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Background: Left atrial (LA) volume is a predictor of outcome in hypertension. It is unclear whether or not this
effect depends on coexisting target organ damage (TOD).
Purpose: To investigate whether LA volume predicts outcome independently of TOD [left ventricular (LV) hyper-
trophy (LVH) and/or carotid plaque] in a registry of hypertensive treated patients.
Methods: From the Campania Salute Network registry, we selected 5844 young adult hypertensive patients <65
years old (mean age 50 + 9 years, 41% women, 8% diabetic) without prevalent CV or valvular heart disease more
than mild, with normal LV ejection fraction, stage I1l or less CKD and available follow-up. LA volume was esti-
mated from LA di applying a validated i equation, and indexed to body height in meters to the
second power (eLAVI). Composite fatal and non-fatal stroke, myocardial infarction, sudden cardiac death,
heart failure, TIA, myocardial revascularization, de novo angina, carotid stenting or atrial fibrillation (AF) were
adjudicated as incident CV events.
Results: 565 (10%) patients exhibited dilated initial eLAVI. During a median follow-up of 49 months, 233 patients
developed CV events. Multivariable Cox regression analysis, demonstrated that dilated eLAVI increased risk of in-
cident composite CV events (HR 1.90, 95%Cl 1.26-2.88, p = 0.002), independently of significant effect of older
age, male sex, presence LVH and carotid plaque.
Conclusions
Inmiddle aged, treated hypertensive patients, dilated eLAVI is associated with adverse CV risk profile and is a pre-
dictor of CV events independently of other markers of TOD. LA dilatation should be considered as a TOD.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction increased carotid intimal media thickness [2]. There is evidence that

identification of structural TOD improves risk stratification in hyperten-

Target organ damage (TOD) develops in the course of arterial hyper-
tension and represents preclinical cardiovascular (CV) disease [1]. Non-
invasive ultrasound methods are used to detect major structural
manifestations of TOD: left ventricular hypertrophy (LVH) and

Abbreviations: TOD, target organ damage; CV, Cardiovascular; LVH, left ventricular
hypertrophy; LV, left ventricular; LA, left atrial; CSN, Campania Salute Network; CKD,
chronic kidney disease; AF, atrial fibrillation; BP, blood pressure; GFR, Glomerular
filtration rate; eLAV, Estimated LA volume; RWT, relative wall thickness; IMT, intima-
media thickness.
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sion [3] [4] [5].

Left atrial (LA) dilatation is a common finding in patients with arte-
rial hypertension and reflects both structural and functional abnormal-
ities of hypertensive heart disease [6] [7]. Both the chronic burden of
diastolic dysfunction and the presence of abnormal left ventricular
(LV) geometry exhibit clear associations with LA remodeling [8] [9].
The impact of LA dilatation on incident CV events, independent of
established hypertensive TOD has been demonstrated in young popula-
tions and in hypertensive patients with LVH [10] [11] [12], particularly
in old and middle age individuals [13] [14]. The questions of whether di-
latation of LA have an independent prognostic impact irrespectively of
other vascular or renal TOD remain unsolved in large epidemiological
studies. Thus, the aim of the present study is to investigate the
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prognostic impact of LA dilatation in a real word context of treated hy-
pertensive patients from the Campania Salute Network (CSN).

2. Methods
2.1. Participants

The CSN is an open registry collecting information from general practitioners and
community hospitals in the 5 districts of the Campania Region, in Southern Italy. General
practitioners and community hospitals are networked with the Hypertension Research
Center of the Federico Il University Hospital in Naples. The database generation of CSN
‘was approved by our institutional Ethic Committee and signed informed consent was ob-
tained from all participants. All hypertensive patients of the network were referred for
baseline echocardiograms and carotid ultrasound to our Hypertension Center. Detailed
characteristics of CSN population have been previously repeatedly reported [3] [15] [16].
For the present analysis, we included hypertensive participants without history of AF
and CV disease (myocardial infarction, coronary revascularization, stroke, TIA, valvular
heart disease), with normal (>50%) LV ejection fraction. Because this is an observational
study, representing the reality of Hypertension Outpatient Clinics context, we included patients
with obesity, diabetes or chronic kidney disease (CKD) up to stage I, which are very frequent
co-morbidities in the setting of arterial hypertension. Patients older than 65 years were
excluded.

Thus, the study population comprised 5844 middle age hypertensive patients (Fig. 1).

2.2. Outcome

Composite fatal and non-fatal stroke or myocardial infarction, sudden cardiac death,
heart failure requiring hospitalization, TIA, myocardial revascularization, de novo angina,
carotid stenting and atrial fibrillation (AF) were adjudicated as primary CV end-point.
We defined as secondary CV end-point the same composite events as reported above, ex-
cluding AF. All prevalent and incident CV events were adjudicated by the Committee for
Event Adjudication in the Hypertension Research Center. Adjudication was based on pa-
tients' history, contact with the reference general practitioner and clinical records
documenting the occurrence of CV event [17] [18].

2.3. Measurements and definitions

Diabetes was defined according to 2007 ADA criteria (fasting plasma glucose >125
mg/dl or anti-diabetic treatment) [19]. Obesity was defined as a BMI > 30 kg/m? [20]. Sys-
tolic and diastolic blood pressure (BP) were measured by standard aneroid sphygmoma-
nometer after 5 min resting in the sitting position, according to current guidelines [2].

BP was evaluated at each visit, and the mean systolic and diastolic BP during follow-up
‘was obtained for each patient. Glomerular filtration rate (GFR) was estimated by the
Chronic Kidney Disease Epidemiology collaboration (CKD-EPI) equation [21]. Follow-up
BP was considered controlled when the average clinic BP values during follow-up <140/
90 mm Hg [16].

2.4. Echocardiography

Echocardiograms were recorded in our Hypertension Center on videotapes, using
commercial machines and a standardized protocol, were digitally mastered and read off
line by one expert reader under the supervision of a senior faculty member, using dedi-
cated work-stations (MediMatic, Genova, Italy).

Measurements were made according to the ASE/EAE recommendations [22]. LA diam-
eter was measured by parasternal long axis view with the inner edge to inner edge
method. Estimated LA volume (eLAV) was obtained from the LA diameter using a non lin-
ear equation: eLAV = 2.323 x (LA diameter in cm®®’), [23] and normalized by height in
m? (eLAVi) [24]. Our reference population, included in the EchoNoRMAL network study
[25] was used to identify cut off values for eLAVI dilatation. The population included 711
Caucasian subjects (37% female), without clinical evident CV or renal disease, hyperten-
sion or diabetes, with a mean age of 45 + 15 years old, BMI of 26 + 5 Kg/m?, systolic
and diastolic BP of 121 4 11 mm Hg and 76 + 9 mm Hg respectively. The eLAVI obtained
from LA diameter was categorized in normal or dilated basing on the 95th sex specific per-
centile of the reference population (i.e. normal LAVI<17.5 ml/m? in men, and < 14.8 ml/m?
in women). Left ventricular (LV) mass was estimated from a necropsy-validated formula
and normalized for height in meters to the power of 2.7 (LVMi) [26]. LVH was defined
as LVMi >50 g/m>” in men and > 47 g/m?” in women [27]. LV diastolic dimension was
ratiometrically normalized by height in meters. LV concentric geometry was defined as a
relative wall thickness (RWT) > 0.43 for either genders. LV volumes were estimated
from linear measures of LV diameters by the z-derived method [28] and used to compute
ejection fraction and stroke volume [29].

2.5. Carotid ultrasound

Carotid ultrasound was performed with the patients in the supine position and the
neck extended in mild rotation. Examinations were recorded on S-VHS videotapes and an-
alyzed as previously described [17]. The maximal arterial intima-media thickness (IMT)
was estimated offline in up to 12 arterial walls, including the right and the left, near and
far distal common carotid (1 cm), bifurcation, and proximal internal carotid artery, and
using an image-processing dedicated workstation (MediMatic, Genova, Italy). Evidence
of IMT value higher than 1.5 mm was considered as ‘plaque’ [30].

14161 patients included in the “Campania Salute Network™ from 1998 to 2014

=
13686 patients
=

disease (n=475)

13579 patients
=
10208 patients
ﬂ:{)
9510 patients
ﬂr::::)
9448 patients
=

<50 % EF (1=62)

Prevalent AF, CV disease. valvular heart

Age < 18 years old (n=107)

Not available creatinine value and > Stage III CKD (n=3371)

Not available echocardiogram (n=698)

Not available carotid ultrasound (n=2112)

7336 patients included in the current study

ﬂ:b Older that 65 years old (n=1143) without follow-up visit (349)

5844 patients included in the current study

Fig. 1. The study population young to middle age hypertensive patients.
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2.6. Statistical analysis

Data were analyzed using SPSS (version 21.0; SPSS, Chicago, IL) and as

Table 2
Mean BP and antihypertensive therapy during FU.

mean + 1SD. ANOVA was used to compare baseline characteristics of patients with or
without LAVI dilated. The ¥ distribution was used to compare categorical variables,
with the MonteCarlo simulation to obtain exact p values. LVMi and IMT were also dichot-
omized according to the presence of LV hypertrophy or carotid plaque. To account for ther-
apy, single classes of antihypertensive medications, including anti-renin-angiotensin
system (anti-RAS, i.e. ACE inhibitors and/or AT1 receptor antagonists), calcium channel
blockers, beta-blockers, and thiazide diuretics, were considered in the analysis according
to their overall use during the individual follow-up, based on the frequency of prescrip-
tions during the control visits, as previously reported [27] [31]. Cumulative hazard for pri-
mary CV end-point were explored in Kaplan Meier plot comparing patients with normal
eLAVIand LVH (elAVI-/LVH+) n = 1553 or dilated eLAVI and LVH (eLAVI+/LVH+) (n
= 380). In the whole population sample we calculated hazard ratios (HR) and 95% confi-
dence intervals (CI), by using univariate and multivariable Cox proportional hazard re-
gression models, for LA dilatation, baseline age, sex, systolic BP, presence of diabetes,
BMI, LVH and carotid plaque. The same analysis was also run for eLAVI as a continuous var-
iable. The null hypothesis was rejected at a two-tailed p-value of <0.05.

3. Results

The average age of the study population was 50 =+ 9 years. Propor-
tion of women was 42%. Obesity was present in 26% and diabetes in
8% of patients.

Patients with eLAVI dilatation were 565 (10%), and were older, most
likely to be women, obese and diabetics, with higher systolic and lower
diastolic BP, higher prevalence of LVH and carotid plaque than patients
with normal eLAVI (overall p <0.01) (Table 1). Among the study popu-
lation 3720 patients had normal eLAVI and LV mass (eLAVI-/LVH-), 184
has dilated eLAVI and no LVH (eLAVI+/LVH—), 1553 had normal eLAVI
and LVH (eLAVI—/LVH+), and 380 patients had both dilated eLAVI and
LVH (eLAVI+/LVH+).

During follow-up patients with dilated eLAVI achieved similar re-
duction of BP while taking more antihypertensive medication compared
to patients with normal eLAVI (Table 2, all p <0.01).

During follow-up (median 49 months, inter-quartile range 21-99
months), 233 incident primary CV events occurred. Of these 80 where
new AF, so that secondary CV endpoints occurred in 153 patients. Con-
sistent with worst CV risk profile, in univariate analysis patients with di-
lated eLAVI exibited higher risk of incident primary (p <0.0001) and
secondary CV endpoints (p = 0.012). Similarly, the presence of LVH or
carotid plaque, but not CKD stage III, compared to stages I-II, were asso-
ciated with incident primary and secondary CV endpoints (Table 3).
Kaplan-Meier plot for incident composite CV event displayed a signifi-
cantincreased hazard of the group of patents with eLAVI+/LVH+, com-
pared to patients with eLAVI—/LVH+ (p < 0.03) (Fig. 2).

Table 1
Baseline characteristics of patients with and without eLAVI dilatation at baseline.

Variable No eLAVI dilatation # eLAVI dilatation ~ p
5279 # 565
Age (years) 50+ 9 55+7 <0.0001
Male sex (%) 63 14 <0.0001
Diabetes (%) 8 14 <0.0001
Obesity (%) 23 48 <0.0001
Triglycerides (mg/dl) 137 +£78 135+ 76 0.543
Total cholesterol (mg/dl) 206 + 38 212+ 41 <0.0001
Stage 11l CKD (%) 6 9 <0.0001
Heart rate (b/min) 75+ 12 B+11 <0.0001
Systolic blood pressure 141 +18 146 + 20 <0.0001
(mm Hg)
Diastolic blood pressure 90 + 11 89+ 11 0.019
(mm Hg)
Left ventricular ejection 66 + 4 66 + 4 0.962
fraction (%)
Left ventricular hypertrophy 30 67 <0.0001
(%)
Carotid plaque (%) 39 47 <0.0001

eLAVI = estimated indexed left atrial volume; CKD chronic kidney disease.

Variable No eLAVI dilatation # eLAVI dilatation # p
5279 565
Reduction in systolic BP 54+13 58+ 14 0.541
during FU
Reduction in diastolic BP 46+ 85 44 +84 0.603
during FU
Anti-RAS (%) 80 85 0.002
Ca+-+channel-blockers (%) 23 32 <0.0001
Beta- blockers (%) 25 35 <0.0001
Diuretics (%) 40 55 <0.0001
Table 3
Univariate proportional hazard analysis for CV endpoints for CV and renal TOD.
Variables Primary CV endpoints Secondary CV endpoints
Sig. HR 95.0% Cl Sig. HR 95.0% Cl
LV hypertrophy (n/y)  0.0001 174 135-225 0004 161 1.17-221
Carotid plaque (n/y) 0.0001 191 1.47-247 00001 245 1.77-339
Stage Ill CKD 0.535 118 0.70-1.99 0.601 119 063-225
Dilated eLAVI 0.0001 199 1.38-2.88 0012 181 1.14-2.86

In multivariable Cox regression analysis, dilated eLAVI predicted 90%
increased risk of primary CV endpoint, independently of significant ef-
fect of older age, male sex, presence of LVH and carotid plaque (Table
4, Fig. 3). Similarly, also for the secondary CV endpoint, dilated eLAVI
predicted 78% increased hazard of secondary CV endpoint, indepen-
dently of significant effect of older age, male gender, presence of diabe-
tes and carotid plaque.

Using eLAVI as a continuous variable to predict primary CV endpoint
yields similar results with an increased risk of 7% for each ml/m? of in-
creased eLAVI, independent of significant association with older age,
LV mass index and IMT (HR 1.07 95% CI 1.01-1.14, p = 0.03).

The same model as in Table 4, was also run in a subgroup of patients
with controlled BP during follow-up (n = 3474): eLAVI was the only
variable associated with increased risk of primary CV endpoint (n =
139), independently of significant effect of older age and male sex (HR
2.01,95% CI 1.12-3.60, p = 0.019) with no significant effect of presence
of LVH and carotid plaque.

4. Discussion

Our study demonstrates that LA dilatation is a strong, independent
predictor of worse outcome in middle age patients with arterial
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Fig. 2. Incident Kaplan Mayer analysis for primary CV endpoint.
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Table 4
Cox models of proportional hazard analysis for incident primary and secondary CV end-
points for eLAVI dilated.

Predictors Primary CV endpoints

Sig.  HR 950%Cl  Sig. HR

Secondary CV endpoints
95.0% Cl

Dilated eLAVI (n/y) 0.002 190 1.26-2.88 0.029 178 1.06-2.99

Age (years) 0.000 1.04 1.02-1.06 0.007 1.03 1.01-1.05
Male sex 0003 156 1.16-21 0.017 156 1.08-2.25
Baseline systolic BP(mm Hg) 0.116 1.01 0.99-1.01 0.133 1.01 0.99-1.01
Diabetes (n/y) 0.118 137 092-2.05 0.041 162 1.02-2.58

Body mass index (kg/m2) 0641 099 096-1.03 0365 098 094-103
Carotid plaque (n/y) 0009 144 1.01-1.89 0.000 188 134-2.65
LV hypertrophy (n/y) 0035 136 1.02-181 0.173 128 090-181
CKD stage (1and 2 vs 3) 0647 088 0.52-150 0.777 091 048-1.74

Bold is related to the variables that are significantly associated with endpoints.

hypertension, LA dilatation predicts outcome even when AF is excluded
from the end-points. In the setting of middle age patients with well con-
trolled BP during follow-up, LA dilatation is the only CV ultrasound pa-
rameter predicting worse prognosis.

Consistent with previous studies, in our analysis presence of dilated
eLAVI was associated with a worse clinical CV risk profile, with higher
prevalence of associated recognized markers of TOD [12] [9]. The in-
creased prevalence of LV hypertrophy among patients with dilated LA
has been clearly shown in different studies and probably reflects the in-
creased ventricular stiffness and consequent LA pressure overload, typ-
ical of patients with arterial hypertension [32]. Increased LA size has
been associated with increased IMT, probably reflecting part of the car-
diac adaptation to the vascular atherosclerotic process. In particular, ca-
rotid atherosclerosis has been demonstrated to be a strong predictor of
LA dilatation in both treated and untreated hypertensive patients [33]
[34]. Left atrial dilatation has been reported in patients with CKD inde-
pendently of LVH and LV systolic function mainly mediated by increased
activation of RAAS system and volume overload typical of end stage
renal disease [35].

Data from the LIFE study and Strong Heart Study, strongly suggest
that increased LA dimension are related to increased risk of CV events,
independently of other factors known to affect prognosis, such as LVH
and diabetes [10] [36]. The association between LA enlargement and de-
velopment of AF is well established especially in elderly patients [37].

LA volume can be assumed as a morpho-physiologic expression of
diastolic dysfunction and several studies have clearly demonstrated
that the higher the LA volume the grater the diastolic dysfunction
[38]. A critical relation between LA volume and systolic function is also
reported, and well demonstrated even in patients with overt heart fail-
ure [13].

Our results demonstrate that the effect of dilated LA size on CV out-
come goes beyond what could be expected from assessment of the

COX REGRESSION MODEL FOR
PRIMARY CV ENDPOINT*

Dilated elAVI LV hypertrophy Carotid plaque Stage lIICKD

Fig. 3. Hazard ratio for incident primary and secondary CV endpoints for markers of TOD
(LVH, carotid plaque and eLAVI). * Model adjusted for age, sex, presence of diabetes and
baseline systolic BP.

conventional CV markers of TOD and clearly add to the awareness of
LVH, the hallmark of TOD. Thus, in addition to the pathophysiologic in-
ference that can be raised by the evidence of increased LA volume, LA di-
latation in the absence of significant valve disease, should also be
considered as another marker of hypertensive TOD and, therefore, a
sign of preclinical CV disease.

Finally, it is also relevant that CV risk associated with LA dilatation
remains also when antihypertensive therapy achieves optimal BP con-
trol. In this sub-population with optimal BP control, the effect of LA di-
latation on the risk of incident CV events is even more evident than
the effect of LVH and carotid plaque, a finding that should be confirmed
in other and even larger populations of middle-aged, well controlled hy-
pertensive patients.

As pointed out by current guidelines on arterial hypertension, use of
echocardiography in hypertensive patients is useful to refine prediction
of individual CV risk [2]. This is true especially in individuals in whom
the primary work up does not reveal any sign of TOD [39], as signs of
preclinical CV disease [1]. Our study demonstrates that estimation of
LA volume by 2D dimension can be important to complete risk stratifi-
cation in the setting of treated hypertensive patients. Even when other
marker of TOD, such as LVH and carotid plaque are considered, simulta-
neous assessment of LA function could even better define CV risk in se-
lected populations but its applicability in daily clinical practice is not yet
a standard of care [40].

5. Study limitations

Our method to estimate LAV does not consider the potential geo-
metric distortion of LA geometry occurring with LA dilatation, namely,
when dilatation occurs along the longitudinal axis [41]. However,
there is also evidence that the LA antero-posterior dimension provides
the most accurate measure for geometric inference [42].

The Campania Salute Network is an observational registry, which
can be influenced by bias, a limitation that is difficult to eliminate de-
spite the extensive multivariable adjustment that we performed. How-
ever, we pay attention to minimize both selection and observational
bias, by receiving all hypertensive patients seen in our network and ap-
plying substantially the same protocol to everyone [43]. It needs to be
underlined that observational studies cannot demonstrate any cause—
effect relationship, but are useful for generation of hypotheses to be
tested in prospective studies and/or clinical trials.

6. Conclusion

In a registry of young to middle age treated hypertensive patients,
estimated LA volume is a powerful predictors of CV events, indepen-
dently of presence of diabetes, LV hypertrophy and carotid plaque.
Our result highlights the importance of assessing LA size in hypertensive
patients as a marker of target organ damage. Prediction of CV events is
crucial in hypertensive patients, especially in young to middle age sub-
jects where a more appropriate risk stratification has a pivotal role to
tailor the intensity of management.
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