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Left Atrial Volume and Adverse Cardiovascular
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Abstract
Background and objectives Patients with CKD have increased cardiovascular morbidity and mortality. This
study investigated the prognostic value of common clinical echocardiographic parameters.
Design, setting, participants, & measurements There were 289 unselected consecutive patients who had a
transthoracic echocardiogram between January and June 2003. Patients with stage 3 or 4 CKD (n=49) were
compared with those with eGFR$60 ml/min per 1.73 m2, n=240). Left ventricular volume, ejection fraction and
mass, left atrial volume, and function parameters were measured. The primary endpoint, determined a priori,
was a composite of cardiac death, myocardial infarction, and congestive cardiac failure.
Results Patients were followed for a median 5.6 years. The incidence of the primary endpoint was higher in
patients with CKD (29% versus 12%, P=0.001), who were older and had a higher prevalence of hypertension and
ischemic heart disease. Indexed left ventricular mass (LVMI) and left atrial volume (LAVI) were higher in patients
with CKD. Furthermore, patients with LAVI.32 ml/m2 had signiﬁcantly lower event-free survival than patients
with normal (,28 ml/m2) or mildly dilated LAVI (28–32 ml/m2) (P,0.001). Multivariate analysis showed that
age (odds ratio [OR], 1.19; 95% conﬁdence interval [95% CI], 1.08 to 1.31; P=0.001) and LVMI (OR, 3.66; 95% CI,
2.47 to 5.41; P,0.001) were independently associated with LAVI.32 ml/m2. Multivariate Cox regression analysis demonstrated that CKD (hazard ratio [HR], 1.13; 95% CI, 1.01 to 1.26; P=0.04), hypertension (HR, 2.18; 95%
CI, 1.05 to 4.54; P=0.04), and a larger LAVI (HR, 1.35; 95% CI, 1.02 to 1.77; P=0.04) were independent predictors of
the primary endpoint.
Conclusions Patients with CKD were at higher risk for cardiovascular events. LAVI was signiﬁcantly larger in the
CKD group and was a predictor of adverse cardiac events.
Clin J Am Soc Nephrol 9: 1369–1376, 2014. doi: 10.2215/CJN.06700613

Introduction
CKD is a global health problem. Based on the clinical
practice guidelines established by the National Kidney
Foundation, approximately 20 million adults in the
United States alone have CKD, with 8 million classiﬁed
as having moderate or severe kidney disease (1). Australian data demonstrate a similar prevalence of CKD (2),
and CKD is shown to be an important risk factor for
cardiovascular disease (CVD). Other reports have demonstrated that both the incidence and severity of obstructive coronary artery disease increase as GFR declines (3).
Patients with intermediate stages of CKD (stages
3–4) have higher cardiovascular mortality than individuals with normal renal function (4–6). Cardiorenal
damage is thought to be a result of organ “cross-talk”
perpetuated by pathophysiologic mechanisms common to both groups (7,8). The interplay of these
mechanisms ampliﬁes structural and functional cardiorenal derangement, leading to the progression of
both cardiac and renal disease (9).
Previous studies in patients with end stage renal
failure on dialysis demonstrated the prognostic value of
www.cjasn.org Vol 9 August, 2014

indexed left atrial volume (LAVI) (10,11). However, the
prognostic value of echocardiographic parameters, particularly the LAVI, has not been well characterized in
patients with CKD. We therefore examined an unselected patient group that comprised 49 patients with
stage 3 or 4 CKD and 240 referent participants without
CKD who were referred for a transthoracic echocardiogram (TTE). We sought to examine the prognostic
value, if any, of routine echocardiographic parameters,
including LAVI, indexed left ventricular mass (LVMI),
and left ventricular ejection fraction (LVEF), in addition
to clinical risk factors to predict CVD mortality and major adverse cardiac events including nonfatal myocardial infarction (MI) and congestive cardiac failure (CCF).
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Materials and Methods
Patient Selection
This is a retrospective, observational study from a
single center. The study group comprised consecutive
patients who had a TTE at the Liverpool Hospital
echocardiography laboratory (Sydney, NSW, Australia)
between January and June 2003. There were 289
Copyright © 2014 by the American Society of Nephrology
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patients who were aged $18 years and met the following
inclusion criteria: sinus rhythm with no known history of
atrial ﬁbrillation, no previous cardiothoracic bypass or valvular surgery, no greater than mild mitral or aortic valvular
stenosis/regurgitation, not pregnant, no congenital cardiac
anomalies, and stable eGFR values (,10% change in eGFR)
for at least 6 months prior for all patients with CKD, thereby
ensuring no acute deterioration as a cause for their reduced
renal function before the TTE. This study was approved by
the Liverpool Hospital Ethics Committee (2007/070).
Assessment of Renal Function
All study patients had renal function evaluation at the
time of TTE. The eGFR was calculated by the simpliﬁed
Modiﬁcation of Diet in Renal Disease equation (A. Levey,
T. Greene, J. Kusek, G. Beck, MDRD Study Group, unpublished observations). Patients with normal renal function and those with stages 1–2 CKD (eGFR$60 ml/min per
1.73 m2) comprised the referent group (n=240). Patients with
CKD (n=49) had an eGFR,60 ml/min per 1.73 m2 (i.e., stage
3 or 4 CKD). Patients on RRT were excluded (n=19).
Echocardiography
A comprehensive, two-dimensional, spectral and color
ﬂow Doppler echocardiogram was performed in all patients at baseline using commercially available equipment
(Phillips Sonos 7500 and GE Vivid 7 System). Images were
digitally archived on a departmental server. The TTE was
performed with the subject in the left lateral decubitus
position, according to the recommendations of the European Association of Echocardiography and the American
Society of Echocardiography (12,13). Standard views were
obtained from parasternal, apical, and subcostal windows.
Biplane left ventricular (LV) end diastolic and end systolic
volumes were obtained from the apical four- and twochamber views; LVEF was measured using the modiﬁed
biplane Simpson’s method (14). LV diastolic function was
assessed using pulsed wave transmitral Doppler signals
obtained with the sample-volume placed at the mitral leaflets tips to measure peak early (E) and late (A) velocities,
as well as the E/A ratio. The deceleration time was measured as the slope of the E wave. On the basis of published
criteria, LV diastolic dysfunction was classiﬁed into grades
as normal, impaired relaxation, pseudo-normal, and restrictive ﬁlling (13). LV mass was calculated using the
area-length method (15). Biplane maximum left atrial
(LA) volume was measured at end systole using the
area-length method from the apical four- and two-chamber
views (16). LA function was assessed by measurement of
the A-wave velocity time integral (VTI) and its fraction of
the total mitral inﬂow VTI (the atrial fraction). LA ejection
force was calculated as previously reported (17). The LA
volume and LV mass were indexed to the body surface
area (BSA). All echocardiographic measurements were repeated from digitized loops by investigators who were
blinded to the patients’ clinical details as well as group
allocation. An average of three measurements was used
for ﬁnal analyses. Age was expressed as 1 SD of the interrater SD (1 SD=5 years of age), eGFR was expressed as 1 SD
of the interrater SD (1 SD=10 eGFR), LAVI was expressed
as 1 SD of the interrater SD (1 SD=10 LAVI), and LVMI was
expressed as 1 SD of the interrater SD (1 SD=34 LVMI).

Interobserver and intraobserver variability was evaluated
in 10 randomly selected participants. A single observer
measured the same parameters 4 weeks apart, blinded to
the initial measurements. A second observer measured the
same participants, once again blinded to the initial measurements and a coefﬁcient of variation was calculated.
Baseline Data and Patient Follow-Up
Demographic and clinical data at baseline, including age,
sex, and traditional cardiovascular risk factors, were recorded for all patients included in the study. Medications at
baseline were collected for each patient. Long-term clinical
outcomes were followed up at a median of 5.6 years (range,
5.5–5.7) after index TTE, from hospital records, and/or by
telephone follow-up from patients or their primary care
physicians. Information regarding death was obtained
from the New South Wales death registry, and corroborated
with medical records. CKD is associated with the higher
incidence of LV diastolic dysfunction and coronary artery
disease (18). The primary clinical outcome, determined a
priori, was a composite of cardiac death, acute MI (AMI),
and CCF. If a patient reported occurrence of AMI or heart
failure, this was corroborated from medical records using
prespeciﬁed criteria. The diagnosis of AMI was based on the
presence of new Q waves in at least two contiguous leads
and an elevated creatine kinase myocardial band isoform
fraction. In the absence of pathologic Q waves, the diagnosis
of AMI was based on an increase in the creatine kinase level
to more than twice the upper limit of the normal range with
an elevated level of creatine kinase myocardial band isoform or troponin I. CCF was deﬁned as a clinical syndrome
with New York Heart Association class III or IV symptoms
with signs of heart failure, with heart failure documented as
the primary diagnosis for the hospitalization.
Statistical Analyses
Analyses were performed using SPSS 21 software for Windows (SPSS Inc., Chicago, IL). The Kolmogorov–Smirnov
test was used to assess whether continuous variables were
normally distributed. Continuous data are presented as the
mean6SD. Differences between groups were examined by
the t test or Mann–Whitney nonparametric tests. Categorical variables were reported as numbers and percentages,
and the chi-squared test or the Fisher’s exact test was used
when appropriate. With the exception of the Kolmogorov–
Smirnov test, all statistical tests were two-tailed and a
P value ,0.05 was deemed signiﬁcant. The correlation between variables was examined by the Spearman rank
test. The cumulative survival curves were constructed
with the use of the Kaplan–Meier method and groups
were compared with the log-rank test. Cox regression analysis was used to construct the ﬁnal model using a forcedentry approach with application of a stringent a cut-off
values (P=0.01) of univariate predictors. We tested the incremental value of LAVI by comparing the global chisquared values between the models with signiﬁcant clinical
parameters, with and without LAVI. Penalized spline regression analysis was performed to examine the relationship between LAVI and LVMI. The penalized spline
regression was performed in R software (version 3.0.0; R
Foundation for Statistical Computing, Vienna, Austria).
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Interobserver and intraobserver variability was analyzed
by calculation of the coefﬁcient of variation.

Results
The study cohort comprised 289 consecutive patients
referred for TTE. The subgroup of patients with CKD with
an eGFR,60 ml/min per 1.73 m2 (stage 3 or 4 CKD; n=49)
was compared with a referent group with an eGFR$60
ml/min per 1.73 m2 (normal or stage 1 or 2 CKD; n=240) (Table
1). The mean eGFR values were 93622 and 42616 ml/min
per 1.73 m2, respectively. Sex was similarly distributed between the two groups, whereas patients with CKD were
older (71610 versus 55616 years; P,0.001) and had a
higher BSA (1.960.2 m2 versus 1.860.3 m2; P=0.03). In addition, more patients with CKD had a history of hypertension (78% versus 49%; P,0.001) and ischemic heart disease
(39% versus 20%; P=0.01), although there was no difference
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with respect to other cardiac risk factors (e.g., diabetes mellitus, prior stroke, and hyperlipidemia). A similar proportion of current smokers was observed in both groups.
Patients with CKD were treated more often with aspirin
(51% versus 37%; P=0.08), b-blockers (39% versus 23%;
P=0.03), and angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (63% versus 46%; P=0.03).
Treatment with clopidogrel and statins were similar in
the two groups.
Echocardiographic parameters at baseline are listed in
Table 1. Patients with CKD had a lower LVEF (57.7%68.5%
versus 64.4%67.4%; P,0.001) albeit within the normal clinical range, and a higher LVMI (132642 g/m2 versus 114631
g/m2; P=0.001) than the referent group. Diastolic function
evaluation demonstrated that deceleration time and E/A
ratio were similar between the two groups. However, a signiﬁcantly higher proportion of patients with CKD had diastolic dysfunction (impaired relaxation, pseudo-normal,

Table 1. Baseline characteristics of the study cohort (N=289)

eGFR (ml/min per 1.73 m2)
Characteristic
Risk factor
Age (yr)
BSA (m2)
Men
eGFR (ml/min per 1.73 m2)
Hypertensiona
Diabetes mellitus
Ischemic heart disease
Prior stroke
Hyperlipidemia
Current smoker
Malignancy
Medication at discharge
Aspirin
Clopidogrel
b-blockers
Statins
ACEI/ARB
Oral hypoglycemic treatment
LV parameters
Diastolic function
Peak E-wave velocity (cm/s)
Peak A-wave velocity (cm/s)
E/A ratio
E-deceleration time (s)
Altered diastolic function (IR, PN, or restrictive)
Systolic function
LVEF (%)
LVMI (g/m2)
LA size and function
LAVI (ml/m2)
A-wave VTI (cm)
Atrial fraction (%)
LA ejection force (%)

P Value

$60 (n=240)

,60 (n=49)

54.5616.2
1.8660.22
142 (59)
92.8622.1
118 (49)
66 (28)
48 (20)
39 (16)
89 (37)
61 (25)
43 (18)

70.869.5
1.8060.27
26 (53)
41.6615.9
38 (78)
16 (33)
19 (39)
12 (25)
20 (41)
10 (20)
3 (6)

,0.001
0.03
0.43
,0.001
,0.001
0.49
0.01
0.22
0.63
0.59
0.05

88 (37)
31 (13)
55 (23)
96 (40)
110 (46)
51 (21)

25 (51)
8 (16)
19 (39)
21 (43)
31 (63)
11 (22)

0.08
0.50
0.03
0.75
0.03
0.85

70.0619.3
72.1619.3
1.0460.42
0.2060.06
192 (80)

67.3622.2
84.0622.2
0.8860.54
0.2160.07
48 (98)

0.33
,0.001
0.02
0.16
,0.01

64.467.4
114.2631.4

57.768.5
131.6641.7

,0.001
0.001

26.769.7
7.0262.53
37.6612.5
20.4613.6

32.6612.3
8.2862.59
44.0611.3
21.1613.4

0.002
0.002
0.001
0.78

Data are presented as the mean6SD or n (%). BSA, body surface area; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; LV, left ventricular; E, early; A, late; IR, impaired relaxation; PN, pseudo-normal; LVEF, left ventricular ejection
fraction; LVMI, indexed left ventricular mass; LA, left atrial; LAVI, indexed left atrial volume; VTI, velocity time integral.
a
Arterial pressure.130/85 mmHg or normotensive patient with a history of hypertension on antihypertensive treatment.
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and restrictive ﬁlling pattern) than the referent group (98%
versus 80%; P,0.01). Assessment of LA parameters demonstrated that LAVI was signiﬁcantly larger (33612 ml/m2
versus 27610 ml/m2; P=0.001) in the CKD group. The
A-wave VTI (8.362.6 cm versus 7.062.5 cm; P=0.002) and
the atrial fraction (44.0%611.3% versus 37.6%612.5%;
P=0.001) were higher in the CKD group. A modest but
signiﬁcant inverse correlation was observed between
eGFR and LAVI (r=20.21; P,0.001) by the Spearman
rank correlation. The coefﬁcients of variation were 9.2%
for LAVI interobserver variability and 4% for intraobserver
variability.
All of the study patients were followed for a median
duration of 5.6 years (range, 5.5–5.7), and details of adverse
events were obtained for all patients. Kaplan–Meier analysis was performed to evaluate outcomes for the composite endpoint of CCF, nonfatal MI, and cardiac death
(Figure 1). The incidence of the composite endpoint was
higher in patients with CKD (29% versus 12%; P=0.001).
We performed multiple regression analysis using a stringent a cut-off P value of 0.01 for univariate predictors, to
avoid overﬁtting the model. The variables selected in the
model were eGFR, hypertension, diabetes mellitus (clinical), and LAVI (echocardiographic). Age was excluded in
the model due to concerns of collinearity (e.g., with eGFR
and LAVI). LVMI was also excluded from the model to
minimize the confounding effect because penalized spline
regression demonstrated a linear relationship between
LAVI and LVMI (Figure 2). Moreover, it is well known
that LVMI is an independent predictor of LAVI.
The ﬁnal model demonstrated that reduced eGFR (hazard ratio [HR], 1.13; 95% conﬁdence interval [95% CI], 1.01
to 1.26; P=0.04), hypertension (HR, 2.18; 95% CI, 1.05 to
4.54; P=0.04), and LAVI (HR, 1.35; 95% CI, 1.02 to 1.77;
P=0.04) were the independent predictors of the composite

outcome for the entire study group (Table 2). The global
chi-squared value for the model with hypertension and
eGFR for determining the composite endpoint was 18.22,
and this increased signiﬁcantly (P=0.01) to 24.43 when
LAVI was forced into the model (Supplemental Figure 1).
We further divided the study group based on American
Society of Echocardiography guidelines for normal and
mildly enlarged LAVI (19,20) into patients with LAVI values ,28 ml/m2, 28–32 ml/m2, and .32 ml/m2. Multivariate logistic regression analysis was performed to identify
the independent determinants of LAVI.32 ml/m2 (Table
3). The univariate predictors entered into the model were
age, sex, BSA, eGFR, hypertension, CCF, ischemic heart
disease, atrial fraction, LVEF, and LVMI. Age (odds ratio,
1.19; 95% CI, 1.08 to 1.31; P=0.001) and LVMI (odds ratio,
3.66; 95% CI, 2.47 to 5.41; P,0.001) were the only independent determinants of LAVI.32 ml/m2. Kaplan–Meier
analyses were performed to evaluated the effect of LAVI
on survival in the entire study group and demonstrated
that patients with LAVI.32 ml/m2 had signiﬁcantly lower
event-free survival than patients with normal (,28 ml/m2)
and mildly dilated LAVI (28–32 ml/m2; log-rank P,0.001)
(Figure 3).
The penalized spline regression was performed between
LVMI and LAVI (Figure 2), and the estimated degree of
freedom for the penalized spline was 4.25. For LAVI values between 20 and 40 ml/m2, its relationship with LVMI
is linear (corresponds to LVMI values of 80–160 g/m2).
This range for LAVI (20–40 ml/m2) would reﬂect a significant proportion of the population that is evaluated in clinical practice (i.e., normal, mild, or moderately dilated
LAVI). Importantly, in patients with CKD as opposed to
end stage renal failure, we would likely only see this degree
of LA enlargement and, therefore, the relationship remains
clinically relevant. Between LVMI values from 80 to 160 g/m2,

Figure 1. | Cumulative survival in the entire cohort among patients with and without CKD. The study population comprised 240 individuals
without CKD ($60 ml/min per 1.73 m2) and 49 patients with CKD (eGFR,60 ml/min per 1.73 m2). Kaplan–Meier survival curves for the
composite endpoint of cardiac death, CCF, or nonfatal AMI are shown. P values were calculated using the log-rank test. AMI, acute myocardial
infarction; CCF, congestive cardiac failure.
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Figure 2. | Penalized spline regression between LVMI and LAVI. The degree of freedom was 4.25. LAVI, indexed left atrial volume; LVMI,
indexed left ventricular mass.

Table 2. Cox regression analyses for the composite endpoint of cardiac death, CCF, and AMI

Univariate Analyses

Multivariate Analyses

Predictor
eGFR (ml/min per 1.73 m2)
Hypertensiona
LAVI (ml/m2)
Diabetes mellitus
LVEF (%)
LVMI (g/m2)
Age (yr)
b-Blocker
ACEI/ARB
Aspirin
Men
BSA (m2)
Atrial fraction (%)

HR (95% CI)

P Value

HR (95% CI)

P Value

1.20 (1.08 to 1.33)
3.04 (1.50 to 6.16)
1.48 (1.15 to 1.90)
2.21 (1.21 to 4.03)
0.96 (0.93 to 0.99)
1.47 (1.20 to 1.79)
1.04 (1.01 to 1.06)
1.91 (1.03 to 3.55)
1.87 (1.01 to 3.47)
1.79 (0.99 to 3.26)
1.23 (0.67 to 2.29)
0.83 (0.22 to 3.13)
1.00 (0.98 to 1.02)

0.001
0.002
0.003
0.01
0.01
,0.001
0.001
0.04
,0.05
0.06
0.51
0.78
0.99

1.13 (1.01 to 1.26)
2.18 (1.05 to 4.54)
1.35 (1.02 to 1.77)
1.83 (0.10 to 3.38)

0.04
0.04
0.04
0.05

CCF, congestive cardiac failure; AMI, acute myocardial infarction; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker; HR, hazard ratio; 95% CI, 95% conﬁdence interval.
a
Arterial pressure.130/85 mmHg or normotensive patient with a history of hypertension on antihypertensive treatment.

where the majority of the data lie, the relationship between
LVMI and LAVI appeared linear and most stable.

Discussion
This study evaluated clinical risk and the additional value
of echocardiographic parameters measured in routine clinical

practice in predicting adverse CVD events in 289 unselected
patients referred for a TTE. Forty-nine patients had CKD
and these individuals were older and had a higher incidence
of hypertension and ischemic heart disease, a higher
indexed LVMI, more diastolic dysfunction, and a larger
LAVI. Patients with CKD had a higher incidence of adverse
outcomes at a mean follow-up of 5 years. Stratiﬁcation by
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Table 3. Multivariate logistic regression analyses for predictors of LAVI>32 ml/m2

Univariate Analyses

Multivariate Analyses

Predictor
Age (yr)
LVMI (ml/m2)
CCF
Hypertensiona
Ischemic heart disease
eGFR (ml/min per 1.73 m2)
LVEF (%)
Men
BSA (m2)
Atrial fraction (%)

OR (95% CI)

P Value

OR (95% CI)

P Value

1.27 (1.15 to 1.39)
4.04 (2.76 to 5.90)
0.25 (0.09 to 0.69)
1.85 (1.09 to 3.13)
2.05 (1.15 to 3.64)
1.16 (1.06 to 1.28)
0.93 (0.90 to 0.96)
1.18 (0.70 to 1.99)
0.51 (0.16 to 1.61)
1.01 (0.99 to 1.03)

,0.001
,0.001
,0.01
0.02
0.02
0.002
,0.001
0.54
0.25
0.53

1.19 (1.08 to 1.31)
3.66 (2.47 to 5.41)

0.001
,0.001

OR, odds ratio.
a
Arterial pressure.130/85 mmHg or normotensive patient with a history of hypertension on antihypertensive treatment.

Figure 3. | Cumulative survival in the entire cohort stratified by LAVI. There were 170 individuals with an LAVI,28 ml/m2, 37 with an LAVI of
28–32 ml/m2, and 82 with a LAVI.32 ml/m2. Kaplan–Meier survival curves are shown for the composite endpoint of cardiac death, CCF, or
nonfatal AMI. P values were calculated using the log-rank test.

LAVI demonstrated that patients with a LAVI.32 ml/m2
were at the highest risk of adverse events.
The risk of CVD is increased in CKD (21,22) and a signiﬁcantly higher incidence of the composite outcome (29%
versus 12%; P=0.01) was observed in the CKD subgroup.
Traditional risk factors such as hypertension, smoking, diabetes, and dyslipidemia are common in both groups (23).
Although the Framingham risk score is a powerful tool to
predict cardiovascular events (24), two studies (25,26)
demonstrated that this clinical risk score underestimates
adverse events and provides relatively poor predictive accuracy, especially in the CKD population. Thus, it is important
to consider other markers of adverse cardiovascular outcomes in this high-risk group. Echocardiography provides
quantitative information on LV structure, function, and

hypertrophy. LV hypertrophy is common in patients with
renal disease and correlates with the degree of renal functional impairment (27). Although two-dimensional echocardiography is widely utilized for LV mass assessment, it has
limited reproducibility (28,29).
Hypertension and consequent LV hypertrophy predispose to the development of diastolic dysfunction (30) with
consequent LA enlargement. Thus, LVMI and LAVI would
have a signiﬁcant relationship, and LVMI was shown to be
an independent predictor of LAVI. The relationship between LAVI and LVMI was additionally explored using
penalized spline regression, demonstrating a linear relationship between LVMI values of 80 and 160 g/m2 corresponding to a LAVI range from 25 to 40 ml/m2 (Figure 2).
LAVI was previously demonstrated to be a marker of
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severity and chronicity of diastolic dysfunction (31). Thus,
quantiﬁcation of LAVI could be especially relevant in patients with CKD. In fact, LAVI was reported to be an independent predictor of death in patients with ESRD (10)
and was considered to be a reproducible echocardiographic parameter (17). We examined predictors of adverse cardiovascular events in the entire study group
and demonstrated that eGFR, hypertension, and increased
LAVI were independent predictors. Although these ﬁndings cannot be extrapolated to the CKD subgroup, we note
that LAVI was larger and hypertension was more prevalent in the CKD subgroup.
We observed a modest yet signiﬁcant correlation between eGFR and LAVI. Other studies have reported that a
LAVI.32 ml/m2 is an important marker for risk stratiﬁcation and this has been used as a guide for surveillance
and therapy in high-risk patient groups including after AMI
and heart failure (20,32,33). Similarly, when patients were
stratiﬁed by LAVI in this study, those with LAVI.32 ml/m2
had signiﬁcantly lower event-free survival than patients
with LAVI#32 ml/m2 (log-rank P,0.001; Figure 3). Interestingly, the mean LAVI of the CKD group was 32.6 ml/m2
and lower survival was observed in the CKD versus referent
group.
Our study has several limitations. This is a single-center
retrospective study with a relatively small sample size and
small number of events. A larger prospectively recruited
cohort is required to validate our ﬁndings and is currently
underway. Consecutive patients who underwent a TTE in
our institution between January and June 2003 were
screened using the exclusion criteria mentioned, but only
289 patients qualiﬁed. Thus, a relatively small proportion
(approximately 17%) of patients with CKD (n=49) were
identiﬁed. Although there was no intentional selection
bias during the screening process for eligible patients, patients with CKD in this study were selected from among
those referred for a TTE. Proteinuria is likely a risk factor
for the composite outcome and predictor of adverse outcomes; therefore, the inability to adjust for this confounder
because of the retrospective nature of data collection is a
limitation. We could not perform risk stratiﬁcation speciﬁcally in the CKD subgroup because of the limited number
of patients with CKD to provide adequate statistical power.
The results of our study suggest that LAVI may provide
additional prognostic value to clinical risk factors in unselected patients referred for TTE including a subgroup
with CKD. Patients with CKD were at higher risk for
adverse cardiovascular events and had a larger LAVI compared with the referent group. These preliminary results
warrant conﬁrmation in prospective longitudinal studies
speciﬁcally involving patients with CKD.
Disclosures
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