Kwon et al. Clinical Hypertension  (2021) 27:16
https://doi.org/10.1186/s40885-021-00173-3

RESEARCH Open Acce

Morning blood pressure surge in the early ")
stage of hypertensive patients impacts
three-dimensional left ventricular speckle
tracking echocardiography
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Abstract

Background: The aim of this study was to examine left ventricular (LV) function in untreated, newly diagnosged
hypertensive patients with morning blood pressure surge (MBPS) status using three-dimensional (3D) spegkle
tracking echocardiography (STE).

Methods: In this study, 163 newly diagnosed hypertensive patients were included, and all patients underwent P4-h

ambulatory blood pressure monitoring (ABPM). According to ABPM, participants were divided into a MBPS group and
a non-MBPS group. The entire study population was examined by complete two-dimensional (2D) transthoradgic
echocardiography (TTE) and 3D STE.

Result:The results of this study showed that 3D LV longitudinal strain was significantly decreased in the MBP$ group
compared with the non-MBPS group30.1 £+ 2.0 vs. -31.1 + 7% 0.045). Similar trends were observed for 3D twist
(9.6+6.1vs.12.1+480.011) as well as for 3D torsion (1.23 £ 0.78 vs. 1.49@00R42). The LV principal strair
was decreased in the MBPS grou38.9+ 1.7 vs. -35.5+ 218 0.001). The 3D LV global longitudinal strain (GLS)|and
principal strain were significantly associated with quartile of MBPS as measured by systolic blood pressure (SBP).

Conclusion: The 3D STE revealed that LV mechanics were more impaired in the MBPS group than in the non{surge
newly diagnosed, untreated hypertensive patients; even the 2D TTE parameters showed no difference.

Keywords:Blood pressure, Ambulatory blood pressure monitoring, Three dimensional echocardiography, Spefkle
tracking echocardiography, Left ventricular deformation
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Background subsequent cardiovascular complications, both in hyperten-
Hypertension (HBP) is consided a major risk factor for car- sive patients 1, 4-7] and the general population§10]. By
diovascular diseases, especially fatal or non-fatal stroke andividing MBPS degree by quartile, MBPS was positively asso-
coronary events, with a peak incidence in the morning previ- ciated with LV mass index. Moreover, MBPS is associated in-
ously reported 1-3]. Some studies showed the associationdependently with left ventricular hypertrophy (LVH) as target
between with morning blood pressure surge (MBPS) andorgan damage (TOD) of the heartlfl]. An exaggerated
MBPS is associated with echocardiographic measures of
- : hypertensive heart disease. MBRreases cardiac after-load
Sy o onietogy. s o emal wecicne, ucheon S ) il stfiness, contibuting o progression of LVZ,
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are widely performed in clinical practice. Echocardiography ismetabolic syndrome. The study was approved by the
an accurate and quantitative method to evaluate for changes dbcal ethics committee, and informed consent was ob-
heart function and structure by HBP. LVH and diastolic dys- tained from all patients.
function are hypertensive heart insults that can be assessed by
TTE, but conventional 2D TTE has limitations to detect early Ambulatory BP monitoring
hypertensive cardiac changes. Further, recent studies have ilkmbulatory blood pressure monitoring (ABPM) was
vestigated that patients with high normal blood pressure andperformed with a portable non-invasive recorder (TM-
arterial hypertension have subclinical myocardial dysfunction2439, A&D Medical, Tokyo, Japan) on a day of usual ac-
even before development of overt LVH3, 14]. tivity. At each reading, participants were instructed to
STE can provide mechanical insights into LV systolicremain motionless and to record their activity on a diary
function to detect early cardiac dysfunction before ab- sheet. Technical aspects have been previously reported
normalities can be observed with traditional LV function [19]. Ambulatory BP readings were obtained at 15-min
measurements 1I5]. Recent advances in 3D STE tech-intervals from 6 am to midnight and at 30-min intervals
nigue with novel strain parameters have led to more from midnight to 6 am. Recordings were automatically
accurate and reproducible results than previous conven-edited if SBP >260 or <70 mmHg or if DBP > 150 or <
tional 2D TTE. As LV deformation is 3D, three strain 40 mmHg and pulse pressure > 150 or <20 mmHg. Par-
values (longitudinal, circumferential, and radial) are ticipants had recordings of good technical quality (at
used, and LV rotational parameters, such as torsion andeast 70% valid readings). Nighttime BP was defined as
twist with shear deformation, help define deformations the average BPs from the time when the subject went to
in LV. Moreover, principal strain is a method for de- bed until the time the subject got out of bed, and day-
scribing multi-dimensional deformations that is widely time BP was defined as the average BPs recorded during
applied in structural change applicationsl§]. Principal the rest of the day. Awakening BP was defined as the
strain is applied well for biologic tissues with an under- average BPs during the first 2 h after wake-up time, 4
lying structure of muscle fibers, and strain direction can times of BP readings. MBPS was defined as a sleep-
be related to actual fiber direction. Therefore, applica-trough surge, as morning BP (two-hour average of four
tion of these novel strains to myocardial deformation 30-min BP readings just after waking) minus the lowest
can be useful in characterizing effective LV systolic func-nocturnal BP (one-hour average of the three BP readings
tion and underlying structural changesl[, 1§]. centered on the lowest nighttime reading). We subclassi-
The objective of the study was to assess the presencied the patients according to extent of the sleep-trough
and extent of hypertensive changes of LV myocardialMBPS as follows: top decile of sleep-trough MBPS (> 35
function, as well as mechanics in individuals with newly mmHg; the morning surge group) versus all other indi-
diagnosed, never-treated hypertension according toviduals (the non-MBPS group). We divided the entire

MBPS status on 3D STE. study population into quartiles of MBPS of SBP. With
these quartiles, we evaluated the differences in 3D STE
Methods values.

Participants
Between November 2016 and October 2019, we re-Echocardiography
cruited 182 newly diagnosed and untreated hypertensiveEchocardiographic examinations were performed using
patients aged from 18 to 80 years. Participants with dia-commercially available Vivid E9 (GE Healthcare, Mil-
betes mellitus needing oral medication or insulin ther- waukee, WI) and Epig 7 (Philips Healthcare, Andover,
apy; secondary hypertension diagnosed during the initialMA) ultrasound machines equipped with a 2.5 MHz
workup; current or previous history of significant transducer and a 4V-D and xMATRIX phased array
arrhythmia, such as atrial fibrillation, left ventricular transducer, respectively, for 3D data set acquisitions.
ejection fraction <50%, evidence of major valvular heart
disease (i.e., any degree of mitral or aortic stenosis2D standard echocardiographic examination and Doppler
greater than mild degree of aortic, mitral, or tricuspid tissue imaging (DTI)
regurgitation; and presence of a prosthetic valve); greateEchocardiographic images were obtained according to
than mild pericardial effusion; and poor echocardio- the standard guideline recommended by the American
graphic window were excluded from the study. Society of Echocardiography2{]. Left ventricular end-
Laboratory tests were obtained from all the partici- systolic and end-diastolic dimensions, posterior wall, and
pants included in the study. Abdominal circumference septal thickness were measured according to the current
(AC) was measured for each patient. AC is relativelyguidelines. LV end-systolic and end-diastolic volumes
easy to measure in the office without special equipmentwere measured using the modified biplane Simp&on
and were significantly positively associated withmethod from apical four- and two-chamber views, and
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LVEF was calculated by the same method. LA volumethree-, and two-chamber views). The 3D strain values
was measured in LV end-systole by the Simp&mi- were calculated as the average of the regional values
plane method in apical two- and four-chamber views.  from the 17 myocardial segments at end-systole. Tech-
The mitral early diastolic flow (E) and late diastolic nical details of the calculation process for principal

flow (A) velocities were acquired, and the E/A ratio was strain and rotation were previously published §, 18].
calculated. The deceleration time of the mitral E wave
also was measured. Doppler tissue imaging was obtaine
from apical four-chamber view. The septal and lateral
wall tissues were measured using pulse-wave Dopple
tissue imaging at the septal and lateral mitral annulus
and were averaged (over three-beat recording asses
ments) to obtain the mean early diastolic mitral annular
velocity and the ratio of early diastolic transmitral flow
velocity to early diastolic mitral annular velocity.

geproducibility analysis

To evaluate intra-observer variability in the offline ana-
Irysis, 10 subjects were randomly selected and analyzed
by the same operator with at least a 1-week interval be-
%Ween the two analyses. To assess the effect of inter-
observer variability, the same 10 patients were analyzed
in a random order at different times using the same soft-
ware by a second investigator who was blinded to the re-

. . o . Its from the first in i r.
3D echocardiographic examination and speckle tracking sults from the first investigato

analysis
The 3D echocardiographic images were obtained inStatistical analysis
single-beat mode at a rate of 24+6 frames/sec; toStatistical analysis was performed using commercially
achieve optimal spatial resolution, the pyramidal scanavailable software (MedCalc version 14.10.02; MedCalc
volume was focused on the LV chamber to include the Software, Ostend, Belgium). All continuous variables
entire LV. Six electrocardiogram-gated consecutive beatsvere shown as the mean * standard deviation (SD). Dif-
were acquired during a single breath hold. ferences in continuous variables between the surge and
All datasets were transmitted to and analyzed by anon-surge states were estimated using the paired t-test
commercially available system (4D LV-analysis Versiorand one-way analysis of variance (ANOVA). The Chi-
3.0; TomTec Imaging Systems, Unterschleissheimsquare test was applied to assess differences between
Germany). The software automatically identified the LV categorical variables. Visual descriptions of the changes
endocardial surface of the three apical views (four-,in 3D strain parameters with surge status and by quartile

Table 1 Baseline characteristics of the study participants

Surge (1=33) Non surge 1 =130) Pvalue
Age (years) 53+13 47+ 14 0.043
Male (%) 14 (42) 80 (62) 0.074
Abdominal circumference (cm) 92.9+8.6 92.5+9.5 0.860
Hemoglobin (g/dL) 14.4+15 14.7+1.6 0.271
Fasting Blood Glucose (mg/dL) 99.8+115 104.7+25.4 0.105
BUN (mg/dL) 13.1+3.2 13.7+3.8 0.401
Creatinine (mg/dL) 1.06 +1.223 0.81+£0.191 0.254
Protein (g/dL) 74+0.3 7.3+0.5 0.323
Albumin (g/dL) 46+0.3 4.7+0.4 0.068
Sodium (mEg/L) 141.6+1.9 141.6+9.5 0.843
Potassium (mEg/L) 42+0.5 43+04 0.572
AST (U/L) 25.2+13.8 246+12.2 0.791
ALT (U/L) 31.8+24.7 325+26.5 0.882
Total Cholesterol (mg/dL) 200.7£39.6 201.6+48.1 0.920
Triglyceride (mg/dL) 1249+ 63.0 175.8+101.9 <0.001
HDL (mg/dL) 55.7+13.9 51.0+14.9 0.108
LDL (mg/dL) 136.0+39.4 134.1+41.0 0.814
Uric acid (mg/dL) 57+1.3 56+1.6 0.936

Data are mean = SD or percentage as marked

BUNblood urea nitrogen,ASTaspartate aminotransferaséiLTalanine aminotransferaseiDLhigh-density lipoprotein,LDLIow-density lipoprotein
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were illustrated using the box-and-whisker plot method. BP were significantly higher in the MBPS group. The
P-values < 0.05 were considered statistically significant. mean + SD sleep-trough MBPS defined by the difference
between morning SBP and lowest nocturnal SBP was

Results 29.5+10.6 mmHg for the MBPS group and 8.3+7.4

A total of 182 patients was entted in this study, after 19 in- mmHg for the non-MBPS group.

dividuals were excluded for the following reasons: seven had

insufficient ABPM, six had arrhythmia during an echocardio- 2D and 3D echocardiographic analyses

graphic examination, five had LVEF less than 50%, and on&able 3 shows the parameters for LV function in 2D and 3D

had a poor echocardiographic wilow. All enrolled partici- TTE depending on the presence or absence of MBPS. The

pants underwent 24-h ABPM and were divided into two 2D LV dimensions, volumes, wall thickness, and diastolic

groups according to 24-h 9B value: 33 individuals with function were similar betweerthe two groups, whereas the

MBPS and 130 with non-MBPS. mean value of LV end-diastolic volume was significantly lar-
Baseline characteristics and laboratory findings of theger in the MBPS group. LVEF in 2D and 3D methods had

study population by MBPS status are summarized insimilar values in the two groups.

Table 1. The mean age was significantly higher in MBPS

patients. Individuals with or without MS did not differ 3D LV STE

in sex, abdominal circumference, and laboratory findingsWhen comparing strains with or without morning surge,

except triglyceride level. longitudinal strain showed a lower tendency in patients
As defined, the mean awaken BP was significantlywithout morning surge, but there was no statistical dif-

higher in the MBPS group than in the non-MBPS group ference. Other parameters, including circumferential

(Table 2). Although there were no significant differences strain, twist, torsion, and principal strain, were signifi-

in daytime and nighttime BPs between the two groups,cantly decreased in the non-MBPS group (FD.

nighttime standard deviations (SDs) of SBP and diastolic When compared by quartile according to degree of

morning surge, there was a significant difference only in

Table 2 ABPM characteristics longitudinal strain and principal strain groups. Other
Surge 0=33)  Nonsurge (=130) Pvalue strain parameters (circumferential strain, twist, and tor-
Daytime sion) showed no statistical difference (Fig).
SBP 156.8 + 11.4 156.4 + 14.4 0875 All the measurements showed good agreement, and
SBP, SD 157+ 45 149+ 42 0.24g the Bland-Altman plots are presented in Fig.
DBP 100.3 £ 12.5 102.6 £ 12.4 0.338 . .
Discussion
DBP, SD 13.0£35 122x42 0327 our study showed that LV mechanics assessed by 3D
HR 75.6+7.8 78.6 £11.0 0.148 STE, represented by longitudinal strain, circumferential
HR, SD 104 £5.1 11.1+£52 0.476 strain, principal strain, twist, and torsion, is impaired in
Nighttime individuals with MBPS, while 2D conventional echocar-
SBP 1481 + 163 1468 + 16.1 0.691 diographic para_lmeters sh_ow_ few diff_erencgs. In addition,
SBP. SD 158+46 126441 <0.001 3D LV Iongltl_JdlnaI and principal strain, which represent
LV deformation, tended to gradually worsen from the
DBP 89.8+19.9 94.1+£13.1 0139 first quartile MBPS (lower MBPS difference in our
DBP, SD 126+50 104+ 3.0 0.004 study) to the fourth quartile, except third quartile of lon-
HR 66.3+ 9.6 68.1+10.2 0.380 gitudinal strain.
HR, SD 6.8+37 77+51 0.353 Hypertension is associated with cardiac structural and
Awakening fgnctional changes, as well as increased frequency of car-
sBp 1601+ 18.0 1443+ 173 <0.001 d!ovascular evgnt;_ MBPS is one of the cqmponentg of
diurnal BP variability, and normal MBPS is a physio-
SBP, SD 12.6+5.9 9.0+47 <0.001 |ggical phenomenon. However‘exaggerated MBPS is
DBP 1014+ 16.4 92.7+14.1 0.003 pathological and is expected to progress to TOD, to trig-
DBP, SD 109+ 7.8 77+41 0.001 ger serious cardiovascular event]], and is an inde-
HR 65.7 + 10.6 652 + 9.6 0.774 pendent risk factor of stroke I]. A high MBPS and
HR, SD 75463 44430 <0001 @associated factors could contribute to i_ncreas_ed_ risk of
BP differences 295 4 10.6 83474 <oooy coronary events. The role of peak SBP in predicting cor-

— onary events in older patients has been describ&?®][
Data are mean + SD or percentage as marke . . . . . .
SBRsystolic blood pressureSDstandard deviation,DBPdiastolic blood Moreover, _a hlgher MBPS is associated with this cardio-
pressure HRheart rate vascular risk independent of the level of ABPM and
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Table 3 Echocardiographic parameters of the study population

Surge h=33) Non Surge 6 =130) Pvalue
2DE parameters
Septal thickness (mm) 100+ 1.4 10.2+ 1.7 0.691
Posterior wall thickness (mm) 94+15 96+ 1.6 0.497
LV end-diastolic dimension (mm) 472+ 4.2 47.1+4.3 0.880
LV end-systolic dimension (mm) 29.1+47 29.0+45 0.931
LV end-diastolic volume (mL#n 53.8+10.1 50.0 + 8.8 0.033
LV end-systolic volume (mL3m 19.2+54 178+ 4.2 0.155
LVEF (%) 63.9+ 3.9 64.2+4.2 0.746
LV mass index (g/fn 943+ 15.8 949 +21.3 0.878
E wave (cm/s) 64.3+ 154 67.5+16.8 0.319
A wave (cm/s) 72.0 £ 20.3 72.9+15.6 0.801
EA ratio 0.94 +0.33 0.98 + 0.35 0.714
Deceleration time (ms) 2159 + 46.6 206.1 + 42.3 0.245
LA volume index (mL/f 36.3+5.1 36.4+54 0.904
Septal evelocity (cm/s) 7.18 + 2.07 7.61+217 0.305
Septal E/e 9.42 +2.78 9.48 + 2.75 0.913
Lateral evelocity (cm/s) 10.08 + 2.88 9.75 + 2.57 0.523
Lateral E/e 6.90 = 2.60 7.25+2.13 0.428
Average of septal and lateral E/e 7.87 £ 2.57 8.10 £ 2.28 0.617
3DE
End-diastolic volume (mL) 94.1 £ 20.2 91.9+19.1 0.565
End-diastolic volume index (mL9m 522+83 51.2+8.8 0.568
End-systolic volume (mL) 35.8+84 349+ 8.6 0.590
End-systolic volume index (mL3m 19.9 £ 3.7 194+4.1 0.578
Stroke volume (mL) 58.3+12.4 57.0+ 115 0.577
Ejection Fraction (%) 62.0+2.4 62.2 £ 3.3 0.807

Data are mean + SD or percentage as marked
2DEtwo dimensional echocardiographyl.Vleft ventricular, EFejection fraction,LAleft atrium, 3DEthree dimensional echocardiography

nocturnal BP decrease. Since our study targeted patientSmitations in measuring LV mechanics, which involves
with early-stage hypertension, we were able to examineeomplex movements. In our study, no suggestion of
pure cardiac changes by MBPS without interferencehypertensive change in heart and no difference with or
from other factors related to HBP. without MBPS in 2D DTI was noted.

Clinically, 2D echocardiography is used to detect the STE provides an ability to detect early cardiac dysfunc-
TODs due to HBP, including LVH and diastolic dys- tion in a variety of disease states before abnormalities
function and in advanced stages both systolic and morecan be observed with traditional LV function measure-
worsened diastolic dysfunction. However, little is known ments [15]. Both DTI and STE measure motion against
about the LV mechanics in hypertensive patients with a fixed external point in space. However, STE has the
subclinical cardiac damage. Recent studies have showadvantage of being able to measure this motion in any
that patients with high normal blood pressure and early direction within the image plane, whereas DTI is limited
systemic arterial hypertension have subclinical myocar-to the velocity component toward or away from the
dial dysfunction before development of LV hypertrophy probe [25]. Strain and strain rate increase sensitivity in
[13, 14]. Sometimes, diastolic function measured with detecting subclinical cardiac involvement in hypertensive
DTI is only change in hypertensive cardiac damage ancheart diseaseZ6]. LV mechanics assessed by 2D speckle
diastolic dysfunction 23, 24]. Doppler-based techniques tracking imaging in arterial hypertension has been evalu-
can only measure velocities along the ultrasound beamated 27].
while velocity components perpendicular to the beam Longitudinal, circumferential, and radial LV systolic
remain undetected 25]. Therefore, DTI has inherent function assessed by 2D TTE were not equally damaged
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