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ABTRACT. Background: Patients with chronic obstructive pulmonary disease (COPD) have a high prevalence of heart failure (HF). Patients
with concurrent HF and COPD have worse prognosis. However, the impact of Right Heart Failure (RHF) on hospital mortality has not been
explored. Objective: To evaluate the association between of right heart failure (RHF) and hospital mortality in COPD patients. Methods: An
analytical cross-sectional study was performed in hospitalized COPD patients. The patients hospitalized between 2014 and 2015 were including
in study. Results: Ninety-five patients diagnosed with COPD were analyzed: COPD alone (n = 25), COPD and HF with preserved ejection fraction
(HFpEF) (n = 29), COPD and RHF (n = 41) and COPD and HF with reduced ejection fraction (HFrEF) (n = 0). The variables associated with
risk of hospital mortality were RHF (OR: 10.91, 95% CI: 1.28 to 92.65, p = 0.029), stroke (OR: 14.4, 95% CI: 2.64 to 78.37, p 0.002), pulmonary
thromboembolism (OR: 2.09, 95% ClI: 1.47-2.98, <0.001) and chronic renal disease (OR: 4.08, 95% CI: 3.36 to 7.01, p < 0.001). Finally, RHF with
COPD subjects has 9.42 times more risk of hospital mortality (OR: 9.42, 95% CI: 1.00 to 88.31, p = 0.049) than COPD without RHF adjusted
by confusing variables. Conclusion: RHF is a independient risk factor for hospital mortality in COPD patients.
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RESUMEN. Antecedentes: Los pacientes con enfermedad pulmonar obstructiva crénica (EPOC) tienen alta prevalencia de insuficiencia car-
diaca (IC). Los pacientes con concurrente IC y EPOC tienen peor prondstico. Sin embargo, el impacto de la insuficiencia cardiaca derecha (ICD)
sobre la mortalidad hospitalaria no ha sido explorada. Objetivos: Evaluar la asociacion entre la ICD y la mortalidad hospitalaria en pacientes
con EPOC. Métodos: Estudio transversal analitico llevado a cabo en pacientes con EPOC hospitalizados. Los pacientes hospitalizados entre
el 2014 y 2015 fueron incluidos. Resultados: Noventa y cinco pacientes con diagnéstico de EPOC fueron analizados: EPOC solo (n = 25),
EPOC con ICFEp (insuficiencia cardiaca con fraccién de expulsion preservada) (n = 29), EPOC e IC (n = 41), y EPOC con ICFEc (insuficiencia
cardiaca con fraccion de expulsién reducida) (n = 0). Las variables asociadas con riesgo de mortalidad hospitalaria fueron ICD (OR: 10.91,
95% ClI: 1.28 a 92.65, p = 0.029), evento cerebrovascular (OR: 14.4, 95% CI: 2.64 a 78.37, p 0.002), tromboembolia pulmonar (OR: 2.09, 95%
Cl: 2.09 1.47-2.98 < 0.001) y enfermedad renal crénica (OR: 4.08, 95% CI: 3.36 a 7.01, p < 0.001). Conclusidn: La ICD es un factor de riesgo
independiente para mortalidad hospitalaria en los pacientes con EPOC, que incrementa 9.42 veces.

Palabras clave: Insuficiencia cardiaca derecha, prondstico, enfermedad pulmonar obstructiva crénica, mortalidad hospitalaria, disfunciéon
del ventriculo derecho.

Abbreviations

COPD = Chronic obstructive pulmonary disease.
GOLD = Global initiative for chronic obstructive lung disease.
HF = Heart failure.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
preventable and treatable condition characterized by
persistently limited flow in the air ways of a progressive
nature associated with an inflammatory response in the

HFpEF = Heart failure with preserved e ection fraction.
HFrEF = Heart failure with reduced gjection fraction.
RHF = Right heart failure.

lungs to noxious particles or gases. It is estimated that
by 2020 it will be the third most common cause of death
worldwide.! The prevalence of COPD has been found
to be from 7.6% to 34.1%,2® depending on the criteria
used for diagnosis and classification. The PLATINO
study (Latin American Project for the Investigation of
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Obstructive Lung Disease) showed higher prevalence in
men and older adults with less formal education, lower
body mass index and greater exposure to tobacco.*

Exacerbations and associated conditions contribute
to the overall severity of COPD in affected patients.
In the United States from 1979 to 2001 it was the first
and second cause of hospital admission associated
with higher mortality and co-morbidity compared with
patients admitted without COPD.® Mortality at one year
is relatively low around 3%?¢ but increases to 25% after
hospital admission.”

Some 79 co-morbidities have been reported with
COPD, of which the 12 most prevalent are associated
with an increase in risk of death. The most common
associated conditions are diabetes, hyperlipidemia,
arterial hypertension, cancer, peripheral arterial disease
and cardiovascular disease. Cardiovascular disease
accompanying COPD has been associated with a poor
prognosis with increased risk of hospital admission and
death. The risk of death in COPD patients in heart failure
increases 33% (HR 1.33, 95% CI 1.06-1.68).81°

Heart failure (HF) is a clinical syndrome resulting
from any structural or functional alteration in ventricular
filling or systolic function. The risk of developing HF
is 20% in Americans > 40 years of age* In the ARIC
study, the mortality rate at 30 days, 1 year and 5 years
after hospitalization for HF was 10.4%, 22% and 42.3%
respectively!?

HF and COPD are associated with high morbidity and
mortality worldwide. Because they share risk factors and
pathophysiological mechanisms they often co-exist. This
implies that together they may represent an independent
predictor of morbidity and mortality, functional deterioration
and use of health services.* From 10% to 40% of patients
with HF are estimated to have COPD as well* The
prevalence of HF in patients with exacerbated COPD
is 20.9%, while it ranges from 17% to 20.5% in stable
COPD.X? Thus, COPD is an independent predictor of
hospitalization and death in patients with HFE In a 5 year
follow-up of patients admitted to the hospital for HF a
worse prognosis was observed in those with COPD (HR
1.53, 95% Cl 1.21-1.94) adjusted for confounding factors.®
However, the effect of the type of HF in hospital mortality in
patients with COPD is unknown. The objective of this study
was to evaluate the association between of right heart
failure (RHF) and hospital mortality in COPD patients.

METHODS
Study design

An analytical cross-sectional study was performed in
hospitalized COPD patients at Instituto Nacional de

Right HF and hospital mortality in exacerbation of COPD

Enfermedades Respiratorias Ismael Cosio Villegas.
The patients hospitalized between Janury 2014 and May
2015 were including in study. This study was approved
by the Ethics and Research Committee of the Instituto
Nacional de Enfermedades Respiratorias Ismael Cosio
Villegas (Approval Number E04-15).

Participants

Inclusion criteria were patients who were > 40 years
old, hospitalized for exacerbation, patients who had a
primary or secondary diagnosis of COPD established
according to the criteria proposed by the Global initiative
for Chronic Obstructive Lung Disease (GOLD) with a
FEV,/FVC ratio after a bronchodilator <0.70%."® Patients
with asthma and atrial fibrillation were excluded.

Data sources/measurement

The clinical data were collected from patient’s medical
records. The indepented variables included were: age,
sex, length of hospital stay and reason for discharge
(improvement or death) and co-morbidities. These
comorbilities includes: Diabetes mellitus, sistemic
hypertension, obstructive sleep apnea syndrome,
stroke, pulmonary thromboembolism, chronic kidney
disease, gastro-esophageal reflux disease and heart
failure. The heart failure type was established according
to the European Cardiology guidelines (ESC)."® The
diagnosis was performed when the patients were stable
and before hospital admission.

Once the types of HF were classified the population
was divided into the following groups: COPD alone,
COPD with HFpEF, COPD with HFrEF and COPD with
RHF.

Statistical analysis

For Statistical analysis qualitative characteristics of
patients were considered as frequencies and percentages.
Continuous variables were evaluated using the Shapiro-
Wilk statistical program in order to determine the type
of distribution of each variable. Variables with normal
distribution were presented as mean and standard
deviation, while variables with abnormal distribution
were reported with median values and percentiles [25-
75]. The different study groups COPD alone, COPD with
HFpEF, COPD with HFrEF and COPD with RHF were
analyzed using y? for categorical variables and ANOVA for
continuous variables with normal distribution and Kruskal-
Wallis test for variables with abnormal distribution. In order
to identify the variables independently associated with risk
of death univariate logistic regression was performed for
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Table 1. Patient characteristics.

Santellano-Juéarez B, et al.

Total COPD COPD + HFpEF COPD + RHF
(n=295) (n=25) (n=29) (n=41) p-value
Age (years) 74.54 +11.35 73.12 £13.44 76.96 + 7.47 73.70 £12.22 0.384
Men [n (%)] 29 (30.53) 6 (24) 15 (51.72) 8 (19.51) 0.011
Length of stay (days) 10 [7-15] 9 [5-11] 10 [7-12] 9 [6-14] 0.365
Comorbidities
DM [n (%)] 4 (4.21) 0 (0) 4 (13.79) 0 (0) 0.009
Systemic hypertension 17 (17.89) 5 (20) 6 (20.69) 6 (14.63) 0.769
OSAS [n (%)] 2 (2.11) 1(4) 1 (3.45) 0 (0) 0.456
Stroke [n (%)] 21 (22.11) 1(4) 3(10.34) 17 (41.46) < 0.001
PTE [n (%)] 7 (7.37) 2 (8) 0 (0) 5 (12.2) 0.156
CKD [n (%)] 8 (8.42) 2 (8) 5 (17.24) 1(2.44) 0.089
GERD [n (%)] 1 (1.05) 0 (0) 0 (0) 1 (2.44) 0.514

DM = Diabetes mellitus; OSAS = Obstructive sleep apnea syndrome; PTE = Pulmonary thromboembolism; CKD = Chronic kidney disease;

GERD = Gastro-esophageal reflux disease.

which a confounding variable was considered to be one
with a p < 0.20. Finally, multivariate logistic regression
analysis adjusted for confounding variables was used to
determine risk of hospital mortality in subjects with RHF.
A finding with p < 0.05 was considered to be statistically
significant. Stata software (version 12) was used for
statistical analysis (Stata Corp., College Station, TX, USA).

RESULTS

Three hundred twenty-two cases were reviewed. Of
these, 95 patients met the inclusion criteria with complete
information: 25 with COPD alone, 29 with COPD and
HFpEF and 41 with COPD and RHF. No patients had
COPD and HFrEF. The mean age of the population was
74.54 + 11.35 years, 30.53% of whom were men. The
co-morbidities most frequently found were systemic
hypertension (17.89%) and stroke (22.11%)). In the study
groups a higher proportion of men was found in the
group with COPD and HFpEF (51.72%) compared to
the groups with COPD alone and COPD with RHF (24%
and 19.51% respectively = 0.011). Higher prevalence of
diabetes mellitus and chronic renal disease was found in
patients with COPD and HFpEF, while stroke was more
common in patients with the COPD with RHF (41.46%)
in comparison with the other two groups (COPD alone
4% and COPD with HFpEF 10.34%, p < 0.001; table 1).

Using univariate logistic regression, the variables
associated with risk of hospital mortality in COPD
patients were RHF (OR: 10.91, 95% CI: 1.28 to 92.65,
p = 0.029), stroke (OR: 14.4, 95% CI: 2.64 to 78.37, p
0.002), pulmonary thromboembolism (OR: 2.09, 95% CI:
1.47 - 2.98, p <0.001) and chronic renal disease (OR:
4.08, 95% ClI: 3.36 to 7.01, p < 0.001) (table 2).

Table 2. Univariate analysis of association between patient
characteristics and risk of hospital mortality in chronic
obstructive pulmonary disease.

OR Cl 95% p-value

Gender 1.4 0.31-6.32 0.656
Age 1.05 0.97-1.13 0.159
Length of stay (days) 1.01 0.97-1.06 0.415
RHF 10.91 1.28-92.65 0.029
HFpEF 1.95 0.44-8.70 0.377
Co-morbidity

DM 1.11 0.78-1.58 0.535

Systemic hypertension 0.63 0.07-5.52 0.680

OSA 2.20 0.21-22.08 0.502

Stroke 14.4 2.64-78.37 0.002

PTE 2.09 1.47-2.98 < 0.001

CKD 4.08 3.36-7.01 < 0.001

RHF = Right Heart Failure; HFpEF = Heart Failure with preserved
ejection fraction; DM = Diabetes mellitus; OSA = Obstructive sleep
apnea syndrome; PTE = Pulmonary thromboembolism; CKD = Chronic
kidney disease.

Finally, a multivariate logistic model showed that
RHF with COPD subjects had 9.42 times more risk of
hospital mortality (OR: 9.42, 95% CI: 1.00 t0 88.31, p =
0.049) than COPD without RHF adjusted by age, stoke,
pulmonary thromboembolism, chronic kidney disease
and HFpEF.

DISCUSSION
The most outstanding result of our study was finding

that when RHF was isolated from other types of HF
it represented an independent risk factor for hospital
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mortality in exacerbation of COPD patients. Moreover,
when it occurred concurrently with COPD it significantly
increased risk of death.

Itis known that the effects of COPD are not limited to
the lungs, and the inflammation associated with COPD
produces stress, vasomotor changes and alteration in
endothelial function.?® These effects of inflammation
in turn increase cardiovascular risk and mortality. In
addition, the pulmonary vascular changes in COPD
patients —predominantly pulmonary hypertension—
lead to RHF.

Prior studies have shown that HF patients who
also have COPD have a worse prognosis. Fisher
et al.?! reported that in patients hospitalized for
decompensated HF those with a concurrent diagnosis
of COPD had a higher risk of death at 1 year (RR: 1.10;
95% Cl: 1.06-1.14) and 5 years (RR: 1.40; 95%Cl: 1.28-
1.52) after hospitalization compared to patients without
COPD. Likewise, in a study of 378 patients hospitalized
for HF, Yoshihisa et al.?? found a prevalence of COPD
of 28%. During follow-up there were 36 deaths
from cardiovascular and 96 re-hospitalizations for
decompensated HF. They concluded that once results
were adjusted for confounding variables moderate
COPD (GOLD Il) was an independent predictor of
mortality in patients with HF.

The outstanding achievement of our study was
to show that RHF is an independent risk factor for
hospital mortality in exacerbation COPD patients, and
that when types of HF were examined separately there
was a particularly significant effect on mortality in those
patients with concomitant RHF and COPD.

It was also noteworthy that patients with COPD and
HF had twice the mortality of those without heart failure
over a follow-up period of 4.2 years (RR: 2.1; 95% CI
1.2 to 3.6).%2 In addition, when Beom-June Kwon et
al.?* determined the prognosis of patients with COPD
according to type of left HF they found no difference
in the prognosis of patients with COPD and HFrEF vs
COPD and HFpEF. However, these 184 patients had
an elevated incidence of cardiovascular events: 53%
with HFpEF and 47% with HFrEF. During follow-up
the 3 patients with HFpEF had an event that required
hospitalization or died, in 19 from cardiovascular cause
that did not involve HF and 13 with decompensated HR.
In the HFrEF group 38 had cardiovascular events, 16
of which did not involve HF and 12 decompensated HF.
There were 64 re-hospitalizations, 23 for decompensated
HF and 7 deaths, 2 from HF. Nevertheless, no statistical
difference in incidence was found between the two
groups (p = 0.238).

In contrast to our approach, Fisher et al. examined
patients who were hospitalized for decompensated

Right HF and hospital mortality in exacerbation of COPD

HF,2 while our patients were in a period of stability as
regards HF, and the principle cause of hospitalization
was COPD. This indicates the necessity of ruling
out subclinical HF in COPD patients when they are
hospitalized with particular attention to RHF. In spite
of the fact that COPD and HF share a common
pathophysiological process involving low level
inflammation,2%25-28 in our series left HF was not a
significant cause of hospital mortality, even though
diabetes mellitus and systemic hypertension were more
prevalent than in RHF. Moreover, in our cases HFrEF
did not even appear among the risk factors of death as
would be expected. It is possible that this is because
ischemic heart disease was the main cause of this type
of HF and was not considered a co-morbidity.

It is also noteworthy that among the co-morbidities
of patients with COPD and RHF the prevalence of
stroke is very high. Indeed, in our experience RHF is a
risk factor for stroke in COPD patients.?® Inexplicably,
heart disease has not received the attention it
deserves in patients with obstructive pulmonary
conditions, yet when we intentionally searched for
right and left ventricular dysfunction in our patients,
we found that the prevalence of both was extremely
high and that risk of death was increased, especially
with RHF.

The principal limitations of this study are the small
sample size, the lack of data about the spirometry
and BMI, Obstruction, Dyspnea, Exercise (BODE)
index, that is widely validated how predictive survival,
however these are the problem of the a cross-sectional
study, However, one of its strong points is that unlike
other studies, it evaluates the risk of hospital mortality
in exacerbation of COPD patients according to the type
of HF and includes right ventricular dysfunction. RHF
has rarely been considered as an independent cause
and warrants new prospective studies focused on
the impact of RHF on the hospital mortality of COPD
patients.
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