
E/A 0.99 +£0.3 0.96 +0.2 032
DT [ms] 2269 £44.5 2217 £48.8 042
e’ septal [cm/s] 63+1.5 6.1+14 0.35
e’ lateral [cm/s] 8319 8.0+2.0 0.34
E/e’ 10.0 £3.1 9.6 +2.7 0.37
DDD 25%15 2414 045
ACEi, n (%) 35(31) 30 (29) 0.77
ARB, n (%) 72 (64) 68 (66) 0.72
CCB, n (%) 33(29) 35(34) 045
Diuretics, n (%) 44 (39) 39(38) 0.87
B-blockers, n (%) 11(10) 11(11) 0.82

GLS - global longitudinal strain; BMI — body mass index; eGFR - estimated glomerular
filtration rate; SBP — systolic blood pressure; DBP — diastolic blood pressure; bSBP — brachial
systolic blood pressure; bDBP — brachial diastolic blood pressure; bPP — brachial pulse
pressure; PWV - pulse wave velocity; cCAGPH HR 75 - central augmentation index at heart
rate 75 beats/min; cAP HR 75 — central augmentation pressure at heart rate 75 beats/min;
PVRI - peripheral vascular resistance index; Eai — effective arterial elastance index; ELVi - left
ventricular elastance index; VAC - ventricular-arterial coupling; LV — left ventricular; LA — left
atrium; GCS - global circumferential strain; E/A — ratio of peak early to peak late diastolic
mitral inflow velocity; DT — deceleration time; e’ — peak early diastolic mitral annular velocity;
E/e’ - ratio of peak early diastolic mitral inflow velocity to peak early diastolic mitral annular
velocity; rAlx — radial augmentation index; DDD - daily defined dose of hypotensive drugs;
ACEi — angiotensin-converting enzyme inhibitors; ARB — angiotensin receptor blockers;

CCB - calcium channel blockers. The eGFR was calculated according to the CKD-EPI
formula (www.nice.org.uk (July 2014)) “Chronic kidney disease in adults: assessment and
management”. Values in bold are statistically significant.
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in patients with the improvement in GLS at fol-
low-up. There were no significant integroup dif-
ferences in patient age, proportion of male sex,
body mass index (BMI), daily defined dose (DDD)
of antihypertensive drugs, as well as echocardio-
graphic, BP, or hemodynamic measurements.

Blood pressure and cardiovascular
characteristics

The subset with improvement in GLS dem-
onstrated more favorable changes over follow-
up in pulse wave velocity, central augmentation
pressure at HR 75 beats/min, VAC, GCS, and
septal peak early diastolic mitral annular ve-
locity compared to patients with deterioration
in GLS (Table 2).

Correlates of LV functional
characteristics

Univariate associations of changes in GLS and
GCS from baseline to follow-up, with baseline val-
ues of demographic, clinical and cardiovascular
characteristics are presented in Table 3, and anal-
ogous associations with changes from baseline
to follow-up in clinical and cardiovascular param-
eters are shown in Table 4. Among significant cor-
relates of change in GLS at 12 months were pulse
wave velocity, VAC, effective arterial elastance
index, central augmentation pressure, and index
at HR 75 beats/min, whereas significant correlates
of change in GCS were DBP, central augmentation
pressure and index at HR of 75 beats/min.

Multivariable linear regression models il-
lustrated that the independent determinants
of changes in GLS at a follow-up were GLS at base-
line and changes over follow-up in central augmen-
tation pressure and VAC, whereas the indepen-
dent determinants of changes in GCS were GCS
at baseline and changes over follow-up in central
augmentation pressure or index (Table 5). Changes
over follow-up in central augmentation pressure
and index were not combined into a single multi-
variable model due to strong collinearity (r = 0.85).
Similar but not statistically significant results were
demonstrated for radial augmentation index when
used instead of central augmentation parameters
(Table 6).

Change in effective arterial elastance in-
dex over follow-up was tested in multivari-
able models instead of change in VAC (a very
strong collinearity between these 2 variables
with r = 0.95), but did not prove to be a signifi-
cant determinant of either delta GLS (p = 0.069)
or delta GCS (p = 0.71).
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Table 2. Changes in clinical and cardiovascular characteristics according to changes in global longitudinal strain over a 12-month follow-up

GLS deterioration GLS improvement
Variables at follow-up at follow-up
n=113 n=103

ADDD —0.36 £0.95 —0.19£0.93 0.20
A Mean 24-hour SBP [mm Hg] 4.1 £10.5 19+129 0.18
A Mean 24-hour DBP [mm Hg] 14 46.1 1.2+8 0.90
A bSBP [mm Hg] -12+£159 -13+£123 0.96
A bDBP [mm Hg] 0.05+9.0 —0.7 +89 0.54
A bPP [mm Hgl -13+108 -06+82 0.62
A PWV [m/s] 03£16 -03+19 0.026
A cAGPH HR 75 [%] 12475 -05+63 0.09
A cAP HR 75 [mm Hg] 0.7 £4.5 —0.7 £34 0.012
A rAlx [%] 14 +£12.7 -1.2+£105 0.11
A PVRI [U/m?] 444243 —1+£282 0.15
AEai 03+1.7 -0.1+1.7 0.079
A ELVi 0.1 £1.1 -0.1£0.8 0.29
AVAC 0.05 +0.24 -0.01£0.20 0.049
A LV diastolic diameter [cm] -0.06 +0.4 0.004 +0.5 033
ALV mass index [g/m?] 0.07 26 —-0.25+£2.0 043
A LA volume index [mL/m?] —048 £7.1 032492 048
A LV ejection fraction [%] —0.05+53 13+58 0.085
A GLS [%] —14£12 1.5£1.0 <0.001
A GCS [%)] —-02+28 11425 <0.001
AE/A —0.02 £0.27 0.02 £0.22 0.28
A DT [ms] 7.2%529 5.0+556 0.78
A e’ septal [cm/s] -04+13 009+13 0.005
A e'lateral [cm/s] —06+15 -02+18 0.094
AE/e! 0523 0328 0.56

A - change at 12-month follow-up (follow-up value minus baseline value); DDD - daily defined dose of hypotensive drugs; SBP - systolic blood
pressure; DBP — diastolic blood pressure; bSBP - brachial systolic blood pressure; bDBP — brachial diastolic blood pressure; bPP — brachial pulse pressure;
PWV — pulse wave velocity; cAGPH HR 75 — central augmentation index at heart rate 75 beats/min; cAP HR 75 — central augmentation pressure at heart
rate 75 beats/min; Eai — effective arterial elastance index; PVRI - peripheral vascular resistance index; LV - left ventricular; LA — left atrial; GLS - global
longitudinal strain; GCS - global circumferential strain; VAC — ventricular-arterial coupling; E/A - ratio of peak early to peak late diastolic mitral inflow
velocity; DT - deceleration time; e’ - peak early diastolic mitral annular velocity; E/e" - ratio of peak early diastolic mitral inflow velocity to peak early
diastolic mitral annular velocity; rAlx - radial augmentation index. Values in bold are statistically significant.

Fig. 1. Associations between changes in central augmentation pressure and changes in left ventricular global longitudinal and circumferential deformation
over a 12-month follow-up. cAP HR 75 — central augmentation pressure at heart rate 75 beats/min; GLS — global longitudinal strain; GCS - global
circumferential strain
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Table 3. Univariable associations of changes in global longitudinal strain and circumferential strain at a 12-month follow-up with demographic, clinical and

cardiovascular characteristics at baseline

A GLS

Variables
r
Age [years] —-0.01
BMI [kg/m?] 0.03
DDD —0.05
Mean 24-hour SBP [mm Hg] 0.08
Mean 24-hour DBP [mm Hg] 0.07
bSBP [mm Hg] -0.04
bDBP [mm Hg] 0.05
bPP [mm Hg] -0.09
PWV [m/s] 0.01
cAGPH HR 75 [%] 0.04
CAP HR 75 [mm Hg] 0.02
rAlx [%] 0.08
PVRI [U/m?] 0.08
Eai 0.09
ELVi —-0.10
VAC 017
LV diastolic diameter [cm] -0.07
LV mass index [g/m?] 0.03
LA volume index [mL/m?] -0.03
LV ejection fraction [%] -0.13
GLS [%] —048
GCS [%] -0.08

A GCS

p-value r p-value
0.90 0.01 0.83
0.62 0.01 097
042 -0.03 0.69
0.22 0.19 0.007
0.31 0.18 0.009
0.57 0.04 0.58
044 0.07 0.34
0.18 —0.01 0.90
0.82 0.01 0.90
0.51 -0.04 0.55
0.77 —0.01 0.85
0.26 -0.05 0.50
0.24 0.02 0.82
0.20 0.05 048
0.15 =013 0.077
0.016 0.15 0.035
033 0.13 0.076
0.69 0.05 048
0.69 0.09 0.19
0.078 -0.12 0.10

<0.001 -0.16 0.027
0.27 -0.46 <0.001

BMI — body mass index; DDD - daily defined dose of hypotensive drugs; SBP - systolic blood pressure; DBP - diastolic blood pressure; bSBP — brachial
systolic blood pressure; bDBP — brachial diastolic blood pressure; bPP — brachial pulse pressure; PWV — pulse wave velocity; cAGPH HR 75 - central
augmentation index at heart rate 75 beats/min; cAP HR 75 — central augmentation pressure at heart rate 75 beats/min; PVRI — peripheral vascular resistance
index; Eai — effective arterial elastance index; ELVi — left ventricular elastance index; VAC — ventricular-arterial coupling; LV — left ventricular; LA - left atrium;
GLS - global longitudinal strain; GCS — global circumferential strain; rAlx — radial augmentation index. Values in bold are statistically significant.

Scatterplots illustrating associations between changes
in central augmentation pressure at a HR of 75 beats/min
and LV longitudinal and circumferential function are pre-
sented in Fig. 1.

Sensitivity analysis

To check the robustness of results, we changed the in-
put variables by restricting the dataset to the upper and
lower delta GLS tertiles. This analysis confirmed the rela-
tionships between multivariable predictors (for example,
the changes over follow-up in central augmentation pres-
sure and index, or VAC), and changes in GLS and GCS
(Table 7).

Reproducibility

The intra-observer variability of myocardial deforma-
tion measurements was assessed in 15 randomly selected
examinations, and was analyzed twice on 2 separate days
within a four-week time interval. The variability was —0.3%

(=0.7;0.2) for the LV longitudinal strain and 0.5% (-0.5; 1.4)
for the circumferential strain.

Discussion

The current study confirmed the link between LV func-
tion and central hemodynamic and aortic characteristics
by showing independent associations between temporal
and treatment-associated changes in GLS, and changes
in central augmentation pressure and VAC, as well as be-
tween analogous changes in GCS and central augmentation
pressure. Thus, our findings emphasize the role of central
loading factors in the pathophysiology of HHD, and sup-
port the need for extending BP assessments beyond stan-
dard cuff measurements to effectively manage myocardial
complications of HT.

Existing evidence indicates the importance of both
central and peripheral BP measurements due to their as-
sociations with cardiac, renal and vascular injury. Rec-
ognition of target organ damage is essential for clinical
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Table 4. Univariable associations of changes in global longitudinal strain and circumferential strain with changes in clinical and cardiovascular
characteristics at a 12-month follow-up

Variables
A DDD 0.10 0.16 0.11 0.15
A Mean 24-hour SBP [mm Hg] -0.07 0.34 0.04 0.63
A Mean 24-hour DBP [mm Hg] -0.01 0.93 0.01 0.88
A bSBP [mm Hdg] -0.07 030 —-0.09 0.24
A bDBP [mm Hg] -0.12 0.094 -0.15 0.039
A bPP [mm Hg] 0.02 0.98 0.01 0.94
A PWV -0.17 0.015 0.05 0.52
A cAGPH HR 75 [%)] -0.15 0.034 -0.18 0.013
A cAP HR 75 [mm Hgl —0.21 0.003 —-0.19 0.009
A rAlx [%] -0.13 0.063 -0.14 0.051
A PVRI[U/m?] -0.13 0.059 0.01 0.99
A Eai -0.17 0.011 -0.04 0.60
A ELVi 0.09 0.20 —0.01 0.87
AVAC -020 0.003 -0.02 0.83
A LV diastolic diameter [cm] 0.12 0.094 0.04 0.56
ALV mass index [g/m?] -0.01 0.84 0.02 0.74
A LA volume index [mL/m?] 0.06 0.40 0.02 0.83
A LV ejection fraction [%] 0.13 0.072 0.02 0.77

A - change at 12-month follow-up (follow-up value minus baseline value); DDD - daily defined dose of hypotensive drugs; SBP - systolic blood
pressure; DBP — diastolic blood pressure; bSBP - brachial systolic blood pressure; bDBP — brachial diastolic blood pressure; bPP — brachial pulse pressure;
PWV — pulse wave velocity; cAGPH HR 75 — central augmentation index at heart rate 75 beats/min; cAP HR 75 — central augmentation pressure at heart
rate 75 beats/min; PVRI - peripheral vascular resistance index; Eai — effective arterial elastance index; LV - left ventricular; LA — left atrial; GLS - global
longitudinal strain; VAC - ventricular-arterial coupling; rAlx — radial augmentation index. Values in bold are statistically significant.

Table 5. Multivariable associations of the change in global longitudinal and circumferential strains at a 12-month follow-up. Models with central
augmentation parameters

Variables

GLS at baseline -045 0.07 <0.001 -046 0.07 <0.001 = = = = = =
GCS at baseline - - - - - - -045 0.07 <0.001 -047 0.07 <0.001
A cAP HR 75 -0.17 0.07 0.016 = = = -0.16 0.07 0.024 = = =

A cAGPHHR75 - - - -0.13 0.07 0.051 - - - -0.19 0.07 0.006
AVAC -0.16 0.07 0.014 -0.15 0.07 0.019 0.03 0.07 0.68 0.04 0.07 0.59
APWV -0.07 0.07 0.27 -0.09 0.07 0.18 0.11 0.07 0.14 0.10 0.07 0.17
A Mean 24-hour SBP 0.03 0.07 0.62 0.02 0.07 0.76 0.04 0.07 0.63 0.03 0.07 0.71
ADDD -0.01 0.07 0.83 0.01 0.07 0.91 0.04 0.07 0.60 0.03 0.07 0.64

A - change at 12-month follow-up (follow-up value minus baseline value); GLS - global longitudinal strain; GCS — global circumferential strain; cAP HR 75 — central
augmentation pressure at heart rate 75 beats/min; cCAGPH HR 75 — central augmentation index at heart rate 75 beats/min; VAC — ventricular-arterial
coupling; PWV - pulse wave velocity; SBP - systolic blood pressure; DDD - daily defined dose of hypertension drugs; SE — standard error. Values in bold are
statistically significant.

risk stratification in hypertensive patients, and reducing
the occurrence and severity of these complications rep-
resents a major goal of current therapy. Central BP and
associated indices including augmented pressure, cen-
tral pulse pressure, and effective arterial elastance index
have been found to be more closely related to the target

organ damage expressed as LV hypertrophy, cardiac dys-
function, and increased carotid intima media thickness,
and are believed to reflect LV afterload more accurately
than brachial BP measurements.?8-3! Nonetheless, derived
measures of central augmentation index are highly cor-
related with peripheral (radial) augmentation index*? (e.g.,
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Table 6. Multivariable associations of the change in global longitudinal and circumferential strains at a 12-month follow-up. Models with radial
augmentation index

Model 1 Model 2

Variables RzAzG(I)_.SZB R2A=G§§4
GLS at baseline —0.46 0.07 <0.001 - - -
GCS at baseline - - - —0.46 0.07 <0.001
A rAlx -0.11 0.07 0.10 -0.13 0.07 0.057
AVAC -0.15 0.07 0.026 0.04 0.07 053
A PWV -0.10 0.07 0.13 0.08 0.07 0.25
A Mean 24-hour SBP 0.02 0.07 0.72 0.03 0.07 0.70
ADDD —0.003 0.07 0.97 0.05 0.07 0.53

A - change at 12-month follow-up (follow-up value minus baseline value); GLS - global longitudinal strain; GCS - global circumferential strain;
CAP HR 75 — central augmentation pressure at heart rate 75 beats/min; cCAGPH HR 75 — central augmentation index at heart rate 75 beats/min;
VAC - ventricular-arterial coupling; PWV — pulse wave velocity; SBP - systolic blood pressure; DDD - daily defined dose of hypertension drugs;
rAlx — radial augmentation index. Values in bold are statistically significant.

Table 7. Sensitivity analysis

GLS deterioration GLS improvement
Variables at follow-up at follow-up
n=72 n=172
APWV 033 £1.75 -0.23£2.18 0.10 —-0.14 0.11 0.01 0.88
A cAGPH HR 75 [%] 1.29+7.79 -1.16£5.97 0.048 -0.19 0.029 —-0.20 0.035
A cAP HR 75 [mm Hgl 0.71 £4.65 —1.06 £3.60 0.017 —0.25 0.004 -0.27 0.004
AVAC 0.08 £0.30 —0.02+0.23 0.034 -0.22 0.010 -0.02 0.81

GLS - global longitudinal strain; A — change at 12-month follow-up (follow-up value minus baseline value); GCS - global circumferential strain; PWV - pulse
wave velocity; CAGPH HR 75 — central augmentation index at heart rate 75 beats/min; cAP HR 75 — central augmentation pressure at heart rate 75 beats/min;
VAC - ventricular-arterial coupling. Values in bold are statistically significant.

r = 0.96); therefore, we would expect similar associations This paper demonstrated that changes in LV longitudi-
of changes in both central and radial augmentation in- nal systolic deformation over follow-up were associated
dex with changes in GLS and GCS. These associations with alterations in relevant LV afterload-associated indices,
were observed in the current study, which highlights among which central augmentation pressure remained
the potential value of using non-transformed peripheral an independent predictor after multivariable adjustments
waveform parameters as risk stratification tools to supple- for possible confounders. Similar to GLS, the independent
ment derived central BP measures that may be subject contribution from central augmentation pressure param-
to error from cuff calibration and generalized transfer eters was evident for LV circumferential strain as well.
functions.33-35 Moreover, we discovered that the interaction between
The link between LV load and myocardial function the left ventricle and arterial system as assessed by VAC,
is well-documented.?® The value of LV multidirectional representing net cardiovascular performance, indepen-
deformation results from loading conditions and myo- dently determined changes in LV longitudinal strain. Im-
cardial determinants, including passive tissue character- portantly, our results demonstrated superiority of com-
istics, crossover of myofibers in the subendocardial and prehensive evaluation of LV afterload, using non-invasive
subepicardial layers, and direction of myofibers. Impair- hemodynamic parameters derived from PWA over cuff
ment in GLS represents the first step in the cascade of LV BP measurement, in the context of LV function changes
remodeling in the natural history of HHD, and may par- during antihypertensive therapy.
allel or even precede other clinical forms of myocardial A stronger association between hypertension-related
affection such as LV hypertrophy, diastolic dysfunction, abnormalities of myocardial performance with pulse wave
or left atrial structural and functional abnormalities.?”~%2 parameters rather than with brachial BP has been reported
Conversely, LV circumferential performance deteriorates in previous papers;'74°~5! however, a lack of research cur-
in more advanced stages of the disease, and may even in- rently exists regarding the analogous interaction with re-
crease the asymptomatic phase of heart failure (stage B) spect to changes in LV strain over time. Accordingly, our
to compensate for the dysfunction in the longitudinal analysis expounds upon prior reports by using repeated

direction.10:43-48 observations at the individual level, which may support
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a causal nature of demonstrated relationships. However,
as this study is retrospective, a post hoc analysis of the re-
sults from a randomized clinical trial should be regarded
as hypothesis-generating. Despite the different trajectories
in the early phase of HHD, both GLS and GCS are prone
to the adverse influence of LV afterload. Thus, the extension
of diagnostic focus over these 2 components of LV systolic
function from the beginning of patient follow-up may be
reasonable to track myocardial pathology in order to assist
in therapeutic decision-making. Recognition for the role
of hemodynamic loading factors and myocardial deforma-
tion, especially GLS — a widely recognized prognosticator
in patient management strategy, might provide further clin-
ical benefits. Our results provisionally support the concept
of using non-invasive large artery hemodynamic assessment
as a clinical rather than a research-only tool.

Limitations

This study population profile encompassing low to me-
dium risk subjects with uncomplicated HT constrains
the ability to extrapolate the results to other cohorts, es-
pecially with severe HT or advanced HHD. The estima-
tions of central hemodynamics in the current analysis
were acquired noninvasively and using a calibration, based
on brachial cuff systolic and DBP. Thus, the readings will
not be the same as invasively measured BP waveforms.

Conclusions

In hypertensive patients, LV longitudinal and circumfer-
ential functional remodeling over time is associated with
arterial hemodynamic characteristics. This may indicate
the need for pulse wave analysis to optimize patient care.
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