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Background The aim of the study was to examine the causes of the death of patients with heart failure (HF) and evaluate
the differences in this respect between patients with and without depression of left ventricular ejection fraction (LVEF).

Method All patients hospitalized with HF between 1995 and 2002 in the cardiology service of a tertiary hospital were
assessed. LVEF was evaluated by echocardiography during hospitalization and was considered normal when it was ≥50%.
After a mean follow-up time of 3.7 ± 2.8 years, 615 cases had terminated in death.

Results The most common cause was refractory HF, both in the whole group (39%) and in both the subgroups defined
with respect to LVEF (normal and depressed). There was no statistically significant difference between the normal and
depressed subgroups as regard the distribution of deaths, although the depressed group showed a somewhat greater
incidence of sudden death (21% as against 16% in the normal group) and a somewhat smaller incidence of death due to
refractory HF (37% as against 47%). However, in the depressed LVEF group, the cumulative risk of death due to acute
myocardial infarction in the first 1.5 years first increased rapidly and then more slowly, whereas the reverse pattern was held in
the normal left ventricular systolic function group, in which it was the cumulative risks of death from noncardiovascular or
vascular noncardiac causes that initially increased more rapidly than later.

Conclusions The spectrum of causes of death among patients with HF who have been hospitalized is independent of
LVEF in the long term. In the short term, there are differences between patients with normal LVEF and depressed LVEF as regard
the dynamics of the risks of death from acute myocardial infarction, noncardiac vascular causes, and noncardiovascular
causes. These results may help orient the short-term and long-term management of HF, especially for patients with normal LVEF,
for whom there is still no well-established consensus strategy. (Am Heart J 2008;156:1184-90.)
Heart failure (HF) is the most lethal of cardiovascular
pathologic conditions. Although the annual death rate
among patients with HF included in the most recent
clinical trials is <10%,1,2 much higher rates are observed
among unselected patients,3-5 who on average are
generally older and more likely to present comorbidity,
although the survival of unselected patients has also
improved in recent years.4,6-11

On the other hand, community studies of patients with
HF suggest that patients who present normal left ventri-
cular systolic function (LVSF) survive significantly longer
From the Cardiology Department and Coronary Unit, University Clinical Hospital o
Santiago de Compostela, Santiago de Compostela, Spain.
Submitted March 21, 2008; accepted July 10, 2008.
Reprint requests: Jose Ramon Gonzalez-Juanatey, MD, PhD, FESC, Servicio d
Cardiologia, Hospital Clinico Universitario de Santiago de Compostela, Travesia
Choupana s/n, 15706 Santiago de Compostela, Spain.
E-mail: jose.ramon.gonzalez.juanatey@sergas.es
0002-8703/$ - see front matter
© 2008, Mosby, Inc. All rights reserved.
doi:10.1016/j.ahj.2008.07.011
f

e

than those who do not.12-15 By contrast, recent studies of
hospitalized patients by our group and other authors16,17

have found that there is no difference in mortality between
these 2 types of HF and that whereas survival has improved
in recent years among patients with depressed left
ventricular ejection fraction (LVEF), there has been no such
improvement among patients with normal LVEF.6,18

The main causes of death among patients with HF and
depressed LVSF have been reported to be sudden death
and refractory HF,19,20 although most data supporting this
view come from controlled clinical trials involving
selected patients who are usually younger and have less
comorbidity than the generality of patients with HF.
Importantly, nothing is really known for sure about the
relative incidences of a different cause of death spectrum
and/or different cause-specific mortality profiles. Any
such differences might have implications for the thera-
peutic approach to these patients, onwhich no consensus
has so far been reached.21,22

In the study described here, we examined causes of
death and cause-specific mortality profiles in a large
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group of patients admitted to hospital for HF for an 8-year
period, and we looked for differences in these respects
between patients with and without LVSF dysfunction.

Methods
Study group
We studied all informed consenting patients admitted with HF

between January 1, 1995, and December 31, 2002, in the
cardiology service of a northwest Spanish tertiary hospital
serving a population of about 400,000. Heart failure was defined
by modified Framingham criteria: satisfaction of ≥2 major
criteria (paroxysmal nocturnal dyspnea, orthopnea, rales, jugular
venous distension, third sound, and radiologic signs of pulmon-
ary congestion and/or cardiomegaly) or of one major criterion
together with ≥2 minor criteria (effort dyspnea, peripheral
edema, hepatomegaly, and pleural effusion); in the latter case,
other possible causes of the clinical signs and symptoms were
ruled out using appropriate tests. Patient selection and inclusion
in the study was performed during hospitalization by 2 staff
cardiologists with ample experience of treating patients with HF.
For patients admitted to the service on >1 occasion during the
study period, only the data pertinent to the first admission were
evaluated in this study. For all included patients who had at
any time been hospitalized for HF before the start of the study
period, any such hospitalization had occurred at least 4 years
before the start of the study, that is, before 1991; in view of this
time interval, it was assumed that the risks of these patients at
first admission during the study were essentially similar to those
of patients admitted for the first time during the study.

Study protocol and variables' definitions
Data on patients included in the study were stored in a

predefined data base. The information considered included
demographic data and variables relating to cardiovascular risk
factors, etiology, clinical situation upon admission, supplemen-
tary examinations performed during admission (electrocardio-
graphy, radiography, echocardiography, coronary angiography),
drugs prescribed upon discharge, and duration of hospitaliza-
tion. Inclusion in the study did not imply any deviation from the
protocols in force in our center or any alteration of the criteria or
actions of the patients' clinicians. In particular, echocardiogra-
phy was performed whenever it was deemed necessary by the
cardiologist responsible for the patient, and only on these
occasions; when performed, LVEF was determined by the
modified Simpson method, and a cutoff of 50% was used to
define LVSF dysfunction.
Data on survival and causes of death were obtained in August

2004 and January 2006, mainly by consultation of our hospital
records for these patients. When no unambiguous information
was obtained in this way, resort was had to the patient's primary
care physician, followed, if necessary, by direct telephonic
contact with the patient or some relative. Records of death were
examined by an end point committee in a blinded fashion; in all
cases in which the cause of death could be established
unequivocally, it was classified in 1 of 5 categories, as follows.

- Sudden death, defined as the sudden, unexpected death of a
patient who until then had been considered stable. Sudden
deaths could be either witnessed (with or without docu-
mentation of arrhythmia) or unwitnessed (if the patient had
been seen within the 24 hours preceding death but had
shown no premonitory HF, myocardial infarction, or other
clear cause of death).

- Refractory HF, defined as death with decompensated HF that
failed to respond to treatment, in the absence of any other
cause of death.

- Acute myocardial infarction, if infarct caused electrical or
mechanical complications leading to early death.

- Noncardiac vascular causes if death was due to cerebrovas-
cular accidents, to vasculorenal diseases (kidney failure in the
absence of glomerulopathy or other parenchymatic altera-
tions), or to burst aneurysms.

- Noncardiovascular causes.

Statistical analyses
Data for categorical or dichotomous variables are expressed as

percentages and were compared using a χ2 test. Data for
continuous variables are expressed as means ± SDs and were
compared using Student t tests or analyses of variance, as
appropriate. Kaplan-Meier survival curves were compared using
log-rank tests. Mortality curves adjusted for age and sex were
constructed by Cox analysis following justification of the
assumption of proportional hazards by means of log-log survival
plots for each variable; relative risks and their 95% CIs were
estimated using the Cox regression coefficients. The criterion
for statistical significance was P < .05.

Results
Characteristics of the study groups during admission
Tables I and II summarize the clinical characteristics

and treatments of the 1,360 patients (mean age 71 years)
who were included in the study. Echocardiography had
been performed in 1,101 cases, and systolic function had
been normal in 42% of the 1,062 in which it had been
possible to determine LVEF.
The subgroups with normal and depressed LVSF

exhibited the same differences as have been reported in
previous studies (Tables I and II).
The only statistically significant difference between the

298 patients for whom LVEF could not be determined and
those for whom it could was that a smaller proportion of
the former were in New York Heart Association
functional class IV upon admission.

Survival
Reliable survival data were available for 90.4% of the

whole study group. Mean follow-up after discharge from
hospital was 3.7 years (range 0.0-11.2 years), and in 615
cases terminated in death. Mean survival time was 6.0
years (range 5.7-6.3 years).
There was no significant difference between the

normal and depressed LVSF groups as regard either
follow-up time (P = .17) or survival time (mean 5.9 years
[95% CI 5.4-6.4 years] among those with normal LVSF,
mean 6.3 years [95% CI 5.9-6.8 years] among those with
depressed LVEF, P = .33). Although patients without an
LVEF measurement survived for a shorter time than those



Table II. Management of the whole study group and the subgroups defined by LVEF status

Characteristic
Whole group
(N = 1360)

LVEF ≥50%
(n = 443)

LVEF <50%
(n = 619)

Unknown
LVEF (n = 298) P ⁎ P †

Echocardiography (%) 81.0 100 100 13.1 <.001 1.000
Coronariography (%) 39.5 29.6 46.2 40.3 <.001 <.001
ACE inhibitors (%) 61.9 52.1 73.9 49.8 <.001 <.001
ARBs (%) 5.4 5.0 5.3 6.0 .871 .884
β-Blockers (%) 29.2 24.7 34.1 24.9 .002 .002
Spironolactone (%) 12.1 8.6 16.0 8.6 <.001 .001
Diuretics (%) 73.9 66.0 82.2 67.4 <.001 <.001
Digoxin (%) 26.8 19.9 33.2 23.2 <.001 <.001
Calcium antagonists (%) 19.9 31.7 10.5 22.7 <.001 <.001
Antiaggregants (%) 57.2 51.6 59.9 61.8 .013 .012
Anticoagulants (%) 26.2 28.5 27.0 20.2 .060 .660

ACE, Angiotensin converting enzyme; ARB, angiotensin receptor blocker.
⁎For comparisons between the groups with LVEF ≥50%, LVEF <50%, and unknown LVEF.
†For comparisons between the groups with LVEF ≥50% and LVEF <50%.

Table I. Demographic and clinical characteristics of the whole study group and the subgroups defined by LVEF status

Characteristic
Whole group
(N = 1360)

LVEF ≥50%
(n = 443)

LVEF<50%
(n = 619)

Unknown LVEF
(n = 298) P ⁎ P †

Age (y) 70.5 ± 11.8 72.9 ± 10.1 67.6 ± 12.2 72.9 ± 12.7 <.001 <.001
Age ≥75 y (%) 37.6 44.0 29.3 45.3 <.001 <.001
Hospital stay (d) 13.6 ± 10.7 12.8 ± 10.7 14.5 ± 11.3 12.9 ± 9.2 .018 .013
Male sex (%) 60.7 50.6 69.1 58.1 <.001 <.001
Ischemic cardiopathy (%) 50.7 42.4 54.6 55.0 <.001 <.001
Valvular cardiopathy (%) 18.6 32.1 12.3 11.7 <.001 <.001
Dilated myocardiopathy (%) 8.5 0 16.3 4.4 <.001 <.001
Other cardiopathy (%) 22.1 25.1 16.8 28.9 <.001 <.001
History of hypertension (%) 54.9 61.9 51.8 51.0 .002 .001
History of diabetes (%) 27.8 26.1 28.8 28.2 .612 .365
History of hyperlipidemia (%) 32.9 33.2 34.3 29.5 .343 .742
History of smoking (%) 29.3 24.0 36.1 22.9 <.001 <.001
NYHA class IV (%) 37.6 36.2 42.0 30.4 .003 .065
Left bundle branch block (%) 15.9 7.3 21.5 17.1 <.001 <.001
Atrial fibrillation (%) 32.3 37.9 30.2 28.0 .007 .010
Third sound at auscultation (%) 9.9 3.0 17.2 5.0 <.001 <.001
Alveolar edema at admission (%) 11.4 6.9 14.4 11.9 .001 <.001

NYHA, New York Heart Association.
⁎For comparisons between the groups with LVEF ≥50%, LVEF <50%, and unknown LVEF.
†For comparisons between the groups with LVEF ≥50% and LVEF <50%.
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for whom LVEF was determined (mean 5.2 [95%CI 4.6-
5.8] years as against 6.2 [95% CI 5.8-6.5] years, P = .003),
this difference was not significant when age was taken
into account (age-adjusted hazard ratio 0.86 [95%
CI 0.71-1-04], P = .125).

Causes of death
Cause of death could be established unequivocally in

516 cases. The most common cause was refractory HF
(39%), other deaths being distributed quite similarly
among sudden death, acute myocardial infarct, noncar-
diac vascular causes, and noncardiovascular causes
(Figure 1). There was no statistically significant difference
between the normal LVEF and depressed LVEF subgroups
as regard the distribution of deaths among the 5 types of
cause distinguished in this study, although the latter
group showed a greater incidence of sudden death (21%
as against 16%) (Figure 2) and a smaller incidence of
death from refractory HF (37% as against 41%), which as
in the whole group was the most common cause of death
in both subgroups. There were no significant differences
between patients with and without an LVEFmeasurement
as regard cause of death.
Rather different patterns were observed during the first

1.5 years of follow-up, especially among patients with
normal LVEF (Figure 3). During this period, 50% of deaths



Figure 2

Distribution of deaths of patients with HF among 5 types of cause
during the whole follow-up period in the groups with LVEF ≥50% and
LVEF <50%. Abbreviations as for Figure 1.

Figure 1

Distribution of deaths of patients with HF among 5 types of cause
during the whole follow-up period, in the whole study group. SD
Sudden death; RHF, refractory HF; AMI, acute myocardial infarction
V, noncardiac vascular origin; NCV, noncardiovascular origin.

Figure 3
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;

Distribution of deaths of patients with HF among 5 types of cause
during the first 18 months after hospital admission, in the groups with
LVEF ≥50% and LVEF <50%. Abbreviations as for Figure 1.
in this group were due to refractory HF, 17% to sudden
death, 14% to noncardiac vascular accidents, 11% to
noncardiovascular causes, and 9% to acute myocardial
infarction. In the group with depressed LVEF, the main
difference with respect to the whole follow-up period
was a slightly higher incidence of sudden death (24%).
However, as in the case of the whole follow-up period,
the differences between the normal and depressed LVEF
subgroups were not statistically significant.
Although the normal and depressed LVEF groups did

not differ significantly in cause of death spectrum for
either the first 1.5 years or the whole follow-up period,
there were nevertheless differences between them as
regard the evolution of mortality due to specific causes.
In the depressed LVEF group, after adjustment for age and
sex, the probability that a death due to myocardial
infarction during the first 1.5 years would occur during
the first month was almost 50%, whereas for all the other
causes of death the cumulative probability was about 25%
after 1 month and increased linearly thereafter, reaching
50% after about 8 months (Figure 4, middle panel). By
contrast, in the normal LVEF group, there was greater
variety in this respect (Figure 4, left panel); for sudden
death or death due to refractory HF within 1.5 years, the
cumulative probability increased virtually linearly, taking
about 8 months to reach 50%; for noncardiovascular and
noncardiac vascular deaths, the 50% level was reached
earlier (after about 4 months in the former case and
5 months in the latter), whereas for deaths due to acute
myocardial infarction the 50% level was reached later,
after about 14 months. Among patients for whom no
LVEF measurement was obtained, the pattern observed
was for all causes of death rather similar to that of
nonmyocardial infarction deaths in the depressed LVEF
group (Figure 4, right panel).

Discussion
In this study of patients admitted to a university hospital

with HF during an 8-year period, we observed no
statistically significant overall differences in causes of
death between those with depressed and preserved LVEF.
In both groups, the most common cause of death was
refractory HF during both the whole follow-up period and
for the first 1.5 years after hospitalization. However, the
normal and depressed LVEF groups differed as regard the
evolution of the cumulative probabilities associated with
deaths due to specific causes during the first 1.5 years. If



Figure 4

Cause-specific mortality curves adjusted for age and sex for patients with HF and LVEF <50% (middle panel), LVEF ≥50% (left panel), and unknown
LVEF (right panel) who died within 18 months of hospitalization.
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the age and sex distributions in the normal and depressed
LVEF groups had been the same, then in the depressed
group, 50% of those dying of acute myocardial infarction
in this period would have died within little for a month, as
against about 14 months for the normal LVEF group, and
50% of those dying of noncardiovascular or noncardiac
vascular causes would have died within about 8 months,
as against about 4 and 5 months, respectively, in the
normal LVEF group.
Patients with HF and normal LVEF are still being

managed without their differential characteristics being
taken into account on a scientifically sound basis.21,22

As far as we know, this is the first published
investigation of causes of death among patients with HF
and normal LVEF who have not undergone any
preselection process. Our findings help clarify the
prognosis of such patients and have significant impli-
cations for their management.
As regard patients with HF and deteriorated LVSF, our

findings broadly coincide with those of recent clinical trials
and other studies of such patients.19,20 Refractory HF and
sudden death are the 2 main causes of death regardless of
whether HF is of ischemic origin. However, considerably
more of our patients died of refractory HF than sudden
death, whereas the reverse was found in 2 recent clinical
trials (EPHESUS [Eplerenone Post-AMI Heart Failure
Efficacy and Survival Study] and the low-LVEF arm of
CHARM [Candesartan in HF Assessment of Reduction in
Mortality and morbidity]).19,20 This discrepancy may have
been due to differences in sex ratio and/or to our patients
being older and having more comorbidities (anemia,
kidney failure, and others) and a lower prevalence of
ischemic cardiopathy. These same differences may well
explain why the incidence of noncardiovascular deaths
was higher in this study than in other clinical trials.
Several recent studies have reported that the death

rate among patients with HF and normal LVSF, who
now constitute 30% to 50% of all patients with HF,23,24

is not, as was once supposed, significantly lower than
that of patients with depressed LVSF and that the above-
noted decline in the annual death rate among patients
with and HF depressed LVSF has not been paralleled
among patients with normal LVSF.6,18 However, very
little has been published concerning the relative
frequencies of different causes of death among patients
with normal LVSF HF. Because patients with normal
LVSF are older than patients with depressed LVSF, more
likely to be hypertensive and female and less likely to
have ischemic cardiopathy,12,17 the cause-of-death
spectra of the 2 groups may well differ. In particular,
the association of normal LVSF HF with hypertension
might suggest that this particular type of HF is
fundamentally a clinical manifestation of vascular and
kidney disease of hypertensive origin and that the
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causes of death of these patients should be more varied
and exhibit a higher incidence of stroke, aortic
aneurysm, and other causes directly related to hyper-
tension than those associated with depressed LVSF HF.
This hypothesis is indeed in keeping with the results of
the CHARM-Preserved study, in which a large propor-
tion of deaths among patients with normal LVSF were
of noncardiovascular origin.20 However, it must be
borne in mind that the total annual death rate in this
arm of CHARM was only 4%, much lower than in this
and numerous other studies of patients with normal
LVSF HF.25 In fact, there are grounds for thinking that
the preserved arm of CHARM may have included
patients who did not have HF, in which case these
patients without HF may have inflated the proportion of
noncardiovascular deaths in that study. In the present
study, the main cause of death in both the normal and
depressed LVSF groups was refractory HF, which in the
former group caused >50% of all deaths during the first
1.5 years of follow-up.
The finding that the spectrum of causes of death

among patients with normal LVSF HF is very similar to
that of patients with reduced LVSF has implications for
the management of patients of the former kind, for
whom the recommendations of current clinical guide-
lines are essentially based on speculation.21,22 In
combination with the finding that the survival of
patients with normal LVSF could benefit from angio-
tensin-converting enzyme inhibitor treatment to a
similar extent to that of patients with depressed
LVSF,12,26 it implies that, pending more comprehensive
studies, the therapeutic approach to the normal LVSF
group should include angiotensin-converting enzyme
inhibitors alongside diuretics to alleviate congestion and
control blood pressure.
In this study, we found that the normal and depressed

LVEF groups differed as regard the evolution of the
cumulative probabilities associated with deaths due to
specific causes during the first 1.5 years. After hospita-
lization, the cumulative probability of a death due to
acute myocardial infarction during this period initially
increased rapidly among patients with depressed LVSF
but relatively slowly among those with normal LVSF,
among whom it was the cumulative probability of a death
due to noncardiovascular or noncardiac vascular causes
that initially increased most rapidly (Figure 4). These
differences may be due to differences in the etiology of
HF or in the causes of the HF decompensation leading to
hospitalization—among patients with depressed LVEF,
ischemic heart disease, whether acute coronary syn-
dromes or chronic ischemic disease, is both a common
etiology and determinant of hospitalization, whereas the
etiologies and determinants of hospitalization of patients
with normal LVEF are more diverse.27 These results
suggest that the HF etiology and the hospitalization
determinants are important clinical conditions related
with the prognosis particularly in the early period after
hospital admission.

Limitations
Although in this study retrospective classification of

deaths in accordance with their cause was effected by a
panel of clinicians with ample experience of HF, it is
possible that some cases may have been misclassified. In
particular, it is possible that deaths due to acute
myocardial infarction occurring soon after discharge
from hospital may in some cases have been interpreted as
sudden death, which may have distorted our results very
slightly. However, distortion seems unlikely to have been
introduced by its not having been possible to determine
the cause of 16% of deaths because these deaths were
distributed proportionally between the normal LVSF and
depressed-LVSF groups.
A factor that may have prevented the study group as a

whole from being fully representative of the general HF
population is all patients had been hospitalized in the
cardiology service of a university hospital. In particular,
this may have been responsible for them being, on
average, slightly younger than those involved in certain
community studies or studies of patients hospitalized in
other kinds of hospital or service, and for a greater
prevalence of men and of ischemic heart disease and a
smaller prevalence of comorbidity.
In conclusion, not only is the long-term death rate

among patients hospitalized with HF and normal LVSF
similar to that found among patients with depressed LVSF
but also the causes of death are similar in the long term in
these 2 groups. In the short term (<1.5 years after
hospitalization), there are differences between patients
with normal LVEF and depressed LVEF as regard the
dynamics of the risks of death from acute myocardial
infarction, noncardiac vascular causes, and noncardio-
vascular causes. These results may help orient the short-
term and long-term management of HF, especially for
patients with normal LVEF, for whom there is still no well-
established consensus strategy.

References
1. McMurray JJ, Ostergren J, Swedberg K, et al. Effects of candesartan

in patients with chronic HF and reduced left-ventricular systolic
function taking angiotensin-converting enzyme inhibitors: the
CHARM-Added trial. Lancet 2003;362:767-71.

2. The Cardiac Insufficiency Bisoprolol Study II Investigators. The
Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a randomised trial.
Lancet 1999;353:9-13.

3. Senni M, Tribouilloy CM, Rodeheffer RJ, et al. Congestive HF in the
community. A study of all incident cases in Olmsted Country,
Minnesota in 1991. Circulation 1998;98:2282-9.

4. Levy D, Kenchaiah S, Larson MG, et al. Long-term trends in the
incidence of and survival with HF. N Engl J Med 2002;347:
1397-402.

5. Permanyer Miralda G, Soriano N, Brotons C, et al. Baseline
characteristics and determinants of outcomes in a patient population



1190 Grigorian-Shamagian et al
American Heart Journal

December 2008
admitted for HF to a general hospital. Rev Esp Cardiol 2002;55:
571-8.

6. Grigorian Shamagian L, Gonzalez-Juanatey JR, Varela Roman A,
et al. The death rate among hospitalized HF patients with normal
and depressed left ventricular ejection fraction in the year following
discharge: evolution over a 10-year period. Eur Heart J 2005;26:
2251-8.

7. Blackledge HM, Tomlinson J, Squire IB. Prognosis for patients
newly admitted to hospital with HF: survival trends in 12,220
index admissions in Leicestershire 1993-2001. Heart 2003;89:
615-20.

8. MacIntyre K, Capewell S, Stewart S, et al. Evidence of improving
prognosis in HF: trends in case fatality in 66,547 patients hospitalized
between 1986-1995. Circulation 2000;102:1126-31.

9. Schaufelberger M, Swedberg K, Koster M, et al. Decreasing one-year
mortality and hospitalization rates for HF in Sweden; data from the
Swedish Hospital discharge registry 1988 to 2000. Eur Heart J 2004;
25:300-7.

10. Lee DS, Mamdani MM, Austin PC Gong Y, et al. Trends in HF
outcomes and pharmacotherapy: 1992 to 2000. Am J Med 2004;
116:581-9.

11. Baker DW, Einstadter D, Thomas C, et al. Mortality trends for 23,505
Medicare patients hospitalized with HF in Northeast Ohio, 1991 to
1997. Am Heart J 2003;146:258-64.

12. Lenzen MJ, Scholte op Reimer WJM, Boersma E, et al. Differences
between patients with a preserved and a depressed left ventricular
function: a report from the EuroHF Survey. Eur Heart J 2004;25:
1214-20.

13. Vasan RS, Larson MG, Benjamin EJ, et al. Congestive HF in subjects
with normal versus reduced left ventricular ejection fraction:
prevalence and mortality in a population-based cohort. J Am Coll
Cardiol 1999;33:1948-55.

14. Ahmed A, Roseman JM, Duxbury AS, et al. Correlates and outcomes
of preserved left ventricular systolic function among older adults
hospitalized with HF. Am Heart J 2002;144:365-72.

15. Martinez-Selles M, Garcia Robles J, Prieto L, et al. Hospitalized
congestive HF patients with preserved versus abnormal left ventricular
systolic function. Rev Esp Cardiol 2002;55:579-86.
16. Bhatia RS, Tu JV, Lee DS, et al. Outcome of HF with preserved
ejection fraction in a population-based study. N Engl J Med 2006;
355:260-9.

17. Varela-Roman A, Grigorian Shamagian L, Barge E, et al. HF in
patients with preserved and deteriorated left ventricular ejection
fraction: long term prognosis. Heart 2005;91:489-94.

18. Owan TE, Hodge DO, Herges RM, et al. Trends in prevalence and
outcome of HF with preserved ejection fraction. N Engl J Med 2006;
355:251-9.

19. Pitt B, RemmeW, Zannad F, et al. Eplerenone, a selective aldosterone
blocker, in patients with left-ventricular dysfunction after myocardial
infarction. N Engl J Med 2003;348:1309-21.

20. Solomon SD, Wang D, Finn P, et al. Effect of candesartan on cause-
specific mortality in HF patients: the Candesartan in HF patients: the
Candesartan in HF Assessment of Reduction in Mortality and
morbidity (CHARM) program. Circulation 2004;110:2180-3.

21. Swedberg K, Cleland J, Dargie H, et al. Guidelines for the diagnosis
and treatment of chronic HF: executive summary (update 2005). Eur
Heart J 2005;26:1115-40.

22. Hunt SA, Abraham WT, Chin MH, et al. ACC/AHA 2005 Guideline
Update for the diagnosis and management of chronic HF in the adult.
Circulation 2005;112:e154-e235.

23. Banerjee P, Banerjee T, Khand A, et al. Diastolic HF: neglected or
misdiagnosed. J Am Coll Cardiol 2002;39:138-41.

24. Hogg K, Swedberg K, McMurray JJ. HF with preserved left ventricular
systolic function. J Am Coll Cardiol 2004;43:317-27.

25. Yusuf S, Pfeffer MA, Swedberg K, et al. Effects of candesartan
in patients with chronic HF and preserved left-ventricular
ejection fraction: the CHARM-Preserved trial. Lancet 2003;362:
777-81.

26. Grigorian Shamagian L, Varela Roman A, Mazon Ramos P, et al.
Angiotensin-converting enzyme inhibitors prescription is associated
with longer survival among patients hospitalized for congestive HF
who have preserved systolic function: a long-term follow-up study.
J Card Fail 2006;12:128-33.

27. Klapholz M, Maurer M, Lowe AM, et al. Hospitalization for HF in the
presence of a normal left ventricular ejection fraction. J Am Coll
Cardiol 2004;43:1432-8.


	Why and when do patients with heart failure and normal left ventricular ejection fraction die? .....
	Methods
	Study group
	Study protocol and variables' definitions
	Statistical analyses

	Results
	Characteristics of the study groups during admission
	Survival
	Causes of death

	Discussion
	Limitations

	References




