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Congestive heart failure is a progressive disorder that is frequently
preceded by asymptomatic left ventricular systolic dysfunction.
We reviewed the epidemiology, diagnosis, and natural history of
asymptomatic left ventricular systolic dysfunction and evaluated
community-wide screening for this condition as a potential strat-
egy to reduce the incidence of heart failure. Asymptomatic left
ventricular systolic dysfunction has an estimated prevalence of 3%
to 6%, and is at least as common in the community as systolic
heart failure. Because it often occurs in the absence of known
cardiovascular disease, this condition may go unrecognized and
undertreated. In randomized trials, individuals with asymptomatic
left ventricular systolic dysfunction have high rates of incident
heart failure and death. However, little is known about the prog-

nosis of individuals with this condition in the community, who
have a substantially lower prevalence of myocardial infarction,
have milder degrees of systolic dysfunction, and are older than
patients enrolled in clinical trials. Current evidence is inadequate
to support community-wide screening for asymptomatic left ven-
tricular systolic dysfunction, either with echocardiography or with
assays for natriuretic peptides. Given the increasing prevalence of
heart failure, additional studies are needed to develop effective
strategies to detect and optimally manage individuals with asymp-
tomatic left ventricular dysfunction in the community.
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Congestive heart failure (CHF) is a progressive disorder
that often begins with left ventricular systolic dysfunc-

tion (LVSD) and culminates in symptoms from fluid over-
load and poor end-organ perfusion (1, 2). Individuals in
the early stages of LVSD are typically asymptomatic, partly
because of compensatory mechanisms involving the auto-
nomic nervous system, neurohormones, and changes in
cardiac structure and function (2). However, ventricular
systolic dysfunction may progress despite these adapta-
tions, even without recurrent myocardial injury (1–6).

The progressive nature of CHF has generated in-
creased interest in its early, preclinical stages. The current
American College of Cardiology/American Heart Associa-
tion (ACC/AHA) practice guidelines for CHF divide the
disorder into four stages, two of which (stages A and B) are
asymptomatic (7). Stage A denotes a “high risk for heart
failure but without structural heart disease” (7) and in-
cludes individuals with hypertension, diabetes, or known
atherosclerotic disease. Individuals with asymptomatic
LVSD fall into stage B: “structural heart disease but with-
out symptoms of CHF” (7). Randomized, controlled trials
have established that therapy with angiotensin-converting
enzyme (ACE) inhibitors for selected patients with asymp-
tomatic LVSD can delay or prevent the onset of overt
CHF (8, 9). Accordingly, some investigators have advo-
cated widespread screening for asymptomatic LVSD, in the
hope that early identification of this condition followed by
intervention may substantially reduce the risk for CHF
(10). The availability of serum markers of LVSD (such as
natriuretic peptides) has further intensified the enthusiasm
for community-wide screening (11).

There are widely held beliefs about the clinical course
of asymptomatic LVSD, but these are based on the highly
selected participants in randomized clinical trials. Given
the recent interest in asymptomatic LVSD, we critically
reviewed published reports that investigated the epidemi-

ology, diagnosis, and natural history of LVSD, and we
examined questions related to the potential utility of com-
munity-wide screening (Figure) (12–14). We identify areas
where current knowledge is lacking and outline directions
for future clinical research.

METHODS

Studies were identified by searching MEDLINE for
English-language articles (1975 through November 2002)
by using the following Medical Subject Heading (MeSH)
terms and keywords alone or in combination: left ventric-
ular dysfunction, left ventricular systolic dysfunction, asymp-
tomatic, subclinical, systole, and ventricular remodeling. The
reference lists of published reports were also searched. Two
authors critically reviewed all studies and abstracted the
relevant data.

The prevalence of LVSD was derived from community-
based studies in which ventricular function was assessed by
using standardized techniques. When several reports based
on the same cohort used similar analytic techniques, the
study with the most participants with asymptomatic LVSD
was selected for data abstraction to obtain prevalence esti-
mates with the best possible precision. Data on the natural
history of asymptomatic LVSD were abstracted from com-
munity-based studies and randomized, controlled trials.
Data from trials that enrolled participants with both symp-
tomatic and asymptomatic LVSD were used if the experi-
ences of the asymptomatic participants were reported sep-
arately.

Case series, referral series, or reports focusing on idio-
pathic-dilated cardiomyopathy were excluded (15–22). Pa-
tients in these reports may have a natural history distinct
from that in the community because of selection bias and
spectrum bias. Furthermore, given our focus on the clinical
epidemiology of LVSD, our search did not include studies
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of the molecular or genetic determinants of LVSD or left
ventricular remodeling, which have been reviewed else-
where (2–6, 23–25).

Role of the Funding Source
The funding source had no role in the design, con-

duct, and reporting of the study or in the decision to sub-
mit the manuscript for publication.

DOES THE BURDEN OF SUFFERING JUSTIFY SCREENING?
As noted by Cadman and colleagues (14), a funda-

mental question in evaluating a screening program is,
“Does the burden of suffering warrant screening?” To ad-
dress this question, the prevalence and natural history of
asymptomatic LVSD must be considered. Because a major
goal of identifying asymptomatic LVSD is to prevent
CHF, it is also important to consider what proportion of
CHF cases is preceded by LVSD.

What Is the Prevalence of Asymptomatic LVSD?
We identified 11 studies that reported the prevalence

of asymptomatic LVSD in the community (26–36). These
estimates varied widely, from 0.9% to 12.9%, depending
on the study design and setting, the characteristics of the
study sample, the definition of LVSD, and the method for
classifying participants as asymptomatic (Table 1). We ad-
dress each consideration, with specific attention to impor-
tant methodologic limitations, where appropriate.

Study Design and Setting

Of the 11 studies estimating prevalence of LVSD, 5
studies were based on participants enrolled in community-
based, longitudinal cohort studies: the Monitoring Trends
and Determinants in Cardiovascular Disease (MONICA)
project (two reports) (29, 34), the Rotterdam Study (32),
the Strong Heart Study (26), and the Cardiovascular
Health Study (35). Five other community-based studies
were based on random samples of population registries (30,
33), several primary care practices (28, 31), or a single
group practice (36). One report was derived from a bi-
racial, family-based study of hypertensive individuals (27).

Definition of LVSD

Although all of the studies used echocardiography to
evaluate left ventricular systolic function, assessment meth-
ods and thresholds for determining abnormality varied
substantially across studies (Table 1). The most commonly
used index was ejection fraction, calculated by using the
biplane Simpson rule (34), the Teichholz method (26, 27,
29), or a combination of methods (28, 30, 31). Two stud-
ies used endocardial fractional shortening as an index of
systolic function (32, 33). Two studies relied primarily on
visual estimation of left ventricular function (35, 36).

Ejection fraction thresholds for defining ventricular
systolic dysfunction ranged from 0.30 to 0.54 (Table 1).
Understandably, studies using higher ejection fraction
thresholds to define abnormal systolic function yielded

Table 1. Prevalence of Left Ventricular Systolic Dysfunction by Ejection Fraction Threshold*

Study (Reference) Country Participants Mean Age Men LVSD Criteria Prevalence
of LVSD

Prevalence of LVSD
without CHF†

n y % %

EF � 0.40, or equivalent
Strong Heart Study (26) United States 3184 58 37 EF � 0.54 14.0 12.5
HyperGEN Study (27) United States 2086 55 38 EF � 0.54 14.0 12.9
Davies et al. (28) England 3960 61 50 EF � 0.50 5.3 3.3
MONICA project (Augsburg) (29) Germany 1566 50 48 EF � 0.48 2.7 1.1‡
Hedberg et al. (30) Sweden 412 75 50 WMI � 1.7 6.8 3.2
Nielsen et al. (31) Denmark 126 70 55 WMI � 1.5 or FS � 0.26 2.9 1.0
Rotterdam Study (32) Netherlands 2267 66 45 FS � 0.25 3.7 2.9§
Helsinki Ageing Study (33) Finland 501 —� 27 FS � 0.25 10.8 8.6

EF � 0.40
Strong Heart Study (26) United States 3184 58 37 EF � 0.40 2.9 2.1
HyperGEN Study (27) United States 2086 55 38 EF � 0.40 4.0 3.4
Davies et al. (28) England 3960 61 50 EF � 0.40 1.8 0.9
MONICA project (Glasgow) (34) Scotland 1467 50 48 EF � 0.35 7.7 5.9
MONICA project (Glasgow) (34) Scotland 1467 50 48 EF � 0.30 2.9 1.4

Qualitatively “reduced” EF
Cardiovascular Health Study (35) United States 5532 73 42 Qualitative¶ 3.5 2.5
Morgan et al. (36) England 817 76 46 Qualitative 7.5 3.9

* CHF � congestive heart failure; EF � ejection fraction; FS � fractional shortening; HyperGEN � Hypertension Genetic Epidemiology Network; LVSD � left ventric-
ular systolic dysfunction; MONICA � Monitoring Trends and Determinants in Cardiovascular Disease; WMI � wall-motion index. Adapted with permission from Elsevier
Science, The Lancet. 2001;358:433.
† Uses entire sample as denominator.
‡ Without symptoms or known cardiovascular disease.
§ Based on 1698 participants.
� Range, 75–86 y.
¶ Categorized as “impaired” systolic dysfunction.
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higher prevalence estimates for asymptomatic LVSD (26,
27). Four studies reported prevalence estimates at several
ejection fraction thresholds, and these data indicated that
70% to 90% of participants with asymptomatic LVSD had
an ejection fraction between 0.40 and 0.54 (26–28, 34).

Despite the important influence of threshold values on
prevalence estimates, the choice of the cut-point was em-
pirical or unexplained in five of the nine studies that used
quantitative echocardiography (28, 31–34). In the remain-
ing four studies, the cut-point was determined by a statis-
tically defined limit (26, 27, 29, 30) (2 or 3 standard de-
viations below the mean of a healthy reference sample). It
is important to note that, without data on risk for adverse
outcomes (such as CHF) associated with various cut-points
of ejection fraction, the superiority of any one given
threshold cannot be established.

Definition of Asymptomatic LVSD

“Asymptomatic LVSD” generally denotes LVSD with-
out overt symptoms and physical signs of CHF. In most
studies, more than 50% of individuals with LVSD were
free of CHF (Table 1). However, only six studies specified
criteria for defining CHF (28, 31–35). Not surprisingly,
the use of more stringent criteria for CHF, such as the
requirement for physical examination findings or estab-
lished cardiac disease in addition to symptoms, resulted in
a larger proportion of individuals classified as having
asymptomatic LVSD (32, 33). As a corollary, although not
meeting criteria for clinical CHF, some people with
asymptomatic LVSD in published reports had shortness of
breath or pedal edema. None of the studies examined
whether individuals with LVSD and mild symptoms dif-
fered from those with no symptoms.

The definitions of “asymptomatic” LVSD in clinical
trials, which most practice guidelines are based on, were
even less stringent. Thirty-three percent of participants in
the Studies of Left Ventricular Dysfunction (SOLVD) Pre-
vention trial (8) were in New York Heart Association func-
tional class II, and 41% of patients in the placebo group of
the Survival and Ventricular Enlargement (SAVE) trial (9)
were categorized as Killip class II or greater, although all
study participants were described as “asymptomatic.” We
have chosen to use the term “asymptomatic LVSD” as it
was used in previous studies and guidelines, although it is
often a misnomer (7, 37). Alternative terms, such as
“LVSD without clinical CHF,” “preclinical LVSD,” or
“subclinical LVSD,” may be more appropriate.

Prevalence of LVSD in High-Risk Subgroups and Comorbid
Diagnoses

Given the potential expense of widespread echocardio-
graphic screening, there is interest in identifying subgroups
at high risk for LVSD who could be selectively screened
(38, 39). Four studies reported the prevalence of asymp-
tomatic LVSD in specific subgroups (27, 28, 34, 35). The
prevalence of asymptomatic LVSD was twofold to eight-

fold higher in men than in women and higher in elderly
persons. The prevalence of asymptomatic LVSD in women
was low, ranging from 0.2% to 1.1% in community-based
studies (28, 34, 35). When clinical features were consid-
ered, the prevalence was highest among individuals with
known coronary heart disease, ranging from 4.8% to 8.5%
(28, 34, 35).

Only three studies enrolled an appreciable number of
nonwhite participants (26, 27, 35). A high prevalence of
LVSD was reported in the Strong Heart Study, a commu-
nity-based study of Native American participants (26). In
the Cardiovascular Health Study and the Hypertension
Genetic Epidemiology Network Study, the prevalence of
LVSD was slightly higher in black participants than in
white participants (27, 35). In the Hypertension Genetic
Epidemiology Network study, there was a statistically sig-
nificant association between black ethnicity and lower ejec-
tion fraction threshold after multivariable adjustment (27).
Data for Hispanic and Asian-American populations are
lacking.

Figure. Chain of questions related to the epidemiology of
asymptomatic left ventricular systolic dysfunction (ALVSD) and
the effectiveness of screening (12–14).

ACE � angiotensin-converting enzyme; CHF � congestive heart failure.
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Although previous myocardial infarction and hyper-
tension are common among individuals with LVSD, the
absence of these conditions does not exclude the possibility
of detecting LVSD (Table 2). For instance, in four of five
studies, fewer than 50% of participants with asymptomatic
or symptomatic LVSD had previous myocardial infarction
(26, 30, 32, 34, 36). As shown in Table 2, participants in
randomized trials of asymptomatic LVSD had a much
higher prevalence of previous myocardial infarction than
did participants in community-based studies (8, 9).

What Is the Natural History of Asymptomatic LVSD?
We identified three community-based studies (35, 40,

41) and five randomized trials that provided information
on the prognosis associated with asymptomatic LVSD (8,
9, 42–44). In community-based observational studies,
asymptomatic LVSD was associated with increased cardio-
vascular mortality (35); all-cause mortality (35, 40); and
nonfatal cardiovascular events, such as myocardial infarc-
tion and stroke (35, 41). These data were based on rela-
tively small numbers of events, however, because the num-
ber of people with asymptomatic LVSD in these studies
ranged from only 20 to 136. Little is known about the rate
of progression from asymptomatic LVSD to overt CHF in
the community. In an earlier investigation from the Car-
diovascular Health Study, Aurigemma and colleagues (45)
reported an annual CHF incidence of 3% for individuals
with LVSD, but this estimate was restricted to individuals
without coronary heart disease.

In the placebo groups of five randomized, controlled
trials that included more than 3500 participants with
asymptomatic LVSD, average annual CHF rates ranged
from 4.9% to 20.0% and average annual mortality rates

ranged from 5.1% to 10.5% (8, 9, 42–44). These mortal-
ity rates are intermediate between those of persons with
previous myocardial infarction and preserved systolic func-
tion and those of patients with systolic CHF (46, 47).
Retrospective analyses of the SOLVD database suggest that
the presence of renal insufficiency (48), atrial fibrillation
(49), or diabetes (50) is associated with particularly poor
outcomes, although it is unclear whether these conditions
are markers of more severe underlying disease or of disease
duration or whether they contribute to the progression of
LVSD.

Although randomized trials provide the largest source
of data on prognosis of patients with asymptomatic LVSD,
extrapolating these data to individuals in the community is
problematic for several reasons. First, with the exception of
SOLVD, all other trials enrolled patients in the setting of a
recent myocardial infarction; even in SOLVD, nearly 80%
of participants had previous myocardial infarction (8). Sec-
ond, many participants enrolled in trials are not truly
asymptomatic but may have New York Heart Association
class II symptoms or previous CHF. Third, most trials
excluded people with mild LVSD (ejection fraction, 0.40
to 0.50), even though most people identified in community-
based studies fall into this category. Finally, trial partici-
pants were younger than typical individuals with LVSD in
the community.

What Proportion of Individuals with CHF Would Be
Identified by Screening for LVSD?

In the community, 30% to 50% of patients with CHF
have preserved ventricular systolic function (51). Screening
for LVSD would not identify these individuals, nor would
screening identify patients with systolic CHF due to an

Table 2. Characteristics of Individuals with Left Ventricular Systolic Dysfunction*

Study (Reference) Participants† Criteria Men Age Participants
with CHF

Participants
with Myocardial
Infarction

Participants with
Hypertension

Participants
with Diabetes

n % y 4OOOOOOOOOOOOOO%OOOOOOOOOOOOOO3
LVSD without CHF: community studies

MONICA project (Glasgow) (34) 21 EF � 0.30 81 NR 71 14 67 NR
Davies et al. (28) 34 EF � 0.40 88 67 53 NR 35 6
Cardiovascular Health Study (35) 136 Qualitative 74 75 58 NR 46 15

Overall LVSD: community studies
Hedberg et al. (30) 28 WMI � 1.7 75 75 86 79 48 22
MONICA project (Glasgow) (34) 43 EF � 0.30 65 NR 83 33 73 19
Davies et al. (28) 72 EF � 0.40 81 69 53 NR 39 15
Strong Heart Study (26) 444 EF � 0.54 59 61 NR 13 NR NR

92 EF � 0.40 60 63 NR 26 NR NR
Morgan et al. (36) 61 Qualitative 79 NR NR 39 41 10
MONICA project (Augsburg) (29) 43 EF � 0.48 56 NR 21 NR 23 NR
Rotterdam Study (32) 83 FS � 0.25 67 68 NR 24 NR NR
Cardiovascular Health Study (35) 196 Qualitative 71 74 64 NR 49 18

LVSD without CHF: randomized trials
SOLVD Prevention trial (8) 2117 EF � 0.35 89 59 83 79 37 15
SAVE trial (9) 1116 EF � 0.40 82 60 100 100 42 23

* CHF � congestive heart failure; EF � ejection fraction; FS � fractional shortening; LVSD � left ventricular systolic dysfunction; MONICA � Monitoring Trends and
Determinants in Cardiovascular Disease; NR � not reported; SAVE � Survival and Ventricular Enlargement; SOLVD � Studies of Left Ventricular Dysfunction;
WMI � wall-motion index. Report from the Hypertension Genetic Epidemiology Network study was not included because all participants were hypertensive.
† Number of participants with LVSD; for randomized trials, data are based on the placebo group.
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acute decline in systolic function (for example, post–myo-
cardial infarction). In the Cardiovascular Health Study,
only 13% of participants with incident CHF had abnormal
systolic function on echocardiography 5 years earlier (45).
The true proportion of patients with CHF preceded by
LVSD is probably higher, because the Cardiovascular
Health Study report excluded people with coronary heart
disease. Nonetheless, these data emphasize the importance
of identifying other clinical and echocardiographic precur-
sors of CHF.

Subclinical left ventricular dysfunction is not limited
to systolic dysfunction (52). Subclinical ventricular dia-
stolic dysfunction may exist, alone or in combination with
systolic dysfunction, and may be particularly important in
women because they are more likely to have diastolic CHF
than systolic CHF (53). Unfortunately, there is limited
information on the prevalence and prognosis of asymptom-
atic diastolic dysfunction in the community, partly because
of the lack of a widely accepted definition (54).

Echocardiographic examination of Doppler mitral in-
flow and pulmonary venous flow patterns or tissue Dopp-
ler imaging may provide insight. Using these methods, one
preliminary study reported a prevalence of left ventricular
diastolic dysfunction of about 20% in people with normal
left ventricular systolic function and more than 50% in
those with LVSD (52). Regrettably, these Doppler indices
are frequently indeterminate. Surrogate markers of left ven-
tricular diastolic dysfunction are needed; potential candi-
dates include left ventricular hypertrophy or left atrial en-
largement (without reduced systolic function or valvular
disease).

IS THERE AN ACCEPTABLE SCREENING STRATEGY THAT

DETECTS DISEASE ACCURATELY IN PRESYMPTOMATIC

PATIENTS?
Assessment of screening strategies for asymptomatic

LVSD should adhere to several principles. First, it is im-
portant to evaluate the diagnostic performance of the pro-
posed screening test in community-based samples. The
spectrum of LVSD encountered in the community differs
from that observed in referral settings, and this will directly
influence the performance characteristics of the test. Sec-
ond, it is essential to emphasize a “rule-in” strategy (high
specificity and positive predictive value) when screening
large populations of asymptomatic individuals with a low
prevalence of disease (55). Although a given test may per-
form well for identifying LVSD in symptomatic patients in
referral settings (56–61) where a “rule-out” strategy (high
sensitivity and negative predictive value) is desirable, the
same test may perform poorly for asymptomatic individu-
als because false-positive test results will probably outnum-
ber true-positive ones. Emphasizing high specificity will
reduce the societal burden of expensive follow-up tests,
such as echocardiography, as well as minimize the anxiety
and labeling effects associated with false-positive test re-
sults. Third, performance of screening tests should be eval-

uated separately in men and women, especially when the
prevalence of the disease condition and the distribution of
the test results vary between the sexes. Given the extremely
low prevalence of asymptomatic LVSD in women, it is
unlikely that any screening test would yield a high positive
predictive value even with very high specificity.

Echocardiography has been used as the criterion stan-
dard for diagnosing LVSD in community-based studies
and most clinical trials. Although echocardiographically
derived ejection fraction is influenced by changes in pre-
load and afterload (62), the simplicity of its estimation
(relative to more precise measures of myocardial contrac-
tility) makes it an attractive indicator of left ventricular
systolic function. The major limitation in using echocardi-
ography as a screening tool is its cost. It is unlikely that
widespread screening for LVSD (a “screen and treat” strat-
egy) with echocardiography would be cost-effective, al-
though studies specifically addressing this topic have not
been published.

An alternative three-stage strategy is to screen first with
an inexpensive test, target individuals with a positive
screening result for diagnostic testing with echocardiogra-
phy, and treat people with definitive LVSD (“screen, diag-
nose, and treat” strategy). At least three approaches have
been suggested for initial screening before referral for echo-
cardiography: use of an electrocardiogram, use of natri-
uretic peptide levels, or use of a composite clinical score
based on one or more high-risk characteristics alone or in
combination with natriuretic peptide levels.

The performance of the surface electrocardiogram as
an initial screening tool for LVSD has been examined in
several investigations (63–65). While some reports have
suggested that an abnormal electrocardiogram has a high
sensitivity and high negative predictive value for detection
of LVSD, it suffers from a low specificity and, conse-
quently, a low positive predictive value (63).

The natriuretic peptides, such as brain natriuretic pep-
tide, have emerged as attractive candidates for initial LVSD
screening because plasma levels are elevated in LVSD (39,
66), are relatively cardiac-specific, and can be assayed rap-
idly (11, 56). The performance of brain natriuretic peptide
or N-terminal proatrial natriuretic peptide for detecting
LVSD has been evaluated in several referral series and some
community-based studies (Table 3) (11, 56–61, 63, 67–
74). In community-based studies using various cut-points
and sex-pooled analyses (with one exception), sensitivities
for LVSD ranged from 26% to 92% and specificities
ranged from 34% to 89% (Table 3). Estimates for area
under the receiver-operating characteristic curve (AUC)
ranged from 0.56 to 0.88. In the largest community-based
investigation of brain natriuretic peptide screening, the
AUC estimates were 0.72 in men and 0.56 in women for
detecting any LVSD (defined as reduced ejection fraction
on visual assessment or a fractional shortening � 0.29) and
0.79 in men and 0.85 in women for detecting moderate or
greater LVSD (defined as a reduced ejection fraction on
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visual assessment � 0.40 or a fractional shortening � 0.22)
(69). An important reason for the suboptimal performance
of brain natriuretic peptide for detecting LVSD in some
studies may be that the peptide levels increase as a result of
high left ventricular filling pressures, regardless of whether
systolic or diastolic ventricular dysfunction is the underly-
ing cause.

A third strategy for initial screening is to select patients
with high-risk clinical characteristics for echocardiography
(58). In the Framingham Heart Study report, AUC esti-
mates for detecting LVSD using clinical characteristics
were 0.72 in women and 0.75 in men (69). Of note, add-
ing plasma brain natriuretic peptide levels to clinical char-
acteristics did not result in a substantial improvement in
AUC values.

In summary, an acceptable strategy for detecting
asymptomatic LVSD in the community has not been iden-
tified. Further data are needed to determine whether clin-
ical characteristics, perhaps in the form of a clinical risk
score, could be used to select candidates for more definitive
evaluation with echocardiography. The incremental value
of using plasma brain natriuretic peptide levels as an initial
screening tool for LVSD in the community has not been
established (69).

DOES TREATMENT OF ASYMPTOMATIC LVSD ALTER

HEALTH OUTCOMES?
Only ACE inhibitors have been shown to improve

outcomes in patients with asymptomatic LVSD. In the

SOLVD Prevention trial (8), treatment with enalapril was
associated with a 37% reduction in CHF and a nonsignif-
icant reduction in mortality. The SAVE trial (9) demon-
strated reductions in both incidence of CHF requiring hos-
pitalization (22%) and mortality (19%) associated with
captopril treatment in patients with asymptomatic LVSD
after myocardial infarction. Accordingly, both the ACC/
AHA and the European Society of Cardiology recommend
treatment with ACE inhibitors in patients with “reduced
ejection fraction,” with or without previous myocardial in-
farction (7, 37). However, most individuals with LVSD in
the community who would be identified by screening
would not have been eligible for the SOLVD or SAVE
trials. Thus, it remains unclear whether they would benefit
similarly from treatment.

Furthermore, there is lack of consensus in the guide-
lines over the definition of LVSD and the use of medica-
tions other than ACE inhibitors. The ACC/AHA guide-
lines do not specify a threshold for “reduced ejection
fraction,” while the European Society of Cardiology guide-
lines define an ejection fraction less than 0.40 to 0.45 as
“abnormal” (7, 37). In addition, while the ACC/AHA
guidelines recommend �-blockers for all patients with
LVSD, the European Society of Cardiology guidelines re-
strict this recommendation only to patients with a history
of myocardial infarction. There is a paucity of prospective
data on the use of �-blockers in patients with asymptom-
atic LVSD (75, 76).

Table 3. Use of Natriuretic Peptides To Identify Left Ventricular Systolic Dysfunction*

Study or Setting
(Reference)

Participants Definition of LVSD Discrimination Limit Sensitivity Specificity AUC

n %

Community-based studies
Framingham Heart Study (69) 1470 (men) FS � 0.29† BNP level � 21 ng/L 53 84 0.72

1707 (women) FS � 0.29† BNP level � 21 ng/L 26 89 0.56
General practices, England (74) 653 EF � 0.40 NR NR NR 0.59
MONICA project (Augsburg)
(67)

479 FS � 0.28 BNP level � 34 ng/L 28 86 0.61

General practices, Denmark (63) 126 EF � 0.45 NT-ANP level � 800 pmol/L 43 89 NR
Population sample, Sweden (68) 205 (men) EF � 0.40 NT-ANP level � 398 pmol/L 86 75 0.83
General practices, England (72) 155 Qualitative BNP level � 64.7 ng/L 92 65 0.85
General practices, England (73) 126 NR BNP level � 17.9 ng/L 88 34 NR
MONICA project (Glasgow) (11) 1252 EF � 0.35 BNP level � 17.9 ng/L 43 88 NR
MONICA project (Glasgow) (11) 1252 EF � 0.30 BNP level � 17.9 ng/L 77 87 0.88

Referral series
Echocardiography laboratory (58) 466 EF � 0.45 BNP level � 37 ng/L 79 64 0.79
Echocardiography laboratory (56) 400 EF � 0.50‡ BNP level � 87 ng/L 90 67 0.82
Nuclear laboratory (70) 75 EF � 0.55 BNP level � 30 ng/L 58 76 0.70
Nuclear laboratory (59) 180 EF � 0.45§ NT-ANP level � 54 pmol/L 90 92 NR
Nuclear laboratory (61) 87 EF � 0.35 BNP level � 13.8 ng/L 100 58 0.88
Catheterization laboratory (57) 94 EF � 0.45 BNP level � 61.2 ng/L 83 81 0.85
Catheterization laboratory (60) 254 EF � 0.45 NR NR NR 0.74
Catheterization laboratory (71) 221 EF � 0.45 NR NR NR 0.85

* Where applicable, results for the better performing peptide (brain natriuretic peptide or N-terminal proatrial natriuretic peptide) are shown. Studies restricted to patients
with myocardial infarction or congestive heart failure are not included. AUC � area under the receiver-operating characteristic curve; BNP � brain natriuretic peptide;
EF � ejection fraction; FS � fractional shortening; MONICA � Monitoring Trends and Determinants in Cardiovascular Disease; NR � not reported; NT-ANP � N-
terminal proatrial natriuretic peptide.
† Or mild or greater reduction in EF on visual estimation.
‡ Or wall-motion abnormalities.
§ At rest, or �0.55 with exercise.
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Because coronary heart disease is a prime contributor
to LVSD, it may be argued that individuals with coronary
heart disease should receive ACE inhibitors and �-blockers
regardless of ejection fraction (77). However, as shown in
Table 2, most individuals with LVSD in community stud-
ies do not report a history of myocardial infarction and
thus may not be recognized as candidates for treatment
with these medications. Previous studies suggest that even
individuals with known coronary heart disease often do not
receive the indicated medications or receive suboptimal
doses (78). In the Cardiovascular Health Study, only 9%
of individuals with asymptomatic LVSD were receiving
ACE inhibitors and only 15% were receiving �-blockers (35).

CONCLUSIONS

Asymptomatic LVSD is widely accepted as a preclini-
cal phase of CHF (7). Previous studies have provided sub-
stantial insight into the epidemiology of asymptomatic
LVSD and indicate that its prevalence in the community is
high (3% to 6%). Accordingly, screening for this condition
has attracted considerable attention as a strategy to prevent
CHF (10).

However, as summarized in this paper, the available
evidence is inadequate to support screening for LVSD in
the general population. While several landmark trials have
enrolled patients with asymptomatic LVSD, the data on
the prognosis and treatment of this condition apply to only
a subset of individuals who would be identified by screen-
ing. We propose directions for future research to address
the question of screening and to advance our understand-
ing of the preclinical stages of CHF (Table 4).

Future Directions for Epidemiologic Research
The incidence of asymptomatic LVSD should be ex-

amined because this knowledge is essential for determining
screening intervals. Serial echocardiographic evaluation of
community-based samples within longitudinal epidemio-
logic investigations with rigorous quality-control measures
(to ensure comparability over time) would be required for
this purpose.

Another important direction for future research is bet-
ter characterization of the natural history of ventricular
dysfunction in the community, with attention to the risk
for CHF and death, timing of these events, and prognostic
factors. Because individual studies may have too few par-
ticipants with asymptomatic LVSD, pooled analyses of ex-
isting databases drawn from well-characterized, community-
based cohorts may be an attractive strategy. This may be
particularly important for investigating the prognosis of
LVSD in specific clinical, demographic, and ethnic sub-
groups.

Furthermore, the natural history of individuals with
different degrees of LVSD should be defined. For instance,
individuals with an ejection fraction (qualitative or quan-
titative) between 0.40 and 0.50 should be distinguished
from those with an ejection fraction below 0.40, because

their clinical courses probably differ. These longitudinal
data will also be critical for validating threshold values for
defining LVSD.

A similar approach is needed for defining the natural
history associated with subclinical left ventricular diastolic
dysfunction. Both functional indices, such as transvalvular
or tissue Doppler, and structural changes, such as left atrial
enlargement or left ventricular hypertrophy, are candidate
markers of left ventricular diastolic dysfunction. Large co-
hort studies that can investigate both LVSD and diastolic
dysfunction should provide insight into the relative contri-
bution of each condition to CHF (45). Such data would
enable a more comprehensive assessment of the cost-effec-
tiveness of screening programs for detecting subclinical
ventricular dysfunction and preventing CHF.

Finally, it is important to develop and test newer
screening tools that perform better than currently available
ones for detecting LVSD in the community. N-terminal
pro-brain natriuretic peptide and cardiotrophin-1 are two
potential markers that are being investigated for detecting
LVSD and the performance of these peptides in a commu-
nity setting would be of interest (79, 80).

Future Clinical Trials and Effectiveness Studies
Community-based studies should also provide impor-

tant information for designing future clinical trials. Future
trials should address the role of agents other than ACE
inhibitors for managing patients with asymptomatic LVSD
and the applicability of current therapies to under-repre-
sented subgroups, such as individuals with mild LVSD,
those with isolated diastolic dysfunction, and those with-
out previous myocardial infarction. These features proba-
bly describe most individuals who would be identified by
screening.

Ultimately, the only definitive way to establish the
benefits of any screening program is to perform a random-

Table 4. Summary of Proposed Research Directions*

1. Determine the incidence of asymptomatic LVSD in community-based
cohorts.

2. Characterize the natural history of asymptomatic LVSD in the
community:
a. Natural history in individuals with different degrees of LVSD
b. Natural history in individuals with LVSD without previous MI

3. Examine the natural history of subclinical left ventricular diastolic
dysfunction.

4. Examine the cost-effectiveness of various screening strategies for
identifying left ventricular dysfunction and develop better screening
tools.

5. Address the role of medications other than ACE inhibitors in managing
patients with asymptomatic LVSD.

6. Increase representation of the following types of patients in clinical trials:
patients with mild LVSD, those with LVSD and no history of MI, and
those with isolated left ventricular diastolic dysfunction.

* ACE � angiotensin-converting enzyme; LVSD � left ventricular systolic dys-
function; MI � myocardial infarction.
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ized clinical trial of screening versus no screening strategies
(14). Again, community-based data would be critical for
determining whether such a trial is warranted and for de-
ciding how it should be designed. Even if the efficacy of
screening for LVSD were demonstrated in such trials, ad-
ditional studies would be required to examine whether a
screening program is effective (that is, does it reach poten-
tial beneficiaries and do they comply with subsequent in-
terventions) (14). In addition to reducing the incidence of
hypertension and myocardial infarction, the two major
CHF risk factors, a greater understanding of the early iden-
tification and treatment of left ventricular dysfunction may
be an important step toward the prevention of CHF in the
general population.

Note added in proof: Two important studies were pub-
lished after the submission of our manuscript. Redfield and
colleagues (81) recently published the full report of their
Doppler echocardiographic survey of 2042 residents of
Olmsted County, Minnesota. Among participants without
CHF, 20.6% had mild diastolic dysfunction and 6.8% had
moderate or severe diastolic dysfunction. Individuals with
diastolic dysfunction had a higher mortality after adjust-
ment for age, sex, and ejection fraction. In another recent
study, Nielsen and colleagues (82) estimated the cost-effec-
tiveness of brain natriuretic peptide for screening for
LVSD, based on data from the Glasgow MONICA survey.
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