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Abstract

Background: Increased nighttime BP variability (BPV) was associated with stroke. Left atrial (LA) enlargement is the
default clinical hallmark of structural remodeling that often occurs in response to LA pressure and volume overload.
Blood pressure has proven to be an essential determinant of LA enlargement. We aimed to evaluate the influence

of BPV as a risk factor for cryptogenic stroke and highlight the importance of including the (APBM) in the workup for
those patients and test the relation between BPV and LA remodeling in these patients, which could be used as a clue
to add APM monitoring to their workup. Also, LA remodeling may be a substrate for occult atrial fibrillation (AF). We
included Group | (108 consecutive patients with cryptogenic ischemic stroke) and Group Il (100 consecutive adult
participants without a history of stroke or any structural heart disease). We measured the maximal LA volume index
(Max LAVI) and minimal LA volume index (Min LAVI). We calculated the left atrial ejection fraction (LAEF). All the par-
ticipants were subjected to ABPM.

Results: In our prospective, cross-sectional cohort study, the patients in Group | had statistically significantly higher
Min LAVl and Max LAVI and Less LA EF than Group I, with a P value of (0.001, 0.001, and 0.008), respectively. The
Group | patients had higher BPV as measured by SD parameters than patients in Group I, with a P value of 0.001 for
all SD parameters. The BPV parameters, as measured by SD parameters, were positively related to the LA remodeling
parameters in both groups. After adjusting all variables, we found that age, night systolic SD, and night diastolic SD
parameters were independent predictors of LA remodeling.

Conclusions: The patients with cryptogenic stroke had higher short-term BPV, Min LAVI, and Max LAVI but lower LA
EF. Careful monitoring of BPY may be of value for both primary and secondary preventions of ischemic stroke.

Keywords: Cryptogenic stroke, Left atrial remodeling, Blood pressure variability

Background

Left atrial (LA) enlargement is frequently the default
clinical hallmark of structural remodeling in response
to LA pressure and volume overload [1]. Blood pressure
(BP) has been a crucial determining factor of LA enlarge-
ment [2]. Conventional single BP measurement cannot
reflect the patient’s intrinsic BP characteristics because of
insufficient sampling and the probability of falsely higher
reading due to emotional factors, such as the white coat
impact [3].
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A complementary method is Ambulatory Blood
Pressure Monitoring (ABPM), which permits various
measurements under more controlled and consistent
conditions. Additionally, various BP measurements offer
data about variability. Augmented nighttime BP variabil-
ity (BPV) was associated with atherosclerosis and con-
sequent stroke [3, 4]. The higher nighttime BP and its
variability are independently related to LA enlargement
[5]. The LA enlargement is a subclinical deviation that
conveys a more significant stroke hazard [6].

Asymptomatic paroxysmal atrial fibrillation (AF) has
been claimed to cause a cryptogenic stroke [7]. Loss
of LA longitudinal deformation, decreased LAEF, and
other structural LA remodeling and electrophysiological

©The Author(s) 2022, corrected publication 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-6596-4834
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43044-022-00305-6&domain=pdf

Alaarag et al. The Egyptian Heart Journal 2022,74(1):68

parameters were related to an augmented risk of paroxys-
mal AF in patients with cryptogenic stroke [8, 9].

Intensive intervention for these patients may delay LA
remodeling progression and reduce the risk of ischemic
stroke. However, the association between BPV and LA
enlargement has not been addressed in patients with
cryptogenic stroke. The current study aimed to evalu-
ate the influence of BPV as a risk factor for cryptogenic
stroke and to test the relation between BPV and LA
remodeling in these patients, which could be used as a
clue to add ABPM to their workup.

Methods

This prospective, cross-sectional cohort study was per-
formed from September 2019 to November 2021. The
local research committees approved the study following
the Declaration of Helsinki. We acquired informed writ-
ten consent from all the participants. We included 108
consecutive patients with cryptogenic ischemic stroke
(Group I). The stroke unit referred them for cardiac eval-
uation after suffering from a cerebral stroke.

We defined cryptogenic stroke as any ischemic stroke
without apparent cause despite extensive history and
corresponding studies. We subjected all the patients
to a detailed history, including preceding events, such
as recent invasive procedures, intravenous drug abuse,
and recent pregnancy. We focused on atherosclerotic
risk factors, including hypertension, dyslipidemia, and
diabetes mellitus (DM). We reviewed the family history
of premature atherosclerotic disease, cerebrovascular
stroke (CVS), or sudden death. Then, we subjected all the
patients to a detailed physical examination.

The cardiac evaluation included a 12-lead electrocar-
diogram (ECG), ambulatory 24 h ECG to exclude AF,
ABPM, transthoracic, and transesophageal echocardiog-
raphy (TEE) to exclude a thrombus, cardiac mass, vegeta-
tion, and intracardiac shunt. We performed non-contrast
CT brain, carotid ultrasound, transcranial Doppler, MRI
brain, and CT angiography of the head and neck for all
the patients to exclude patients with any apparent cause
of stroke. We outlined the evaluation plan for crypto-
genic stroke in Fig. 1.

All the included patients had sinus rhythm at the
examination and left ventricular ejection fraction (LVEF)
over 50%. According to the European Society of Echo-
cardiography, we evaluated cardiac chamber size, LVEF,
and LA dimensions [10]. We measured LV end-diastolic
indexed volume (mL/m?) and LV end-systolic indexed
volume (mL/m?) and also peak velocity of E and A waves
of mitral flow, é wave was measured from the apical four-
chamber view, with 2-5 mm sample volume taken from
the septal corner of the mitral annulus, and E/é ratio was
calculated.

Page 2 of 9

We obtained the 2D volume of the LA from the api-
cal view during a short breath-hold. We acquired 2D
LA images from apical four- and two-chamber views. In
2D, we assessed the LA area on the four-chamber view
in end systole. We measured volumes using the biplane
modified Simpson’s method. We indexed LA volumes
to the body surface area. We measured the maximal LA
volume index (Max LAVI) at the ventricular end-systolic
frame just before the mitral valve opening from the api-
cal views. We measured minimal LA volume (Min LAVI)
at the end of LV diastole, just before the mitral valve clo-
sure. We calculated the LA function with the following
formula: LA ejection fraction (LAEF): (Max LAVI-Min
LAVI)/Max LAVI x 100.

We excluded patients with atrial flutter and fibrillation,
bundle branch block, poor acoustic window, and a his-
tory of coronary artery disease (CAD). Also, we excluded
patients with previous percutaneous coronary inter-
vention (PCI) or open-heart surgery, previous ablation
procedure, pulmonary hypertension, and left ventricu-
lar hypertrophy (LVH). The ECG assessment included
P-wave amplitude, QRS duration, and QT interval.

We performed a routine laboratory test, including the
lipid profile and blood glucose level. We defined DM as
a fasting plasma glucose>140 mg/dl or the use of anti-
diabetic drugs. We described obesity as body mass index
(BMI) > 30 kg/m?% We defined hypertension according to
the European Society of Cardiology Guidelines as systolic
BP (SBP) > 140 mmHg or diastolic BP (DBP) > 90 mmHg
[11]. We defined ABPM limits above the normal if the
mean 24 h SBP was>130 or DBP >80, the daytime
was > 135/ > 85 mmHg, or the nighttime was>120/>70
[12].

We defined hypercholesterolemia as total serum cho-
lesterol >220 mg/dl or the use of lipid-lowering medi-
cations. We informed the patients that cuff inflation
might be associated with some distress. We used an
ABPM device validated against accepted universal crite-
ria, CONTEC 50, for all the patients. The data included
all daytime and nighttime BP readings with an indica-
tion of normal BP, average SBP, DBP, and heart rate,
time-weighted average SBP, DBP, and heart rate for the
24 h, daytime, and nighttime, with standard deviations
(SD) and the number of accurate BP readings, the per-
centage decline in nocturnal SBP and DBP. We used the
non-dominant upper limb for measurements and used
a suitable cuff. We set the device to obtain BP readings
every 15 min during the daytime (06:00-23:00 h) and
every thirty minutes at night (23:00-06:00 h). Then, we
confirmed that >70% of the expected 24-h readings were
valid and registered the ABPM data during regular work-
days. We used the SD indices for the assessment of the
short-term BPV.
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Fig. 1 Workup for patients with cryptogenic stroke

Group 1II included 100 consecutive individuals who
attended echocardiographic units without any history
of cerebrovascular insult, cardiac ablation procedure,
or overt structural heart disease (the same echocardio-
graphic exclusion criteria as Group I). All were subjected
to ABPM and echocardiographic measurements like
patients in Group I.

Statistical analysis

We analyzed the data using the Statistical Program
for Social Science (SPSS) version 20.0. We expressed
the quantitative data as mean=+SD. We described the
qualitative data as frequency and percentage. We used
the Kolmogorov—Smirnov test to analyze the normal
distribution of continuous data, which was normally
distributed.

We used an independent-samples t test of significance
to compare the two means. We compared the means of
age, 24H systolic SD, day systolic SD, night systolic SD,
24H diastolic SD, day diastolic SD, night diastolic SD,
LVESVI mL/m? LVEDVI mL/m? Min LAVI mL/m?
Max LAVI mL/m? and LA EF %.

We applied the chi-square (X?) test of significance to
evaluate proportions between two qualitative parameters
(risk factors and medications).

We used Pearson’s correlation coefficient (r) to test the
LA remodeling parameters and their quantitative predic-
tors. We used Spearman’s correlation coefficient (r) test
for correlating the LA remodeling parameters and their
qualitative predictors. We used the logistic multivariate
regression analysis to study the multiple variables that
may affect the LA remodeling parameters and to adjust
the different potential confounders, including the basal
demographic characteristics and the ABPM parameters.
We presented the adjusted odds ratio with 95% confi-
dence intervals.

We calculated the sample size and the power analysis
using g*power software 3.1.9.4. We used the sample size
calculation criteria: 95% confidence limit and 80% study
power for different variables, and we found it at 100
patients. The cutoff point of statistical significance was
0.05.

We assessed intra-observer and inter-observer vari-
ability for echocardiographic parameters by randomly
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selecting 15 patients and repeating the analysis on the
same cine loop by the same investigator or independently
by two separate investigators using intraclass correla-
tion coefficients (ICC) with values less than 0.5 indicat-
ing poor reliability, between 0.5 and 0.75 mean moderate
reliability, between 0.75 and 0.9 mean good reliability,
and above 0.9 excellent reliability.

Reproducibility
Intra-observer and inter-observer variability for echocar-
diographic parameters ranged from 0.91 and 0.95.

Results

Our two-center comparative cross-sectional study
included 108 consecutive patients with cryptogenic
stroke in Group I and 100 patients without stroke in
Group II. We found no significant difference between
both groups regarding the basal demographic character-
istics, risk factors, and antihypertensive medications, as
shown in Tables 1 and 2.

In the cryptogenic group, 9.2% (n=10) of patients had
palpitation despite that ambulatory ECG monitoring did
not detect any arrhythmias.

Moreover, there were no statistically significant vari-
ances between both groups in the left ventricular vol-
umes ( LVESVI and LVEDVI), with P values of (0.867 and
0.956), respectively. There were no significant differences
in the parameters that assess LV filling pressure and dias-
tolic functions (peak E velocity, peak A velocity, and E/é
ratio) with P values of (0.781, 0.926, and 0.409), respec-
tively, as shown in Table 3.

While, regarding LA and BPV parameters, patients
with cryptogenic stroke (Group I) had significantly higher
Min LAVI and Max LAVI than Group II, with a P value of
0.001 for both parameters, simultaneously, patients with
cryptogenic stroke had significantly lower LA EF, with a
P value of 0.008, as shown in Table 3.

Also, patients with cryptogenic stroke had higher BPV
as measured by SD parameters than Group II, with a P
value of 0.001 for all SD parameters, as shown in Table 3.

We correlated the LA remodeling parameters to the
different potential confounders, as shown in Tables 4
and 5. We found that aging and all BPV parameters, as
measured by SD, were positively correlated with the
(Min LAVI, Max LAVI). In contrast, both aging and
BPV parameters were correlated negatively with the LA
EF; this occurred in both groups. Finally, in cryptogenic
stroke patients, we found a negative correlation between
the E/é ratio and LA EF with a P value of 0.018.

We did a logistic multivariate regression analysis for
the covariant. It was significantly correlated with the LA
remodeling parameters (Min LAVI, Max LAVI, and LA
EF). After adjusting all variables, age, night systolic SD,
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and night diastolic SD parameters were independent pre-
dictors of LA remodeling, as shown in Table 6.

These results could propose that high BPV in patients
with cryptogenic stroke may lead to abnormal LA remod-
eling and function, which may be a substrate for occult
AF, the source of stroke in these patients.

Discussion

Stroke was the fifth principal reason for death, and cryp-
togenic stroke represents 15—40% of ischemic strokes in
different studies [13]. The recent guidelines do not make
specific recommendations to prevent cryptogenic stroke
[14].

In our study, the high BPV was associated with struc-
tural and functional LA remodeling. Moreover, structural
and functional LA remodeling was more prevalent in
patients with cryptogenic stroke. Consequently, the high
BPV may lead to LA structural and functional changes
and an increased risk of cryptogenic stroke. The results
were similar to Vural MG et al. [15], who found a relation
between LA remodeling and cryptogenic stroke in young
patients.

LA remodeling denotes the spectrum of pathophysi-
ological alterations in the LA mechanical and electrical
function that respond to stress disorders such as hyper-
tension, heart failure, DM, and obesity. Structural LA
remodeling often responds to LA pressure and volume
overload [1, 16].

Remodeling is primarily adaptive, but it often becomes
maladaptive in response to a chronic pathological provo-
cation, and it is linked with an enhanced probability of
cardiovascular morbidity and mortality [16]. In our study,
we focused on mechanical remodeling.

We used Min LAVI, Max LAVI, and LA EF to study
maladaptive mechanical remodeling. We found that
patients with cryptogenic stroke had statistically signifi-
cantly lower LA EF than Group II. Chinali M et al. [17]
studied about 2800 patients with a high prevalence of
obesity, DM, and LA systolic dysfunction and found a
higher rate of cardiovascular events.

Some studies found that reduced LA EF was associated
with increased pressure in the LA appendage and abnor-
mal LA strain. This strain may be a substrate for throm-
boembolism [15, 18].

Norioka et al. [5] studied the impact of BPV on LA
function and structure in 140 patients with paroxysmal
AF and normal EF. They concluded that higher nighttime
BP and its variability were associated with LA enlarge-
ment, and nighttime BP and its variability have additional
predictive value for LA remodeling. Moreover, Domé-
nech et al. found that nighttime BP was associated with
LA size and the release of natriuretic peptides in patients
with idiopathic AF [19].
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Table 1 Comparing demographic characteristics of the study population
Range Mean +SD t test p value
Age
Group | 37-67 54.09+7.04 0.747 0.388
Group Il 39-68 5321£7.68
Enrollment office SBP
Group | 110-155 132.69+13.88 0.069 0.945
Group Il 110-155 132.55+14.20
Enrollment office DBP
Group | 65-95 80.23+£824 0.805 0422
Group Il 65-95 81.15£8.19
Group | Group Il X2 Pvalue
Gender
Male N 67 60 0.091 0.763
% 62.0% 60.0%
Female N 41 40
% 38.0% 40.0%
Smoking
Yes N 31 25 0.362 0.547
% 28.7% 25.0%
No N 77 75
% 71.3% 75.0%
Diabetes
Yes N 25 20 0.304 0.582
% 23.1% 20.0%
No N 83 80
% 76.9% 80.0%
Dyslipidemia
Yes N 22 17 0.387 0.534
% 20.4% 17.0%
No N 86 83
% 79.6% 83.0%
Hypertension
Yes N 37 28 0.947 0331
% 34.3% 28.0%
No N 71 72
% 65.7% 72.0%
ABP measurements above limits of normal
Yes N 25 25 0.098 0.775
% 23.1% 25.0%
No N 83 75
% 76.9% 75.0%

SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; and ABP, ambulatory blood pressure

High BPV was strongly associated with LA remod-
eling and reduced LA EF in our study. So, more inten-
sive investigation and more careful evaluation may
be required for patients with cryptogenic stroke who

have LA remodeling, which may be a clue for high arrhythmias.

BPV or a substrate for occult atrial fibrillation with
increased risk of stroke in our study. 9.2% of patients
in the cryptogenic group had symptoms of palpitation
despite that Holter monitoring did not diagnose any
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Table 2 Comparing antihypertensive medication of the study
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Table 3 Comparing echocardiographic parameters and BPV

population parameters in both groups
Group | Group Il X2 Pvalue Range Mean £+SD t test p value
ACEls 24 H systolic SD
Yes N 16 11 0.669 0413 Group | 98-17.9 13.294+1.80 24.191 0.001*
% 14.8% 11.0% Group Il 9.6-16.4 12114£163
No N 92 89 Day systolic SD
% 85.2% 89.0% Group | 9.3-16.9 12834175 23.562 0.001*
ARBs Group Il 9.3-15.7 11.68£1.64
Yes N 8 7 0.013 0910 Night systolic SD
% 7.4% 7.0% Group | 8.9-15.1 11994162 23.947 0.001*
No N 100 93 Group Il 8.9-149 10.934+1.50
% 92.6% 93.0% 24 H diastolic SD
BB Group | 7.6-13.2 10.39£1.31 23.712 0.001*
Yes N 23 14 1.890 0.169 Group Il 76-12.8 953+1.21
% 21.3% 14.0% Day diastolic SD
No N 85 86 Group | 73-12.6 9.984+1.27 22460 0.001*
% 78.7% 86.0% Group Il 7.3-121 9.17+£1.19
ccB Night diastolic SD
Yes N 9 9 0.029 0.864 Group | 6.5-11.7 9.03+£1.28 19.733 0.001*
% 8.3% 9.0% Group Il 6.5-11.5 827+1.17
No N 99 91 LVESVI (mL/m?)
% 91.7% 91.0% Group | 11-21 16.03£2.52 0.028 0.867
Diuretics Group Il 11-21 1597 4+246
Yes N 19 10 2495 0.114 LVEDVI (mL/m?)
% 17.6% 10.0% Group | 37-55 45354377 0.003 0.956
No N 89 90 Group Il 37-55 45324365
% 82.4% 90.0% Min LAVI (mL/m?)
ACEls, angiotensin-converting enzyme inhibitors; BB, beta-blocker; ARBs, Group | 10-34 2344£5.94 73.710 0.001%
angiotensin receptor blockers; and CCB, calcium channel blocker Group Il 8-31 1649+5.71
Max LAVI (mL/m?)
Group | 29-55 43.69+6.69 172.531 0.001*
The limitations of this study include the relatively small Group | 22749 3251547
number of patients. Also, both left atrial volumes and LA LAEF%
EF are affected by multiple factors. Group!| 37766 47.23£6.29 7225 0008*
Group Il 34-68 5036+£10.17
Conclusions Peak E velocity (m/s)
The patients with cryptogenic stroke had higher short- Group | 06-09 073011 0279 0781
term BPV as measured by SD. Also, the patients with Groupl ) 06-09 073011
cryptogenic stroke had higher Min LAVI, Max LAVI, Peak A velocity (mv/s)
and lower LA EF. LA remodeling may be a substrate for Group!| 06-1 078:£0.10 0092 0926
paroxysmal AF and subsequent thrombo-embolization, ,GrO'Up ! 06-1 078£0.11
and these patients may require heart rate monitoring for Eréatio
a more extended period to detect arrhythmias. Also, the Group| o-16 1167175 0827 0409
Group Il 9-16 1147£167

presence of left atrial remodeling in echocardiographic
screening for patients with cryptogenic stroke may be a
clue to adding the APBM to the workup. Tackling BPV
may be of value for both primary and secondary preven-
tions of cryptogenic stroke.

LA, left atrial; BPV, blood pressure variability; SD, standard deviation; 24 H, 24
hours; LVESVI, left ventricular end-systolic volume index; LVEDVI, left ventricular
end-diastolic volume index; Min LAVI, minimum left atrial volume index; Max
LAVI, maximum left atrial volume index; and LA EF, left atrial ejection fraction

*Significant P value
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Table 4 Correlation between echocardiographic parameters and the demographic data in Group |
Group | Min LAVI mL/m? Max LAVI mL/m? LAEF %

r p r p r p
24 H systolic SD 0.875 0.001* 0.870 0.001* —0.821 0.001*
Day systolic SD 0.258 0.007* 0.272 0.004* —0.224 0.020*
Night systolic SD 0.874 0.001* 0.873 0.001* —0.824 0.001*
24 H diastolic SD 0.864 0.001* 0.863 0.001* —0.808 0.001*
Day diastolic SD 0.853 0.001* 0.856 0.001* —0.800 0.001*
Night diastolic SD 0.805 0.001* 0.806 0.001* —0.767 0.001*
Peak E velocity (m/s) —0.058 0.552 —.017 0.857 0.118 0.223
Peak A velocity (m/s) —.102 0.293 —0.079 0415 0.169 0.081
E/é ratio —0.033 0.737 —0.030 0.759 —0.227 0.018*
Enrollment office systolic BP —0.007 0.943 —0.025 0.797 0.021 0.828
Enrollment office diastolic BP —0.035 0.723 —0.041 0673 0.063 0518
ABP above limits of normal 0.003 0.973 0.030 0.757 0.020 0.835
Age 0316 0.001* 0313 0.001* —0.341 0.001*
Gender —0.060 0.534 —0.105 0.281 0.029 0.765
Smoking —0.107 0.271 —0.109 0.263 0.102 0.295
Diabetes 0.032 0.744 0.008 0.934 —0.055 0574
Dyslipidemia —-0.018 0.852 0.001 0.999 0.034 0.727
Hypertension —0.024 0.802 —0.031 0.747 0.003 0.972

24 H, 24 hours; LA, left atrial; LVESVI, left ventricular end-systolic volume index; BP, blood pressure; ABP, ambulatory blood pressure; LVEDVI, left ventricular end-
diastolic volume index; Min LAVI, minimum left atrial volume index; Max LAVI, maximum left atrial volume index; LA EF, left atrial ejection fraction; and SD, standard

deviation

*Significant P value

Table 5 Correlation between echocardiographic parameters and the demographic data in Group |l

Group Il Min LAVI (mL/m?) Max LAVI (mL/m?) LA EF (%)

r p r p r p
24 H systolic SD 0.866 0.001* 0.854 0.001* —0.771 0.001*
Day systolic SD 0.867 0.001* 0.852 0.001* —0.778 0.001*
Night systolic SD 0.846 0.001* 0.826 0.001* —0.774 0.001*
24 H diastolic SD 0.862 0.001* 0.814 0.001* —0.826 0.001*
Day diastolic SD 0.848 0.001* 0.795 0.001* —0.822 0.001%
Night diastolic SD 0.808 0.001* 0.745 0.001* —0.792 0.001*
Peak E velocity (m/s) —0.024 0812 —0.055 0.585 —0.012 0.906
Peak A velocity (m/s) 0.034 0.735 —0.006 0.956 —0.074 0.469
E/é ratio —0.052 0.608 —0.104 0.304 —0.016 0.872
Enrollmentoffice systolic BP 0.123 0.222 0.172 0.088 —0.062 0.542
Enrollment office diastolic BP —0.047 0.644 0.010 0918 0.127 0.212
ABP measurements above limits of —0.190 0.058 —0.101 0.145 0.186 0.066
normal
Age 0457 0.001* 0454 0.001* —0.389 0.001*
Gender —0.021 0.836 —0.032 0.750 —0.008 0.941
Smoking 0.003 0.978 0.003 0.975 0.015 0.879
Diabetes —0.051 0613 —0.025 0.803 0.039 0.703
Dyslipidemia 0.072 0476 0.018 0.859 —0.098 0337
Hypertension 0.060 0.556 0.057 0.574 —0.043 0.673

24 H, 24 hours; LA, left atrial; LVESVI, left ventricular end-systolic volume index; BP, blood pressure; ABP, ambulatory blood pressure; LVEDVI, left ventricular end-
diastolic volume index; Min LAVI, minimum left atrial volume index; Max LAVI, maximum left atrial volume index; LA EF, left atrial ejection fraction; and SD, standard

deviation

*Significant P value
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Table 6 Multivariate regression analysis for covariants affecting the LA remodeling parameters

Min LAVI Max LAVI LA EF %

OR (95% ClI) Pvalue OR (95% ClI) P value OR (95% CI) P value
Age 0.532(0.148-0.653) 0.008* 0.628 (0.254-0.861) 0.011* 1.625 (1.068-5.219) 0.012*
24 H systolic SD 0.704 (0.245-2.025) 0515 0.385 (0.248-3.526) 0.628 2.637 (0.659-6.952) 0515
Day systolic SD 0.945 (0.402-2.221) 0.397 0.754 (0.394-4.921) 0423 2.531(0.953-3.627) 0397
Night systolic SD 0.364 (0.097-0.483) 0.003* 0.469 (0.109-0.652) 0.006* 1.637 (1.203-4.526) 0.008*
24 H diastolic SD 0611 (0.138-2.696) 0467 0.574 (0.235-1.958) 0.523 1.362 (0.583-3.627) 0.467
Day diastolic SD 7(0.189-5.215) 0.509 0.845 (0.539-9.652) 0.509 2.657 (0.567-8.529) 0.509
Night diastolic SD 0.462 (0.304-0.785) 0.001* 0.529 (0.258-0.951) 0.001* 2.315(1.583-5.326) 0.001*
E/é ratio 0.524 (0.412-2.321) 0.327 0472 (0.318-1.746) 0451 1.854 (0.957-4.531) 0.092

Min LAVI, minimum left atrial volume index; LA, left atrial; Max LAVI, maximum left atrial volume index; LA EF, left atrial ejection fraction; 24 H, 24 hours; Cl, confidence

interval; and OR, odds ratio

*Significant P value

Abbreviations

LA: Left atrial; BP: Blood pressure; LVEF: Left ventricular ejection fraction; Max
LAVI: Maximal LA Volume Index; Min LAVI: Minimal LA Volume Index; LAEF: LA
ejection fraction; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
CT. Computerized tomography; MRI: Magnetic resonance imaging; AF: Atrial
fibrillation; SD: Standard deviation; LVESVI: Left ventricular end-systolic volume
index; LVEDV!I: Left ventricular end-diastolic volume index.
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