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ABSTRACT

BACKGROUND: CHA,DS,-VASc is the most widely accepted scoring system for atrial
fibrillation (AF) to assess stroke risk, although little has been revealed regarding the
accompanying cardiac functional/structural changes. This echocardiography study was
undertaken to understand the changes related to CHA,DS,-VASc scores.

METHODS: A total of 4,795 nonvalvular AF patients were enrolled for the cohort, from which
591 were excluded as they did not meet the inclusion criteria. Based on the CHA,DS,-VASc
scores, the remaining 4,204 patients included in the study were divided into 4 groups: O to 1
(n=991); 2to 3 (n=1,642); 4 to 6 (n = 1,407); 7to 9 (n = 164).

RESULTS: Increase in the left ventricular mass index and prevalence of left ventricular
hypertrophy (LVH) were observed with elevating CHA,DS,-VASc scores (p < 0.05 for all).
Diastolic parameters such as left atrial volume index (LAVI) and the ratio of early diastolic mitral
inflow velocity to early diastolic velocity of the mitral annulus (E/E’) also increased significantly
in the higher CHA,DS,-VASc score groups (p < 0.001 for all), although two-way ANOVA analysis
showed that such incremental diastolic impairment was independent of hypertension. LVH
(hazard ratio [HR], 3.609; confidence interval [CI], 2.426-5.369; p < 0.001) and E/E’ (HR, 1.087;
CI, 1.054-1.121; p < 0.001) were independent risk factors for CHA,DS,-VASc scores 2 or higher.
CONCLUSIONS: Our findings suggest that increasing CHA,DS,-VASc scores are associated
with impaired diastolic function that may represent high left atrial pressure favoring
thrombogenic propensity.

Keywords: Atrial fibrillation; Left ventricular hypertrophy; CHA,DS,-VASc score;
Diastolic dysfunction; Hypertension

INTRODUCTION

CHA,DS,-VASc score is the most widely accepted predictor for stroke in patients with atrial
fibrillation (AF).Y Although previous studies have shown associated functional/structural
changes of the heart in AF patients with thromboembolic events, little is known regarding
the link between such transformations and CHA,DS,-VASc scores.>” Hence, understanding
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how clinical attributes in higher CHA,DS,-VASc scores translate to a structurally/
functionally thrombogenic heart is of great clinical significance, and may add a predictive
value to the traditional scoring system. This study therefore undertook to determine the
echocardiographic differences within each CHA,DS,-VASc score group in patients with non-
valvular AF (NVAF) using well-defined echocardiographic criteria.

METHODS

Study sample

This study was approved by the institutional Review Board of Gachon University Gil hospital
(GDIRB2018-305). We retrospectively analyzed medical charts and echocardiography of AF
patients at Gachon University Medical Center between January 1st, 2007 and May 15th, 2018.
Inclusion criteria were (1) having an ICD10 coded diagnosis of AF; (2) AF rhythm confirmed
during echocardiographic exam; (3) age >18 years. Exclusion criteria were (1) patients with
more than moderate severity of either mitral or aortic valvular disease except for functional
mitral regurgitation; (2) history of surgery to either mitral or aortic valves.® Comorbidity

for calculating CHA,DS,-VASc scores was obtained from medical records. Hypertension
(HTN) was defined as either having an ICD10 code of hypertension (1109 or I159) or blood
pressure over 140 and/or 90 mmHg regardless of antihypertensive medication intake.
Congestive heart failure (CHF) was defined as patients with ICD10 codes of heart failure
(1110, 1119, 1130, 1132, 15004, 15008, and 15004). Patients who had any ICD10 codes from E1
were diagnosed as diabetes mellitus (DM). Stroke, peripheral artery disease, non-pulmonary
thromboembolism, pulmonary thromboembolism, and aortic plaque were defined by ICD10
codes of 163, 173, 174, 126, and 17, respectively. Transient ischemic attack (TIA) was defined
as ICD10 codes of G45.9. Myocardial infarction (MI) was defined as patients having any of
the ICDI0 codes related to MI (1210, 1211, 1212, 1213, 1214, 1219, 1220, 1221, 1228, 1229, 1231,
1233, 1234, 1235, 1238 or 1252). Based on their CHA,DS,-VASc scores from O to 9, patients were
divided into 4 groups: group 1 (0 to 1), group 2 (2 to 3), group 3 (4 to 6), and group 4 (7to 9).
Selection of patients and their sub-division is presented in Figure 1. Based on the inherent
nature of CHA,DS,-VASc scores, females have a higher CHA,DS,-VASc score by a margin of
1.0 than the males.

All 4,795 consecutive AF patients enrolled
through January 1%, 2011 to May 15%, 2018

481 with valvular disease excluded
77 with valvular operation excluded
33 with missing LVM or BSA information excluded

A

’ All 4,204 participated in cohort ‘

!
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Group 1:
CHA,DS, VASc
Score 0-1 (n = 9917)

Group 2:
CHA,DS, VASc
Score 2-3 (n =1,642)

Group 3:
CHA,DS, VASc
Score 4-6 (n =1,407)

Group 4:
CHA,DS, VASc
Score 7-9 (n = 164)

Figure 1. Diagram for detalied enrollement of patients. A total of 4,795 patients were enrolled for the cohort.
After excluding 591 patients with either missing data or valvular disease or surgery, 4,204 patients were allocated
in each group according to their CHA,DS, VASc scores.
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Echocardiography

Two-dimensional transthoracic echocardiography performed at initial presentation with

AF was utilized. The left ventricular ejection fraction (LVEF), left ventricular end diastolic
volume (LVEDV) and left ventricular end systolic volume (LVESV) was calculated using the
modified Simpson's method. Left ventricular end-diastolic dimension (LVEDD) and left
ventricular end-systolic dimension (LVESD) was measured in the two-dimensional mode

in the parasternal long axis view. Maximal left atrial (LA) volume was calculated using the
prolate ellipsoid model3 and indexed to the body surface area (LA volume index [LAVI]). A
1-2 mm pulsed Doppler sample volume was located at the tip of mitral valve, where velocities
were measured from the apical window. The peak early diastolic filling velocity (E) was
divided by the early diastolic mitral annulus velocity (E') measured by Doppler tissue imaging
at the medial mitral annulus for E/E’ calculation. All echocardiographic examinations were
performed by two highly trained echocardiographers who were unaware of the patient's
clinical information. Valvular heart diseases were diagnosed according to established
guidelines.” LV mass was calculated by the formula 0.8[1.04(SWTd + LVEDD + PWTd)? -
LVEDD?] + 0.6 (g), where PWTd and SWTd were posterior wall thicknesses and septal wall
thickness at the end diastole, respectively.® LV mass was indexed to the body surface area
(LVMI). Left ventricular hypertrophy (LVH) was defined as >115 g/m? for male patients and
>95 g/m? for female patients.” We defined the relative wall thickness (RWT) as the ratio of
twice the LV inferolateral wall thickness to the LV internal diameter measured at end-diastole.
RWT was used to further categorize LV mass as either concentric (RWT > 0.42) or eccentric
(RWT < 0.42).

Statistical analysis

Data analysis was performed using IBM SPSS Statistics (IBM Corp. Released 2014. IBM

SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp.). Continuous normally-
distributed data are expressed as means + standard deviation. Student's one-way ANOVA
test was applied for comparing inter-group differences for normally distributed variables,
where post-hoc Tukey's test was utilized to determine inter-group statistical significance. To
examine whether HTN was a confounding factor for progression of diastolic dysfunction in
increasing CHA,DS,-VASc scores, two-way ANOVA was conducted. Categorical variables were
analyzed by Pearson y? test. To evaluate the independent effect of each echocardiographic
parameter on patients having CHA,DS,-VASc scores of 2 or higher, we performed a
univariable and multivariable-adjusted binary logistic regression analysis.

RESULTS

Baseline characteristics

Demographic data of all CHA,DS,-VASc score groups are shown in Table 1. A total 0f 4,180
patients were evaluated, where the overall age was 71 years and 59% were men. Patient age
significantly increased with increasing CHA,DS,-VASc scores, whereas a decrease was observed in
the percentage of afflicted males. A rising trend was also observed in the percentage of CHF, HTN,
DM, stroke, TIA, peripheral artery disease, MI, non-pulmonary thromboembolism, pulmonary
thromboembolism, and aortic plaque with increasing CHA,DS,-VASc scores (p < 0.001 for all).
The duration of AF were comparable among CHA,DS,-VASc score categories.
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Table 1. Baseline characteristics of nonvalvular atrial fibrillation patients with 4 different CHA,DS,-VASc score categories

Echo Properties of CHA,DS,-VASc Scores in NVAF

All CHA,DS,-VASc Score  CHA,DS,-VASc Score CHA,DS,-VASc Score CHA,DS,-VASc Score  p-value
(n = 4,494) 0-1(n =1,205) 2-3 (n =1,831) 4-6 (n=1,351) 7-9 (n =135)

Age (years) 71+12 59 10 73+10 78 +7 80+5 <0.007"
Men 2,638 (58) 1,070 (89) 1,044 (57) 1,351 (36) 1,351 (36) <0.001*
Duration of atrial fibrillation (years) 3.5+5.3 3.0+21 3.3+1.8 3.2+5.2 4177 0.383"
Congestive heart failure 1,585 (35) 152 (13) 555 (30) 760 (56) 118 (87) <0.001*
Hypertension 705 (16) 42 (4) 193 (11) 387 (29) 83 (62) <0.001*
Diabetes mellitus 796 (18) 58 (5) 212 (12) 435 (32) 97 (72) <0.001*
Stroke 843 (19) 0(0) 155 (9) 600 (44) 97 (72) <0.007"
TIA 103 (2) 0 (0) 24 (1) 65 (5) 15 (1) <0.001*
Thromboembolism 17 (3) 0(0) 4(0) 74 (6) 19 (14) <0.001*
Peripheral arterial disease 87 (2) 5(0) 20 (1) 43 (3) 19 (14) <0.001"
Myocardial infarction 208 (5) 9 (1) 52 (3) 123 (9) 27 (20) <0.001*
Aortic plaque 17 (3) 0 (0) 4 (0) 74 (6) 41 (30) <0.001*
Systolic blood pressure (mmHg) 121 + 33 121 + 40 121+ 30 121 + 32 120 + 34 0.944
Diastolic blood pressure (mmHg) 72 £ 22 73 +18 71+18 71 +30 69 +19 0.014"
Heart rate (bpm) 8136 81+32 82 +10 80 =39 83 47 0.549
Height (cm) 162 + 24 167 + 12 161+ 34 157 + 14 155 + 9 <0.001"
Weight (kg) 63+14 70 =14 62 +13 60 +12 57«1 <0.001"

Values are presented as means + standard deviation or number (%).
TIA: transient ischemic attack.
*p < 0.05.

Table 2. Echocardiographic parameters of nonvalvular atrial fibrillation patients with 4 different CHA,DS,-VASc score categories

All CHA,DS,-VASc Score  CHA,DS,-VASc Score CHA,DS,-VASc Score CHA,DS,-VASc Score  p-value
(n = 4,494) 0-1(n =1,205) 2-3 (n=1,831) 4-6 (n =1,351) 7-9 (n =135)

LVEF (%) 43 +28 46 + 27 44 + 929 41+ 929 39 +31 <0.001"
LVEDD (mm) 50+7 516 50 +7 49 +7 49+6 <0.001*
LVESD (mm) 35+10 36+8 35+12 34+8 34+6 0.001*
LVEDV (mL) 68 + 44 79 + 48 66 + 42 62 + 44 IS5E85 <0.001*
LVESV(mL) 38+33 44 + 36 3731 34 +32 3025 <0.001*
BSA (m?) 1.7+ 0.2 1.8+0.2 1.7+ 0.2 1.6 +0.2 1.6 £ 0.2 0.025"
LVEDD/BSA (cm/m?) 3.03 £ 0.62 3.14 + 0.57 3.02 £ 0.69 3.00 £ 0.55 2.93 £ 0.52 <0.001*
LVESD/BSA (cm/m?) 2.13+0.70 92.91+ 0.57 212 + 0.87 9.09 + 0.55 2.02 + 0.44 <0.001*
LVEDV/BSA (mL/m?) 45.3 £ 23.5 53.0 £24.2 44.0 +22.5 41.3£23.2 37.7+18.9 <0.001*
LVESV/BSA (mL/m?) 22.6 £18.8 27.0 £19.9 21.6 £18.0 20.7 £18.7 18.8 £14.5 <0.001*
LA diameter (mm) 45 +16 43+16 46 +16 45 £17 46 +16 0.009"
LVMI (g/m?) 99 + 51 96 + 31 100 + 60 101 + 54 101 = 32 0.085
RWT 0.37+0.12 0.36 +0.08 0.37+0.13 0.37+0.14 0.38 +0.07 0.008"
LAVI (mL/m?) 54 + 52 50 + 61 53 + 43 58 = 49 63 + 83 <0.001"
E/E' 13.7+7.0 1M.5+6.1 13.5+6.5 15.4 +7.6 17.2 £ 8.5 <0.001*
TEI 0.02 £ 0.16 0.03 £ 0.22 0.01+0.14 0.02 = 0.14 0.00 £ 0.01 0.497
High LVMI 1,637 (34) 274 (22) 656 (34) 629 (43) 78 (53) <0.001*
High RWT 919 (19) 217 (18) 350 (18) 312 (21) 40 (27) 0.002

Values are presented as means + standard deviation or number (%).

BSA: body surface area, E/E": the ratio of early diastolic mitral inflow velocity to early diastolic velocity of the mitral annulus, LA: left atrial, LAVI: left atrial
volume index, LVEDD: left ventricular end diastolic dimension, LVEDV: left ventricular end diastolic volume, LVEF: left ventricular ejection fraction, LVESD: left
ventricular end systolic dimension, LVESV: left ventricular end systolic volume, LVMI: left ventricular mass index, RWT: relative wall thickness, TEI: TEl index.
*p < 0.05.

Echocardiographic data

The echocardiographic parameters of each CHA,DS,-VASc score group are presented in
Table 2. LVEF, LVEDD, LVESD, LVEDV, and LVESV show decreasing values (p < 0.001 for all),
whereas LVMI and LVH increase with the higher CHA,DS,-VASc scores (Table 2 and Figure 2).
A similar increasing trend was observed in left atrial anterior posterior dimension suggesting
arise in LA size with higher CHA,DS,-VASc scores. Diastolic parameters such as LAVI and
E/E’ are also significantly increased. LVEDD, LVESD, LVEDV, and LVESV indexed by body
surface area showed decreasing trends with higher CHA,DS,-VASc scores (p < 0.05 for all).
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Figure 2. Trends of each echocardiographic parameter. Tukey's post hoc test results for left ventricular mass index
(A), left atrial dimension (B), left atrial volume index (C), and the ratio of early diastolic mitral inflow velocity to early
diastolic velocity of the mitral annulus (D) are shown. E/E": the ratio of early diastolic mitral inflow velocity to early
diastolic velocity of the mitral annulus, LAD: left atrial anterior posterior dimension, LAVI: left atrial volume index,
LVMI: left ventricular mass index.

“p < 0.05.

Progression of diastolic dysfunction in increasing CHA,DS,-VASc scores is
independent of HTN

To determine whether the progressive diastolic dysfunction with incremental CHA,DS,-VASc
scores were affected by HTN, CHA,DS,-VASc score or the interaction of both entities, we
performed a two-way ANOVA as shown in Table 3. There was significant main effect by
CHA,DS,-VASc score categories to LVMI (F=2.998, p = 0.029), LAVI (F=38.705, p < 0.001),

Table 3. Two-way ANOVA analysis for diastolic parameters and their independence to hypertension and CHA,DS,-VASc scores

Source df Mean squares F p

LVMI
HTN 1 1,937.98 1.341 0.247
CHA,DS,-VASc category 3 4,331.71 2.998 0.029"
HTN * CHA,DS,-VASc category 3 392.85 0.272 0.846
Error 4,763 1,444.98

LAVI
HTN 1 1,116.29 1.706 0.192
CHA,DS,-VASc category 3 25,326.71 38.705 <0.001*
HTN * CHA,DS,-VASc category 3 320.39 0.490 0.689
Error 4,763 654.34

E/E'
HTN 1 33.15 0.717 0.397
CHA,DS,-VASc category 1 3,426.66 74.069 <0.001*
HTN * CHA,DS,-VASc category 3 20.26 0.438 0.726
Error 4,763 46.26

df: degree of freedom, E/E’: the ratio of early diastolic mitral inflow velocity to early diastolic velocity of the mitral annulus, HTN: hypertension, LAVI: left atrial
volume index, LVMI: left ventricular mass index.
*p < 0.05.
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Table 4. Univariate and multivariate logistic regression for the prediction of CHA;DS,-VASc score 2 or higher

Univariate Multivariate
0dds ratio (95% confidence interval) p 0dds ratio (95% confidence interval) p

LVH 2.031(1.696 - 2.431) <0.0071 3.609 (2.426 - 5.367) <0.001*
LAVI (mL/m?) 1.012 (1.008 - 1.016) <0.001" 1.009 (1.001 - 1.016) 0.066
E/E 1.087 (1.070 - 1.103) <0.001* 1.087 (1.054 - 1.121) <0.001*
LVEF (%) 0.999 (0.993 - 1.005) 0.734

LVEDD (mm) 0.969 (0.955 - 0.983) <0.001" 0.887 (0.860 - 0.915) <0.001"
LVESD (mm) 0.995 (0.985 - 1.004) 0.276

LADAP (mm) 1.006 (0.998 - 1.013) 0.138

CHF 5.036 (4.137 - 6.130) <0.001* 88.498 (53.142 - 146.385) <0.001*
HTN 3.968 (2.904 - 5.421) <0.001" 41.060 (26.257 - 64.744) <0.0071*
Age 1.116 (1103 - 1.128) <0.001* 1.346 (1.310 - 1.382) <0.001"
DM 5.420 (4.278 - 6.867) <0.001* 48.862 (26.396 - 89.146) <0.001"
Stroke related diseases 5.926 (4.499 - 6.071) <0.001* 18.057 (9.689 - 51.263) <0.001"

CHF: congestive heart failure, DM: diabetes mellitus, E/E": the ratio of early diastolic mitral inflow velocity to early diastolic velocity of the mitral annulus, HTN:
hypertension, LADAP: left atrial diameter in AP, LAVI: left atrial volume index, LVEDD: left ventricular end diastolic dimension, LVEF: ejection fraction, LVESD: left
ventricular end systolic dimension, LVH: left ventricular hypertrophy, defined as left ventricular mass index > 115 for men and left ventricular mass index > 95 for
women, Stroke related diseases: defined as a combination of stroke, thromboembolism, and transient ischemic attack.

*p < 0.05.

https://e-jcvi.org

and E/E' (F=74.069, p < 0.001). HTN or the interaction between both factors, however, did
not affect any of the diastolic parameters, suggesting that the progressive impairment of
diastolic function in incremental CHA,DS,-VASc scores were independent of HTN.

Prediction of CHA,DS,-VASc score 2 or higher by diastolic parameters

In order to examine whether echocardiographic parameters can predict CHA,DS,-VASc scores
2 or higher where anticoagulation treatment is required, we implemented a univariate and
multivariate-adjusted binary logistic regression analysis. Table 4 shows that all variables
associated with CHA,DS,-VASc score 2 or higher in the univariate analysis are included in the
multivariate-adjusted binary logistic regression analysis. In the multivariate analysis adjusted
by clinical parameters, echocardiographic parameters such as LVH, E/E’ and LVEDD are seen
to be significantly associated with CHA,DS,-VASc scores 2 or higher.

DISCUSSION

Principle findings

The present analysis of an NVAF population at a single center cohort helps identify the
structure/function of the heart in different CHA,DxS,-VASc score groups. In our study, we
found (1) a significantly higher prevalence of LVH, (2) significant impairment of the diastolic
parameters in NVAF patients with increasing CHA,DS,-VASc scores, and (3) predictive value
of echocardiographic profile per se (such as LVH and E/E’) for determining CHA,DS,-VASc
scores 2 or higher.

Limitations of CHA,DS,-VASc scores

The CHA,DS,-VASc scores provide a clinically handy, easy-to-use stratification scoring
system to assess thromboembolic risk in patients with NVAF. A combination of equally
weighted clinical parameters, with the exception of age and stroke/TIA, consist the scoring
system. However, it may be an over-simplification of the patients at risk and may not reflect
the structure or function of the heart that is prone to thromboembolism regardless of the
CHA,DS,-VASc scores.'” For example, a patient with CHA,DS,-VASc scores of 3, with or
without functional impairment of the heart, may not have the same risk for stroke. Thus, it
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is possible that the traditional CHA,DS,-VASc scores may be an indirect indicator for stroke,
which may be benefited by corresponding echocardiographic findings.

Higher CHA,DS,-VASc scores converge to LVH and diastolic dysfunction

Our data suggests that NVAF with increasing number of comorbidities (higher CHA,DS,-VASc
scores) converge to a higher incidence of LVH and incremental diastolic dysfunction compared
to lone NVAF (CHA,DS,-VASc = 0). This may be attributed to the higher proportion of CHF,
HTN, female sex, higher age and DM that are proven to accompany LVH.™® Increased LV mass
impairs the LV diastolic function and elevates the LV end-diastolic pressure (LVEDP) as shown
in the increasing values of LVMI, LAVI and E/E' in Table 2 and Figure 2. These data suggest
that a higher number of clinical attributes favorable of stroke collectively result in impaired
diastolic function but not systolic functions. This indicates that diastolic dysfunction and its
secondary effect may play a central role in the occurrence of stroke.

LA blood stasis and CHA,DS,-VASc scores

It is acknowledged that high CHA,DS,-VASc scores are associated with high risk of
thromboembolism. This, however, has not been construed in terms of the heart structural/
functional change that favor the thromboembolus formation. AF exhibits blood stasis as a
key feature of the Virchow's triad for thrombus formation.” A widely accepted key mechanism
behind this is the LA appendage (LAA) blood stasis.™ Ha et al.'® suggested that pressure
overload, but not volume overload, of the LA prompts blood stasis in the LAA thereby
leading to spontaneous echocontrasts that predispose to thrombosis. E/E’ is an independent
predictor for stroke in patients with AF.?” Elevated LAVI caused by NVAF also contribute to
poor cardiovascular outcomes.?” These interesting findings confer clinical significance to our
data that high CHA,DS,-VASc scores result in diastolic dysfunction that ultimately leads to LA
pressure overload which in turn results in a prothombotic state. In short, high CHA,DS,-VASc
scores may represent thrombogenic propensity due to high LA pressure.

Limitations

The clinical comorbidities of each patient was assessed based on ICD10 code search, which
may potentially include over/underestimated diagnoses. We believe that the large sample
size may correct for the alleged imprecise comorbidity data. The absence of information
regarding concurrent medication may also bias the results, as angiotensin receptor blockers
or angiotensin angiotensin-converting-enzyme inhibitors may hamper or regress the
progression of LVH.?? Additionally, follow-up clinical outcome data, such as the incidences
of AF, CHF, or mortality of each patient may have added authenticity to our findings,
although this is beyond the scope of this paper.

Clinical implications

Our data show that NVAF patients with high CHA,DS,-VASc scores are associated with
impaired diastolic function leading to LA pressure overload and eventually thromboembolus
formation. Lowering LVEDP may therefore be a potential therapeutic target for NVAF
patients with high CHA,DS,-VASc scores. As the traditional CHA,DS,-VASc scores simplify
the NVAF patients, we suggest that our findings may also add predictive value to the risk
stratification. Also, diastolic parameters suggestive of high LA pressure may be predictive of
stroke independent of CHA,DS,-VASc scores. Further investigation is warranted to attribute
the additive/independent values of echocardiographic parameters for stroke prediction

and the effect of LVEDP control on the reduction of cardiogenic thromboembolic events in
patients with high risk.
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