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ABSTRACT

Deter minants of L eft Atrial Sizein Uncomplicated Hypertensive Patients

Hwang, Hye Jin

Department of Medicine

The Graduate School, Yonsal University

(Directed by Professor Namsik Chung )

Introduction: Left atrium (LA) has been proposed as a good madfethe severity and
duration of diastolic dysfunction and a predictof warious cardiovascular outcomes.
Hypertension can lead to left ventricular(LV) hypephy, diastolic dysfunction,
consequentially and LA enlargement. The aim of stigly is to define the echocardiographic
determinants of LA size in patients with uncompiéchhypertension.

Methods: We analyzed 818 of 1333 hypertensive patients priiserved LV systolic function,
referred to the Severance hospital, Yonsei UnityeiMiedical Center. All patients underwent a
complete echocardiographic examination with assessmf LV diastolic function, including
pulsed-wave Doppler and tissue Doppler imaging.Mofume index, LV systolic and diastolic

volume, stroke volume, and LV ejection fraction evemeasured and cardiac index and LV mass



index calculated from these parameters

Results: In univarite analyse4,A volume index was significantly correlated withea LV

diastolic volume index, LV systolic volume indexjlge pressure, LV mass index, stroke

volume index, cardiac index, and E/E’(all p <0.0balso showed inverse correlations with

heart rate, diastolic blood pressure, S’, and Ej@0.05). The pseudonormal pattern showed

larger LA volume index than normal filling (25.9642 vs. 21.4+ 5.2 ml/m2, p<0.001) or

abnormal relaxation (25.9 + 6.2 vs. 22.1+ 6.0 ml/m20.001), whereas there was no difference

between normal filling and abnormal relaxation(®%). In multivariate analysis, age, gender,

heart rate, pulse pressure, stroke volume indexnags index, and E/E’ were independent

predictors of LA size(overall model fit, r =0.58<0.001).

Conclusions: This study suggests that LA size is affected bgtdiac dysfunction, and it is

concomitantly dependent on volume load in hypertengatients. LA size should be carefully

interpreted considering the current volume staiusypertensive patients.

Key words: left atrium, hypertension, diastolic filyxtion
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I INTRODUCTION

Left atrium (LA) has been proposed as a good markdrastolic burden to reflect the chronic
expression of elevated left ventricular (LV) prassand diastolic dysfunction, and a predictor
of various cardiovascular outcomes such as athiall&tion, stroke, congestive heart failure,
cardiovascular death. Previous studies have also reported an assatiagitveen atrial
enlargement and hypertensioHypertension leads to ventricular hypertrophy, sedgjally LV
end-systolic stiffness and diastolic dysfunctiamjraposing more pulsatile and late-systolic
loads on the LV chamber. With increased stiffnessomcompliance of the LV, LA pressure
rises to maintain adequate LV filliigand the increased atrial wall tension leads sodyer
dilatation and stretch of the atrial myocardiumwdeer, these sequential processes may be

attenuated in hypertensive patients who have beereatment with various blood pressure



(BP) lowing agents. Thus, we sought to define tttoeardiographic determinants of LA size in

patients with uncomplicated, well-treated hyperi@ms

[I.MATERIALSAND METHODS

1. Study population

We studied retrospectively 1,333 hypertensive ptieeferred to the Department of Cardiology

at the Severance hospital, Yonsei University Mddianter between Nov. 1, 2005 and Dec 30,

2007 for routine evaluation. Eligible patients wdfeto 75 years old, preserved left ventricular

ejection fraction(EF)=50%. Exclusion criteria were symptomatic heartialof New York

Heart functional class II-1V, other combined hadigeases including valvular heart disease,

mitral regurgitatiorG |, aortic regurgitatioaGl, coronary disease, and cardiomyopathy, prior

history of atrial fibrillation, cardiac surgery, dother medical disease such as renal failure, or

lung problem. Each subject’'s medical record wagereed and then total 818 of 1,333 subjects

were finally included in the present study (Figtiye



Figure 1. Study population.

Hypertensive patients with preserved LV systolic fuction (age 40-75)
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2. Echocardiographic study

A complete echocardiographic examination was pevéalin all patients and its imaging data
was stored in digital format. LV volume and ejentfeaction were measured by manually
tracing the LV cavity in both the apical four- ameb-chamber views using the biplane
modified Simpson’s method. LA volume index was nuead by the prolate ellipsoidal method
°_ Stroke volume (SV) was measured by pulse wavepRogchocardiographardiac index
was calculated from SV and heart rate. LV massxfideMI) was calculated by dividing the
LV mass by the body surface afawith an cutoff of 105g/m2 in men and 91g/m2 inmest* .

Relative wall thickness was calculated as two tithesposterior wall thickness/left ventricular



diastolic diameter ratio. Cutoff values of thiséxdvas 0.42 Overall stage for LV geometry
was defined as normal(LVMI <105 g/m2 in men, 91gim&omen, and RWT<0.42),
concentric remodeling (LVMI<105 g/m2 in men, 91 mg@/in women, and RWT>0.42),
concentric hypertrophy(LVMI>105g/m2 in men, 91>women, and RWT>0.42), and eccentric
hypertrophy(LVMI>105g/m2 in men, 91> in women, éR@T<0.42). Diastolic indexes were
acquired over 10 consecutive beats using sweeplspé®&0 and 100 cm/s. With pulsed-wave
Doppler, we acquired transmitral flow using a 2tmm sample volume placed at the mitral
leaflet tips in the apical four-chamber view. Themsmitral peak E and A velocities and early
deceleration time (DT) were measured from pulsedendoppler. Tissue Doppler imaging was
acquired with standard presets optimized to eliteit@ckground noise and enhance tissue
signals and using a 5 to 10 mm sample volume platéte septal mitral annular margins in the
four-chamber view. The peak systolic (S’), earl}) (Bnd late diastolic (A’) velocities were
measured from tissue Doppfér Overall diastolic stage, determined from theqatof
transmitral flows, was defined as normal patteran@mitral E:A ratio >1, DT 220 to 150ms),
abnormal relaxation (transmitral E:A ratio <1, DZ28 ms), pseudonormal (E:A ratio 1 to 2,
DT 150 to 220 ms, E:A ratio <1 in valsalva), ortriesive (E:A ratio >2, DT <150 ms). Rest
systolic BP and diastolic BP were determined by sphygmomanometry immediately before

the echocardiographic examination. Pulse pressasecalculated as the difference between



systolic BP and diastolic BP.

3. Statistics

All continuous data were presented as the medn,#a8d categorical variables were presented

as proportions. Studetittest or the one way ANOVA for continuous variableere used to

compare differences in LA size between subjectapgd according to pattern of gender,

diastolic pattern, and LV geometry. The associatiohLA volume index and clinical and

echocardiogrpahic parameters were assessed byRsarsrrelation coefficient. And then, we

performed stepwise multiple linear regression asialip assess the determinants of LA volume

index. The univariate correlation coefficients floese variables were determined, and they were

also entered into a multivariate model for predigtiLA volume index by use of the SPSS 15.0

statistical package (SPSS Inc., Chicago, lllincdsyalue of p < 0.05 was considered significant.

1. RESULTS

1. Basdline char acteristics

Demographic and clinical data for 818 patients vadm@wn in Table 1. Mean age was 5719

(range: 40-75) and 44.8 % of the patients were mdl& inhibitors or AT1 blockers were

taken in 377(47%) patient8 blockers in 338(42%), calcium channel blocker18(14%), and

diuretics in 143(18%). The echocardiographic détalgatients were presented in Table 2.



Mean LA volume index was 22+6 ml/m2. The pattermliaitolic filling showed normal filling

in 139(17%), abnormal relaxation in 606(74.1%), padudonormal in 73(8.9%). There was no

restrictive pattern in this study. 175 (21.4%) seb$ had concentric remodeling, 151 (18.5%)

concentric hypertrophy, and 109(13.3%) eccentrjuzehtyophy.

Table 1. Clinical chacracteristics of the study population (n=813)

Age, years 5749
Gender(M:F) 367/436
Body surface area, mm?2 1.7+0.2
Diabetes(%6) 42(5)
Receiving ACE inhibitor/AT1 receptor blocker (%) RAT7)
Receiving beta-blocker (%) 338(42)
Receiving calcium channel blocker(%) 113(14)
Receiving diuretics(%) 143(18)
Heart rate, bpm 68111
Systolic blood pressure, mmHg 136+16
Diastolic blood pressure,mmHg 87+12

Data are expressed as mean =SD or number (%). &@fiotensin converting enzyme; AT,

angiotensinogen.



Table 2. Echocar diogr aphic parametersin the study population (n=813)

LVEDVI, ml/m2

LVESVI, ml/m2

Stroke volume index, ml/m2

Ejection fraction, %

LA AP diamter,mm

LA volume index

LV mass index, g/m2

E, cm/s

A, cm/s

Deceleration time, ms

S, cm/s

E', cm/s

A', cm/s

E/E'

Diastolic stage(%0)
Normal pattern
Abnormal relaxation
Pseudonormal pattern
Restrictive pattern

LV geometry pattern(%)
Normal

Concentric remodeling

37+9
12+4
25+6
67+5
367
22+6
93+20
0.61+0.15
0.69+0.15
204+37
6.9+1.4
6.1+1.8
8.7+1.7

10.5+3.4

137(17)
593(74)
73(9)

0

373(47)

174(22)



Concentric hypertrophy 149(19)

Eccentric hypertrophy 107(13)

Data are expressed as mean =SD or number (%). LV,E&ft/ventricular end-systolic volume

index ; LVEVI left ventricular end-diastolic volumedex; LA, left atrial ; LV, left ventricular.

2. Therdation between LA size and gender, diastolic pattern, and LV hypertrophy

LA volume index was larger in female than in mak@2 6.4 vs. 21.5 +5.8 ml/m2,

p=0.001)(Fig.2). In diastolic pattern, the subjetith pseudonormal pattern had a larger LA

volume index than those with normal filling(25.%2 vs. 21.4+ 5.2 ml/m2, p<0.001) and

abnormal relaxation (25.9 + 6.2 vs. 22.1+ 6.0 ml/m20.001)(Fig.3). However, there was no

statistical difference between normal filling patteand abnormal relaxation in LA volume

index (21.4 £ 5.2 ml/m2 vs. 22.1 £ 6.0 ml/m2, p>8).0rhe subjects with concentric LV

hypertrophy had a lager LA volume index than theihk concentric remodeling (25.2+6.7 vs.

21.1+5.9 ml/m2, p<0.001) or normal geometry of LY@+ 6.2 vs. 22.1+ 6.0 ml/m2, p<0.001).

However, LA volume index showed no difference immal geometry of LV and concentric

remodeling (p>0.05)(Fig.3). And, LA volume indes@lshowed no difference between

concentric hypertrophy and eccentric hypertroph9(p5).

10



Figure 2. LA volume index according to gender
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Figure 3. LA volumeindex accordingto LV filling pattern
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Figure4. LA volumeindex accordingto LV geometry
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3. The correlation between LA size and other variables

The relation of clinical and echocardiographic pagters to LA volume index was presented in
Table 3. LA volume index was significantly correldtwith age(r=0.16, p< 0.001),
LVEDVI(r=0.31, p<0.001), LVESVI(r=0.21, p<0.001)ulse pressure(r=0.2, p<0.001), LV

mass index(r= 0.44, p<0.001), SV index(r=0.32, paM), cardiac index(r=0.09, p=0.001),

13



E/E’'(r=0.26, p<0.001), and pulse pressure(r=0.6D.@4). It also showed inverse correlations
with heart rate (r=-0.31, p<0.001), diastolic blgwdssure (r=-0.12, p<0.001), S'(r=-0.13,
p<0.001), and E'(r=-0.12, p=0.001). However, it dit showed statistically significant
correlations with EF, DT, and A (all p value>0.05).

4. Determinantsof LA size

In a multiple linear regression analysis adjustgddpe, gender, heart rate, pulse pressure,
LVEDVI, stroke volume index, cardiac index, LV masdex, S’, E’, E/E’, BP medication such
as calcium channel blockers, ACE/ARB, diureticg] piblocker, independent predictors of LA
volume index were age, gender, heart rate, pukssspre, SV index, LV mass index, diastolic

pattern, and E/E’(overall model fit, r =0.58, p 8@1)(Table 4).

Table 3. Univariate and multivariaterelationships of clinical and echocar diographic

indexesto LA volumeindex

Pearson’s Standazied
correlation P B P
coefficients regression
Age 0.16 <0.001 0.09 0.005
Body surface area -0.04 0.31
Heart rate -0.31 <0.001 -0.14 <0.001
Systolic blood pressure 0.06 0.08

14



Diastolic blood pressure
Pulse pressure
LVESVI

LVEDVI

IVSd

Pwd

Stroke volume index
Ejection fraction
Cardiac index

LV mass index

E

A

DT

E/E'
Gender

Diastolic pattern

-0.12

0.2

0.21

0.31

0.32

0.04

0.09

0.44

0.17

0.06

-0.04

-0.13

-0.12

-0.09

0.26

<0.001

<0.001

<0.001

<0.001

<0.001

0.22

0.01

<0.001

<0.001

0.08

0.27

<0.001

0.001

0.01

<0.001

0.1

0.22

0.33

0.09

0.1

0.08

0.004

<0.001

<0.001

0.004

0.003

0.009

Abbreviations as in Table 1 and 2. IVSd, interviendar septum thickness at end-diastole; IVSd,

interventricular septum thickness at end-diastel&d, posterior wall thicknessat end-diastole

15



V. DISCUSSION

Many investigators have demonstrated that LA voluefiects average effect of LV filling
pressure over time&*3and provide prognostic information for cardiovdacualiseases beyond
that of diastolic dysfunction gradé™. It has been traditionally thought that ventricidtiffness
and impaired diastolic dysfunction lead to an iaseof LA size. As stiffness of the LV
increase, LA pressure rises to maintain adequatélling, and the increased atrial wall tension
leads to chamber dilatation and stretch of thalatniyocardium. To better understand the
determinants of LA size, we performed careful emsesit of cardiac function and noninvasive
hemodynamic parameters with comprehensive echagaafihy in uncomplicated hypertensive
subjects presenting no symptoms or NYHA I. The ltesaf our study show that 1) there are
significant relationships between LA size and L¥siolic function, and 2) LA size may reflect
concomitantly the current volume status.

Dilatation of LA responses to two broad conditiom&ssure overload and volume overload.
LA enlargement by pressure overload is usuallytdwusn increase of LA afterload such as LV
diastolic dysfunction or mitral valve stenosis. Base LA during diastole is exposed by LV
filling pressure, LA is known to express the chuoityiof LV diastolic functior®, in contrast
that mitral inflow pattern and tissue Doppler pagtens reflect acute hemodynamic change. Our

data showed that LA size was strongly associatéu bW mass index which was regarded as

16



good marker of chronic exposure of abnormal fillprgssure, as demonstrated by prior
studies™® Concurrently, LA size shows positive correlatiovith stroke volume, LV diastolic
volume, and cardiac index and inverse correlatigh faeart rate, which is related to the current
volume status. Although LA enlargement by volumertaad could be associated with
pathologic conditions such as valvular insufficigoe high output state including anendjaur
results suggest that LA size, at least in uncoragitd hypertensive patients without HF or with
mild symptom, can reflect considerably acute volutange within physiologic range, as well
as chronic diastolic burden. In our study, thers wadifference in LA size between normal
filling and abnormal relaxation of diastolic pattem contrast the pseudonormal pattern showed
enlarged LA compared with them. In patients witbgarved systolic function and with mild to
moderate diastolic dysfunction, those factors najnbsufficient to induce abnormal LA
enlargement. Instead, preload change within phggiolrange may mainly determine LA size.
Pritchett. et af. reported that LA volume index added no incrergmiagnostic value beyond
that provided by diastolic filling pattern in poptibn based study. In present study, the subjects
with enlarged LA and normal geometry of LV in otudy population was 69(8.4%); normal
sized LA with hypertrophy of LV 177(21.6%); enlacgeA with normal diastolic filling

16(2%); and normal sized LA with abnormal diastdilimg 543 (66.4%), using cutoff values

of 27 ml/m2 in LA volume indé¥ Interestingly, in current study, there was ndistiaal

17



difference in LA size between concentric hypertspophd eccentric hypertrophy which has
been traditionally thought to be more advanced tdwartentric hypertrophy. These results are in
agreement with prior other stufyEccentric LV hypertrophy defined through 2D
echocardiography in our study may not necessafpyasent one of sequential pathologic
progress of heart failure. Eccentric hypertrophiiypertensive patients may suggest simply an
increase of preload but not advanced form of camiceiorm. We identified that subjects with
eccentric hypertrophy had more increased cardideximnd stroke volume index, though these
data not shown. From this point of view, LV masdex, a value mathematically derived from
LV end-diastolic dimension and LV wall thicknessidz the most powerful predictor of LA
size, as reflecting concomitantly LV volume loadtss and diastolic burden, in patients with
mild to moderate diastolic dysfuction.

The present study has some limitations. Theseatataross-sectional and cannot establish
causal relationships between clinical and echoogrdphic variables and LA size. Furthermore,
the number of subjects with severe diastolic dysfion in our study was so small that we could
not identify precisely the relation of severe ditistdysfunction and LA size.

V. CONCLUSIONS

Our study provides a framework for interpreting &i&e in patients with mild to moderate

diastolic dysfunction. This study suggettere are significant relationships between LA size

18



and LV diastolic function, and LA size may reflecncomitantly the current volume status.
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