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ARTICLE INFO ABSTRACT
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Acute exacerbations of chronic obstructive pulmonary disease (AECOPDs) frequently cause patients with COPD
to access the emergency department and have a negative impact on the course of the disease. The objectives of
our study were: 1) describing the socio-demographic and clinical characteristics, and the clinical management,
of patients with AECOPD, when they present to the emergency department; and 2) estimating the costs related to
the management of these patients. We conducted a retrospective cohort study in Italy, collecting data on 4396

patients, from 34 centres. Patients had a mean (SD) age of 76,6 (10.6) years, and 61.2% of them where
males. > 70% of the patients had a moderate to very high comorbidity burden, and heart failure was present in
26.4% of the cohort. The 64.6% of patients were admitted to hospital wards, with a mean (SD) length of stay of
10.8 (9.8) days. The estimated cost per patient was 2617 €. Conclusions: Patients attending the ED for an
AECOPD are old and present important comorbidities. The rate of admission is high, and costs are remarkable.

1. Introduction
1.1. Background

Acute exacerbations of chronic obstructive pulmonary disease
(AECOPD) are one of the most frequent reasons for patients with COPD
to access the emergency department (ED) and be hospitalized.
Moreover, AECOPD may require invasive mechanical ventilation (IMV),
and are associated with increased in-hospital mortality [1]. In Italy,
COPD has a prevalence of between 2 and 11% [2,3]. The care of these
patients requires a remarkable amount of health resources, largely be-
cause of acute exacerbations [4]. Despite the burden of the disease,
little is known about the demographic and clinical characteristics of
patients with AECOPD when thy present to the ED, and about how they
are managed in the first hours. Understanding the characteristic of
patients attending the ED for an AECOPD and how they are managed in
that setting can help improving the quality of their care.

1.2. Objectives
The present study aimed to describe the socio-demographic character-
istics of patients presenting to the ED for an AECOPD, and their clinical

management in the ED. Moreover, an estimation of the costs of resources
utilization in relation to ED patients with AECOPD has been performed.

2. Material and methods
2.1. Study design

This was a retrospective cohort, multicentre study. The present

manuscript has been prepared according to the RECORD [5] statement.

2.2. Study population and data collection

Patients accessing the ED for an AECOPD were eligible to the study.
People aged < 40 years were excluded from the study, to omit those
likely to have asthma rather than COPD [6]. Patients were recruited in
34 teaching and non-teaching hospitals, in different areas of Italy, from
January the 1st to December the 31th, 2014. Fig. 1 shows the geo-
graphical distribution of the participating centres. The ED databases
were used for the selection of patients and for data extraction.

Patients with an either primary or secondary ED discharge diagnosis
of “AECOPD” (code 491.21), according to the International
Classification of Diseases, 9th Revision, were identified. Moreover, the
term “BPCO” (COPD in [talian) was searched in the textual diagnosis (if
a free space for written diagnosis was provided by the ED management
software of the participating centres). Since this was a broad search
strategy, two authors (FG and GV) performed a first selection of re-
trieved cases to exclude those cases for which the primary diagnosis
was unrelated to AECOPD (e.g. atrial fibrillation in patient with COPD).
This selection process was performed independently by the two authors
for the first 1503 cases (data from the first 5 centres). Disagreements
were solved via discussion, in order to increase accuracy and con-
sistency between reviewers for case selection in the remaining retrieved
cases, which were screened only by one author. To further enhance
specificity, an additional selection of retrieved cases was performed,
after a training, by centre-level study contributors. This selection was
based on the clinical chart data, to ensure that the ED access was ac-
tually due to an AECOPD.

Data collected for epidemiological purposes were as follows: patient
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Fig. 1. Geographical distribution of the participating centres.

demographic characteristics, home treatment for COPD, comorbidities,
use of ambulance for ED access, ED treatment for COPD, ED disposition
(i.e. discharge, short term observation, or admission), the occurrence of
in-hospital death, the need for invasive mechanical ventilation, and, in
case of admission, duration of the hospital stay and ward of admittance.
Information regarding sex, blood pressure at presentation, the presence
of pneumonia or respiratory failure, and the variables included in the
Charlson Comorbidity Index (CCI) [7] was recorded. Respiratory failure
was considered present if explicitly reported among the diagnosis or in
case of SpO2 < 90%.

2.2.1. Costs

For the estimation of resources consumption, in addition to the use
of ambulance for ED access and the ED disposition, the diagnosis re-
lated group (DRG) and relative costs have been recorded.

2.3. Ethical considerations
The Research Ethics Committee approved the study, and the re-

search was conducted according to the principles of the Declaration of
Helsinki. In consideration of the retrospective nature of the study and
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the fact that data were anonymized before being entered the general
database, no informed consent was required.

2.4. Analysis

To assess agreement between authors for cases selection, we used
the k statistic, which measures agreement beyond chance [8]. Quanti-
tative variables were reported as mean and standard deviation, quali-
tative variables as frequencies.

Costs were estimated as follow: €118 in case of ambulance call, plus
€242 per ED visit followed by discharge [9], or the mean of recorded
costs according to the DRG in case of admittance.

3. Results

Data on 4396 patients presenting to the ED for an AECOPD from
January the 1st, 2014 to December the 31th, 2014 were obtained from
34 centres. Agreement for patient selection among authors was sub-
stantial (k = 0.78). Table 1 shows the baseline characteristic and
Table 2 the ED management and outcome of included patients. The
mean (SD) age was 76.6 (10.6) years, and 38.8% were female. The
comorbidity burden according to the CCI was low (CCI 0) in 1242
(28.3%) cases, moderate (CCI 1-2) in 1890 (43.0%), high (CCI 3-4) in
833 (19.0%), and very high in 431 (9.8%). The most common co-
morbidities were heart failure (26.4%) and coronary artery disease
(22.6%). A diagnosis of respiratory failure was associated to AECOPD in
1241 (30.4%) patients, and a diagnosis of pneumonia in 448 patients
(11.0%). Treatments mainly adopted in EDs were oxygen therapy
(59.9%), bronchodilators (60.8%), inhaled steroids (57.8%), steroids
(71.0%), and antibiotics (22.8%). Systemic steroids where used in 2302
(53.1%) patients, and inhaled steroids in 2467 (56.9%), with an overlap
between systemic and inhaled steroids in 1700 (39.2%) patients. Fol-
lowing the ED visit, 1192 patients (27.1%) were discharged; 115 (2.6%)
received a short-term observation; 2839 (64.6%) were admitted to
hospital wards. The main wards of admission were Internal Medicine/
Geriatrics (64.6%), and Pulmonology (18.1%), while forty-two patients
(1.7%) were admitted to Critical Care. In-hospital death occurred in
159 patients (3.6%), IMV was deemed necessary in 83 (2.0%) cases.
The mean (SD) length of stay for an admitted patient was 10.8 (9.8)
days. AECOPD accounted for 0.5% of overall ED access, and 36.6% of
cases occurred in the first 3 months of the year.

The mean (SD) reported cost for an admitted patient was €3820
(3437). Given that 1) 54.7% of patients reached the ED by ambulance
(estimated cost €118), 2) 64.6% of patients were admitted to the hos-
pital, and 3) the rest of them received an ED visit (estimated cost €242),
we calculated an average cost of 2617 € per patient attending the ED for
an AECOPD.

4. Discussion

In our study, patients attending the ED for an AECOPD were on
average older than 75, mainly males, and they often presented co-
morbidities, commonly heart failure. The therapy administered in the
ED diverged from guidelines on the use of bronchodilators and steroids
[10] in one third of cases, with bronchodilators being used in 60.8% of
patients, steroids in 71.0%, and with an overlap of inhaled and systemic
steroids in 39.2%. The rate of admissions was high, and costs were
remarkable.

To our knowledge, the characteristics of patients with AECOPD have
never been described using data directly from the ED in Italy. The large
number of contributing centres (34) corroborates our confidence in the
study results. Despite these strengths, our study had some limitations.
First, the retrospective nature of the study and the fact that we relied on
administrative data, could have disturbed the correct identification of
patients with AECOPD. In an effort to address this problem, we com-
bined two search strategies, one based on ICD-9 classification and one
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based on descriptive diagnosis. Moreover, we carefully selected cases
through a 2-step process. Also, the retrospective nature of the study
could have affected the quality of some data, in particular those relating
to medical history and medications [11]. Unfortunately, no data on the
smoking habits and the results of arterial blood gas analysis were
available. Furthermore, the in-hospital follow-up period could have
been too short, especially for patients not admitted to the hospital
(35.4%). For these patients, an adverse outcome was less probable, but
still possible. Unfortunately, despite our efforts, we had no chance to
retrieve reliable data on follow-up after hospital discharge.

Eleven percent of the included patients had a concomitant diagnosis
of pneumonia. It is indeed true that some studies excluded pneumonia
when defining a COPD exacerbation [12], and the GOLD 2017 guide-
lines adhere to this definition: “As comorbidities are common in COPD
patients, exacerbations must be differentiated clinically from other
events such as [...] pneumonia” [13]. However, at the time we planned
the study and started the data collection, this was still matter of dis-
cussion [14], and in GOLD 2014 it is stated that: “Other conditions
(pneumonia [...]) may mimic or aggravate an exacerbation of COPD.”
[10] For this reason, and to be consistent with our inclusion criteria and
the everyday clinical practice, we decided not to exclude these patients.

Our estimate of the costs related to the emergency care of patients
with AECOPD is limited by the fact that the distribution of the reported
costs for admitted patients is wide, and by the use of a general cost of
the ED visit of discharged patients, not specific to AECOPD. It is rea-
sonable to assert that the ED management of a patient with an AECOPD
requires more resources than the average of ED patients, in terms of
diagnostic efforts, monitoring, and therapeutic measures. Still, we think

Table 1
Baseline characteristics of patients with exacerbation of chronic obstructive pulmonary
disease seen in the emergency department.

Characteristic Overall
(n = 4396, 34 centres)
N. (%)/mean(SD)
Demographics
Female 1706 (38.8)
Age, years 76.6 (10.6)
Medical history
Heart failure 1162 (26.4)
Coronary artery disease 995 (22.6)
Peripheral vascular disease 502 (11.4)
Cerebrovascular disease 634 (14.4)
Diabetes without end organ damage 774 (17.6)
Diabetes with end organ damage 228 (5.2)
Moderate or severe renal disease 531 (12.1)
Connective tissue disease 97 (2.2)
Dementia 490 (11.2)
Peptic ulcer disease 245 (5.6)
Mild liver disease 177 (4.0)
Moderate or severe liver disease 25 (0.6)
Cancer 578 (13.2)
Metastatic cancer 88 (2.0)
CMI
Class 1 (CMI 0) 1242 (28.3)
Class 2 (CMI 1-2) 1890 (43.0)
Class 3 (CMI 3-4) 833 (19.0)
Class 4 (CMI = 5) 431 (9.8)
Current respiratory medications
Oxygen therapy 1048 (24.8)
Inhaled beta agonists 2080 (49.9)
Inhaled anticholinergic 1454 (34.9)
Inhaled steroid 1844 (44.2)
Systemic steroids 718 (17.2)
Theophylline 312 (7.5)
Antibiotics 662 (15.8)
Non invasive ventilation 115 (2.7)
CPAP 86 (2.0)

SD: standard deviation, CMI: Charlson comorbidity index, CPAP: Continuous Positive
Airway Pressure.
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Table 2
ED management and outcome of patients with exacerbation of chronic obstructive pul-
monary disease.

Overall
(n = 4396, 34 centres)
N. (%)/mean(SD)

Characteristic

Arrival status

Ambulance call 2395 (54.7)
Tachycardia (> 109 bpm) 771 (18.5)
Tachypnea (> 20) 1779 (51.2)
Systolic blood pressure < 90 mm Hg 58 (1.4)
Sat02 < 90% 1116 (26.2)
ED therapy
Oxygen therapy 2570 (59.9)
Bronchodilators 2636 (60.8)
Inhaled beta agonists 2581 (59.6)
Inhaled anticholinergic 1877 (43.3)
Steroids 3079 (71.0)
Inhaled steroids 2467 (56.9)
Systemic steroids 2302 (53.1)
Both inhaled and systemic 1700 (39.2)
Systemic beta agonists 19 (0.4)
Theophylline 186 (4.3)
Antibiotics 991 (22.8)
Non invasive ventilation 274 (6.3)
CPAP 102 (2.3)
Associated conditions
Respiratory failure 1241 (30.4)
Pneumonia 448 (11.0)
Altered mental status 316 (7.9)
ED disposition
Discharged 1192 (27.1)
Short-term observation 115 (2.6)
Admitted to hospital 2839 (64.6)
Others 249 (5.7)
Department of admittance
Critical care 42 (1.7)
Internal Medicine & Geriatrics 1944 (78.6)
Pulmonology 448 (18.1)
Others 41 (1.5)
Outcomes 220 (5.0)
Invasive mechanical ventilation 83 (2.0)
In hospital death 159 (3.6)

SD: standard deviation, ED: Emergency Department, CPAP: Continuous Positive Airway
Pressure.

that our approximation can be useful to have an idea of the costs of the
resources used in this setting.

The low adherence to treatment guidelines, in terms of bronchodi-
lators and steroids, confirms the results of a previous study conducted
in 29 EDs in North America [15]. In particular, in this study, a median
of 1 short-acting beta-agonist treatment was received across the cohort,
only 1 patient was treated with anticholinergic aerosol, and only 62%
of patients received systemic corticosteroids. Notably, even if this was a
study on elderly patients, and age > 55 years was an inclusion criteria,
the mean age of the population was 71 years, well below the mean of
76.6 found in our population. This difference might be due to the fact
that the study described was conducted in a different setting and was
prospective. It is known that retrospective studies, despite limitations
like the lower quality of data and a higher proportion of missing data,
can better represent the usual clinical practice [16]. The time lag in
translational research is about 17 years [17], but this does not justify
the low adherence to guidelines for the management of a disease which
remained unchanged in > 25years [18]. A previous survey among
Italian outpatients with respiratory diseases (15% of which had COPD)
revealed the poor patients' disease awareness and adherence to therapy,
associated with a lack of diagnostic and follow up efficacy (< 2% of
patients had performed a blood gas analysis in the previous year) [19].
This, together with the results of our study, reflects the need for a “call
for alignment” with the current recommendations and guidelines. The
present study might represent the occasion to work on the
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implementation of available evidences in the management of AECOPD.
Finally, we believe that our study succeeded in representing the com-
plex picture composed by the so called real life patients and their real
life physicians, and the difficulties faced daily in our EDs.

5. Conclusions

AECOPDs accounts for 0.5% of ED visits and are economically on-
erous. Patients with AECOPD attending the EDs are old, frequently af-
fected by several comorbidities, and are burdened by a high prevalence
of an adverse outcome.
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