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Mortality and Cause of Death in Patients With Heart Failure:
Findings at a Specialist Multidisciplinary Heart Failure Unit
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Introduction and objectives. Heart failure mortality is
similar to or even higher than that due to various cancers.
It is usually associated with disease progression, though
sudden death has also been reported as a frequent
cause of mortality. The objectives of this study were to
investigate mortality and its causes in outpatients with
heart failure of different etiologies who were treated in a
specialist multidisciplinary unit, and to identify associated
factors.

Methods. The follow-up cohort study (median duration,
36 months) involved 960 patients (70.9% male; median
age, 69 years; ejection fraction, 31%; and the majority had
an ischemic etiology and were in functional class Il or IlI).

Results. Overall, 351 deaths (36.5%) occurred: 230
due to cardiovascular causes (65.5%), mainly heart
failure (33.2%) and sudden death (16%); 94 due to non-
cardiovascular causes (26.8%), mainly malignancies
(10.5%) and septic processes (6.8%); and 27 (7.7%) due to
unknown causes. Mortality was independently associated
with age, sex, functional class, ejection fraction, time since
symptom onset, ischemic etiology, diabetes, creatinine
clearance rate, peripheral vascular disease, fragility, and
the absence of treatment with an angiotensin-converting
enzyme inhibitor or angiotensin-Il receptor blocker, beta-
blockers, statins or antiplatelet agents. The principal factor
associated with cardiovascular death was an ischemic
etiology. No factor studied clearly predicted sudden death.

Conclusions. Even though mortality in patients treated
at a specialist heart failure unit was not low, a quarter
died from non-cardiovascular causes. The principal factor
associated with cardiovascular death was an ischemic
etiology. Only 5.8% of the study population experienced
sudden death.
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Mortalidad y causas de muerte en pacientes
con insuficiencia cardiaca: experiencia de
una unidad especializada multidisciplinaria

Introducciéon y objetivos. La mortalidad de la insu-
ficiencia cardiaca es similar o incluso superior a la de
muchos canceres. Suele ocurrir por progresion de la en-
fermedad, aunque la muerte subita se ha descrito como
una causa frecuente. El objetivo es evaluar la mortalidad
y sus causas en una poblacion ambulatoria de pacientes
con insuficiencia cardiaca de etiologia diversa tratados
en una unidad especializada multidisciplinaria y analizar
los factores asociados con ellas.

Métodos. Estudio de seguimiento de cohorte (media-
na, 36 meses) de 960 pacientes (el 70,9% varones; me-
diana de edad, 69 afios; mayoritariamente de etiologia
isquémica, con fraccion de eyeccion del 31% y en clase
funcional fundamentalmente Il y llI).

Resultados. Se registraron 351 fallecimientos (36,5%):
230 de causa cardiovascular (65,5%), fundamentalmente
por insuficiencia cardiaca (33,2%) y muerte subita (16%),
94 de causa no cardiovascular (26,8%), fundamental-
mente neoplasias (10,5%) y procesos sépticos (6,8%), y
27 (7,7%) de causa desconocida. Mostraron relacion in-
dependiente con la mortalidad: edad, sexo, clase funcio-
nal, fraccién de eyeccién, tiempo de evolucién, etiologia
isquémica, diabetes mellitus, aclaramiento de creatini-
na, vasculopatia periférica, fragilidad y ausencia de tra-
tamiento con inhibidores de la enzima de conversion de
angiotensina o antagonistas de los receptores de la an-
giotensina ll, bloqueadores beta, estatinas y antiagregan-
tes. El factor principal asociado a muerte cardiovascular
fue la etiologia isquémica. No hallamos ningun factor pre-
dictor claramente determinante de muerte subita.

Conclusiones. Aunque la mortalidad de los pacientes
atendidos en una unidad especializada de insuficiencia
cardiaca no fue baja, una cuarta parte fallecié de causa
no cardiovascular. El principal factor asociado a muerte
cardiovascular fue la etiologia isquémica. La muerte su-
bita afecté soélo al 5,8% de la poblacion.

Insuficiencia cardiaca. Mortalidad.
No cardiovascular. Muerte subita.
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Prondstico.

Rev Esp Cardiol. 2010;63(3):303-14 303



Pons F et al. Cause of Death in Patients With Heart Failure

ABBREVIATIONS

AMI: acute myocardial infarction
IQR: interquartile range

LA: left atrium

LVEF: left ventricular ejection fraction
SD: sudden death

INTRODUCTION

Heart failure is a disease with a poor prognosis'*#
and its appearance frequently signals the final
phase of many processes, one of the most
prominent of which is ischemic heart disease.
Mortality is comparable to that of the most
common cancers, with <50% 4-year survival.’
Despite this, current advances in treatment have
brought improved quality of life and survival to
heart failure patients. However, improved survival
and the many comorbidities®® are accompanied by
additional health problems. Recent studies show
that substantial number of heart failure patients
die from processes other than cardiac disease, in
particular malignancies, respiratory problems
and septicemias.>®!! The present study aims to
determine mortality and causes of death in an
outpatient population with heart failure of various
etiologies treated at a specialist multidisciplinary
unit, and to analyze factors possibly associated
with mortality and cause of death. A unit like ours
facilitates analysis of data from these patients as it
provides level of follow-up and genuine knowledge
of treatment seldom found in the literature.

METHODS

Our heart failure unit is integrated into a tertiary
hospital. Most patients are referred from cardiology
(70.5%) and internal medicine (15.1%); 5% come from
the emergency room/short-stay unit. Admissions
from primary care clinics are few.

The principal criterion for referral for follow-up is
heart failure as the principal problem, independently
of the etiology. We also admit patients with severely
depressed ventricular function following acute
myocardial infarction (AMI). At first visit, patients
give written consent to our obtaining analytic
samples and using their clinical data for research
purposes.
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We follow a protocol of visits that includes a
minimum of 3-monthly visits from a nurse and
6-monthly visits from the physician (cardiologist,
internist, or family physician), and optional visits from
specialists in geriatrics, psychiatry and rehabilitation.
A computer database is completed with data on
possible death and its likely cause. Patients are
followed-up indefinitely, unless they decide otherwise
or move to another healthcare area.

Survival status and cause of death are documented
by reviewing clinical records, contacting family,
carers or healthcare centers where patients may be
hospitalized or, if contact is impossible, by reviewing
the central registry of healthcare insurance policy-
holders.

We enrolled all consecutive admissions between
August 2001, when the unit opened, and December
31, 2008. Follow-up analysis was closed on June 10,
2009. During this period 26 944 visits were recorded.

Determination of Cause of Death

Patients weredivided into 2 broad—ranging groups:
cardiovascular death and non-cardiovascular death;
patients who died of unknown causes were excluded.
Cardiovascular causes were divided into: heart
failure (decompensated heart failure or treatment-
resistant heart failure, in the absence of another
cause); sudden death (SD) (unexpected death,
witnessed or not, of a previously stable patient with
no evidence of worsening heart failure or any other
cause of death); AMI (directly related in time with
AMI, whether due to mechanic, hemodynamic
or arrhythmic complications); stroke (associated
with recently appearing acute neurologic deficit);
procedural (post-diagnostic or post-therapeutic
procedure death); and other cardiovascular causes
(eg, rupture of an aneurysm, peripheral ischemia,
or aortic dissection). Non-cardiovascular causes
included: malignancies, respiratory infections,
digestive infections (including hepatic and pancreatic
infections), syndrome of decline (gradual appearance
of dependence due to progressive deterioration
of functional capacity, inexplicable weight loss or
mental deterioration),'? and fracture of the femur
(death due to complications following a fractured

femur).
We determined clinical and demographic
parameters associated with type of death

(cardiovascular or non-cardiovascular). Finally,
we also compared patients who died suddenly with
deaths from any other cause.

Statistical Analysis

Statisticalanalysiswaswith SPSS11.0for Windows
(SPSS Inc.). Statistical significance was established at



P<.05. Continuous variables are expressed as mean
(standard deviation [SD]) or median [interquartile
range], according to whether or not distribution
was normal; categorical variables are expressed
as percentages. Analysis of mortality was with
bivariate and multivariate Cox logistic regression
(backward stepwise method). We compared causes
of death according to variable type (dichotomous or
continuous) and distribution (normal or not normal)
using the appropriate tests (32, Student 7 test, Mann-
Whitney U test). Univariate and multivariate
analysis was with logistical regression (backward
stepwise method).

Our study complied with Helsinki Declaration
principles and Spanish personal data protection law.

RESULTS

We studied 960 patients, 681 men and 279 women.
Demographic and clinical characteristics are in
Table 1. Median follow-up was 36 [16.6-64.5]
(range, 0-95) months. Only 2 patients were lost
during the follow-up, due to changes in their place
of residence. These patients were included in the
analysis as surviving up to the date when they left
the healthcare area.

Mortality

In the 7 years and 11 months of the study we
recorded 351 deaths (36.6% mortality). Cumulative
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yearly mortality is in Figure 1 and ranges from 10.6%
inyear 1 to 50.8% in year 7. Median age at death was
75.2 [69.5-81.2] years. Median time lapse between
diagnosis of heart failure and death was 62 [32.3-
107.8] months. Table 1 compares characteristics of
patients surviving at the end of the follow-up with
those who died. Table 2 shows multivariate Cox
regression analysis results.

Causes of Death

Figure 2 gives the different causes of death. We
considered cardiovascular events caused 230 deaths
(65.5% of the total). These were mainly due to
progression of heart failure (113 patients, 32.2%
of total deaths; 11.8% of the population studied);
SD (56 patients, 16% of total deaths; 5.8% of the
population studied). Note that 94 patients died of
non-cardiovascular causes (26.8% of total deaths,
9.8% of the population studied). Figure 3 shows
non-cardiovascular causes of death, among which
malignancies and septic processes stand out (39.4%
and 25.5% of non-CV deaths, respectively). Cause of
death remained undetermined in 27 patients (7.7%
of deaths). Figure 4 shows (known) causes of death
as a function of LVEF <40% or 240%.

We divided patients in 2 groups by cause of
death (cardiovascular and non-cardiovascular) and
Table 3 shows the characteristics of both groups.
A significant association with cardiovascular-cause
death was only found for ischemic etiology of heart

60

50

Percentage

atlll

1 year
n= 911

Figure 1. Cumulative mortality and
sudden death, by years of follow-up.

2 years
777 676 548 450 360 236
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TABLA 1. Demographic and Baseline Clinical Characteristics and Treatments According to Survival Status

at the End of the Follow-up

Total Patients (n=960) Survivors (n=609) Deaths (n=351) P Cox HR (95% CI)

Age at first visit, y 69 [59-76] 65 [65.5-73] 72 [66-78] <.001 1.062 (1.051-1.074)
Women 279 (29.1) 180 (29.6) 99 (28.2) .894 1.016 (0.805-1.282)
Etiology .949 0.998 (0.947-1.052)

Ischemic heart disease 532 (55.4) 324 (53.2) 208 (59.3)

Idiopathic dilated cardiomyopathy 90 (9.4) 62 (10.2) 28 (8)

Hypertensive heart disease 93(9.7) 55 (9) 38 (10.8)

Alcohol-induced cardiomyopathy 50(5.2) 37 (6.1) 13(3.7)

Toxic cardiomyopathy (drugs) 18(1.9) 13(2.1) 5(1.4)

Valvular 101 (10.5) 68 (11.2) 33(9.4)

Other 76 (7.9) 50 (8.2) 26 (7.4)
Ischemic etiology 532 (55.4) 324 (563.2) 208 (59.3) 322 1.114 (0.9-1.378)
Duration of heart failure at first visit, mo 12 [2-48] 8[1-43] 23 [2-59] .001 1.003 (1.001-1.005)
LVEF, % 31 [24-39] 31 [24-39] 30 [23-40] .626 1.002 (0.994-1.01)
Indexed LA diameter, mm/m? 25.6 [22.7-29] 25.2 [22.4-28.4] 26.3 [23.3-29.9] <.001 1.054 (1.036-1.072)
LHBBB 129 (13.4) 88 (14.4) 41 (11.7) .836 0.966 (0.669-1.339)
Serum urea, mg/dL 57 [43-82] 52 [41-72.7] 67 [47-97] <.001 1.009 (1.007-1.011)
Serum Na, mmol/L 139 [137-141] 139 [137-141] 139 [136-141] .059 0.973 (0.945-1.001)
SAP, mm Hg 120 [110-140] 120 [110-140] 120 [110-140] .611 0.999 (0.994-1.004)
Heart rate 72 [63-81] 71 [62-80] 74 [65-84] .001 1.011 (1.004-1.018)
BMI 27.1[24.1-30.5] 27.4 [24.4-30.6] 26.8 [23.3-29.8] <.001 0.946 (0.925-0.968)
Functional class <.001 2.05(1.737-2.419)

| 55 (5.7) 50 (8.2) 5(1.4)

Il 528 (55) 375 (61.6) 153 (43.6)

1l 3 3(36.8) 8(29.2) 175 (49.9)

v 24 (2.5) 6(1) 18 (5.1)
Comorbidities

Hypertension 563 (58.6) 355 (58.3) 208 (59.3) 401 1.096 (0.885-1.356)

Diabetes mellitus 377 (39.3) 201 (33) 176 (50.1) <.001 1.865 (1.512-2.301)

Hypercholesterolemia 411 (42.8) 279 (45.8) 132 (37.6) .007 0.744 (0.599-0.923)

COoPD 200 (20.8) 103 (16.9) 97 (27.6) <.001 1.621 (1.282-2.049)

Kidney failure (ACr<60 mL/min) 512 (53.3) 271 (44.5) 241 (68.7) <.001 2.675 (2.108-3.395)

Anemia (Hb<12 g/dL) 317 (33) 172 (28.2) 145 (41.3) <.001 1.865 (1.505-2.31)

Peripheral vascular disease 171 (17.8) 78 (12.8) 93 (26.5) <.001 2.101 (1.656-2.665)

0SAS 40 (4.2) 30 (4.9 10 (2.8) 243 0.687 (0.366-1.289)

Atrial fibrillation 162 (16.9) 98 (16.1) 64 (18.2) .069 1.287 (0.981-1.689)

Fragility 337 (35.1) 163 (26.8) 174 (49.6) <.001 2.1 (1.703-2.59)
Treatments (follow-up)

ACE inhibitors or ARB 846 (88.1) 569 (93.4) 277 (78.9) <.001 0.26 (0.2-0.339)

Beta-blockers 776 (80.8) 538 (88.3) 238 (67.8) <.001 0.324 (0.259-0.406)

Spironolactone/eplerenone 343 (35.7) 216 (35.5) 127 (36.2) 129 1.184 (0.952-1.472)

Loop-acting diuretics 803 (83.6) 493 (81) 310(88.3) .001 1.76 (1.27-2.439)

Digoxin 292 (30.4) 184 (30.2) 108 (30.8) 484 1.084 (0.864-1.36)

Amiodarone 211 (22) 106 (17.4) 105 (29.9) .001 1.461 (1.163-1.837)

Hydralazine 316 (32.9) 169 (27.8) 147 (41.9) <.001 1.625 (1.313-2.011)

Nitrates 517 (53.9) 286 (47) 231 (65.8) <.001 1.6 (1.283-1.995)

Statins 591 (61.6) 417 (68.5) 174 (49.6) <.001 0.426 (0.345-0.526)

Anticoagulants 406 (42.2) 248 (40.7) 158 (45) .596 1.059 (0.858-1.306)

Antiplatelet agents 602 (62.7) 389 (63.8) 21 3(60.7) .015 0.766 (0.618-0.95)

ICD 80 (8.3) 63 (10.3) 7(4.8) .002 0.46 (0.283-0.75)

CRT 44 (4.6) 45 (4.7) 45(3.1) 102 0.606 (0.332-1.104)

ACE inhibitors indicates angiotensin converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; BMI, body mass index; COPD, chronic obstructive pulmonary disease;
CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; LA, left atrium; LVEF, left ventricular ejection fraction; Na, serum sodium; OSAS, obstructive
sleep apnea syndrome; LHBBB, left His bundle branch block; SAP, systolic arterial pressure.

The figures express n (%) or median [interquartile range].

306 Rev Esp Cardiol. 2010;63(3):303-14



TABLE 2. Multivariate Analysis of Mortality
(Cox Regression, Backward Stepwise Method)

Cox HR (35% Cl)

Variables that remain in the equation
Age, y 1.035 (1.02-1.051)

Women 0.645 (0.481-0.864)
Functional class (I-1V) 1.35(1.101-1.655)
LVEF 0.99 (0.981-0.999)

Ischemic etiology
Duration of heart failure, mo
Diabetes mellitus
Peripheral vascular disease

1.402 (1.065-1.847)
1.003 (1.001-1.005)
1.598 (1.271-2.009)
1.547 (1.176-2.035)

Fragility?® 1.315 (1.027-1.684)
Creatinine clearance rate, mg/dL 0.99 (0.984-0.997)
Statins 0.596 (0.462-0.769)

ACE inhibitors or ARA-II
Beta-blockers
Antiplatelet agents

0.485 (0.352-0.668)
0.487 (0.371-0.638)
0.64 (0.492-0.831)

ACE inhibitors indicates angiotensin converting enzyme inhibitors; ARB, angiotensin
Il receptor blockers; BMI, body mass index; Cl, confidence interval; COPD, chronic
obstructive pulmonary disease; HR, hazard ratio; LA, left atrium; LVEF, left ventri-
cular ejection fraction.

Variables removed from the equation: COPD, hypercholesterolemia, heart rate, BMI,
indexed LA diameter, plasma hemoglobin, serum urea, amiodarone, loop-acting
diuretics, hydralazine, nitrates.
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failure (P=.006 vs the sum of the other etiologies); a
longer period of time since symptom onset (P=.045);
treatment with nitrates (P=.024); and treatment
with digoxin (P=.04). Patients who died of non-
cardiovascular causes had lower body mass index
(BMI) (P=.001). Figure 5 shows percentages of
cardiovascular and non-cardiovascular deaths as a
function of heart failure etiology. In multivariate
analysis, ischemic etiology, treatment with digoxin,
and BMI remained in the model.

Sudden Death

Occurrence of SD was 62.5% in the first 2 years
follow-up and 80% in the first 3 years. Percentage of
SD in relation with total mortality held reasonably
constant over the years (Figure 1). We compared SD
and non-SD deaths (Table 4) and found no factor
determined SD, although patients with SD were
somewhat younger at the time of death (73.5 vs 75.7
years; P=.026), had a slightly lower baseline LVEF
(28% vs 31%; P=.049), and a somewhat smaller left
atrium (LA) diameter (24.8 vs 26.7; P=.023). SD was

8.3%

16%

32.2%

Figure 2. Causes of death.
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M Heart failure

26.8% [1 Sudden death

[ Acute myocardial infarction
[ Stroke

M Cardiovascular procedures
[l Other cardiovascular causes
3 Non-cardiovascular

& Unknown

11.7%

9.6%

Figure 3. Non-cardiovascular causes
of death.
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LVEF <40%

2.5%2.1%

8.9% 51%

LVEF 240%

9.2% 3.4%

6.9%

20.3%

W HF

[ Sb

O AMI
28.3% [ Stroke
W CVP

[ Other CV
X Non CV

9.2%

31%

40.2%

32.9% All causes of death P=.128
CV death versus non, CV death P=.638
SD versus non, SD P=.02

Figure 4. Causes of death as a function of left ventricular ejection fraction (LVEF). AMI indicates acute myocardial infarction; CV cardiovascular; CVP, cardio-

vascular procedures; HF, heart failure; SD, sudden death.

P=.009
100
80
2 601
s
o
§
&
40 1
20 1
0- . .
Figure 5. Cardiovascular death and non-
D~ DCM HHD AIC TOM - VHD - Other cardiovascular death by etiologies. AIC
n= 195 26 33 1 5 29 25 indicates alcohol-induced cardiomyopathy;
DCM, dilated cardiomyopathy; HHD,
M Cardiovascular [ Non-cardiovascular hypertensive heart disease; IHD, ischemic
heart disease; TCM, toxic cardiomyopathy
(drugs); VHD, valvular heart disease.

more frequent in patients with LVEF <40% than in
those with LVEF 240% (Figure 4). Deaths of patients
with kidney failure were more frequently from other
causes: SD, 13.2% of deaths, versus 29.4% in patients
without kidney failure (P=.001). Patients receiving
hydralazine showed the same tendency (P=.005).
In multivariate analysis, LA diameter, hydralazine
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treatment and creatinine clearance rate remained in
the model.

DISCUSSION

Although current therapeutic approaches to
heart failure have improved prognosis, mortality
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TABLA 3. Patient Characteristics as a Function of Cause of Death (CV vs Non-CV). Deaths Due to Unknown

Cause Excluded (27 Patients)

CV Death (n=230) Non-CV Death (n=94) P OR (95% CI)
Age at first visit 72 [66-79] 72 [67-78] 784 1(0.975-1.025)
Age at death 74.9 [68.9-80.9] 76.4[71.1-81.8] 4 0.995 (0.97-1.021)
Women 57 (24.8) 39 (31.9) 189 0.754 (0.441-1.29)
Etiology .009
Ischemic heart disease 151 (65.7) 44 (46.8) 1. 155 (0.432-3.091)
Idiopathic dilated cardiomyopathy 16 (7) 10 (10.6) 5(0.147-1.697)
Hypertensive heart disease 23 (10) 10 (10.6) 0. 852 (0.256-2.837)
Alcohol-induced cardiomyopathy 5(2.2) 6 (6.4) 0.278 (0.062-1.25)
Toxic cardiomyopathy (drugs) 1(0.4) 4 (4.3 0.083 (0.008-0.899)
Valvular 16 (7) 13 (13.8) 0.41(0.126-1.333)
Other 18 (7.8) 7(7.4)
Ischemic etiology 151 (65.7) 44 (46.8) .006 2.132 (1.301-3.496)
Duration of heart failure at first visit, mo 24 [3-60] 11 [1-48.5] .049 1.002 (0.997-1.006)
Time duration of heart failure at death, mo 53.8 [26.4-100.2] 52.6 [19.6-100.8] .623 1(0.996-1.004)
LVEF, % 30 [22-40] 30.5 [23.7-40] 487 0.995 (0.979-1.01)
Indexed LA diameter, mm/m? 26.4 [23.4-30.1] 26.3 [23.7-30.7] .73 0.978 (0.94-1.017)
LHBBB 25(10.8) 11(11.7) .829 1.002 (0.461-2.181)
Serum urea, mg/dL 67 [48-98.5] 72[49.7-95.2] .872 1.002 (0.997-1.008)
Serum Na, mmol/L 139 [137-141] 139 [136-141] .867 0.997 (0.934-1.065)
SAP, mm Hg 120 [110-140] 120 [110-140] .989 1.001 (0.99-1.012)
Heart rate 74.6 (15.1) 76.4 (14.3) 32 0.992 (0.976-1.008)
BMI 27.2(5.1) 25.2(4.3) .001 1.081 (1.024-1.141)
Functional class 735 1.057 (0.712-1.571)
| 3(1.3) 1(1.1)
Il 99 (43) 43 (45.7)
I 115 (50) 45 (47.9)
v 13 (5.7) 5(5.3)
Comorbidities
Hypertension 128 (55.7) 60 (63.8) .539 0.758 (0.46-1.248)
Diabetes mellitus 121 (52.6) 40 (42.6) A 1.537 (0.94-2.512)
Hypercholesterolemia 86 (37.4) 36 (38.3) .879 1.023 (0.619-1.69)
COPD 57 (24.8) 32 (34) .09 0.604 (0.357-1.021)
Kidney failure (ACr<60 mL/min) 157 (68.3) 69 (73.4) 313 0.818 (0.461-1.451)
Anemia (Hb<12 g/dL) 93 (40.4) 44 (46.8) .292 0.741 (0.455-1.209)
Peripheral vascular disease 64 (27.8) 24 (25.5) .674 1.205 (0.688-2.111)
0SAS 7(3) 2(2.1) .366 1.208 (0.239-6.099)
Atrial fibrillation 42 (18.3) 17 (18.1) .97 0.988 (0.529-1.846)
Fragility?® 105 (45.6) 54 (57.4) .054 0.687 (0.421-1.211)
Treatments (follow-up)
ACE inhibitors or ARB 178 (77.4) 77 (81.9) .367 0.773 (0.42-1.425)
Beta-blockers 154 (67) 64 (68.1) .844 0.997 (0.594-1.672)
Spironolactone/eplerenone 84 (36.5) 34 (36.6) .952 0.948 (0.573-1.569)
Loop-acting diuretics 204 (88.7) 82 (87.2) J11 1.174 (0.565-2.441)
Digoxin 78 (33.9) 21 (22.6) .04 1.745 (0.997-3.053)
Amiodarone 68 (29.5) 29 (30.8) 819 1.014 (0.596-1.726)
Hydralazine 97 (42.2) 38 (40.9) T72 1.07 (0.652-1.753)
Nitrates 162 (70.4) 54 (57.4) .024 1.676 (1.013-2.776)
Statins 120 (52.2) 40 (42.6) 116 1.608 (0.982-2.632)
Anticoagulants 107 (46.5) 39 (41.4) 409 1.279 (0.781-2.093)
Antiplatelet agents 134 (58.2) 60 (63.8) .353 0.776 (0.47-1.283)
ICD 14 (6.1) 2(2.1) 136 2.482 (0.545-11.315)
CRT 8(3.4) 2(2.1) 524 1.416 (0.289-6.948)

ACE inhibitors indicates angiotensin converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; BMI, body mass index; Cl, confidence interval; COPD, chronic obs-
tructive pulmonary disease; CRT, cardiac resynchronization therapy; CV, cardiovascular; ICD, implantable cardioverter defibrillator; LA, left atrium; LVEF, left ventricular ejec-
tion fraction; Na, serum sodium; OR, odds ratio; 0SAS, obstructive sleep apnea syndrome; LHBBB, left His bundle branch block; SAP, systolic arterial pressure.

The figures express n (%), median [interquartile range], or mean (SD).
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TABLE 4. Patient Characteristics as a Function of Cause of Death (Sudden vs Non-Sudden). Deaths

Due to Unknown Cause Excluded (27 Patients)

Non-Sudden Death (n=268) Sudden Death (n=56) P OR (95% Cl)
Age at first visit 72.5[67-78.7] 71 [60-78] .07 0.963 (0.937-0.99)
Age at death 75.7 [70.4-81.4] 73.5[62.1-80.1] .026 0.958 (0.932-0.984)
Women 77 (28.7) 10(17.8) .095 0.539 (0.259-1.123)
Etiology .676
Ischemic heart disease 158 (59) 37 (66.1) 0.937 (0.33-2.659)
Idiopathic dilated cardiomyopathy 21(7.8) 5(8.9) 0.952 (0.239-3.795)
Hypertensive heart disease 29 (10.8) 4(7.1) 0.552 (0.132-2.312)
Alcohol-induced cardiomyopathy 10 (3.7) 1(1.8) 0.4 (0.041-3.9)
Toxic cardiomyopathy (drugs) 5(1.9) 0 0.003 (0-NC)
Valvular 25(9.3) 4(7.1) 0.64 (0.152-2.702)
Other 20 (7.5) 5(8.9)
Ischemic etiology 158 (59) 37 (66.1) .258 1.355(0.741-2.48)
Duration of heart failure at first visit, mo 21 [2-60] 24 [3-58.5] .809 1(0.995-1.004)
Total duration of heart failure at death, mo 54.7 [25.1-104] 50.6 [23.4-89] .36 0.998 (0.993-1.003)
LVEF, % 31 [23-41] 28 [22-34] .049 0.977 (0.956-0.998)
Indexed LA diameter, mm/m? 26.7 [23.8-30.8] 24.8 [22.6-29.2] .023 0.933 (0.882-0.987)
LHBBB 27 (10.1) 9(16.1) 194 1.709 (0.755-3.967)
Serum urea, mg/dL 70 [50-97.7] 57 [46-90] .055 0.997 (0.99-1.003)
Serum Na, mmol/L 139 [136-141] 139 [137-141] .888 0.995 (0.92-1.076)
SAP, mm Hg 120 [110-140] 120 [105-130] .092 0.988 (0.974-1.002)
Heart rate 75 (14.8) 75.3 (15.1) .889 1.001 (0.982-1.021)
BMI 26.4 (4.8) 27.7 (5.5) .072 1.054 (0.995-1.117)
Functional class 165 1.392 (0.872-2.221)
| 4(1.5)
I 121 (45.1) 21(37.5)
1l 129 (48.1) 1(55.4)
v 14 (5.2) (7.1)
Comorbidities
Hypertension 161 (60.1) 27 (48.2) 102 0.619 (0.347-1.103)
Diabetes mellitus 135 (50.4) 26 (46.4) 591 0.854 (0.479-1.521)
Hypercholesterolemia 98 (36.6) 24 (42.9) 377 1.301 (0.725-2.334)
COPD 77 (28.7) 12 (21.4) .265 0.677 (0.339-1.35)
Kidney failure (ACr<60 mL/min) 196 (73.1) 30 (53.6) .001 0.367 (0.201-0.672)
Anemia (Hb<12 g/dL) 119 (44.4) 18 (31.1) .091 0.593 (0.322-1.092)
Peripheral vascular disease 73 (27. 2) 15 (26.8) .945 0.977 (0.51-1.871)
0SAS 934 0 164 0.003 (0-NC)
Atrial fibrillation 52 (19. 4) 7 (12.5) .223 0.593 (0.254-1.385)
Fragility? 132 (49.3) 27 (48.2) .887 0.959 (0.539-1.707)
Treatments (follow-up)
ACE inhibitors or ARB 210 (78.4) 45 (80.4) 74 1.13(0.55-2.322)
Beta-blockers 177 (66) 41(73.2) .298 1.405 (0.738-2.672)
Spironolactone/eplerenone 99 (36.9) 19(33.9) .67 0.877 (0.478-1.607)
Loop-acting diuretics 237 (88.4) 49 (87.5) .844 0.916 (0.381-2.199)
Digoxin 86 (32.1) 13(23.2) 19 0.64 (0.327-1.252)
Amiodarone 84 (31.3) 13(23.2) .227 0.662 (0.338-1.297)
Hydralazine 121 (45.1) 14 (25) .005 0.405 (0.211-0.776)
Nitrates 180 (67.2) 36 (64.3) .678 0.88 (0.481-1.609)
Statins 130 (48.5) 30 (53.6) 491 1.225 (0.688-2.181)
Anticoagulants 127 (47.4) 19(33.9) .066 0.57 (0.312-1.042)
Antiplatelet agents 159 (59.3) 35 (62.5) .66 1.142 (0.631-2.068)
IAD 4(5.2) 2(3.6) .604 0.673 (0.149-3.045)
CRT 8(3) 2(3.6) .818 1.204 (0.249-5.826)

ACE inhibitors indicates angiotensin converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; BMI, body mass index; Cl, confidence interval; COPD, chronic
obstructive pulmonary disease; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; LA left atrium; LVEF, left ventricular ejection fraction;
Na, serum sodium; NC, not calculable; OR, odds ratio; 0SAS, obstructive sleep apnea syndrome; LHBBB, left His bundle branch block; SAP, systolic arterial pressure.

The figures express n (%), median [interquartile range], or mean (SD).
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remains high (36.6% in a median 3-year follow-up)
even though we are managing patients in a special
unit with a high number of visits (almost 27 000
in just under 8 years) and good compliance with
recommended drug therapies. Mortality figures
have been lower than some population-based
studies,' but higher than those of a contemporary
Spanish outpatient study (MUSIC),"* which
reported 26.9% mortality in 44 months follow-
up. We consider it important to note that MUSIC
patient characteristics differed from those in our
series (MUSIC patients were younger [65 vs 69
years], in a better functional class [78.4% in class
II vs 55%], with better LVEF [37% vs 31%], lower
incidence of kidney failure [46.2% vs 53.3%)] and of
ischemic etiology [45.7% vs 55.4%]); these factors
could explain differences in mortality. In any case,
annual mortality was around 7.1%, approximately
10% annually in the first 3 years, with an additional
5%inthefollowingyears, afigure possibly congruent
with the positive impact that heart failure unit-
programs have been shown to have on prognosis of
this syndrome.!#!¢ The benefits these unit-programs
provide to prognosis is probably based on the higher
level of compliance with therapeutic guidelines,
educational interventions with stimuli to promote
self-care, and the multidisciplinary approach; all
aspects which have received special attention in
our population. Moreover, we would emphasize
that most of our patients have continued receiving
specific attention in the unit throughout the study
period. This may be important, as the benefits of
a specialized intervention has been seen to be lost
in time after it has been suspended.!® Nonetheless,
mortality was similar, although the follow-up was
slightly shorter (3 vs 3.7 years), to that reported in
another Spanish study by Grigorian-Shamagian
et al'” (37.7%) of a series of patients discharged
from a cardiology service after admission for heart
failure.

We had previously investigated the prognostic
value of some clinical and echocardiographic
parameters analyzing mortality in fixed periods
(1-2 years), and finding that parameters like plasma
hemoglobin,'® diabetes mellitus,”” body mass
index,? creatinine clearance rate,?"?* fragility,? or
LA diameter® proved very significant short- and
mid—term prognostic factors. The current series
is more extensive, and with a longer, although
more heterogeneous, follow-up. Multivariate Cox
regression analysis (Table 2) enables us to generate
a profile of the patient with increased risk of any
cause mortality at admission to the unit, although
we did not intend to construct a risk score like that
used in other studies.!? Our profile describes an older
patient,a man, for whom a longer period has elapsed
since the onset of symptoms of heart failure, of
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ischemic etiology, who is in a worse functional class,
with worse LVEF, diabetes mellitus, kidney failure,
peripheral vascular disease, and fragility, and who
does not or cannot take beta-blockers, angiotensin
converting enzyme inhibitors or angiotensin II
receptor blockers, statins or antiplatelet agents.
Differences in results between our previous studies
and the current one may be explained by the more
extensive nature of the present series and the
longer and more heterogeneous follow-up, and
the statistical analyses performed. Unlike other
series, we preferred to include in this study the
treatment administered during follow-up, and not
the treatment patients were following at inclusion
or discharge, since we believe it has a fundamental
role in prognosis. The MUSIC! study mentioned
patients’ baseline treatment but did not include it
in risk score construction. Grigorian-Shamagian
et al'” comment on in-hospital treatment but not
follow-up treatment. Their study was an in-hospital
series, with a significant number of patients with
conserved LVEF, which probably explains why the
percentage of patients administered beta blockers
was much lower than in our population.

In bivariate analysis, gender, LVEF and ischemic
etiology showed no association with mortality.
However, they were included in multivariate
analysis due to their clinical importance, and
showed a statistically significant association. The
opposite happens with hydralazine, nitrates and
diuretics, which are probably associated with
worse functional situation and kidney failure.
A history of hypercholesterolemia deserves
separate comment as it is statistically associated
with improved survival (P=.013), although it
loses its statistical significance in multivariate
analysis. This observation may be related with
the benefit observed from statin administration,
which remains an independent prognostic factor
in multivariate analysis. We find no plausible
explanation for this, although possible beneficial
effects in preventing AMI or stroke or perhaps an
anti-inflammatory effect (cytokines) could have
participated, but this remains mere speculation.
We should remember that the CORONA?¥
and GISSI-HF?* studies show no benefits from
rosuvastatin administration on mortality of heart
failure patients.

Non-Cardiovascular Mortality

One significant finding of our study is the
considerable percentage of deaths from non-
cardiovascular causes (26.8% of the total, 9.8% of
the population studied) that could be explained by
several factors: high patient comorbidity, optimal
drug and non-drug treatment in a specialized unit,
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the greater access these units afford to patients with
decompensation, or administration of intravenous
treatments in outpatient contexts in initial phases
of decompensation. This has already been reported
elsewhere.>®!! In comparison with the MUSIC
study,’? we found a greater percentage of non-
cardiovascular deaths (MUSIC, 20.2% of total
deaths, 5.4% of the population studied), probably
related with the age and comorbidities of our
patients, too. This percentage was higher than
that observed by Grigorian-Shamagian et al,!” too
(16.7% of known-cause deaths, approximately
6.9% of the total with known survival status). In
contrast, the percentage of non-cardiovascular
deaths is much lower than that in some recent
population-wide series.® (43% at 5 years). In
this series, the percentage of deaths due to heart
failure is not reported and causes of death are only
divided into non-cardiovascular, due to ischemic
heart disease and other cardiovascular causes.
Moreover, it is striking that non-cardiovascular
cause deaths should reach 49% in patients with
conserved LVEF, and that this should be the first
cause of death. In any case, the populations differ
(our patients are younger and probably have more
serious cardiomyopathies). Unlike our series, the
principal cause of non-cardiovascular death was
respiratory disease (vs malignancies).’ In our series,
the percentage of non-cardiovascular death was
somewhat greater in patients with EF >40%, but
the differences were not significant. This resembles
Grigorian-Shamagian et al’s findings!” in patients
with EF 250%. Neither MUSIC!® nor Grigorian-
Shamagian!” specify non-cardiovascular causes
of death. The factors significantly associated with
death from cardiovascular causes were ischemic
etiology of heart failure, a longer period since
the onset of symptoms, treatment with nitrates
(probably in relation with the etiology) and
treatment with digoxin (probably associated with
a worse functional situation). In contrast, the toxic
drug etiology associated with a very low percentage
of cardiovascular death. Although patients with
fragility showed a greater tendency to die from a
non-cardiovascular cause (57.4% vs 45.6%), this
difference was an outlier in terms of statistical
significance (P=.054). Patients with heart failure
are often fragile and their care should not be
limited exclusively to the cardiovascular context.
The promotion of a multidisciplinary approach
permits early detection and management of other
health problems and can produce greater benefits
in the morbidity and mortality of this syndrome.
The creation of heart failure units in hospitals and
their collaboration with basic primary healthcare
areas should contribute to improving the quality of
attention and extend this to the general population.
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Sudden Death

Another noteworthy finding of the present study is
the relatively low incidence of SD: only 5.8% of the
total population studied. This coincides quite closely
with MUSIC data,'* although they report 9.1% SD
in the population analyzed, and with Grigorian-
Shamagian et al'” (6.9% of the total population with
known survival status). This indicates the impact of
SD in our context is much lower than that described
in the English-speaking world.?”>® Furthermore,
the incidence of SD was mainly in the first years of
follow-up. Although patients with SD were somewhat
younger when they died, had a slightly lower baseline
LVEF, and somewhat smaller LA diameter, we
cannot define any single factor as clearly determinant,
although the percentage of SD was higher in patients
with LVEF <40%.

Limitations

In patients for whom we had no medical or
healthcare report, we accepted the cause of
death reported by family or carers. In patients
with malignancies, infection and other non-
cardiovascular causes of death this information is
likely to be accurate. Cataloguing some causes of
cardiovascular death may be more difficult. We
believe an individual, isolated error will have had
no influence on the general results of our study. In
fact, when official medical certificates have been
used in other studies, cause of death often remains
dubious. Moreover, cause of death can be difficult
to determine, even when it occurs in the hospital.
Generally, this is because of the confluence of
many pathologic situations at the time of death,
derived from the high number of comorbidities.
Although we have access to NT-proBNP data for
190 patients, we have not included it in the analysis
due to the large number of patients for whom the
data is unavailable. Similarly, we have no troponin
I data. Although ours is a general population with
heart failure, of varied etiology, and heterogeneous
in some aspects, it remains a selection of the total
population of patients with heart failure, since
most come from a cardiology service and it is a
relatively young population, with few women and
fundamentally ischemic etiology. Therefore, the
results obtained cannot necessarily be generalized to
the heart failure population at large.

CONCLUSIONS

Although total mortality of patients attended in a
specialized heart failure unit may not be considered
low, despite close follow-up and adequate treatment
following established guidelines, one in four died



of non-cardiovascular causes. The principal factor
associated with cardiovascular death was ischemic
etiology of heart failure. Sudden death represented
only 5.8% of the total of patients, with no clearly
associated determinant factor, although it was more
frequent in patients with LVEF <40%.
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