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ABSTRACT

Objective: Non-dipper hypertension is associated with an increased cardiovascular morbidity and mortality. Besides this, the left atrial (LA) size
and functions are accepted to be prognostic factors in various cardiovascular diseases. In this study, we aimed to evaluate the effect of non-
dipper hypertension on LA volume and functions using real-time three-dimensional echocardiography (RT3-DE).

Methods: Forty dipper and 52 non-dipper hypertensives enrolled in this prospective cross-sectional study. Patients with any comorbidities that
have a potential for causing structural cardiac alterations were excluded. Two-dimensional echocardiography (2-DE) and RT3-DE were per-
formed to assess LA volumes and functions. The statistical tests used in this study were Shapiro-Wilk's test, Student’s t-test, Mann—Whitney U
test, chi-square test, Spearman'’s test, and Pearson’s correlation test.

Results: LA minimal volume, LA volume before LA contraction, and LA total systolic volume were higher in non-dipper hypertensives than in dip-
per hypertensives (p<0.001, p=0.003, and p=0.03, respectively). Only, the 2-DE measurements of interventricular septal thickness and E/Em ratio
were higher in non-dipper hypertensives (p=0.001 and p=0.03, respectively). There was a moderate correlation between LA minimal volume and
LA volume before LA contraction with E/Em (r=0.31, p=0.007 and r=0.32, p=0.005, respectively).

Conclusion: Although LA volume and passive LA systolic functions measured by RT3-DE are significantly increased in non-dipper hypertensives,
the alterations in active LA systolic functions are not prominent. RT-3DE may be used to define LA volume and function alterations in conditions

that have capabilities of adverse cardiac remodeling such as systemic hypertension. (Anatol J Cardiol 2016; 16: 428-33)
Keywords: non-dipper hypertension, left atrial volume, real-time 3-D echocardiography

Introduction

Arterial hypertension is a major health problem mainly af-
fecting the heart, brain, kidneys, and the entire vascular system
(1). Systemic blood pressure (BP) has a circadian rhythm that is
characterized by higher values in morning hours and a decrease
from day-time values of more than 10% during sleep. A nocturnal
decrease in systolic and diastolic BPs of less than 10% of the
daytime values is referred to as a “non-dipping pattern” (2). Nu-
merous studies have shown significantly increased target organ
damage, such as cardiovascular events, stroke, and renal failure,
in non-dipper hypertensives (3-6). Autonomic dysfunction and
increased inflammation are thought to be responsible for non-
dipping patterns; however, the underlying cause for non-dipping
BP variation is still unclear (7, 8). Twenty-four hour non-invasive

ambulatory BP monitoring (ABPM) allows the detection of the
BP circadian rhythm and the dipping or non-dipping pattern.
Numerous studies have shown that left atrial (LA) size and
function are prognostic factors in various cardiovascular dis-
eases and that they are associated with cardiovascular out-
comes, including atrial fibrillation, congestive heart failure,
stroke, and death (9-12). Although several methods, such as car-
diac computed tomography, cardiac magnetic resonance, and
nuclear scintigraphy, have been used to assess LA function, two-
dimensional echocardiography (2-DE) and Doppler imaging are
routinely used for this purpose in many laboratories. Although in
the past, calculations of the LA size and mechanical functions in
patients with non-dipper hypertension were defined in two stud-
ies, the number of patients included were limited and the method
used to calculate LA volumes were driven only by 2-DE (13, 14).
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As the shape of LA is not spherical, measuring the LA vol-
ume by 2-DE may result in mistakes. A novel imaging technique,
real-time three-dimensional echocardiography (RT3-DE), dem-
onstrated the quantitative assessment of LA size and function
more accurately than 2-DE in a recent study (15).

In this study, our aim was to evaluate the effect of a dipping
and non-dipping hypertension pattern on LA functions and vol-
ume by RT3-DE in hypertensives.

Methods

Study design

This prospective cross-sectional study was performed be-
tween May 2014 and September 2014 in the indnii University
Faculty of Medicine, Department of Cardiology. The protocol was
approved by the local research ethics committee, and written in-
formed consent was obtained from each participant.

Study population

A total of 92 consecutive patients (1870 years old) with es-
sential hypertension were enrolled to the study, and they were
divided into two subgroups: 40 dipper (18 males and 22 females,
mean age: 52.9+10.6 years) and 52 non-dipper (24 males and 28
females, mean age: 54.1+8.7) hypertensives. Hypertension was
defined as systolic BP (SBP) of >140 mm Hg and/or diastolic BP
(DBP) of >90 mm Hg in an office setting and SBP of >130 mm Hg
and/or DBP of >80 mm Hg based on the mean 24-h circadian
ABPM (16). Because it is not easy to make two homogeneous
groups in terms of antihypertensive medication, we included
patients with newly diagnosed hypertension or treatment-naive
hypertensives. The exclusion criteria were defined as any con-
dition that has a capability to alter cardiac structures and func-
tions: a body mass index over 30 kg/m?, diabetes mellitus, sec-
ondary hypertension, history of coronary artery disease, chronic
renal failure, liver disease, chronic inflammatory disease, moder-
ate or severe valvular disease, atrial fibrillation, congenital heart
disease, left ventricular (LV) systolic dysfunction [ejection frac-
tion (EF) <50%], and obstructive sleep apnea. Patients with poor-
quality imaging on 2-DE or RT3-DE were also excluded (three
patients) from the study.

Study protocol

A medical history was taken, and a complete physical exami-
nation was performed in all patients. A 12-lead resting electro-
cardiogram (ECG) was obtained. Demographic parameters were
recorded. Blood samples were taken from all patients in the
morning following a 12-h fasting period. Plasma samples were
collected by centrifugation 2 h after collection and were studied
on the same day. The serum levels of fasting blood glucose, total
cholesterol, triglycerides, and low-density lipoprotein cholester-
ol were measured using standard methods and recorded.

BP was measured during two separate clinical visits using a
sphygmomanometer in an office setting. Following a 5-min rest-

ing period, SBP and DBP were recorded at Korotkoff phases
| and V, respectively. ABPM was performed using a portable
compact digital recorder (Delmar Reynolds, Tracker NIBM2,
Hertford, United Kingdom) and data were examined for all the
patients. Sleep and awake periods were determined according
to information given by the patient. The device was set to obtain
BP measurements at 15-min intervals during the day and at 30-
min intervals during the night. Non-dipper hypertension defined
as night-time BP decrease of less than 10% from the average
daytime BP (16).

ECG measurements were performed by one experienced ob-
server blinded to patients groups with a standard technique us-
ing the IE-33 machine with a broadband S5-1 transducer probe
(Philips Medical Systems, Bothell, WA, USA) with all patients in
the supine position. All comprehensive 2-DE measurements in-
cluding LV end-diastolic and end-systolic diameter (LVEDD and
LVESD, mm), LA diameter (mm), interventricular septum (IVS,
mm), and posterior wall (PW, mm) thickness in diastole were
measured. LV EF was calculated with Simpson’s method. Mitral
inflow velocities of the early diastole (E) wave (m/s), the late sys-
tole (A) wave (m/s), the E/A ratio, E wave deceleration time (DT),
and isovolumetric relaxation time (IVRT) were measured with
Doppler echocardiography, and LV diastolic dysfunction was
assessed according to the recommendation of the American
Society of Echocardiography report (17). Tissue Doppler pulsed
wave (TDI) sample volume was placed on septal mitral annulus
in the apical four-chamber view and myocardial systolic (Sm),
peak early diastolic (Em), peak late diastolic (Am) velocities, and
Em/Am ratio were obtained. The E/Em and Em/Am ratios were
subsequently calculated.

RT3-DE was performed by the same blinded observer using
an X3 matrix-array transducer (Philips Medical Systems; 1-3
MHz). The 3-D images were acquired in full volume mode within
four consecutive cardiac cycles. Individuals were instructed to
hold their breath in expiration. To calculate the LA volume; ana-
tomic landmarks were used and manually identified by marking
the mitral annulus at the anterior, inferior, lateral, and septal an-
nuli, and the fifth point at the apex of LA. The left atrial endocar-
dial border of each frame was defined by automated processing
and manually set for LA appendage pulmonary vein ostia exclu-
sion. A 3-D model of LA volume was created with this data, and
the data were then digitally stored and analyzed using analysis
software (QLab-Phillips version 7.1; Philips Medical Systems,
Fig. 1). The LA maximal and minimal volumes were automatically
calculated by the software. Maximum volume (Vmax) is the time
point that is accepted as the volume of LA is maximal just be-
fore the mitral valve opens, and minimum volume (Vmin) is the
time point that is accepted as the volume of LA is minimal just
at the end-diastole before mitral valve closure. Volume before
atrial contraction (Vpre A) is the last frame before mitral valve
reopening or the same time with P-wave on ECG. Using these
three volumes, the other calculations were made and accepted
as indices of LA function according to previous studies (18, 19).
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Detailed three-dimensional echocardiographic

measurements and abbreviations

Left atrial total systolic volume (TSV)=Vmax-Vmin, left atrial
total emptying fraction (TEF)=TSV/Vmax x 100, left atrial active
stroke volume (ASV)=Vpre A-Vmin, left atrial active empty-
ing fraction (AEF)=ASV/Vpre A x 100, left atrial expansion in-
dex (EI)=TSV/Vmin x 100, left atrial passive emptying fraction
(PEF)=(Vmax-Vpre A)/Vmax x 100, left atrial maximum volume
index (LA Max VI)=Vmax/body surface area.

Statistical analysis

Posthoc power analyses revealed 0.92 power considering an
LA minimal volume difference between the two groups of 6.1,
standard deviations of 6.9 and 10, and type one error of 0.05. Sta-
tistical analyses were performed by IBM SPSS statistics version
21. Continuous variables were expressed as meanzstandard de-
viation. The parameters were evaluated for normality and distri-
bution using the Shapiro-Wilk's test. Differences between the
variables were tested with independent samples using the Stu-
dent’s t-test, Mann—Whitney U test, and chi-square test when
appropriate. Pearson'’s correlation coefficient was used to eval-
uate the association between LA volume indices and the other
echocardiographic parameters. Spearman test was performed
for the correlations of intra-observer variability. Statistical sig-
nificance was accepted as p value less than 0.05.

Results

Ninety-two patients (52 non-dipper hypertensives, mean age
54.1+8.7 and 40 dipper hypertensives, mean age 52.9+10.6) were
included the study. The clinical characteristics for the dipper
and non-dipper hypertensive patient groups are listed in Table
1. Twenty-four hour and night-time average SBP (135.3+22.1
vs. 146.9+17.8, p=0.009; 118.6+24.1 vs. 145.5+19.2, p=0.0001, re-
spectively) and DBP (77.1£16.4 vs. 83.129.4, p=0.044; 68.6+10.3
vs. 80.2+10.8, p=0.0001, respectively) were significantly higher
in non-dipper hypertensives than in dipper hypertensive group.
There were no significant differences in any other demographic,
clinical, and laboratory data parameters between the two groups.

2-DE findings are shown in Table 2. The interventricular
septal thickness and E/Em ratio were significantly higher in the
non-dipper hypertensive group (9.7+1.8 vs. 11.1£1.5, p=0.001 and
6.7+2.3 vs. 7.9+2.6, p=0.03, respectively). There was no signifi-
cant difference between the groups in terms of other 2-DE and
Doppler parameters (Table 2).

Three dimensional echocardiographic results are shown in
Table 3. LA minimal volume, LA volume before LA contraction,
and LA total systolic volume were significantly higher in non-
dippers than in dippers (p<0.001, p=0.003, and p=0.03, respec-
tively, Fig. 2). However, the LA maximal volume, LA total emptying
fraction, LA active stroke volume, LA active emptying fraction,
LA expansion index, LA passive emptying fraction, an LA maxi-
mum volume index values between the two groups were similar.

Anatol ) Cardiol 2016; 16: 428-33

Figure 1. Analysis of left atrial (LA) volumes using real-time three-
dimensional echocardiography (RT3-DE) with QLAB software and the
time—volume curve with LA end-diastolic (EDV) and LA end-systolic
(ESV) volume

EF - ejection fraction; SV - stroke volume

Table 1. Clinical characteristics and laboratory data of study patients

Dippers | Non-dippers| P
(n=40) (n=52)
Age, years 52.9+10.6 54.1+8.7 0.22
Sex, female/male 18/22 24/28 0.82
BMI, kg/m? 25.4+3 26.7+3.6 0.1
24-h average SBP mm Hg 135.3£22.1| 146.9£17.8 | 0.009
24-h average DBP. mm Hg 77.1£16.4 83.1£9.4 0.044
Daytime SBP. mm Hg 147.8 +6.5 | 149.6+7.9 0.28
Daytime DBP. mm Hg 86.7 £12.9 90.2+9.1 0.14
Night-time average SBP mm Hg | 118.6+24.1 | 145.5+19.2 |<0.001
Night-time average DBP. mm Hg | 68.6+10.3 | 80.2+10.8 |<0.001
Heart rate, beats/min 77.2£11.7 76.3+13.4 0.76
Total cholesterol, mg/dL 203.9+36.7 | 205.4+414 | 0.87
LDL cholesterol, mg/dL 122.4+26.7| 132.3x31.5 | 0.13
HDL cholesterol, mg/dL 38.5+10.4 38.4+7.4 0.96
Blood glucose, mg/dL 88+10.7 90.4+8.7 0.64
Blood urea nitrogen, mg/dL 28.9+4.5 33.4+55 0.51
Creatinine, mg/dL 0.96+0.22 1.02+0.19 0.45
BMI - body mass index; DBP - diastolic blood pressure; HDL - high-density lipoprotein; LDL - low-
density lipoprotein; SBP - systolic blood pressure. Student’s t-test and chi-square test were used

Additionally, there was a moderate correlation between the LA
minimal volume and LA volume before LA contraction with E/Em
representing LV filling pressure (r=0.31 and p=0.007 and r=0.32
and p=0.005, respectively). There was no correlation between
the LA total systolic volume and E/Em. Further, we could not see
any correlation with the IVST and 3-D measurements.
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Table 2. Two dimensional echocardiographic and Doppler parameters
of the study population

Dippers Non-dippers P
LVEDD, mm 45+3.9 46.3+3.3 0.1
LVESD, mm 31.5+2.8 31.6+3.3 0.68
Ejection fraction, % 64.1+3.5 62.9+4.2 0.92
Left atrial diameter, mm 34.9+3.1 36.8+2.9 0.16
IVST, mm 9.7+1.8 11.1£15 0.001
Posterior wall thickness, mm 9.2+1 9.8+2 0.1
E/A% 0.88 (0.63) 0.86 (0.63) 0.58
DT, ms 200+57.8 204.9+47.8 0.65
IVRT, ms 100.5+£29.6 104.7£23.7 0.47
Sm, cm/s 8.8+2.3 9.5+3.0 0.22
E/Em 6.7+2.3 7.9+2.6 0.03
Em/Am* 0.88 (0.81) 0.65 (0.33) 0.4
Peak E'velocity, cm/s 10.3+3.5 9.6+4.1 0.23
Peak A'velocity, cm/s 10.7+3 12.4+4.6 0.06
*Median (interquartile range)
DT - deceleration time; E/A - peak velocity of early diastolic flow/peak velocity of late
diastolic flow; E/Em - peak velocity of early diastolic flow across mitral valve/peak septal
annular velocity of early diastole; IVRT - isovolumetric relaxation time; IVST - interven-
tricular septal thickness; LVEDD - left ventricular end-diastolic diameter; LVESD - left
ventricular end-systolic diameter. Student’s t-test and Mann—Whitney U test were used

Table 3. Three-dimensional echocardiographic data of the study
population

Variable Dippers | Non-dippers| P
(n=40) (n=52)

LA maximal volume, mL 41.1£16.1 | 45.6+22.8 | 0.08
LA minimal volume, mL 18.3+6.9 24.4+10 | 0.001
LA volume before LA contraction, mL | 26.5+9.6 33.5+11.6 |0.003
LA total systolic volume, mL 22.8+9.5 26.8+7.9 0.03
LA total emptying fraction, % 55.1+4.2 53.1+7.2 | 0.12
LA active stroke volume, mL 8.2+3.1 9+3.1 0.24
LA active emptying fraction,% 31.2454 27.67.1 0.4
LA expansion index 126.5+23.2| 120.2£32.4 | 0.3
LA passive emptying fraction, % 34.3+6.2 35.2+4.8 0.22
LA maximum volume index 244497 2564126 | 0.32
LA - left atrial

The intra-observer correlation for 20 patients was good for
3-D measurements of LA volume including minimal, maximal, and
preA (r=0.67 and p=0.02, r=0.77 and p=0.01, r=0.84 and p=0.008,
respectively).

Discussion

In the study, the most important finding was that the LA
minimal volume, LA volume before LA contraction, and LA total
systolic volume were significantly higher in the non-dipper hy-
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Figure 2. Comparison of two hypertensive groups in terms of left
atrial (LA) minimal volume, LA volume before LA contraction, and
LA total systolic volume measured by real-time three-dimensional
echocardiography (RT3-DE)

pertensives than in the dipper hypertensives. This means that
increases in LA volumes are more prominent in non-dipper hy-
pertension thanin dipper hypertension and that passive LA func-
tions are more altered than active functions. Although we could
not detect any relationship of 2-D derived parameters with the
other LA volume indices, it is not wrong to say that the correla-
tion of E/Em with minimal LA volume and Vpre A indicates that
volume changes are related to LV filling pressure.

LA has three important functions in the normal cardiac cycle:
a “reservoir” for pulmonary venous blood during ventricular sys-
tole phase, a “conduit” for that blood during the early diastole
phase, and a “muscular pump” to complete the process of LV
filling (20). Hypertension is the leading cause of LV hypertrophy
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and impaired LV diastolic functions. It is well known that blood
flow from LA toward LV deteriorates when LV stiffnessincreases
and LV enlargement capacity decreases and in turn, LA volumes
and left atrial reservoir function increase (15, 21, 22).

Numerous studies have shown an increased LV mass index,
impaired diastolic function, and higher diastolic LV filling pres-
sure in non-dippers than in dippers (12, 13, 23). In this study, we
showed impaired LV diastolic functions and more hypertrophy in
non-dippers too.

During early diastole, the passive emptying volume reduces
on account of increased LV stiffness and deteriorated diastolic
relaxation (21). The impairment of LA passive emptying volume
also contributes to a larger residual LA volume before its active
contraction. The increased volume of passive LA emptying indi-
cates a larger residual volume of LA before its active pumping.
The increase in presystolic LA volume and fiber length results in
augmented LA contraction forces (Frank-Starling mechanism).
LA systolic functions play a pivotal role during LV filling as sug-
gested by the increased LA active emptying volume and empty-
ing fraction in non-dipper hypertensives.

2-DE linear measurements and calculations are easy to per-
form and are routinely used for calculating LA size and function
in many laboratories and clinical studies. However, these may
lead to an error because their calculation methods are based on
geometric assumptions such cube or spherical models in 2-DE.
Because of the oblique position of the interatrial septum, the
presence of the LA appendage, and the asymmetric enlargement
of LA, calculations as a symmetric shape may result in mistakes
(24). Although the gold standard to measure LA size is magnetic
resonance imaging, RT3-DE allows the determination of the en-
docardial borders of LA more accurately than 2-D; therefore,
RT3-DE correlates with more accurate results than 2-DE for the
detection of LA volume (25).

LA volumes were assessed in various studies, and minimum
LA volume, in particular, has been shown as a predictor of ad-
verse cardiovascular events. In a previous study, it was reported
that the increase in minimum LA volume was more specific than
maximal LA volume to demonstrate worsening diastolic function,
even if in the early stage of diastolic dysfunction (26). In addition,
the RT3-DE minimum LA volume was the best independent pre-
dictor of major adverse cardiovascular events (27). Furthermore,
anincreased LA minimum volume shows decreased contraction
function of the atrium in the late diastole (28). In our study, the
LA minimal volume was significantly higher in non-dipper hyper-
tensives, and this may be an indicator of more adverse events in
these patients.

Study limitations

The study had several potential limitations. First, the sample
size was relatively small, and the findings should be supported
by data from prospectively designed studies with large popula-
tions. Second, ventricular elastance or diastolic strain/strain

rate measurements were not performed; these parameters
could provide more accurate LV diastolic functions. Third, we
did not measure atrial natriuretic peptide hormone levels. As a
response to atrial enlargement, atrial natriuretic peptide is se-
creted from the atria and the usage of this parameter to compare
measurements of LA by RT3-DE may be more significant. Finally,
the LA appendage plays an important role in the LA reservoir
function, during an increase in LA pressure and volume in par-
ticular. However, we did not include the LA appendage for the
calculation of LA volume and function. Studies including the LA
appendage for the evaluation of volume and function will prob-
ably give more accurate results.

Conclusions

In this study, the increased LA volume and passive systolic
functions in the non-dipping pattern compared to that in the dip-
ping pattern high BP was confirmed by RT3-DE measurements.
RT3-DE may be used to define atrial volume and function altera-
tions in conditions that have adverse cardiac remodeling capa-
bilities such as systemic hypertension.
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