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Abstract
Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is a common cause for emergency department 
(ED) visits. Still, large scale studies that assess the management of AECOPD in the ED are limited. Our aim was to evalu-
ate treatment characteristics of AE-COPD in the ED on a national scale. A prospective study as part of the COPD Israeli 
survey, conducted between 2017 and 2019, in 13 medical centers. Patients hospitalized with AECOPD were included and 
interviewed. Clinical data related to their ED and hospital stay were collected. 344 patients were included, 38% females, mean 
age of 70 ± 11 years. Median (IQR) time to first ED treatment was 59 (23–125) minutes and to admission 293 (173–490) 
minutes. Delayed ED treatment (> 1 h) was associated with older age (p = 0.01) and lack of a coded diagnosis of COPD in 
hospital records (p = 0.01). Long ED length-of-stay (> 5 h) was linked with longer hospitalizations (p = 0.01). Routine ED 
care included inhalations of short-acting bronchodilators (246 patients, 72%) and systemic steroids (188 patients, 55%). 
Receiving routine ED care was associated with its continuation during hospitalization (p < 0.001). In multivariate analysis, 
predictors for patients not receiving routine care were obesity (adjusted odds ratio 0.5, 95% CI 0.3–0.8, p = 0.01) and fever 
(AOR 0.3, 95% CI 0.1–0.6, p < 0.01), while oxygen saturation < 91% was an independent predictor for ED routine treatment 
(AOR 3.6, 95% CI 2.1–6.3, p < 0.01). Our findings highlight gaps in the treatment of AECOPD in the ED on a national scale, 
with specific predictors for their occurrence.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a lead-
ing etiology for morbidity and mortality worldwide [1, 2]. 
It is characterized by acute exacerbations (AECOPD) that 
have immense implications for poor patient’s outcomes. 
Different clinical practice guidelines have been developed 
for the management of AECOPD [1, 3, 4]. The mainstay 
of treatment includes short-acting bronchodilators (SABD) 

and systemic steroids, with or without antibiotics based on 
exacerbation characteristics. Exacerbations lead to hospitali-
zations, readmissions, disease progression, and decreased 
quality of life [5, 6]. Therefore, it is necessary to correctly 
identify exacerbations to initiate treatment early and prevent 
further complications [7].

AECOPD is a common condition among patients pre-
senting to the emergency department (ED) [8]. It may be 
the primary reason for ED arrival or the sequela of another 
acute precipitating event, such as infection or pulmonary 
embolism [1]. It is estimated that over half of the cases of 
AECOPD will be discharged from the ED, highlighting the 
major role of ED physicians in AECOPD care [9, 10]. In 
addition, it was found that among patients with AECOPD, 
the median time from ED discharge to first medical follow-
up was 13 days, further stressing the importance of proper 
ED management [9]. Still, while the inpatient management 
of AECOPD was assessed by multiple large scale studies 
[11, 12], this is not the case for the ED setting. Prior research 
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focusing on the management of AECOPD in the ED or on 
its associations with disease outcomes is limited, and mainly 
includes retrospective or single center studies [13, 14].

For the reasons indicated above, our aim was to evaluate 
the management of AECOPD in the emergency department 
on a national scale and its associations with clinical vari-
ables and in-hospital care. We hypothesized that a different 
management of AECOPD in the ED could be associated 
with changes in care during admission and to specific predic-
tors, which are important for future interventions.

Methods

The COPD Israeli survey (COPDIS) was a multicenter pro-
spective observational cohort study, conducted at 13 medical 
centers in Israel, between 2017 and 2019. In general, the 
COPDIS included subjects hospitalized with AECOPD and 
aimed to evaluate their care [11]. To be included, subjects 
had to meet all the following criteria: (1) AECOPD as the 
main reason for admission, (2) signed informed consent, (3) 
completion of structured interview, (4) available follow-up 
from the ED and rest of hospitalization, and (5) available 
electronic medical records. Subjects were recruited during 
the mentioned study period, without a predefined target for 
sample size. AECOPD diagnosis was verified at inclusion 
by senior physicians. The diagnosis of COPD was based on 
the diagnostic criteria by the GOLD guidelines [1], which 
included the presence of prior spirometry with FEV1/
FVC < 0.7 and chronic respiratory symptoms as mentioned 
by patients and/or in prior pulmonologist’s follow-up. Simi-
larly, the diagnosis of AECOPD was based on the GOLD 
guidelines, and defined as increased dyspnea and/or cough 
and sputum that worsens less than 14 days, not entirely 
explained by a different etiology.

The study was approved by each center’s institutional 
ethical committee and conducted in accordance with the 
Helsinki declaration. The study was performed in accord-
ance with STROBE guidelines.

ED and in‑hospital variables

ED-related variables included presenting symptoms, oxy-
gen saturation in room air and temperature upon ED arrival, 
laboratory results, and ED management. ED management 
comprised of administered medications, investigations per-
formed, and time from hospital arrival to first ED treatment 
and time to admission. Generally, in the medical centers 
studied, initial routine treatment for patients presenting with 
AECOPD includes short-acting bronchodilators (SABD, 
e.g., short-acting beta-agonists [SABA] or short-acting 
muscarinic antagonists [SAMA]) and systemic steroids. 

Accordingly, “routine treatment” was defined for subjects 
that were given at least one of these treatments at the ED.

Several in-hospital variables were chosen to evaluate their 
associations with the care at the ED. In-hospital variables 
included treatments given during hospitalization, hospital 
length of stay (LOS), and the combined outcome of in-hos-
pital mortality, intubation, or transfer to the intensive care 
unit (“in-hospital adverse outcome”). In-hospital treatments 
were defined as COPD-related medications, given during 
hospitalization for at least 2 days (or until discharge in cases 
of shorter hospitalization).

Data collection and analysis

Baseline variables, including demographic and clinical data, 
were extracted using an electronic case report form (CRF) 
designed by the COPDIS Steering Committee that was uni-
fied between the subjects. Subjects were interviewed by one 
of the research team. Data from the ED and hospitalization 
were extracted from electronic medical records during the 
hospitalization using a predefined database.

Data analysis was performed with SPSS software, ver-
sion 28.0. Categorical variables were expressed as percent-
ages and continuous variables were presented as median 
(inter-quartile range), given their non-normal distribution 
as assessed by Kolmogorov–Smirnov tests. Categorical 
variables were compared using Chi-square test, and con-
tinuous variables were compared using the Mann–Whitney 
test. Predictors for the administration of routine treatment 
and for in-hospital adverse outcomes were evaluated using 
univariate and multivariate logistic regression analyses. The 
multivariate logistic regression analysis included predictors 
associated with the outcome in the univariate model, using 
p < 0.2 as a cutoff, and after evaluating their association as 
clinically relevant by the research team. The method used 
was backwards elimination with Wald test. Long time from 
hospital arrival to ED treatment and to hospitalization were 
defined using median values as cutoffs. The relationship 
between ambulance transfer and ED LOS was also assessed 
by Kaplan–Meier analysis.

Results

344 subjects comprised our study cohort after meeting inclu-
sion criteria. Their median (IQR) age was 71 (63–78), 129 
(38%) were females, 290 (84%) had a coded COPD diagno-
sis in the hospital system upon ED arrival, and 243 (71%) 
had a prior exacerbation of COPD (Table 1). 140 (41%) sub-
jects arrived via ambulance, and 190 (55%) had oxygen satu-
ration below 91% in room air upon arrival. Treatments for 
AECOPD at the ED included SABA (44%), SAMA (68%), 
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systemic steroids (55%), inhaled corticosteroids (17%), and 
antibiotics (36%).

Univariate and multivariate analyses of predictors for the 
administration of routine treatment at the ED are presented 
in Tables 1 and 2, respectively. Independent predictors 

for routine ED treatment were prior COPD exacerbation 
(adjusted OR 2.38, 95% CI 1.4–4.2, p < 0.01), increased 
mucus production (AOR 2.01, 95% CI 1.1–3.7, p = 0.02), 
and oxygen saturation below 91% (AOR 3.61, 95% CI 
2.1–6.3, p < 0.01). Independent predictors for omitting 

Table 1   Characteristics of the study cohort and comparison by administration of routine treatment at the emergency departmenta

Bold values indicate p-value < 0.05
COPD chronic obstructive pulmonary disease, CXR chest X-ray, O2 oxygen, SABD short-acting bronchodilators
a Routine treatment given at the emergency department, including inhalations of short-acting bronchodilators and/or systemic steroids
b Adverse events include in-hospital mortality, intubation, or transfer to the intensive care unit

Variable Not given n = 88 (%) Routine treatment 
n = 256 (%)

Total n = 344 (%) p

Age, years, median (IQR) 69 (62–79) 71 (63–78) 71 (63–78) 0.98
Female sex 30 (34) 99 (39) 129 (38) 0.44
Charlson score, median (IQR) 5 (3–4) 5 (4–7) 5 (3–7) 0.21
Obese (BMI > 30) 37 (42) 77 (30) 114 (33) 0.04
Heart failure 14 (16) 61 (24) 75 (22) 0.12
Atrial fibrillation 8 (9) 26 (10) 34 (10) 0.77
COPD coded diagnosis 72 (82) 218 (85) 290 (84) 0.46
Prior COPD exacerbation 47 (53) 196 (77) 243 (71)  < 0.01
Emergency department characteristics
 Ambulance transfer 28 (32) 112 (44) 140 (41) 0.05
 Increased dyspnea 75 (85) 238 (93) 313 (91) 0.03
 Increased cough 40 (45) 155 (61) 195 (57) 0.01
 Increased mucus 21 (24) 100 (39) 121 (35) 0.01
 Fever (> 38 °C) 17 (19) 23 (9) 36 (11) 0.01
 O2 saturation < 91% 29 (33) 161 (63) 190 (55)  < 0.01
 Shift
  Day (07:00–15:00) 43 (49) 125 (51) 168 (51) 0.87
  Evening (15:00–23:00) 28 (32) 81 (33) 109 (33)
  Night (23:00–07:00) 16 (18) 39 (16) 55 (17)

 CXR consolidation 11 (13) 21 (8) 32 (9) 0.23
In-hospital variables
 SABD during hospitalization 72 (81) 250 (98) 322 (94)  < 0.01
 Steroids during hospitalization 69 (78) 238 (93) 307 (89)  < 0.01
 Hospital length of stay, median (IQR) 4 (3–6) 4 (3–7) 4 (3–6) 0.28
 In-hospital adverse outcomeb 5 (6) 22 (9) 27 (8) 0.38

Table 2   Predictors for 
administration of routine 
treatment at the emergency 
departmenta

COPD chronic obstructive pulmonary disease, O2 oxygen
a Routine treatment given at the emergency department, including inhalations of short-acting bronchodila-
tors and/or systemic steroids

Variable Univariate Multivariate p
OR (95% CI) Adjusted OR (95% CI)

Obese (BMI > 30) 0.59 (0.36–0.98) 0.48 (0.28–0.84) 0.01
Prior COPD exacerbation 2.85 (1.71–4.74) 2.38 (1.37–4.15)  < 0.01
Increased mucus 2.05 (1.18–3.55) 2.01 (1.10–3.66) 0.02
Fever (> 38 °C) 0.43 (0.22–0.85) 0.30 (0.14–0.64)  < 0.01
O2 saturation < 91% 3.45 (2.07–5.75) 3.61 (2.09–6.25)  < 0.01
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routine care in the ED were obesity (AOR 0.48, 95% CI 
0.3–0.8, p = 0.01) and fever above 38 °C (AOR 0.30, 95% 
CI 0.1–0.6, p < 0.01).

Initiating routine treatment in the ED was associated with 
prescribing SABD and systemic steroids during hospitali-
zation (p < 0.01 for both, Table 1). In contrast, routine ED 
treatment was not associated with a change in hospital LOS 
or with in-hospital adverse outcomes.

The median (IQR) time from hospital arrival to first 
AECOPD-related treatment in the ED was 59 (23–125) min-
utes, and the time to hospital admission was 293 (173–490) 
minutes. Factors associated with delayed ED treatment 
(> 60 min, Table 3) were older age (p = 0.01) and lack of 
a coded diagnosis of COPD in hospital records (p = 0.01). 
Of note, time to treatment was not associated with the hour 
of arrival (p = 0.95) or the daily shift (p = 0.60). Factors 
associated with long ED stay (> 300 min, Table 3) were 
prior COPD exacerbation (p < 0.01), ambulance transfer to 
the hospital (p < 0.01), and oxygen saturation below 91% 
(p = 0.03). Increased duration in the ED was associated with 
longer hospital LOS (p = 0.01), while delayed treatment was 
not. A long time to treatment or long ED stay was not associ-
ated with in-hospital adverse outcomes.

In a sub-analysis taking into account time to admission, 
ambulance transfer remained a significant predictor for 
longer ED LOS (OR 0.703, 95% CI 0.56–0.88, p < 0.01, 
Fig. 1).

Univariate and multivariate analyses of ED-related pre-
dictors for in-hospital adverse outcomes appear in Table 4. 
Independent predictors were female sex (AOR 2.72, 95% 
CI 1.15–6.49, p = 0.02), consolidation in chest X-ray (AOR 

3.38, 95% CI 1.13–10.1, p = 0.02), high C-reactive protein 
(CRP > 5 mg/dl, AOR 2.76, 95% CI 1.12–6.75, p = 0.03) and 
acute kidney injury (AOR 3.98, 95% CI 1.57–10.2, p < 0.01).

Discussion

In the present multicenter study, we evaluate the manage-
ment of AECOPD in the emergency department, and its 
associations with in-hospital care. We found independent 
predictors for not administering routine care in the ED, for 
delayed treatment in the ED, and for longer ED stay. We also 
evaluated the association between ED-related variables and 
in-hospital adverse outcomes.

The main gap we encountered in our cohort was the low 
rate of routine treatments administered in the ED, which 
could represent a national issue in Israel. Our results are 
lower than presented in prior research, with reported rates 
of 61–91% for SABA and 62–79% for systemic steroids 
[13–16]. Although not supported by randomized con-
trolled trials, SABDs remain the mainstay of treatment for 
AECOPD, as recommended by all major clinical guide-
lines [1, 3, 4]. This is also true for glucocorticoids, espe-
cially in cases of hospitalized patients (as is in our study), 
although research from recent years found that a personal-
ized approach to glucocorticoid treatment was non-inferior 
[17]. The treatment in the ED was strongly associated with 
similar treatments during hospitalization, which further 
highlights the importance of correct treatment during the 
ED stay. However, it is important to note that our study 
was not designed to evaluate the effects of administrating 

Table 3   Associations between cohort variables and long time from hospital arrival to treatment or to admission a

Bold values indicate p-value < 0.05
COPD chronic obstructive pulmonary disease, ED emergency department, LOS length of stay, O2 oxygen
a Treatments include inhalations of short-acting bronchodilators, antibiotics and/or systemic steroids. If none of these treatments were adminis-
tered the subject was excluded from the analysis of time to treat

Variable Delayed treatment (> 60 min) Long ED stay (> 5 h)

No, n = 135 (%) Yes, n = 128 (%) p No, n = 173 (%) Yes, n = 171 (%) p

Age, median (IQR) 70 (62–77) 72 (67–81) 0.01 70 (62–77) 71 (64–80) 0.07
Female sex 51 (38) 51 (40) 0.73 62 (36) 67 (39) 0.52
Charlson score, median (IQR) 5 (3–7) 5 (4–7) 0.68 5 (3–7) 5 (3–7) 0.42
COPD coded diagnosis 121 (90) 100 (78) 0.01 150 (87) 140 (82) 0.22
Prior COPD exacerbation 103 (76) 100 (78) 0.72 110 (64) 133 (78)  < 0.01
Ambulance transfer 65 (48) 55 (43) 0.40 56 (32) 84 (49)  < 0.01
O2 sat. < 91% 88 (65) 85 (66) 0.84 97 (56) 116 (68) 0.03
Shift (hours)
 Day (07–15) 69 (52) 65 (51) 0.60 85 (53) 83 (49) 0.62
 Evening (15–23) 41 (31) 45 (35) 49 (30) 60 (35)
 Night (23–07) 24 (18) 18 (14) 28 (17) 27 (16)

Hospital LOS, days, median (IQR) 4 (3–7) 4 (3–7) 0.90 4 (3–6) 5 (3–7) 0.01
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Fig. 1   Kaplan–Meier curve of time from hospital arrival to admission, divided to patients with and without ambulance transfer. Comparison 
between the groups performed by the log-rank test

Table 4    Patient and emergency 
department related predictors 
for in-hospital adverse 
outcomesa

Bold values indicate p-value < 0.05
COPD chronic obstructive pulmonary disease, CXR chest X-ray, CRP C-reactive protein, O2 oxygen
a Adverse events include in-hospital mortality, intubation, or transfer to the intensive care unit. Variables for 
the multivariate analysis were chosen based on backwards elimination with Wald test
b Acute kidney injury is determined as an increase in creatinine of 0.3 mg/dl or more compared to baseline

Variable Univariate Multivariate

OR (95% CI) p Adjusted OR (95% CI) p

Age, years 1.03 (0.99–1.07) 0.12 – –
Female sex 2.23 (1.01–4.92) 0.04 2.72 (1.15–6.49) 0.02
Charlson score 1.23 (1.05–1.45)  < 0.01 – –
Prior COPD exacerbation 1.91 (0.70–5.20) 0.20 – –
Ambulance transfer 2.26 (1.02–5.04) 0.04 2.11 (0.90–4.94) 0.09
Fever (> 38 °C) 0.92 (0.26–3.19) 0.89 – –
CXR consolidation 3.20 (1.19–8.62) 0.02 3.38 (1.13–10.1) 0.02
Leukocytes > 11 109/L 1.29 (0.58–2.88) 0.53 – –
CRP > 5 mg/dl 3.46 (1.47–8.15)  < 0.01 2.76 (1.12–6.75) 0.03
Acute kidney injuryb 3.67 (1.54–8.75)  < 0.01 3.98 (1.57–10.18)  < 0.01
O2 saturation < 91% 1.42 (0.63–3.19) 0.40 – –
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routine treatment in the ED, as such study would require a 
randomized controlled design. In addition, the group that 
received routine ED treatments had higher rates of variables 
associated with worse disease (prior exacerbations, worse 
symptoms, and lower saturation), which could be confound-
ers for the association with in-hospital outcomes.

Proper diagnosis of AECOPD is the key for providing 
appropriate treatment. Characteristic signs and symptoms 
of AECOPD would obviously improve the diagnostic rate, 
while other features could lead physicians to adhere to an 
incorrect initial impression, known as the anchoring heu-
ristic [18], resulting in diagnostic errors. For example, in 
a study among patients presenting to the ED with COVID-
19 and a second concurrent condition, failing to diagnose 
the second condition was associated with a larger number 
of COVID-19-related features [19]. This heuristic could 
explain why fever at presentation (leading to diagnosis of 
pneumonia) and obesity (obscuring signs and explaining 
effort dyspnea) were predictors for missed routine care in the 
ED. Interventions such as cognitive checklists and electronic 
triggering systems were shown to facilitate correct diagnosis 
in similar settings and could help limit diagnostic errors in 
similar cases [20, 21].

Following a correct diagnosis of AECOPD, different fac-
tors might contribute to a lack of routine care in the ED. 
Issac et al. used qualitative interviews to evaluate factors 
associated with guideline non-adherence for COPD in the 
ED [22]. In their study, among the main barriers to guideline 
implementation were knowledge, professional role clarity, 
clinical behavior regulation, memory, and attention. For 
example, the low use of SABA in our study could be par-
tially explained by a fear from its potential pro-arrhythmic 
effect, while several studies showed a good safety profile 
in patients without active arrhythmia [23, 24]. Zafar et al. 
examined COPD care bundle in the ED and found high 
adherence with recommended treatment [25]. Such bundles 
can be personalized by local guidelines and improve care 
without relying on physician’s knowledge and memory.

The median time to first AECOPD-related treatment 
at the ED was 59  min. A study among patients with 
asthma exacerbations found shorter times to treatment 
(17–25 min), depending on the type of medication [26]. 
In a different study by Ding et al., patients with respiratory 
chief complaint had the shortest treatment time, although 
this varied between 45 and 180 min [27]. Adding new 
tools to the diagnostic process, such as point-of-care ultra-
sound, may lead to faster treatment in the ED for patients 
with suspicion of AECOPD [28]. Regarding longer ED 
LOS, features of severe cases, such as ambulance transfer, 
prior AECOPD, and low oxygen saturation were its main 
predictors. Similar features of severe disease were found 
to be associated with longer ED LOS by Casalino et al. in 
a study of over 20,000 patients with different conditions 

[29]. Physicians may want to stabilize a severe patient or 
see his or her response to treatment before choosing the 
correct admission setting, resulting in longer ED LOS. We 
did not find associations between ED LOS and in-hospi-
tal outcomes. Whether the mentioned treatment strategy 
affects patient outcomes and the correct strategy to manage 
AECOPD at the ED should be the aim of future prospec-
tive controlled studies.

Our study has several limitations. First, given its design, 
only hospitalized patients were included, which limits the 
generalizability of our results. This could probably lead to a 
selection bias of more severe cases, and although the effect 
of ED characteristics on in-hospital variables was one of 
the aims of this study, it should be taken into account in the 
interpretation of our findings. Second, enrolment of patients 
required their informed consent and was at the discretion 
of the medical teams, leading to possible selection bias. 
Third, an incorrect diagnosis of AECOPD is possible, as 
other conditions like heart failure exacerbation could result 
in similar signs and symptoms. We tried to minimize this 
limitation by only approaching patients with a main diagno-
sis of AECOPD and after validation by a senior physician 
with follow-up during admission. Finally, while ED crowd-
ing is known to be a risk factor for time in the ED [30], this 
variable was beyond the scope of our analysis.

In conclusion, this study adds valuable information on 
the management of AECOPD in the ED on a national scale. 
By focusing on different aspects of care, we identified gaps 
in providing early and correct treatment at the ED, its asso-
ciations with in-hospital care, and predictors for its occur-
rence. ED physicians play a major role in the management of 
AECOPD and we hope to raise awareness of this important 
topic. Future research should focus on the effect of specific 
interventions at the ED, with emphasis on improved inpa-
tient care and patient-centered outcomes.
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