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RELATIONSHIP BETWEEN LEFT ATRIAL FUNCTIONS
AND AMBULATORY BLOOD PRESSURE VARIABILITY IN PATIENTS

WITH HEART FAILURE AND PRESERVED EJECTION FRACTION
Aim The aim of this study was to investigate the relationship between left atrial (LA) abnormalities and
ambulatory blood pressure variability (BPV) in heart failure with preserved ejection fraction (HFpEF)

patients.

Material and Methods ~ In this single-center, prospective study, we included 187 patients with HFpEF. Eighteen patients with
poor image quality were excluded from the study. BPV was evaluated using 24-h ambulatory blood
pressure (BP) monitoring. The standard deviation of systolic BP (SBP-SD) was calculated to assess

BPV. The patients were classified into two groups according to median SBP-SD (10.5S mm Hg).

Results Overall, 169 HFpEF patients (69.2% women, mean age 69.2+11 yrs) were evaluated. There were
98 patients (57.9%) with a SBP-SD greater than 10.5 mm Hg. Patients with higher SPB-SD had
significantly higher left atrial stiffness (LASt) and lower LA reservoir strain (LASr) than those with
low SPB-SD. LASt was correlated with 24 hr SBP-SD in both sinus rhythm (r=0.3S, p=0.015) and
atrial fibrillation patients (r=0.32, p=0.005). There were significant correlations between night-time
SBP-SD and LASr (r=-0.23, p=0.045) in HFpEF with sinus rhythm. For all HFpEF patients, multiple
regression analyses showed that 24-hr SBP-SD was correlated with LASt (coeff. =0.40, 95%CI = 0.52—-

5.25,p=0.017).

High BPV is associated with impaired LA function, especially for LASt and LASr. This study may
provide insight for larger multicenter studies to evaluate the effects on outcomes in HFpEF.

Conclusions

Blood pressure variability; heart failure with preserved ejection fraction; left atrial function; left atrial
stiffness; left atrial strain

Keywords

Selda Murat, Bektas Murat, Halit Emre Yalvac, Muhammet Dural, Kadir Ugur Mert, Yuksel Cavusoglu.
Relationship between left atrial functions and ambulatory blood pressure variability in patients with
heart failure and preserved ejection fraction. Kardiologiia. 2022;63(1):48-53. [Russian: Ceabpa
Mypart, Bexram Mypat, Xaaut Ompe SaBauy, Myxammer Aypaa, Kapup Yryp Mepr, FOkcear JaBymoray.
B3anMOCBsI3b QYHKIUK AEBOTO IIPEACEPAUSI C BapUaOEABHOCTBIO apPTEPUAABHOTO AABAEHHS IPH aMOy-
AQTOPHOM H3MEPEHUH Y GOABHBIX C CEPACYHON HEAOCTATOYHOCTBIO C COXPAHHOM PpaKIuein BbIOpoca.
Kapaunosorus. 2022;63(1):48-53].

For citation

Corresponding author Selda Murat. E-mail: selda.eraslan@hotmail.com

Introduction

Heart failure (HF) with preserved ejection fraction
(HFpEF) is a common disease, accounting for about 50%
of all patients with HF [1]. Although the pathogenesis
of HFpEF is not fully understood, high blood pressure
(BP) plays an etiological role and leads to left ventricular
hypertrophy (LVH) and diastolic dysfunction [2]. Several
cohort studies have revealed that variability (BPV) in
systolic (SBP) and diastolic blood pressure (DBP) are closely
associated with the risk of coronary heart disease, stroke,
and both cardiovascular and all-cause mortality. However,
the relationship of BPV with HFpEF is much less clear [3-6].

The influence of the BPV profile on left ventricular (LV)
structure and mechanics was investigated previously, and
several studies have reported that high BPV has a worse effect
on LV remodeling [ 7]. Nevertheless, the effects of BPV on left
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atrial (LA) function have not been extensively investigated,
especially in patients with HFpEF. LA function is significantly
associated with LV systolic and diastolic function [8].
Assessment of LA function has recently emerged as an
important parameter, particularly in evaluation of LV diastolic
dysfunction and HFpEF [9, 10]. The aim of this study was to
evaluate the relationship between BPV and LA structural and
functional abnormalities in HFpEF.

Material and methods
Study population

This was a prospective, observational and, single-center
study, and it was approved by the institutional ethics committee.
All participants provided written, informed consent. A total of
187 patients with HFpEF were recruited, between December
2020 and December 2021. The diagnosis of HFpEF was based
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on the European Society of Cardiology (ESC) guideline [11].
Patients with severe valvular heart disease, previous myocardial
infarction and, sarcomeric hypertrophic cardiomyopathy were
excluded. In addition, 18 patients were also excluded because
the 2D imaging quality of the LA was inadequate.

Comprehensive echocardiography

Comprehensive echocardiography was performed by
a physician using a commercially available system (EPIQ 7C,
XS5-1 transducer, Philips Medical Systems, Andover, USA).
Raw echocardiographic data were stored digitally as DICOM
and transferred for offline analysis to a workstation with Philips
QLAB  software. Echocardiographic measurements were
performed following published guidelines [12, 13]. Four-
chamber views were used to evaluate LA function. LA volume
indexed to body surface area (BSA), and the LA volume index
(LAVI) was calculated. Minimum LA volume at the QRS
complex and pre-A LA volume preceding the P-wave were also
calculated to assess LA phasic function by the volumetric method.

LA total emptying fraction (reservoir function) =
[ (LA volumemax — LA volumemin) /LA volumemax] x 100

LA passive emptying fraction (conduit function) =
[ (LA volumemax — LA volumepre-A) /LA volumemax] x 100

LA active emptying fraction (pump function) =
[ (LA volumepre-A — LA volumemin) /LA volumepre-A] x 100

LA expansion index=
[ (LA volumemax — LA volumemin) /LA volumemin] x 100

Calculations of peak atrial longitudinal strain (PALS)
and LV global longitudinal strain (GLS) were performed by
offline semiautomatic analysis. PALS was defined as the first
peak of positive deflection, and it is representative of the LA
reservoir (LASr) function. LA stiffness (LASt) was
calculated as LASt=E /e’ ratio/PALS) [14].

Ambulatory blood pressure monitoring

All of the subjects underwent 24hr ambulatory
BP monitoring (ABPM). According to the 24hr BP
measurements, BPV was evaluated through the calculations
of standard deviation (SD), weighted SD (WSD) and
average real variability (ARV) of the SBP and DBP during
daytime, nighttime, and over 24 hr.

Weighted SD was calculated using the following formula:

WSD = (daytime SD x 14) + (nighttime SD x 6)]/20 [15].

ARV was calculated as the average of the differences (in ab-
solute value) between consecutive BP measurements [15,
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Figure 1. Formula of the average real variability
(N is the number of BP readings and k - ranges from 1 to N-1)

1 N-1
ARV = —— " |BPys1 — BP
N7 ;I 1 — BPx|

16] (Figure 1). BPV was assessed by the SD of 24-hr SBP
derived from ABPM. The patients were classified into two
groups according to median SBP-SD (lower or higher than
the median SD of 10.5 mm Hg).

Statistical analyses

Data are summarized as frequencies (percentages) for
categorical variables, as mean+SD for normally distributed,
continuous variables, or as median (interquartile (IRQ)

Table 1. Baseline clinical characteristics of the study population

LowBPV  High BPV
. Total (24-hr (24-hr P
Variable (n=169)  SBP-SD), SBP-SD), value
n=71 n=98

Age, yrs 69.2+11  68.3+10.6 69.0+11.7 0.568
Male sex 52(30.8) 19(26.8)  33(33.7) 0.400
BSA, m? 1.8840.20 1.89+0.21  1.88+0.20 0.756
Hypertension 126 (74.6) 51(71.8)  75(76.5) 0.592
Diabetes 63(37.3) 24(33.8) 39(389) 0.264
Coronary artery
disease 47(28.4) 24(33.8) 24(245) 0227
Atrial fibrillation ~ 70 (41.4)  23(32.4)  47(48.0) 0.030
Chronic kidney
disease 55(32.5) 24(33.8)  31(31.6) 0.868
Office SBP, 119.8+417.4 119.1+17.3 120.3+18.2 0.649
mmHg
Office DBP, 662+137 66.6+14.1 658+13.5 0.723
mmHg
Heart rate, bpm 774+18.2  74.4+149 = 79.5£20.1 0.061
Beta-blocker 127(75.6) 55(77.5)  72(742) 0.717
Calcium
channel blockers 1 (244) 15(21.1)  26(26.8) 0.469
ACEI/ARB 82(48.8) 41(57.7)  41(42.3) 0.034
Furosemide 104 (61.9) 46 (64.8)  58(59.8)  0.525
MRA 33(19.6) 18(254) 15(15.5) 0.082
gH/e:ﬁ‘ng’bi“’ 124421 1254211 1244218 0.662
Glucose, mg/dl 135.9+64.4 135.1+60 136.6x67 0.886
Creatinine, 12407  1.19+0.79 124070  0.964
mg/dl
Sodium, mmol/l = 138.5+8.8 138.4+3.4  138.6x11 0.866
Albumin, g/dI 4.0+0.5  3.93+0.58  4.14+0.50 0.022
NT-proBNP, 1113 1008 1259 0.594
pg/ml (544-3200) (426-3266) (546-3108)

Data are n (%) or mean+SD or median (IQR). ACEI, angiotensin
converting enzyme inhibitor; ARB, angiotensinogen receptor
blocker; BPV, blood pressure variability; BSA, body surface area;
DBBP, diastolic blood pressure; NTproBNP, N-terminal prohormone
of brain natriuretic peptide; MRA, mineralocorticoid receptor
antagonist; SBP, systolic blood pressure; SD, standard deviation.

49



§ OPUT'MHAABHBIE CTATbU

Table 2. Echocardiographic data of patients with low versus high blood pressure variability

Variables Total LowBPV High BPV value
(n=169) (24-hour SBP-SD),n=71 (24-hour SBP-SD),n=98 P

LVEF, % 60.1+4.9 60.2+5.1 60.1+4.9 0.855
LV-GLS, % -14.4£3.2 -14.9+3.4 -14.1+£3.0 0.142
LVH (212 mm) 118 (69.8) 46 (64.8) 72 (73.5) 0.148
TJV, m/sec 2.84£0.55 2.78+0.59 2.88%0.51 0.265
LA diameter, mm 44.7£6.05 44.0£4.9 45.2+6.7 0.198
LA area4C, cm? 21.6+5.6 20.7£4.9 22.3+6.0 0.078
LA volume, ml (area-length method) 74.8+32.8 69.7+25.1 78.5+37.1 0.087
LAVI, (ml/m>) 39.4+15.7 37.1£13.7 41.1£16.9 0.104
LASr, (%) 17.6+8.9 19.1+8.3 16.5+£9.2 0.046
LASt, (%) 0.97+0.72 0.54+0.06 0.80+0.09 0.004
sPAP, mm Hg 43.6+16.5 42.6+15.7 45.0£17.5 0.351
LAVmax, ml 85.9£30.8 77.5%£29.7 92.3%£30.2 0.007
LAVImax, ml/m 46.1£17.8 41.65+15.6 49.5+18.0 0.013
LAVpreA, ml 57.4 (44.8-77) 49.0 (38.3-76.1) 65.1 (48.1-79.2) 0.024
LAVlIpreA, ml/m? 32.6£12.5 29.7+11.8 35.1+£12.7 0.35
LAVmin, ml 42.9(29.2-62.3) 36.1(22.9-58.1) 50.1 (32.2-64.7) 0.025
LAVImin, m/m? 25.5+13.7 22.7+12.7 27.7£14.2 0.045
LA expansion index (%) 1.04£0.65 1.08+0.67 1.0£0.64 0.538
Total LA emptying fraction (%) 0.4610.14 0.47£0.14 0.45£0.14 0.489
Active LA emptying fraction (%) 0.36+0.15 0.35£0.16 0.37£0.13 0.558
Passive LA emptying fraction (%) 0.22£0.098 0.23+0.10 0.22£0.095 0.389
Total LA emptying volume, ml 38.4+14.8 35.3+12.9 40.8£15.7 0.036
Active LA emptying volume, ml 19.9 (14.7-26.0) 18.1 (11.1-23.8) 22.3 (15.6-31.9) 0.014
Passive LA emptying volume, ml 17.4 (10.9-23.5) 16.8 (9.2-21.9) 17.9 (12.4-23.6) 0.528
LAVmax/LASr ratio 7.0+5.4 5.1+3.3 8.51+6.3 0.001

Data are n (%), mean+SD or median (IQR). LA, left atrium; LAVI, left atrial volume index;
LV-GLS, left ventricular global longitudinal strain; LASr, left atrial reservoir strain; LASt, left atrial stiffness index;
LVEE left ventricular ejection fraction; LVH, left ventricular hypertrophy, TV, tricuspid jet velocity.

range) for non-normally distributed variables. Appropriate, assess the relationship between two variables. If the findings

continuous data were compared with two-tailed Student t tests, ~were significant, a multivariable regression analysis was
and discrete data were analyzed with chi-square tests. Pearson  performed. A significant difference was defined as p value

correlation and the simple regression analysis were used to  <0.05 (2-tailed). The IBM SPSS Statistics 21.0 (IBM Corp.

Table 3. Univariate and multiple regression analysis of 24 hr SBP-SD

Variable All HFpEEF patients
Univariate analysis. Coeff. (95% CI) p-value Multivariate analysis. Coeff. (95% CI) p-value

SBP 0.09 [(-0.01)-0.06)] p=0.272 -
DBP 0.18 (0.007-0.15) p=0.033 0.22(0.01-0.19) p=0.030
Heart rate 0.19 (0.007-0.09) p=0.024 0.01[(-0.05)-0.06] p=0.877
LAVmax 0.11 [(-0.01)-0.05)] p=0.248 -
LVMI 0.15 [(-0.002-0.03)] p=0.078 -
Age 0.07 [(-0.04)-0.10)] p=0.410 -
LASr 022 [(-0.21)-0.02] p=0.016 0.23[(-0.08)-0.33] p=0.234
LA expansion index -0.04 [(-1.69)-1.07] p=0.654 -
LA diameter 0.009 [(-0.12)-0.13)] p=0.921 -
LA area 0.07 [(-0.07)-0.21] p=0.368 -
LV-GLS -0.22 [(-0.65)-(-0.05)] p=0.022 -0.14[(-0.65)-0.20] p=0.305
LASt 0.33 (1.12-3.48) p=0.000 0.40(0.52-5.25] p=0.017
LAVmax/LASr 0.302 (0.10-0.47) p=0.003 0.10[(-0.23)-0.44 p=0.557

DBP, diastolic blood pressure; LA, left atrium; LASr, left atrial reservoir strain; LASt, left atrial stiffness index; LAVmax, left atrial maximum
volume index; LV-GLS, left ventricular global longitudinal strain; LVMI, left ventricular mass index; SBP, systolic blood pressure.
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Released 2012.IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp.) program was used for the analyses.

Results

187 patients were screened; 169 patients (69.2% female,
mean age 69.2+11 yrs) were eligible for the study. Baseline
clinical characteristics of the study population are shown in
Table 1. The mean office SBP, DBP, and 24-hr ambulatory
SBP were 119.8+17.4 mm Hg, 66.2+13.7 mm Hg,
127.2+18.4 mm Hg, respectively. There were 98 patients
(57.9%) with a SBP-SD value greater than 10.5 mm Hg. BPVs
calculated by different methods and the relationships between

and

the groups are summarized in Supplementary Table 1.

Detailed echocardiographic parameters are summarized in
Table 2. We found significant correlations between 24-h-SBP
SD and LASt (r =0.35, p=0.015) and between nighttime SBP-
SD and LASr (r=-0.23, p=0.045) in HFpEF with sinus rhythm.
We found significant correlations between 24-hours SBP-SD
and LASt (r=0.32, p=0.005) and LASr (r= —0.40, p=0.003) in
HFpEF with atrial fibrillation (AF). The LA variable that had
the highest correlation with nighttime SBP-SD in patients with
AF was LASt (Supplementary Table 2).

After adjusting the statistically significant variables in
univariate regression analysis, multiple regressions analysis
showed the highest correlation of 24-hrs SBP-SD with LASt
(coeff=0.40, 95%ClI= 0.52-5.25, P=0.017) (Table 3).

Discussion

This study comprehensively evaluated the relationship
between BPV which is derived from ABPM and LA functions
in patients with HFpEF. The main findings of this study
are: 1. Higher BPV in 24-hrs SBP-SD is associated with LA
dysfunction in HFpEF patients, independent of BP. 2. When
BPV was evaluated according to the circadian rhythm, both
day-time and night-time higher BPV was correlated with
impaired LA function. 3. In HFpEF patients with AF, higher
BPV is highly correlated with increased LASt. 4. Among LA
structural and functional variables, BPV shows that the LA
function was strongly associated with increased LASt, which is
amore specific indicator of LA function.

BPV represents the fluctuation of BP during 24 hrs. Previous
studies showed that an increase in the 24-hrs BPV assessed
by 24-hrs BP monitoring and the visit-to-visit variability
(VVV) in systolic blood pressure (VVV-SBP) was associated
with increase in cardiovascular morbidity and mortality,
independent of the mean BP values [ 17-19]. A study in healthy
subjects also found that VVV-SBP over § yrs was significantly
associated with LA function, particularly active EF, i.e., booster
LA function. It has been reported that the increase in BPV and
the decrease in active EF are correlated. The same study also
emphasized that LA changes are independent of SBP [19]. In
another study that investigated the relationship between BPV,
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obesity and LA phasic function in the hypertensive population,
the researchers reported that BPV increases progressively and
LA functions decrease in obese patients [7].

HFpEF is a multifaceted disease with a complex etiology
and is often associated with several comorbidities, such as HT,
diabetes mellitus, obesity, AF, and kidney disease [20]. Because
of these complexities, the evaluation of BPV and LA function
in HFpEF patients is challenging. Previous studies found that
increased BPV is associated with impaired LA function and
clinical outcomes in patients with HT and HF with reduced EF
(HFrEF), independent of SBP [7,21-25].

In the present study, although there was no significant
difference between the higher BPV group and both mean office
BP and mean ABPM compared to the lower BPV group, similar
to previous studies, it was observed that BPV had a significant
effect on LA function, independent of the mean SBP in
HFpEF patients. There are some differences between our
study and previous study populations. While previous studies
included patients with HFrEF and patients with HT and other
comorbid conditions, our study population was limited to
patients with HFpEF with comorbid conditions. Moreover,
LA remodeling and dysfunction are common in the HFpEF
population. Impaired LA function has previously been noted
in conditions associated with HFpEF, even in the presence
of normal LA size [26-28]. In another study, which included
hypertensive-diabetic patients, it was reported that there were
no associations between BPV assessed through 24-hrs ABPM
and echocardiographic variables related to diastolic function,
LVH and cardiac chamber diameters [29]. Similarly, in our
study, there was no significant relationship between higher BPV
and LA enlargement, LA area, LVH, and LVEFE.

In addition to the structural changes, LA cavity remodeling
and dysfunction, volumetric variables, and strain assessment
also play an important clinical role in HFpEF patients. In
a previous study, it was reported that LASt, a marker of
myocardial fibrosis and atrial dysfunction, is associated
with deterioration in the functions of the LA cavity [25].
Chronic deterioration in LA pressure causes remodeling
and ultimately fibrosis. These changes result in worsening of
cavity function, including contraction and stiffness, which
eventually causes elevation of cavity pressure and pulmonary
venous hypertension [30]. Impairment in LA function
was also shown to be associated with poor outcome in HF
patients in previous studies [24]. Although recent studies
have shown that BPV is associated with LA dysfunction, AF,
and cardiovascular mortality in the general population and
in patients with HFrEF, there is sparse data in patients with
HFpEF [31-33]. In our study, higher BPV was associated
with increased LASt and low LASr, which are important
indicators of LA dysfunction. These findings indicate that
BPV may affect LA functions in HFpEF patients, which may
affect hospitalization and poor prognosis.
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Furthermore, the relationship between the circadian
rhythm of BPV and LA functions in patients with HFpEF has
not been fully demonstrated in previous studies. However,
there are studies reporting that night-time higher BPV is
associated with LVH. In a study by R. Sega et al. it was shown
that there is a correlation between BPV and LV mass index
(LVMI) [34]. Also, in another study reported by Mustafa
ER et al. it was shown that there is a significant correlation
between the LVMI and nocturnal BPV [35]. In a study
investigating the effect of circadian BP on cardiovascular
outcomes in patients with HFpEF, it was reported that
abnormal pattern of circadian BP rhythm is associated with
cardiovascular outcomes and night-time BP values can be
considered for the therapeutic target [36]. The present study
has methodological differences from other studies, we did not
directly evaluate the cardiovascular mortality or outcomes,
but we evaluated whether circadian rhythm has an effect on
LA function in HFpEF patients. When BPV was evaluated
according to circadian rhythm, night-time SD-SBP was
correlated with increased LASt. In light of these results, it may
be important to consider the effect of nocturnal BPV on LA
functions during treatment planning.

In addition, AF is both common and associated with
adverse outcomes in HFpEF [37]. This complicates
assessment of BPV and LA functions. Our study showed that
BPV was highly correlated with LAVmax/LASr ratio and
increased LASt in HFpEF patients with AF, despite similar
mean BP. t It might be explained that AF leads at first to
increased HR variability, which may cause labile BP. Another
possibility is that patients who develop AF have an increased
burden of traditional cardiovascular risk factors, which are
associated with increased BPV. One of the most important
reasons may be that, in HFpEF patients, the deterioration of

LA function may trigger the development of AF by causing LA
fibrosis, even in the presence of normal LA diameter. at first

Limitations

This study had a few limitations. First, there was a small
population, and the results were obtained at a single center;
therefore, itlacked the obvious advantages of alarger multicenter
trial. Secondly, during echocardiographic assessment of
HFpEF patients, AF represents a limitation for evaluation of LV
diastolic function. Patients with AF have lost the atrial ‘booster
pump’ phase, so the A wave and its derivate cannot be assessed.
Hence, larger studies should confirm the association between
BPV and atrial function in patients with HFpEF. In addition,
its effect on mortality and hospitalizations in HFpEF patients
should be confirmed by further study.

Conclusion

Our study showed that higher BPV with 24-hours SBP-
SD is associated with LA dysfunction in HFpEF patients,
independent of BP. Furthermore, among LA structural and
functional variables, SBP variability shows that LA function
was strongly associated with increased LASt, which is a more
specific indicator of LA function. In addition, in HFpEF
patients with AF, higher BPV is highly correlated with increased
LASt which may depict LA dysfunction.
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