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Introduction
In hypertensive patients, blood pressure (BP) usually fluctu-

ates during the 24-hour circadian rhythm. Thus, the mean 
blood pressure values are 10-20% lower during the night, com-
pared to daytime measurement.1) This condition is called “the 
dipper” change. In contrast, non-dippers are defined as the pa-
tients without these diurnal fluctuations in blood pressure.2)3) 
The 24-hour ambulatory blood pressure (ABP) monitoring is 
widely used for the evaluation of diurnal fluctuation of BP. It 
has been demonstrated that ABP monitoring is a better predic-
tor of cardiovascular complications than the conventional, spot 
measurement of blood pressure, and has become increasingly 

important for the management of hypertensive patients.2)

Non-dippers tend to develop increased incidence of target 
organ damage and are known to have poorer prognosis, due to 
higher incidence of cardiovascular events.3)4) In non-dippers, it 
has been demonstrated that target organ damages are due to 
the absence of night-time BP dipping, and are not the result of 
a higher overall BP load.5) Natriuretic peptides were reported 
to correlate with left ventricular (LV) diastolic function.6) Hy-
pertensive patients were reported to have increased levels of 
cardiac natriuretic hormones and plasma atrial natriuretic pep-
tide (ANP) levels were correlated with both the LV and left 
atrial (LA) abnormalities.7) Similarly, non-dippers are known 
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to have more increased levels of cardiac natriuretic hormones.8)9)

During the cardiac cycle, the LA serves multiple functions, 
such as reservoir, conduit, active contractile chamber and suc-
tion source.10) It also modulates the LV filling through these 
various mechanical functions. Strain and strain rate are rela-
tively newly introduced methods for myocardial function evalu-
ation. Color Doppler tissue imaging (CDTI) can measure the 
strain and strain rate of the LA and its use in normal subjects 
has been validated.11) In many clinical conditions, including 
hypertension, diabetes and atrial fibrillation,12-15) CDTI is a 
useful tool to detect subclinical abnormalities of LA function.

Previous studies showed that diurnal fluctuation of BP 
could affect LA function, as evaluated by LA phasic volume.16) 
However, to the best of our knowledge, no study investigated 
to date the effect of diurnal fluctuation of BP on various LA 
functions by strain and strain rate using CDTI. It is also un-
known whether the LA phasic functions could be affected 
when evaluated by deformation parameters, in a similar man-
ner as in the case of volume parameters. Therefore, we investi-
gated whether there is difference in LA function by BP diur-
nal variation, evaluated by CDTI in never-treated arterial 
hypertensive patients. 

Methods

Study groups
We recruited the subjects from patients who visited the out-

patient clinic in Bucheon St. Mary’s Hospital, Bucheon, South 
Korea for evaluation of the hypertension and underwent ABP 
monitoring. A total of 40 patients, aged between 30 and 80 
years, and suffering from essential hypertension diagnosed for 
the first time, were enrolled in this study. Out of 40 patients, 
20 were dippers and 20 were non-dippers. None of the pa-
tients was receiving antihypertensive medication at the initia-
tion of the study. Patients with any of the following were ex-
cluded from the study: history of myocardial infarction; diabetes 
mellitus or taking diabetes medication; significant valvular 
disease; history of atrial fibrillation or other significant ar-
rhythmia; serum creatinine ≥ 1.3 mg/dL; creatinine clearance 
rate ≤ 60 mL/min; and global or segmental systolic dysfunc-
tion on echocardiographic examination. This study was ap-
proved by the Institutional Review Board of Bucheon St. Mary’s 
Hospital and all participants provided written consent, ac-
cording to the Declaration of Helsinki.

Blood pressure measurements
After at least 5 min of rest in the sitting position, BP was 

measured during office visit, using a sphygmomanometer with 
the appropriate cuff size. Two BP values at least 5 min apart 
were measured and the mean BP value was used for analysis. 
BP was measured in both arms and the higher BP value was 
used for analysis in this study.

The ABP device (Tonoport V, GE Healthcare, Waukesha, 

WI, USA) was applied to the non-dominant arm of the patients 
included in this study. BP measurements were taken at 30-min-
ute periods during daytime (i.e. between 06 : 00-22 : 00 h) and 
at 1-hour periods during nighttime (between 22 : 00-06 : 00 
h). We also analyzed the BP values measured between 04 : 00-
06 : 00 h, as BP at awakening time. If 20% or more of the 
measurements could not be taken, those patients were exclud-
ed or the procedure was repeated. The patients were instruct-
ed to perform their normal daily activities during the day and 
go to bed no later than 22 : 00 h. They were also instructed to 
stay in bed until 6 : 00 h. The individuals with daytime mean 
systolic BP/diastolic BP values equal to or higher than 135/85 
mm Hg were defined as hypertensive. Patients with both sys-
tolic and diastolic BP decreases of 10% or more during night-
time were accepted as presenting the dipper status, whereas 
patients were classified as non-dipper if the blood pressure de-
crease during the night was less than 10%, either of the sys-
tolic or diastolic BP.

Echocardiography

Standard echocardiography
Echocardiography was performed with an ultrasound system 

(Vivid 7, GE Healthcare, Waukesha, WI, USA) with 2.5-MHz 
transducer. The M-Mode measurements included LV dimen-
sion, the diastolic LV septal and posterior thickness, determined 
in the parasternal long axis view. LV mass was calculated by 
the area-length method and corrected for the body surface 
area. The ejection fraction was calculated with the modified 
Simpson’s method.17) From the pulsed Doppler echocardiogra-
phy of transmitral velocities, peak E velocity, peak A velocity, 
the ratio between peak E and A velocities (E/A ratio), deceler-
ation time and isovolumic relaxation time were acquired. The 
systolic S’ velocity, early diastolic E’ velocity and late diastolic 
A’ velocity were measured, using Doppler tissue imaging. 
These measurements were acquired by placing the sample 
volume at the septal and lateral annulus, and recording at a 
sweep of 100 mm/s.

LA volumes, tissue velocity, strain and strain rate
LA volumes were measured for evaluation of the LA phasic 

function. These volumes were, as follows: the LA maximal 
volume recorded at the onset of mitral opening; the LA mini-
mal volume recorded at the onset of mitral closure; and the 
LA presystolic volume recorded just before the “p” wave on 
the ECG. All volumes were calculated by the biplane area-
length method,17) and were indexed to the body surface area. 

Then, the following parameters representing LA phasic 
functions were calculated, as previously described:18)

LA expansion index = (LA maximal volume - LA minimal 
volume) / LA minimal volume × 100

LA conduit volume = LV stroke volume - (LA maximal vol-
ume - LA minimal volume)
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LA passive emptying volume = LA maximal volume - LA 
presystolic volume 

LA passive emptying fraction = LA passive emptying vol-
ume / LA maximal volume × 100

LA active emptying volume = LA presystolic volume - LA 
minimal volume

LA active emptying fraction = LA active emptying volume 
/ LA presystolic volume

LA ejection fraction = LA stroke volume / LA maximal vol-
ume × 100. 

We also calculated the atrial fraction as the A wave velocity 
time integral divided by the total velocity time integral of the 
mitral inflow, as previously described.19)

The CDTI was obtained in the apical four and two chamber 
views, with the frame rate > 110 frames/sec. The narrowest 
image sector angle (usually 30° degrees) was used to achieve 
the maximum possible color Doppler frame rate, and attempts 
were made to align the atrial wall parallel to the Doppler beam. 
We also measured the peak LA strain during the late systole 
to evaluate the LA reservoir function (Fig. 1A). For evaluation 
of the LA phasic function, the strain rates of the LA were mea-
sured during the systolic, early and late diastolic periods, rep-
resenting the reservoir, conduit and contractile functions of the 
LA, respectively (Fig. 1B). We also tracked the location of the 
region of interest to avoid falling into the fossa ovalis or LA 
appendage. All measurements were performed at the basal 
septal, lateral, inferior and anterior wall of the LA, from the 
apical 4- and 2-chamber views. Offline measurements were 
performed on the Echopac workstation version 6.1 (GE Health-
care, Waukesha, WI, USA). Each parameter was evaluated by 
averaging three to five measurements. 

Statistical analysis
All data are expressed as the mean ± standard deviation. 

The independent t-test was used to assess the statistical differ-
ence between dippers and non-dippers. The chi-squared and 

Fisher’s exact tests were used to evaluate the differences be-
tween categorical variables. Reliability was checked using 
Bland-Altman analyses to determine both the intra-observer 
and inter-observer variability. All data analyses were per-
formed using the commercially available statistical analysis 
software package SAS version 11.0 (SAS Institute, Cary, NC, 
USA). p values less than 0.05 were considered as statistically 
significant.

Results

Clinical characteristics and blood pressure
Clinical characteristics, the levels of natriuretic peptide and BP 

values of the investigated patients were presented in Table 1. 
Age, gender distribution, the value of the body mass index 
and the lipid profile were statistically different between the 
groups. In contrast, the mean level of high sensitivity C-reac-
tive protein was not significantly different. There was no sta-
tistically significant difference in the levels of ANP and N-ter-
minal probrain natriuretic peptide (NT-proBNP), according to 
the diurnal BP pattern. There were no differences between the 
groups in the office, 24-hr average and daytime BP values. 
However, both systolic and diastolic BP values were signifi-
cantly increased in the non-dippers group, during both noc-
turnal and awakening time.

Conventional and volumetric 
echocardiography parameters

Conventional echocardiographic parameters were presented 
in Table 2. LV dimension, wall thickness and mass index were 
not significantly different between the two investigated groups. 
There were also no significant differences in the systolic and 
diastolic LV functions, according to the diurnal BP pattern.

LA phasic volumes and other parameters representing the 
LA function were shown in Table 3. LA maximal volume and 
LA volume at the onset of the atrial systole were significantly 
increased in the non-dipper group. Although there was no dif-

Fig. 1. A: Arrow indicates peak left atrial strain during the late systole. B: Arrows indicate peak left atrial strain rate during systole, early and late 
diastole.
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Table 1. Clinical characteristics and blood pressure of patients with dipper and non-dipper type of hypertension

Dipper (n = 20) Non-dipper (n = 20) p value

Age (years) 48 ± 7   48 ± 10 0.88

Male (%) 65 40 0.11

Current smoking (%) 40 25 0.31

BMI (kg/m2) 25.0 ± 2.2 24.1 ± 3.4 0.32

Total cholesterol (mg/dL) 205 ± 35 203 ± 33 0.91

Triglyceride (mg/dL) 157 ± 74 126 ± 59 0.14

HDL-C (mg/dL)   50 ± 12   60 ± 29 0.16

LDL-C (mg/dL) 124 ± 35 118 ± 38 0.60

Urine microalbumin (mg/dL)   12.2 ± 25.6     9.0 ± 11.8 0.62

hsCRP (mg/dL)   1.7 ± 1.9   1.9 ± 2.6 0.82

ANP (pg/mL)   20.0 ± 24.0   23.2 ± 13.6 0.61

NT-proBNP (pg/mL)   51.6 ± 67.5     71.5 ± 117.2 0.52

Office blood pressure (mm Hg)

    Systolic 160 ± 19 162 ± 15 0.70

    Diastolic   95 ± 14   99 ± 12 0.44

Ambulatory blood pressure (mm Hg)

    Systolic, 24-hour average 148 ± 15 152 ± 16 0.31

    Diastolic, 24-hour average 101 ± 11 102 ± 11 0.76

    Systolic, daytime 153 ± 15 153 ± 17 0.98

    Diastolic, daytime 105 ± 11 103 ± 11 0.49

    Systolic, nocturnal 132 ± 15 149 ± 17 < 0.01*

    Diastolic, nocturnal   88 ± 11   99 ± 12 < 0.01*

    Systolic, awakening 131 ± 16 150 ± 18 < 0.01*

    Diastolic, awakening   88 ± 12   98 ± 12 < 0.01*

*p < 0.05. BMI: body mass index, HDL-C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol, hsCRP: high sensitivity C-reactive 
protein, ANP: atrial natriuretic peptide, NT-proBNP: N-terminal probrain natriuretic peptide 

Table 2. Conventional echocardiographic parameters according to the diurnal blood pressure fluctuation

Dipper (n = 20) Non-dipper (n = 20) p value

LV septal wall thickness (mm)   9.8 ± 2.0   9.1 ± 1.8 0.23

LV posterior wall thickness (mm)   9.9 ± 1.8   9.4 ± 1.7 0.42

LV end diastolic dimension (mm) 49.4 ± 4.2 49.9 ± 3.0 0.70

LV end systolic dimension (mm) 30.8 ± 3.7 29.8 ± 3.8 0.40

LVEF (%) 65.3 ± 3.6 67.0 ± 4.3 0.18

LV mass index (g/m2)   93.0 ± 17.7 100.3 ± 20.9 0.25

E wave (cm/s)   60.3 ± 12.4   67.6 ± 13.7 0.09

A wave (cm/s)   61.5 ± 14.6   69.9 ± 15.8 0.09

E/A ratio   1.03 ± 0.31   1.03 ± 0.38 0.99

Deceleration time (ms) 190.9 ± 41.6 193.5 ± 30.1 0.82

IVRT (ms)   84.1 ± 15.8   82.3 ± 12.7 0.80

A duration (ms) 145.8 ± 16.8 144.5 ± 16.9 0.09

Peak septal S’ (cm/s)   6.7 ± 1.2   6.8 ± 1.1 0.83

Peak septal E’ (cm/s)   6.9 ± 2.0   6.9 ± 1.8 1.00

Peak septal A’ (cm/s)   8.1 ± 1.2   8.6 ± 1.5 0.27

Septal E/E’   9.2 ± 2.6 10.3 ± 2.8 0.21

Peak lateral S’ (cm/s)   8.2 ± 2.5   8.1 ± 2.0 0.85

Peak lateral E’ (cm/s)   9.1 ± 2.6   9.3 ± 2.4 0.75

Peak lateral A’ (cm/s)   8.9 ± 1.8   9.2 ± 2.1 0.57

Lateral E/E’   7.0 ± 1.9   7.6 ± 2.0 0.34

LV: left ventricle, LVEF: left ventricle ejection fraction, IVRT: isovolumic relaxation time
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ference in both LA passive emptying volume and fraction be-
tween the two groups, the LA expansion index, LA active 
emptying volume and LA active emptying fraction were sig-
nificantly increased in the non-dippers group. In contrast, the 
LA conduit volume was increased in the dippers group (dip-
pers = 21.43 ± 6.51 mL/m2 vs non-dippers = 17.05 ± 5.80 
mL/m2, p = 0.03).

LA strain and strain rate according to the 
diurnal BP variation

Table 4 shows the peak strain value of the LA measured 

during the reservoir period. Although there was no signifi-
cant difference between the groups in the segmentally evalu-
ated values, the averaged values showed that the peak strain 
of the LA was significantly increased in the non-dippers 
group (dippers = 21.26 ± 4.23% vs non-dippers = 24.91 ± 
5.20%, p = 0.02). The strain rates of the LA were also signifi-
cantly different between dippers and non-dippers. Thus, the 
strain rates measured during the reservoir and contractile pe-
riods showed differences between the groups. In contrast, the 
difference in strain rate measured during the conduit period 
was not statistically significant between the two groups (Ta-

Table 3. Left atrial phasic volumetric parameters and atrial fraction in the dipper and non-dipper groups

Dipper (n = 20) Non-dipper (n = 20) p value

LA maximal volume (mL/m2)  27.4 ± 4.3 31.7 ± 6.1   0.01*
LA minimal volume (mL/m2)  10.6 ± 2.8 10.8 ± 2.6 0.81

LA volume at onset of atrial systole (mL/m2)  16.8 ± 3.1 20.0 ± 4.7   0.02*

LA expansion index  165.9 ± 43.8 199.4 ± 51.4   0.03*

Conduit volume (mL/m2)  21.4 ± 6.5 17.1 ± 5.8   0.03*

LA passive emptying volume (mL/m2)  10.5 ± 3.2 11.7 ± 3.6 0.29

LA passive emptying fraction (%)  38.2 ± 8.3 36.7 ± 8.4 0.58

LA active emptying volume (mL/m2)    6.2 ± 1.5   9.2 ± 3.3 < 0.01*

LA active emptying fraction (%) 37.3 ±7.8 45.4 ± 8.9 < 0.01*

LA ejection fraction (%)  61.4 ± 6.5 65.6 ± 6.3   0.04*
Atrial fraction (%)  40.6 ± 6.9 41.5 ± 6.5 0.69

*p < 0.05. LA: left atrium

Table 4. Peak strain and strain rate of the left atrium

Dipper (n = 20) Non-dipper (n = 20) p value

Strain during late systole (%)
    Septal 18.23 ± 6.13 19.45 ± 5.13 0.50

    Lateral strain  20.21 ± 6.87 24.46 ± 7.13 0.06

    Inferior strain 24.04 ± 7.21 28.82 ± 9.27 0.08

    Anterior strain 22.55 ± 6.35 26.93 ± 9.44 0.09

    Average strain 21.26 ± 4.23 24.91 ± 5.20   0.02*

Strain rate during systole (s-1)

    Septal   1.16 ± 0.32   1.33 ± 0.36 0.13

    Lateral   1.23 ± 0.37   1.51 ± 0.59 0.08

    Inferior   1.48 ± 0.30   1.76 ± 0.48   0.03*

    Anterior     1.28 ± 0.34   1.50 ± 0.54 0.13

    Average   1.29 ± 0.23   1.52 ± 0.27   0.01*

Strain rate during early diastole (s-1)

    Septal  -1.12 ± 0.34  -0.97 ± 0.40 0.21

    Lateral  -1.76 ± 0.58  -1.46 ± 0.41 0.07

    Inferior  -1.47 ± 0.45  -1.27 ± 0.34 0.13

    Anterior  -1.55 ± 0.42  -1.44 ± 0.61 0.49

    Average  -1.47 ± 0.35  -1.28 ± 0.26 0.06

Strain rate during late diastole (s-1)

    Septal  -1.48 ± 0.36  -1.53 ± 0.61 0.08

    Lateral  -1.10 ± 0.53  -1.54 ± 0.36   0.01*

    Inferior  -1.38 ± 0.29  -2.02 ± 0.51 < 0.01*

    Anterior  -1.08 ± 0.34  -1.80 ± 0.65 < 0.01*
    Average  -1.38 ± 0.24  -1.68 ± 0.32 < 0.01*

*p < 0.05
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ble 4). When comparing the natriuretic peptide levels and 
the deformation parameters, we found only weak relationship 
between the values of the strain measured at the septum and 
the serum value of ANP.

Reliability
Bland-Altman plots were demonstrated in Fig 2.  LA strain 

and strain rates showed good agreement between intra- and 
inter-observer variability. 

Fig. 2. Bland-Altman analyses for intra- and inter-observer variability.
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Discussion
In this study, we demonstrated that patients in the never-

treated non-dippers group had exaggerated reservoir and 
booster pump functions of the LA. Many volumetric parame-
ters of the LA showed differences between the dipper and non-
dipper groups. Thus, the LA maximal volume index, LA vol-
ume at the onset of the atrial systole, LA expansion index, LA 
active emptying volume, LA active emptying fraction and the 
LA ejection fraction were all significantly increased in the non-
dippers group. These findings were consistent with results 
from a previous study performed by Aydin et al.16) In addition, 
in this study, we evaluated the LA function using the tissue 
Doppler and strain imaging methods which were relatively 
newly introduced. Although there were no differences between 
the two investigated groups in tissue velocities, both strain 
and strain rate of the LA showed significant differences be-
tween dippers and non-dippers. Thus, the peak LA strain 
measured during the reservoir period was significantly increased 
in the non-dippers group. The peak LA strain rates evaluated 
during both reservoir and contractile periods were also in-
creased in the non-dipper patients. In contrast, the deforma-
tion parameters of the LA were not correlated with the serum 
levels of natriuretic peptides (i.e. NT-proBNP and ANP), dem-
onstrating cardiac muscle stretching.

 In hypertensive patients, LV hypertrophy occurs and results 
in diastolic dysfunction. Systemic hypertension is the leading 
cause of left ventricular hypertrophy and impaired left ventric-
ular diastolic filling. Enlargement of the left atrium might be 
attributed to the impairment of blood flow from left atrium to 
left ventricle due to increased left ventricular stiffness.20) The 
LA functions as a reservoir, passive conduit and booster pump, 
according to various cardiac cycles, and acts as a modulator of 
the diastolic function of the LV.10) LA reservoir functions occur 
during the ventricular systole and the passive conduit func-
tions occur in the early diastole. The reservoir function of the 
LA is affected when there is acute LV regional ischemia and it 
is determined by the systolic function of the LV, as well as the 
relaxation period of the LA.20) The LA also acts as an active 
contractile chamber that augments the filling of the left ventri-
cle during the late diastole, and as a suction source that refills 
itself in the early systole.20) The active atrial emptying increas-
es to maintain sufficient output in case of systemic hyperten-
sion, where LV diastolic function deteriorates.21) In our study 
non-dipper patients showed significantly increased LA strain 
rate during the late diastole, representing booster pump func-
tion of the LA.

The function of the LA in hypertensive patients is different 
from the normal subjects. Thus, it has been demonstrated that 
both maximal and presystolic volumes of the LA increase, 
even in the mild hypertension patients. The LA active empty-
ing volume, i.e. indicator of the contractile function of the LA, 
was also found elevated in the same report.22) Another study, 
using the strain and strain rate of the LA, showed that the 

conduit function was also changed in hypertensive patients.12)

Usually, the blood pressure has diurnal fluctuation, but the 
non-dipper hypertensive patients did not show the normal 
circadian rhythm of BP. These patients were known to have 
increased incidence of target organ damage.3)23) Similarly, the 
non-dippers were known to have increased incidence of left 
ventricular hypertrophy, LV diastolic dysfunction and atrial 
rhythm disturbances, compared to the dipper patients.24-26) 

Non-dippers were also known to have elevated serum levels of 
natriuretic peptide.8) It has been shown that, in time, even nor-
motensive subjects could develop target organ damage or ele-
vated levels of natriuretic peptide, if the circadian BP patterns 
were lost.27)28) One previous study using LA phasic volumes 
showed that both reservoir and booster pump functions of the 
LA were increased in non-dipper patients.16) However, no study 
evaluated the effects of the circadian BP pattern on the LA func-
tion measured by tissue Doppler or strain imaging methods. 

In this study, we showed that both the reservoir and booster 
pump functions of the LA were increased in non-dippers, 
when evaluated with strain and strain rate measured by CDTI. 
These results were consistent with results from measurement 
of the LA phasic volumes, as reported previously.16) Using 
strain and strain rate for the evaluation of the LA function has 
some benefits. First, one study investigating the relationship 
between the conventional and deformation parameters mea-
sured using CDTI was published for the evaluation of the LA 
function.11) Thus, both the utility and reproducibility of this 
method were validated. Second, many clinical conditions, 
such as hypertension, diabetes mellitus and atrial fibrillation, 
were studied using this technique and the clinical implica-
tions developed from previous studies.13-15)22) Third, all the pa-
rameters representing various functions of the LA can be mea-
sured from one imaging. This benefit is especially important 
because the evaluation of phasic LA volumes requires multiple 
measurements and multistage calculations, which may result 
in many errors. Recently, evaluation of the LA function using 
the two-dimensional speckle tracking technique also validated 
its clinical significance in several clinical situations.29) Never-
theless, thin LA walls and different values of LA parameters 
according to the measured location make this technique less 
feasible,30) and a recently published consensus suggested that 
current speckle tracking echocardiography measurements were 
not ready for clinical use for evaluation of the LA function.31)

This study also has some limitations. First, the measure-
ment of both strain and strain rate of the LA using CDTI re-
quires off-line analysis using the specified workstation and 
software, and is therefore time consuming. This method is 
also technically demanding, because only a well aligned imag-
es and narrow sample area are eligible for analysis because of 
its angle and noise dependency. And the values of strain and 
strain rate of the LA are different according to the segments 
and there are no generally accepted normal values.10)14) Simi-
larly, the normal reference values for LA strain and strain rate 



Journal of Cardiovascular Ultrasound 19 | December  2011

190

were only evaluated in a relatively small number of patients, 
so currently there is no widely accepted consensus about nor-
mal values for the LA strain and strain rates. Second, the sam-
ple size in the present study was relatively small. This limita-
tion can be the cause of only the weak relationship that we 
found between deformation parameters and volumetric pa-
rameters. But both of the parameters consistently showed 
which components of the LA function were affected by diur-
nal BP variation. 

In conclusion, various LA functions showed differences in 
the never-treated non-dipper hypertensive patients, compared 
to dipper patients. The function of the LA was altered irre-
spective of the LV mass index or other echocardiographic pa-
rameters routinely measured for the evaluation of both systolic 
and diastolic functions of the left ventricle. Thus, the LA func-
tion, which modulates the diastolic phase, can be responsible 
for both functional and morphologic cardiac changes observed 
in the non-dipper patients. Both strain and strain rate of the 
LA, measured using CDTI, can be useful and simple parame-
ters for the evaluation of the subtle changes and various LA 
functions in hypertensive patients. 
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