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Abstract

Objectives To compare characteristics of patients readmitted after discharge by chronic obstructive pulmonary disease
(COPD) exacerbation with those who were not readmitted and to identify factors associated with readmission risk.
Patients and Methods We randomly selected a group of 40 COPD patients with high frequency of readmissions (HFR), who
had > 2 admissions by COPD exacerbation within 30 days after the last admission in 2015, and another group of 40 COPD
patients with low frequency of readmissions (LFR), with O—1 admissions in that period.

Results Patients of the HFR group, compared to those in LFR group, were more frequently males (p =0.009), older
(»=0.022), had a higher degree of dyspnea (p =0.044), worse lung function (p =0.049), belonged more frequently to exac-
erbator emphysema phenotype (p <0.001), and had a higher frequency of diabetes (p =0.049). The variables independently
associated with increased risk of HFR were sex (OR0.06, 95% CI 0.01-0.63, in women in relation to males), exacerbator
emphysema phenotype (OR 28.61, 95% CI 3.59 compared to non-exacerbator phenotype), complications during hospitaliza-
tion (OR0.09, 95% CI 0.01-0.62, compared with those without complications), destabilized heart failure (OR 5.25, 95% CI
1.11-24.75, compared to those who did not), and length of hospital stay (OR0.79, 95% CI 0.65-0.95, per day).
Conclusions Chronic obstructive pulmonary disease patients with HFR are more frequently male, older, have worse dysp-
nea, lower lung function, belong more frequent to exacerbator emphysema phenotype, and more frequently diabetics. The
variables that continued to be independent predictors of HFR in the multivariate analysis were sex, phenotype, occurrence
of complications during admission, destabilized heart failure, and length of hospital stay.
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Introduction

Chronic obstructive pulmonary disease (COPD) is charac-
terized by a decrease in airflow, not completely reversible,
usually progressive and associated with an inflammatory
response of the lung to toxic particles and gases, especially
to tobacco smoke [1]. It is a disease with a high prevalence.
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According to data from the EPI-SCAN study, 10.2% of the
general population in Spain between 40 and 80 years of age
suffer COPD [2]. It is currently the fourth leading cause of
death in the world, but is predicted to be the third leading
cause in the year 2020 [1].

In the hospital setting, it is frequent to request care for
patients with exacerbation of COPD. Even in many cases, it
occurs after a recent hospitalization. The hospitalizations for
this disease generate a high health resources use, being able
to cause a decrease of the quality of life related to the health,
an increase of the mortality and frequent readmissions [3—-6].
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In fact, it has been shown that the risks of hospitalization
and death were significantly higher following discharge
for COPD compared to the general population [7]. In this
sense, it has been previously reported that, at 3 months after
discharge due to an exacerbation, the overall mortality rate
exceeds 10%, with the probability of readmissions being
20% per month and 35% at 3 months, in most cases due to
respiratory causes [3, 8, 9]. The most frequent causes of
death in patients with mild COPD are cardiovascular disease
and lung cancer, whereas when the disease is more severe,
the main cause of death is the evolution of the disease itself
[10].

The objectives of this study were to compare the charac-
teristics of the patients who required hospitalization within
30 days after a discharge due to exacerbation of COPD dur-
ing the year 2015 with those who were not readmitted after
hospital discharge in that period of time; to identify factors
associated with readmission after discharge due to an exac-
erbation of COPD; and to determine the characteristics of
the patient with COPD presenting a high risk of readmission.

Patients and Methods
Patients and Study Design

Patients with a COPD exacerbation admission during the
year 2015 in the University General Hospital Gregorio
Marafién (Madrid, Spain) were collected from the Spanish
minimum basic dataset, which compiles clinical and per-
sonal information from patients at the moment of discharge.
During 2015, we identified 1114 episodes of admission due
to COPD exacerbation in the hospital, according with any of
the COPD codes (ICD-9 CM) from Spanish minimum basic
dataset (excluding acute bronchitis). These episodes corre-
spond to 59 patients with two or more readmissions during
the year and 775 patients with one readmission or none. By
simple random sampling, of them, we selected a group of 40
COPD patients who had had in 2015 two or more admissions
due to a COPD exacerbation within 30 days of the previous
discharge (high frequency of readmission group, from this
point forward, HFR). Concurrently, we randomly selected
another group of 40 COPD patients with one or no readmis-
sion due to COPD exacerbation within 30 days of the last
discharge (low frequency of readmission group, from this
point forward, LFR). These sample sizes are obtained for
an estimated difference in percentages of patients with an
exacerbator phenotype (emphysema or chronic bronchitis) of
55% in HFR group versus 25% in LHR group (COPD phe-
notype according to the Spanish COPD guide—GesEPOC
[2]), to achieve 80% power for a 95% confidence level. Once
the two groups of patients were settled, clinical data from the
patients and their admissions were collected retrospectively
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following a questionnaire designed ad hoc after review-
ing the existing literature. Data retrieved from the clinical
records included basic data (sex, age), smoking status, vac-
cine administration, degree of dyspnea, baseline spirom-
etry parameters (forced expiratory volume in 1 s—FEV1,
forced vital capacity—FVC), COPD phenotype according
to the Spanish COPD guide (GesEPOC) [2], comorbidities
(including Charlson Comorbidity Index—CCI), number of
admissions by COPD exacerbation in the last year, arterial
blood gas and symptoms at admission, length of hospital
stay, complications during hospitalization, and treatment
(both pharmacological and non-pharmacological) prescribed
following discharge. After hospital discharge, we recorded
the number of readmissions in less than 30 days in the same
year, as well as the diagnosis, the length of hospital stay, and
the mortality during readmissions.

Statistical Methods

Descriptive statistics were used to describe the study pop-
ulation. Data are presented as mean + SD for quantitative
variables or as number and percentage for categorical vari-
ables. First, univariate analysis was performed to determine
the association between the variables and the outcome (fre-
quency of readmissions). The associations with categori-
cal variables were assessed by means of the Chi-square test
while the # Student test or the Wilcoxon rank-sum test were
used to evaluate the association with quantitative continu-
ous variables. Later, an exploratory assessment of predictors
of high frequency of readmission was conducted through a
logistic regression model with the forward method in terms
of the likelihood ratio, where the dependent variable was to
be either from the HFR or the LFR. Variables were initially
included if they had a significance of <0.20 in the univariate
analysis. Variables eventually remained in the final model if
they were significantly associated, considering as significant
p values <0.05.

Secondly we described the characteristics of subsequent
hospitalizations of the HFR group of patients. Finally, a fur-
ther characterization of patients in a high risk of readmis-
sion was performed. For this purpose, only the variables
that remained in the final logistic regression model were
considered. In the first model (A), those patients who met
the characteristics of these variables were described. In the
subsequent models (B, C, D), the variable with lower statis-
tical significance from was progressively removed. Stata®
version 14 was used for the statistical analyses.

Ethics

Data were treated with full confidentiality, according to the
Spanish legislation. Patient identifiers were deleted before
the database was provided to the authors in order to keep
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strict patient confidentiality. It is not possible to identify
patients at individual level either in this paper or in the data-
base. Given the anonymous and mandatory nature of the
data, informed consent was not required or necessary. The
Spanish Ministry of Health previously evaluated this type
of research and considered that it met all ethical aspects
according to the Spanish legislation and so provided us the
anonymous database. For all previous reasons, the require-
ment for ethical approval was not necessary.

Results
Patient Characteristics

The mean age of the patients was 75.8 + 10.7 years and most
of them (85%) were men. Eighty percent of the patients were
former smokers. In relation to previous vaccinations, 75%
of patients had received influenza vaccine in the last year
and 78.75% had been vaccinated against pneumococcus
(Table 1), most of them (76.25%) with the polysaccharide
vaccine. The most frequent degree of dyspnea was 3 and the
mean FEV1 was 53.4 +19,7%. The most frequent pheno-
type was non-exacerbator (47.5%), followed by exacerbator
emphysema (20%), exacerbator chronic bronchitis (13.75%),
and mixed phenotype (2.5%). The average of hospitalizations
during the last 12 months was 2.1 +2.3 admissions. The
mean Charlson Comorbidity Index was 3.9 +2.8 (Table 1).
Among the associated comorbidities, hypertension was the
most prevalent (73.75%), followed by dyslipidemia (51.25%)
and diabetes (30%) (Table 2).

Characteristics of patients during admission are shown
in Table 3. The most common symptom referred at the
arrival at the emergency department was increased dysp-
nea (93.75%). The most frequent reason for admission was
respiratory infection (78.75%). During admission 37.5% of
the patients suffered from destabilization of any chronic dis-
ease, heart failure being the most frequent (25%). In addi-
tion, 21.25% of the patients also had some complications,
highlighting pneumonia as the most frequent (10%).

Risk Factors for High Frequency of Readmission

The percentage of men in the HFR group was higher than
in the LFR group (p =0.012). With regard to age, patients
of the LFR group were on average 5.3 years younger than
those in HFR group (p =0.024). Regarding spirometric
parameters, there were differences for FEV1 (p =0.049),
being higher in the LFR group. As expected for the phe-
notype, there was a higher percentage of non-exacerbators
(72.5%) in the LFR group (p <0.001), while HFR patients
had a higher degree of dyspnea (p =0.044) (Table 1).

In relation to associated comorbidities (Table 2), sig-
nificant differences were found for diabetes (p =0.049),
as well as for mild liver disease (p =0.040). The length
of hospital stay was not significantly different between
the two groups. However, there was a significant differ-
ence (p =0.006) in the number of hospitalizations in the
last year, with a higher number of admissions in the HFR
group. Regarding previous vaccination, there were no
significant differences in the state of vaccination against
influenza and pneumococcus between the two groups.

The only difference concerning symptoms was the
presence of rest dyspnea (p =0.002), more frequent in the
HFR group. HFR patients also suffered from heart failure
destabilization during hospitalization more frequently than
LFR (p=0.009). With regard to the treatment prescribed
on discharge, there were significant differences for oral
corticosteroids (p =0.048), prescribed in 80% of patients
of the HFR group compared with 55% in those of the LFR
group (Table 3).

The multivariate analysis showed that the variables that
continued to be independent predictors of HFR (p < 0.05)
were phenotype, occurrence of complications during
admission, sex, duration of stay, and destabilized heart
failure (Table 4). Patients with exacerbator emphysema
phenotype had a 28-fold greater risk of belonging to the
HFR group than those with non-exacerbator phenotype
(OR28.61, 95% CI 3.59-227.98). Patients who had suf-
fered a complication during hospitalization had a 91%
lower risk of belonging to the HFR group compared to
those who did not had complications (OR 0.09, 95% CI
0.01-0.62). With respect to sex, women had a 94% lower
risk of belong to HFR group than men (OR0.06, 95%
CI 0.01-0.63). Taking into account the duration of ini-
tial admission, for each day of hospitalization, the risk of
belong to HFR group decreased by 21% (OR0.79, 95%
CI 0.65-0.95). Those patients who presented with desta-
bilized heart failure had a risk of belonging to the HFR
group five times higher than those without heart failure
(OR5.25,95% CI 1.11-24.75).

HFR Readmissions Characteristics

Patient of the HFR group (n=40) had a mean of four
readmissions in 2015 after baseline admission (rank
2—-10), with a mean of 2.3 admissions within the follow-
ing 30 days of the last hospital discharge (rank 1-8). The
mean duration of these readmissions was 8.3 days (range
1-50). Seven of the patients (17.5%) died during one of the
readmissions. Among the causes of readmission, COPD
exacerbation was the most frequent (96.5%), followed by
pneumonia and heart failure (24.7%) and respiratory infec-
tion (22.5%).
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Table 1 Baseline characteristics

. N Total (n=380) LFR (n=40) HFR (n=40) p value
of patients hospitalized by
COPD (total and according to Number of admissions last year 2.1+2.3 1.3+1.5 27427 0.006
frequency of readmission) Sex 0.009
Men 68 (85%) 30 (75%) 38 (95%)
Women 12 (15%) 10 (25%) 2 (5%)
Age, years 75.8+10.7 73.1+12.5 78.4+7.8 0.022
Tobacco consumption 0.158
Non-smoker 3 (3.75%) 0 3 (7.5%)
Smoker 64 (80%) 32 (80%) 32 (80%)
Former smoker 13 (16.25%) 8 (20%) 5(12.5%)
Vaccine history
Influenza vaccine 60 (75%) 31 (77.5%) 29 (72.5%) 0.605
Pneumococcal vaccine 63 (78.75%) 32 (80%) 31 (77.5%) 0.693
Dyspnea, degree 0.044
1 12 (15%) 10 (25%) 2 (5%)
2 31 (38.75%) 16 (40%) 15 (37.5%)
3 34 (42.5%) 13 (32.5%) 21 (52.5%)
4 3(3.75%) 12.5%) 2 (5%)
Pulmonary function 0.049
FEV1 (%) 53.4+19,7 57.7+20.7 48.8+17.7
FVC (%) 80.9+21.2 84.1+22.5 77.5+19.7
FEVI1/FVC (%) 494 +14.1 52.1+125 46.4+15.2
Phenotype <0.001
Non-exacerbator 38 (47.5%) 29 (72.5%) 9 (22.5%)
Mixed 2 (2.5%) 1(2.5%) 1 (2.5%)
Exacerbator emphysema 16 20%) 4 (10%) 12 (30%)
Exacerbator chronic bronchitis 11 (13.75%) 3(7.5%) 8 (20%)
Unknown 13 (16.25%) 3(7.5%) 10 (25%)
Associated conditions
Arterial hypertension 59 (73.75%) 29 (72.5%) 30 (75%) 0.799
Diabetes 24 (30%) 8 (20%) 16 (40%) 0.049
Dyslipidemia 41 (51.25%) 21 (52.5%) 20 (50%) 0.823
Obesity 17 (21.25%) 11 (27.5%) 6 (15%) 0.169
Asthma 2 (2.5%) 1(2.5%) 1(2.5%) 1.000
Obstructive sleep apnea 16 20%) 8 (20%) 8 (20%) 1.000
Bronchiectasis 12 (15%) 5(12.5%) 7 (17.5%) 0.530
Chronic infection by P. aeruginosa 3(3.75%) 2 (5%) 1(2.5%) 0.552
Charlson Comorbidity Index 39+28 39+2.8 39+29 0.936

Data are presented as means + SD, or numbers (%), as appropriate

LFRlow frequency of readmissions, HFRhigh frequency of readmissions, FEV1 forced expiratory volume

in 1 s, FVCforced vital capacity

Characteristics of Patients in High Risk
of Readmission

Based on the results of multivariable analysis, we proceeded
to describe the characteristics of the COPD patients in high
risk of readmission (Table 5). Model A describes the char-
acteristics of a male patient, exacerbator emphysema phe-
notype, with a length of hospital stay in the initial admis-
sion lower than the mean (8.2 days), without complications
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during hospitalization and with destabilized heart failure,
who were the most at risk of readmission (n=2). After
removing exacerbator emphysema phenotype as a predic-
tive variable (Model B), the characteristics of patients with
a high risk of readmission (n=28) were quite similar to the
previously described. The main differences were that these
patients had a higher mean age and FEV1/FVC ratio, an
increased Comorbidity Index, and more admissions during
the last year. Along the same lines, after excluding heart
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Table 2 Comorbidities of Total (n=80) LER (n=40) HER (1=40) p value

patients hospitalized by

COPD (total and according to Acute myocardial 14 (17.5%) 7(17.5%) 7(17.5%) 1.000

frequency of readmission) Congestive heart 26 (32.5%) 11 (27.5%) 15 (37.5%) 0.339
Peripheral vascular 13 (16.25%) 5(12.5%) 8 (20%) 0.361
Cerebrovascular disease 9 (11.25%) 4 (10%) 5(12.5%) 0.723
Dementia 3(3.75%) 0 3(7.5%) 0.077
Rheumatoid disease 0 0 0 1.000
Peptic ulcer 7 (8.75%) 3(7.5%) 4 (10%) 0.692
Mild liver disease 4 (5%) 4 (10%) 0 0.040
Moderate/severe liver disease 6 (7.5%) 3(7.5%) 3(7.5%) 1.000
Diabetes with organ damage 6 (7.5%) 1(2.5%) 5(12.5%) 0.077
Hemiplegia 0 0 0 1.000
Renal disease 9(11.25%) 3(7.5%) 6 (15%) 0.284
Neoplasm 23 (28.75%) 15 (37.5%) 8 (20%) 0.082
Leukemia 2 (2.5%) 1(2.5%) 1(2.5%) 1.000
Lymphoma 2 (2.5%) 1(2.5%) 1(2.5%) 1.000
Metastatic cancer 2 (2.5%) 2 (5%) 0 0.152
AIDS 3 (3.75%) 2 (5%) 1 (2.5%) 0.553

Data are presented as numbers (%)

LFRIlow frequency of readmissions, HFRhigh frequency of readmissions, AIDS acquired immune defi-

ciency syndrome

failure (model C), the characteristics of these patients
(n=24) were also quite similar to patients from the previ-
ous model except that they were younger and had slightly
higher Charlson Comorbidity Index, and lower prevalence of
diabetes, obesity, and sleep apnea. Finally, keeping only the
characteristics of being male and the absence of complica-
tions as risk factors (n=233) (model D), the patients profile
was quite similar to model C, except for a lower age but
higher Charlson Comorbidity Index.

Discussion

In our study, we observed that patients who were readmit-
ted during the month following discharge by COPD exac-
erbation, compared with those who were not readmitted
during that period, were more frequently males, had older
age, worse degree of dyspnea, lower FEV 1, belonged more
frequently to exacerbator emphysema phenotype, and they
had a higher frequency of diabetes. Other studies have also
demonstrated an increased risk of readmission in males and
in older subjects [4, 11-15].

Several studies have shown the prognostic value of
dyspnea, which could be used to complement FEV1 in
the classification of COPD severity. Even in some studies,
it has been observed that dyspnea exceeds FEV1 in predic-
tive value of mortality [16, 17]. In our study, most of the
patients had a degree of dyspnea of 2-3, being worst the
grade in the HFR group. Some authors have identified a

greater degree of dyspnea as a risk factor for readmission
in these patients [18, 19].

Regarding spirometric parameters, the severity of air-
way obstruction was greater in HFR group compared to
LFR in our study. Some authors have shown that there
is a statistically significant relationship between COPD
severity and the number of hospitalizations per year [20].
In some studies, it has also been observed that a lower
FEV1 value is a high-risk factor for hospital readmission
[18, 19].

An interesting and novel finding of our study is the rela-
tionship between the COPD phenotype and the risk of read-
mission. Patients with exacerbator emphysema phenotype
had a risk of readmission of almost 30 times greater than
those with non-exacerbator phenotype. These results com-
plement those obtained by other authors [21], who have
shown that patients requiring readmission within 30 days
following an acute exacerbation have predominantly an
emphysematous phenotype.

Comorbidities are common in COPD hospitalized
patients, and they are related to their short-term prognosis
[22, 23]. In our study, no differences were found in Charl-
son Comorbidity Index in HRF and LFR groups, although
there were significant differences for diabetes. Some authors
have observed, as in our study, that diabetes was associated
with an increase in readmissions rates within 30 days after
discharge [13, 14]. Others have shown that patients with
more comorbidities and with chronic conditions such as
congestive heart failure, osteoporosis, anemia, depression,
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Table 3 Characteristics of

. : . Total (n=380) LFR (n=40) HFR (n=40) p value
COPD patients during hospital
admission (total and according Symptoms and signs
to frequency of readmission) Dyspnea increase 75 (93.75%) 36 (90%) 39 (97.5%) 0.153
Rest dyspnea 29 (36.25%) 8 (20%) 21 (52.5%) 0.002
Cough 66 (82.5%) 35 (87.5%) 31 (77.5%) 0.339
Expectoration 63 (78.75%) 33 (82.5%) 30 (75%) 0.518
Fever 27 (33.75%) 17 (42.5%) 10 (25%) 0.097
Edema of lower extremities 18 (22.5%) 9 (22.5%) 9 (22.5%) 1.000
Gasometric parameters
pH 7.39+0.06 7.39+0.07 7.39+0.06 0.899
pCO,, mmHg 48.5+12.9 47+13.8 49.9+12.21 0.328
pO,, mmHg 71.2+35.6 70.7+45.8 71.6+23.5 0.139
Reason for admission
Respiratory insufficiency 47 (58.75%) 26 (65%) 21 (52.5%) 0.255
Respiratory infection 63 (78.75%) 35 (87%) 28 (70%) 0.053
Heart failure 15 (18.75%) 6 (15%) 9 (22.5%) 0.389
Evolution during admissions
Comorbidities destabilization 30 (37.5%) 11 (27.5%) 19 (47.5%) 0.063
Heart failure destabilization 20 (25%) 5(12.5%) 15 (37.5%) 0.009
Complications during admissions 17 (21.25%) 12 (30%) 5(12.5%) 0.053
Pneumonia as complication 8 (10%) 4 (10%) 4 (10%) 1.000
NIMV during admission 7 (8.75%) 2 (5%) 5(12.5%) 0.128
ICU during admission 1(1.25%) 1(2.5%) 0 0.314
Pharmacotherapy at discharge
Inhaled LABA 64 (80%) 28 (70%) 36 (90%) 0.091
Inhaled LAMA 67 (83.75%) 32 (80%) 35 (87.5%) 0.895
Theophylline 5(6.25%) 3(7.5%) 2 (5%) 0.580
Phosphodiesterase 4 inhibitors 1(1.25%) 1(2.5%) 0 0.295
Inhaled corticosteroids 56 (70%) 24 (60%) 32 (80%) 0.135
Oral corticosteroids 54 (67.5%) 22 (55%) 32 (80%) 0.048
Oxygen therapy at discharge 47 (58.75%) 19 (47.5%) 28 (70%) 0.093
NIMV at discharge 3(3.75%) 1(2.5%) 2 (5%) 0.598
Duration of admissions, days 82+52 9.1+6.1 73+39 0.107
Destination at discharge 0.077
Home 77 (96.25%) 37 (92.5%) 40 (100%)
Residence 0 0 0
Exitus 3 (3.75%) 3(7.5%) 0

Data are presented as means +SD, or numbers (%), as appropriate

LFR low frequency of readmissions, HFR high frequency of readmissions, NIMV non-invasive mechani-
cal ventilation, /CU intensive care unit, LABA long-acting beta2-agonists, LAMA long-acting muscarinic

antagonists

and psychosis or history of lung cancer, are readmitted more
frequently [13, 14, 24-26].

Several studies have found that pneumococcal vaccination
is a very important tool for the prevention of pneumococcal
pneumonia, both in general population and in COPD patients
[27, 28]. However, other authors have suggested that the
decrease in mortality in these patients is more related to
influenza vaccination and not so much to the pneumococcal
vaccine [29, 30]. In our study, there were no differences in
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the proportion of patients vaccinated against influenza or
pneumococcus in the two groups analyzed.

Regarding arterial blood gas parameters, in our study
we did not find significant differences in PaO, levels at dis-
charge between patients of the HFR and LFR groups. In
previous studies it has been shown that this parameter does
not seem to contribute to predicting the following exacerba-
tion and it is an indicator of the severity of the illness, so it
is more related to in-hospital mortality [31-33].
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Table 4 Prediction model for risk of readmission among COPD
patients

Odds ratio 95% CI p value

Phenotype

Non-exacerbator 1.00

Mixed 12.23 0.41-364.66 0.148

Emphysema exacerbator 28.61 3.59-227.98 0.002

Chronic bronchitis exacerbator 5.59 0.96-32.64 0.056
Complications

No 1

Yes 0.09 0.01-0.62 0.015
Sex

Men 1.00

Women 0.06 0.01-0.63 0.019
Heart failure

No 1.00

Yes 5.25 1.11-24.76  0.036
Length of stay

Per day 0.79 0.65-0.96 0.017

More than one-third of the patients in our study suffered
from a decompensation of some underlying chronic con-
dition during hospital admission, being heart failure the
most frequent, with a greater percentage in the HFR group
compared to LFR group. In addition, those patients who
experienced onset or decompensation of heart failure during
admission had a fivefold higher risk of hospital readmission.
The high prevalence of heart failure among COPD patients is
not surprising since these subjects have an increased risk of
cardiovascular morbidity and mortality, regardless of other
factors [12, 34]. Other authors have shown that patients with
congestive heart failure have a higher rate of readmissions
and earlier [13, 14, 24].

Previous studies have shown that COPD patients who
have been treated with non-invasive mechanical ventilation

(NIMV) during severe exacerbation have a high probability
of readmission in the year following discharge and they have
high mortality [35-37]. In ours we observed that, although
this therapeutic modality was required by a greater percent-
age of patients in the HFR group, no differences were found
in the readmission risk in relation to their use between the
two groups. There were also no differences in the readmis-
sion risk according to the history of admissions to an inten-
sive care unit.

An area for future investigations is to explore the rela-
tionship between length of stay and readmission for high-
risk patients. In our study, the length of hospital admission
was lower in the patients of HFR group compared to those
of the LFR group. The higher frequency of complications
during admission in this last group of patients could justify
these results. Several studies have also shown an inverse
relationship between days of hospital stay and readmissions,
and that higher length of stay seem to be related to lower
mortality during follow-up [3, 25, 38]. Thus, increasing the
lengths of stay in the original hospitalization may lead to
fewer readmissions and better outcomes. In any case, other
authors have observed that, more than the length of hospital
stay, a factor that could influence the risk of readmission is
the patient’s condition at discharge, so that clinical stabil-
ity at discharge could be associated with lower readmission
rates at 30 days [8].

From the results obtained the multivariable analysis,
the profile of COPD patients with high risk of readmission
has been established. Some authors have objectified factors
similar to those obtained in our study: age, male gender,
degree of dyspnea, associated comorbidities (including heart
failure), a lower value of FEV1, a higher Charlson Comor-
bidity Index, and a shorter duration of initial admission [3,
13-15, 18, 19, 24, 35, 38]. In contrast to our results, other
authors have also found that the following were risk fac-
tors for rehospitalization: active smokers, chronic bronchi-
tis phenotype, high length of hospital stay, low prevalence

Table 5 Characteristics

: e i’ Model A Model B Model C Model D (n=33)

of patl.enFs in high r.1sk of (n=2) (n=9) (n=24)

readmission according to

multivariate model Age 68.7+9.4 80.6+£8.7 78.6+7.8 77.8+8.3
Former smoker 2 (100%) 6 (75%) 19 (79.2%) 25 (75.8%)
Functional status 3 1 (50%) 4 (50%) 9 (37.5%) 17 (51.5%)
FEVI1/FVC 42.1+£5.8 53.4+22.7 479+17.1 459+16.1
Obstructive sleep apnea 2 (100%) 3(37.5%) 5 (20.8%) 7 (21.2%)
Obesity 2 (100%) 3 (37.5%) 4 (16.7%) 4 (12.1%)
Diabetes 1 (50%) 4 (50%) 11 (45.8%) 14 (42.4%)
Charlson index 2.5+0.7 3.8+2.5 39+25 4+3.1
Number of admissions last year 1+14 3.4+3.6 24+24 2.5+25

Model A includes patients with the characteristics of the significant variables in the multivariate model. In
models B, C, and D phenotype, length of stay and heart failure are progressively and respectively removed

from the model
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of vaccination, and complications during admission, with
worse recovery/higher incidence of use of the intensive care
unit [2, 13, 18, 19, 24, 35]. In addition, other factors for
readmissions have been identified, which include the follow-
ing: African American race, worse socioeconomic condi-
tions, drug abuse, low body mass index, history of hospital
admissions, use of steroids and nebulizers, duration of dis-
ease greater than 10 years, respiratory acidosis and abnormal
levels of carbon dioxide during initial admission, clinical
instability at discharge, absence of short-acting bronchodi-
lators at discharge, lack of follow-up after discharge, diffi-
culty in accessibility to treatments and oxygen therapy, and
absence of respiratory rehabilitation programs [8, 13-15,
18, 19, 37, 38].

It is important to identify the group of patient with higher
readmission risk in clinical practice, in order to reinforce
medical monitoring and home follow-up during the imme-
diate post-discharge period. This would reduce the risk of
further exacerbation and, if it occurs, establish an early treat-
ment so that recovery is faster and the risk of hospitalization
is lower. In some studies, a number of strategies have been
described to reduce readmissions following an exacerbation
of COPD, including patient education, training of respira-
tory inhalation devices, early monitoring within 30 days
after discharge by a primary care physician or pulmonolo-
gist, and respiratory rehabilitation [19]. The use of this last
modality of treatment has been related to a decrease in read-
missions and mortality in COPD patients, since it improves
dyspnea and exercise capacity, even in elderly patients with
COPD [10, 39, 40]. The identification of respiratory acidosis
or chronic hypercapnia, by performing an arterial blood gas
analysis, with the subsequent increase in the use of resources
such as non-invasive ventilation, which increases survival
in a COPD exacerbation, could help reduce readmissions
[19, 37]. There are other emerging interventions that may
contribute to decreasing readmissions, such as treatment
of COPD exacerbation at home for certain patients, plan-
ning discharge, scheduling a follow-up appointment before
discharge, dispensing all drugs and respiratory treatments
such as oxygen therapy before hospital discharge, pharmacist
supervision of medication management by the patient, use of
drugs such as roflumilast, follow-up telephone calls, home
visits after discharge, and use of telehealth/telemedicine [1,
8, 19, 38, 41].

This study has some limitations. Patients who were
included in the LFR group were those who were not read-
mitted 30 days after discharge by COPD exacerbation, but it
did not take into account the history of hospital admissions
in the previous year nor the rest of hospitalizations during
the year 2015. On the other hand, no distinction was made
with respect to the department of hospitalization to measure
the length of hospital stay during the initial admission. Addi-
tionally, the family or social status of the patients was not

@ Springer

considered, which could have influenced the results obtained
in this study. Finally, to generalize the findings, it is impor-
tant to bear in mind that the results of this study are applica-
ble to patients in our health area, where the reduced distance
from the home of the patients to the hospital facilitates their
access, to the detriment of the request for assistance by the
Primary Assistance.

In conclusion, the only variables that maintained statisti-
cal significance in our study in the association with the risk
of readmission were sex, phenotype, appearance of com-
plications during admission, length of hospital stay, and
the decompensation or the appearance of heart failure. It
is important to take these results into account in order to
recognize patients who would benefit most from strategies
to reduce readmissions.
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