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O ne of the most common conditions causing respiratory 
difficulty in older patients is chronic obstructive pul-
monary disease (COPD). It is a respiratory disorder 

largely caused by smoking, which is characterized by progres-
sive, partially reversible airflow obstruction, systemic manifesta-
tions and exacerbations of respiratory distress that increase in 
frequency and severity over time.1,2 Exacerbations of COPD, 
defined as the presence of an increase in at least 2 of breathless-
ness, sputum volume or sputum purulence, are a frequent cause 
of emergency department visits.3 Chronic obstructive pulmo-
nary disease is a major cause of morbidity and mortality in North 

America and Europe, and the rates of hospital admissions and 
visits to the emergency department have been rising over the 
past decade.4 Many patients with COPD can be treated aggres-
sively for exacerbation of COPD in the emergency department 
and improve sufficiently to be discharged safely within several 
hours. Discharging patients with adequate medications can pre-
vent relapse or return to the emergency department because of 
worsening respiratory symptoms.3 Many COPD exacerbations, 
however, are so severe that the patient must be admitted to hos-
pital to ensure adequate management and a safe outcome. We 
previously showed a relatively low admission rate (38%) from 
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ABSTRACT
BACKGROUND: The Ottawa chronic 
obstructive pulmonary disease (COPD) 
Risk Scale (OCRS), which consists of 
10  criteria, was previously derived to 
identify patients in the emergency 
department with COPD who were at high 
risk for short-term serious outcomes. We 
sought to validate, prospectively and 
explicitly, the OCRS when applied by 
phys icians in the emergency department.

METHODS: We conducted this prospec-
tive cohort study involving patients in the 
emergency departments at 6 tertiary care 
hospitals and enrolled adults with acute 
exacerbation of COPD from May 2011 to 
December 2013. Physicians evaluated 
patients for the OCRS criteria, which were 

recorded on a data form along with the 
total risk score. We followed patients for 
30 days and the primary outcome, short-
term serious outcomes, was defined as 
any of death, admission to monitored 
unit, intubation, noninvasive ventilation, 
myocardial infarction (MI) or relapse with 
hospital admission.

RESULTS: We enrolled 1415  patients 
with a mean age of 70.6 (SD 10.6) years 
and 50.2% were female. Short-term seri-
ous outcomes occurred in 135 (9.5%) 
cases. Incidence of short-term serious 
outcomes ranged from 4.6% for a total 
score of 0 to 100% for a score of 10. 
Compared with current practice, an 
OCRS score threshold of greater than 1 

would increase sensitivity for short-term 
serious outcomes from 51.9% to 79.3% 
and increase admissions from 45.0% to 
56.6%. A threshold of greater than 2 
would improve sensitivity to 71.9% with 
47.9% of patients being admitted.

INTERPRETATION: In this clinical valida-
tion of a risk-stratification tool for COPD 
in the emergency department, we found 
that OCRS showed better sensitivity for 
short-term serious outcomes compared 
with current practice. This risk scale can 
now be used to help emergency depart-
ment disposition decisions for patients 
with COPD, which should lead to a 
decrease in unnecessary admissions 
and in unsafe discharges.
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Canadian emergency departments, but 50% of adverse events 
occurred in the patients who were not admitted to hospital.5

Unfortunately, there is little evidence to inform disposition 
decisions by physicians. Existing guidelines for disposition deci-
sions are consensus-based and have not been validated.6,7 Sev-
eral authors have developed risk-stratification scores for COPD 
exacerbations; however, most are limited by predicting death 
only among admitted patients or have not be been validated 
clinically in real time in the emergency department.8–10 There 
have been no robust evaluations of risk factors to assist with the 
admission decision for patients with COPD in the emergency 
department. Prospective studies conducted in the emergency 
department are limited by small sample size, no reassessment of 
response to therapy and no prospective validation.11–15

Our group previously developed the Ottawa COPD Risk Scale 
(OCRS), based upon a multicentre, prospective data collection 
from 945  patients in the emergency department with exacerba-
tion of COPD.5 With multivariate analyses, we created a scale 
comprising 10 items from history, physical examination and bed-
side tests (Figure  1). The total score estimates the risk of short-
term serious outcomes within 14  days, ranging from 2.2% to 
91.4%. Our primary goal with the current study was to validate 
prospectively the OCRS for its accuracy in predicting short-term 
serious outcomes. Secondary outcomes were its acceptability 
with clinicians and its potential effect on patient safety and hospi-
tal admissions. Our study allowed physicians to apply the OCRS 
explicitly in real-time for patients with exacerbations of COPD.

Methods

Study design and setting
We conducted this multicentre prospective cohort study in 6 large 
tertiary care hospitals (The Ottawa Hospital General Campus, 
Ottawa; Kingston General Hospital, Kingston, Ontario; The Ottawa 

Hospital Civic Campus, Ottawa; University of Alberta Hospital, 
Edmonton; Foothills Medical Centre, Calgary; and Mount Sinai 
Hospital, Toronto) in Canada from May 2011 to December 2013. 
These 6 emergency departments had a combined annual census 
of 400 000 patient visits.

Study population
We included all adults aged 50 years or more who presented to the 
emergency department with acute shortness of breath or respiratory 
distress caused by exacerbation of COPD and who might be consid-
ered well enough to be discharged by the attending physician. Con-
secutive eligible patients were enrolled in the emergency depart-
ments for as many as 16 hours a day, depending on staff availability. 

We defined exacerbation of COPD as an increase in at least 2 of 
the following 3 criteria: breathlessness, sputum volume or sputum 
purulence. Patients either had a previous diagnosis of COPD or the 
diagnosis was made in the emergency department based on a 
1-year history of chronic dyspnea or cough with sputum produc-
tion. Patients must have had a history of 15 pack-years or more of 
cigarette smoking and evidence of at least moderate airflow 
obstruction (as defined in the guideline from the Global Initiative 
for Chronic Obstructive Lung Disease)7 in the emergency depart-
ment. We included all patients regardless of their disposition, i.e., 
both discharged and admitted cases. However, we excluded those 
patients who were still extremely ill after 2 to 12 hours of manage-
ment in the emergency department: resting oxygen saturation less 
than 85%; heart rate of 130 beats/min or more; systolic blood pres-
sure less than 85 mm Hg; presence of confusion, disorientation or 
dementia; primary presentation for ischemic chest pain requiring 
treatment; acute ischemic ST–T interval changes on initial electro-
cardiography; death expected within weeks from chronic illness; 
attended the emergency department from a long-term– or 
chronic-care facility; on long-term hemodialysis; or were enrolled 
in the study in the previous 2 months.

Total the points for the following items:

Items Points

1. Initial assessment
a) History of CABG (1) ____
b) History of intervention for PVD (1) ____
c) History of intubation for respiratory distress (2) ____
d) Heart rate on ED arrival > 110 (2) ____

2. Investigations
a) ECG has acute ischemic changes (2) ____
b) Chest x-ray has any pulmonary congestion (1) ____
c) Hemoglobin < 100 g/L (3) ____
d) Urea 12 mmol/L (1) ____
e) Serum CO2 35 mmol/L (1) ____

3. Re-Assessment a�er ED treatment
a) SaO2 < 90% on room air or usual O2, or HR 120 (2) ____

Total score (0–16): ____

COPD risk categories for serious adverse
events 
Total score Risk, % Category

0 2.2 Low
1 4.0 Medium
2 7.2 Medium
3 12.5 High
4   20.9 High
5 32.9 Very high 
6 47.5 Very high 
7 62.6 Very high 
8 75.6 Very high 
10 91.4 Very high 

Figure 1: The Ottawa COPD (chronic obstructive pulmonary disease) Risk Scale (OCRS) is used in the emergency department (ED) to identify patients 
with acute COPD who are at high risk for short-term serious outcomes. To date, no patients have had a score greater than 10. Note: CABG = coronary 
artery bypass graft, ECG = electrocardiogram, HR = heart rate, PVD = peripheral vascular disease, Sao2 = oxygen saturation.
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Data collection
Attending physicians and residents in emergency medicine were 
trained locally and then assessed patients for the 10 components 
of the OCRS; they recorded their findings on an emergency 
department data form. Furthermore, site research assistants 
were trained to ensure proper collection of clinical and labora-
tory data for the study. The OCRS score was not available to the 
physicians who made the final decision about admission. We 
defined “fails reassessment after treatment” as when the patient 
had a resting oxygen saturation (Sao2) less than 90% on room air 
or usual oxygen, or a heart rate greater than 120 beats/min. The 
nurses and respiratory therapists recorded their findings on the 
emergency department data form (Supplementary Figure  1 in 
Appendix  1,  available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.180232/-/DC1). The central study nurse coordin-
ator regularly evaluated the quality of patient assessments.

Outcome measures
The primary outcome measure was short-term serious outcome, 
defined as death from any cause within 30 days of the visit to the 
emergency department; or any of the following within 14 days of 
the index visit to the emergency department, regardless of 
whether the patient was admitted originally: (1) The patient was 
admitted to a monitored unit (i.e., intensive care, coronary care, 
acute monitoring or stepdown units but not a telemetry unit). Use 

of the monitored unit as a criterion is an important outcome that 
almost always reflects severity of illness; such patients would 
likely have substantial morbidity if they had been discharged, 
because they were confined to their beds and required constant 
monitoring of vital signs. (2) The patient required endotracheal 
intubation or noninvasive ventilation after hospital admission, 
unless the patient was using noninvasive ventilation at home. 
(3)  The patient had a diagnosis of myocardial infarction (MI) as 
defined by the Joint ESC/ACCF/AHA/WHF Task Force for the Third 
Universal Definition of Myocardial Infarction.16 (4) The patient 
underwent a major procedure defined as coronary artery bypass 
graft, percutaneous coronary intervention, other cardiac surgery 
or new hemodialysis. (5) The patient was discharged after the ini-
tial visit to the emergency department and subsequently returned 
to the emergency department for any related medical problem 
within 14  days and followed by admission to hospital. Relapse 
without admission was not deemed a short-term serious outcome. 
Fourteen days was chosen as a meaningful timeline for emergency 
department outcomes by a consensus of the investigators.5

We reviewed hospital and provincial death records to deter-
mine if a short-term serious outcome occurred. We also had 
phys icians answer this question, “How comfortable would you 
be using this scale to assist making a disposition decision for this 
patient?”, using a 5-point scale on the data form (from very com-
fortable to very uncomfortable).

No. of patients screened
N = 5449

Excluded  n = 2730
• Shortness of breath > 7 d  n = 656
• O� study hours (no research sta� available)  n = 617   
• Resting O2 saturation < 85% on room air a�er treatment  n = 376   
• Enrolled in previous 2 mo n = 288   
• Arrived from long-term care facility  n = 283   
• Confusion, disorientation or dementia n = 240   
• HR ≥ 130 beats/min a�er treatment  n = 101   
• On chronic hemodialysis  n = 66   
• Terminal status – death expected within weeks from chronic illness  n = 47   
• Acute ST–T interval changes on initial ECG  n = 23   
• Systolic blood pressure < 85 mmHg a�er treatment   n = 19   
• Primary presentation for ischemic chest pain requiring treatment  n = 14

No. of patients eligible for 
the study
n = 2719

Excluded n = 1304
• Refused  n = 119
• Missed  n = 1185

No. of participants enrolled
n = 1415

No. of participants 
with an SSO

n= 135

No. of participants  
without an SSO

n = 1280

Figure 2: Flow diagram for participants in the study. Note: ECG = electrocardiography, SSO = short-term serious outcome.
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Statistical analysis
Our primary analyses used the original OCRS score calculated 
from the criterion interpretation, as determined by the study 
steering  committee. We conducted secondary analyses to evalu-
ate the scale on the data form as interpreted by the physicians. 
The scale is intended to provide clinicians with an estimate of 
risk rather than a rigid “yes or no” cut point to guide admissions. 
Regardless, we estimated classification accuracy using example 
cut points of 1 or more and 2 or more points to evaluate the 
potential effect of implementing OCRS into practice, using the 
criterion interpretation. We calculated sensitivity and specificity 
with 95% confidence intervals (CIs), as well as potential admis-
sion proportions. We assessed the possible effect by comparing 
actual admission proportions to those predicted at different 
threshold levels of total point scores.

We assessed clinical sensibility in 2  modes: overall accuracy 
was calculated as percentages with 95% CIs for interpretation of 
the original OCRS by the treating physicians versus the criterion 
interpretation and data about the physicians’ responses to the 
theoretical question about use of the scale were tabulated in a 
simple descriptive format.

Ethics approval
The study protocol was approved by the research ethics boards at 
each hospital. The research ethics boards of 2 of the hospitals 
(Kingston General Hospital and University of Alberta Hospital) 
determined that written informed consent was required, whereas 
those at the other 4 sites waived the need for written consent for 
this observational study. The study was approved first by the 
Ottawa Health Science Network Research Ethics Board.

Results

From May 2011 to December 2013, 5449 patients were screened 
for eligibility at the 6  hospitals, and 1415 were enrolled in the 
study (Figure 2). There were 2719 patients who were eligible for 
the study; however, 1185 were not enrolled primarily because 
they presented to the emergency department when research 
staff were not available. Among the enrolled participants, mean 
age was 70.6 (SD 10.6) years, 804 (56.8%) arrived via ambulance, 
1380 (97.5%) had a previous diagnosis of COPD, 349 (24.7%) were 
on oxygen at home, 1015 (71.7%) were taking inhaled steroids 
and 202 (14.3%)  were taking oral steroids (Table 1). The patients 
who were excluded had similar characteristics to those who were 
enrolled (Appendix 1 Supplemental Table 1).

Among the 1415 participants who were enrolled (Table  2), 
there were 135 (9.5%) short-term serious outcomes, with higher 
rates in those admitted compared with those discharged from the 
emergency department (11.0% v. 8.3%, p < 0.01). Of the 636 par-
ticipants who were admitted to the hospital on their index visit, 
45 (7.1%) were admitted to a monitored unit, 54 (8.5%) required 
noninvasive ventilation or intubation, 5 (0.8%) had an MI, and 65 
(8.3%) had a relapse and were readmitted to hospital. Of concern, 
65  (8.3%) of these short-term serious outcomes occurred in the 
779 participants who were not admitted to hospital at the initial 
visit to the emergency department.

Table 1 (part 1 of 2): Characteristics of participants with 
acute chronic obstructive pulmonary disease in the 
emergency department

Characteristic

No. (%) of 
participants*
n = 1415

Age, mean ± SD; yr 70.6 ± 10.6

    Range, yr 50–96

Sex, female 710 (50.2)

Hospital site

    The Ottawa Hospital General Campus, Ottawa 313 (22.1)

    Kingston General Hospital, Kingston 304 (21.5)

    The Ottawa Hospital Civic Campus, Ottawa 292 (20.6)

    University of Alberta Hospital, Edmonton 220 (15.6)

    Foothills Medical Centre,  Calgary 178 (12.6)

    Mount Sinai Hospital, Toronto 108 (7.6)

Arrival status

    Arrived by ambulance 804 (56.8)

    Body temperature, mean ± SD; °C 36.5 ± 0.8

    Heart rate, mean ± SD; beats/min 95.8 ± 19.3

    Respiratory rate, mean ± SD; breaths/min 23.9 ± 6.1

    Systolic blood pressure, mean ± SD; mm Hg 138.3 ± 24.4

    SaO2 by oximetry, mean ± SD; % 94.0 ± 5.0

    Duration of respiratory distress, mean ± SD; h 65.3 ± 53.7

    Canadian Triage Acuity Scale, median (IQR)† 2 (1–3)

Secondary diagnosis

    Heart failure 63 (4.5)

Medical history

    COPD 1380 (97.5)

    Heart failure 248 (17.5)

    Intubation for respiratory distress 51 (3.6)

    MI or angina 296 (20.9)

    CABG or PCI 156 (11.0)

    Pacemaker 54 (3.8)

    Atrial fibrillation 154 (10.9)

    Peripheral vascular disease (intervention) 50 (3.5)

    Cancer 36 (2.5)

    Hypertension 744 (52.6)

    Stroke or TIA 162 (11.5)

    Diabetes 269 (19.0)

    Valvular heart disease 46 (3.3)

    Dementia 40 (2.8)

    Chronic renal failure 85 (6.0)

Smoker, current or former 1015 (71.7)

Using oxygen at home 349 (24.7)

Current respiratory medications 1370 (96.9)

    Antibiotic 217 (15.3)

    Inhaled anticholinergic 1042 (73.6)

    Inhaled β-agonist 1281 (90.5)

    Inhaled steroid 1015 (71.7)

    Oral corticosteroid 202 (14.3)
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We compared the classification performance and expected 
admission proportions for the OCRS with current practice at the 
6 study hospitals (Table 3). The incidence of a short-term serious 
outcome ranged from 4.6% for a total score of 0 to 100% for a 
score of 10. Use of the scale could improve upon the sensitivity of 
current practice, in which only 51.9% (70/135) of short-term seri-
ous outcome cases were admitted at the first visit to the emer-

gency department. Choosing total point scores of 1 or 2 as the 
threshold for admission would be associated with sensitivities 
for a short-term serious outcome of 79.3% or 71.9%, respectively. 
These theoretical admission thresholds would lead to absolute 
admission rates of 56.6% or 47.9%, respectively, compared with 
the observed admission rate of 45.0% at the study hospitals.

We compared the classification of risk category (i.e., low, 
medium, high, very high) by the physicians to the criterion inter-
pretation and found overall agreement of 64.9% for the exact cate-
gory and 94.8% for the exact category ± 1.

On the 5-point scale of comfort in using OCRS, the physicians 
indicated that they would be uncomfortable or very uncomfort-
able in only 13.4% of cases.

Interpretation

In this clinical validation of a risk-stratification tool for COPD in the 
emergency department, we found that 9.5% of the 1415 participants 

Table 1 (part 2 of 2): Characteristics of participants with 
acute chronic obstructive pulmonary disease in the 
emergency department

Characteristic

No. (%) of 
participants*
n = 1415

Treatment received in the emergency department

    β-Agonist inhalation 1233 (87.1)

    Corticosteroid, administered intravenously or orally 1009 (71.3)

    Antibiotic, administered intravenously or orally 861 (60.9)

    Noninvasive ventilation 117 (8.3)

Laboratory test result

    White blood cell, mean ± SD; 109/L 10.5 ± 5.0
n = 1195

    Hemoglobin, mean ± SD; g/L 131.8 ± 19.4
n = 1313

    Urea, mean ± SD; mmol/L 6.2 ± 3.8
n = 1202

    Creatinine, mean ± SD; mmol/L 80.1 ± 37.9
n = 1306

    Serum CO2, mean ± SD; mmol/L 27.7 ± 4.3
n = 1307

    Potassium, mean ± SD; mmol/L 4.1 ±1.0
n = 1294

    Glucose, mean ± SD; mmol/L 7.1 ± 2.7
n = 1279

    pCO2, mean ± SD; mm Hg 52.1 ±14.9
n = 1001

    pO2, mean ± SD; mm Hg 47.8 ± 28.4
n = 923

    pH, mean ± SD 7.4 ± 0.1
n = 1001

ECG 1196 (84.5)

    AV conduction disturbance 234 (19.6)

    Atrial fibrillation or flutter 109 (9.1)

Radiography of the chest 1381 (97.6)

    Pneumonia 160 (11.6)

    Pleural effusion 142 (10.3)

    Cardiomegaly 134 (9.7)

    Pulmonary congestion 89 (6.4)

Note: AV = atrioventricular,  CABG = coronary artery bypass graft, CO2 = carbon dioxide, 
COPD = chronic obstructive pulmonary disease, ECG = electrocardiography, IQR = 
interquartile range, MI = myocardial infarction, PCI = percutaneous coronary 
intervention, pCO2 = partial pressure of carbon dioxide, pO2 = partial pressure of oxygen, 
Sao2 = oxygen saturation, SD = standard deviation, TIA = transient ischemic attack.
*Unless stated otherwise.
†Canadian Triage Acuity Scale ranges from 1 (most urgent) to 5 (least urgent).

Table 2: Outcomes for participants with acute chronic 
obstructive pulmonary disease at their visit to the 
emergency department

Outcome

No. (%) of 
participants
n = 1415

Admitted to hospital 636 (44.9)

    Critical care or other monitored unit 45 (7.1)

    Noninvasive ventilation required after admission 42 (6.6)

    Intubation required after admission 12 (1.9)

    MI after admission 5 (0.8)

    Death after admission 19 (3.0)

    Death within 30 d after discharge 5 (0.8)

Discharged from emergency department 779 (55.1)

    Relapsed and returned to the emergency 
department

170 (21.8)

        Dyspnea 123 (15.8)

        Fever 10 (1.3)

        Sepsis 4 (0.5)

        Chest pain 20 (2.6)

        Other 70 (9.0)

    Relapsed and admitted to hospital 65 (8.3)

        Admitted to intensive care unit 4 (0.5)

    Death within 30 d 4 (0.5)

Short-term serious outcomes 135 (9.5)

    Patients who were admitted 70 (11.0)
n = 636

    Patients who were discharged 65 (8.3)
n = 779

Total deaths within 30 d 28 (2.0)

Note: MI = myocardial infarction.
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with COPD had short-term serious outcomes, with a concerning 
proportion occurring in those discharged home from the emer-
gency department. Compared with current practice, an OCRS 
score threshold of 1 or more would increase sensitivity by 50% but 
would require 25% more admissions. Alternately, a threshold of 2 
or more would improve sensitivity by 38% while leading to only a 
slight increase in admissions. There was an excellent spread of the 
incidence of short-term serious outcome by score in a very similar 
pattern to the derivation study.5 Physicians displayed reasonable 
accuracy in interpretation, as well as good acceptance of OCRS.

A larger study involving 113 centres in France was limited 
because there was no evaluation of response to therapy or there 
was a lack of follow-up data on mortality.17,18 The Dyspnoea, 
Eosinopenia, Consolidation Acidaemia and atrial Fibrillation 
(DECAF) Score was derived and validated in the United Kingdom 
to predict mortality among inpatients, but it has never been 
evalu ated clinically.8,9 A large prospective cohort study involving 
16 hospitals within the Spanish National Health Service collected 
data on patients with COPD to develop a risk score, but this has 
not been applied clinically.10,19 Other prospective studies that 
were only conducted after admission to hospital were limited by 
similar issues, and most attempted only to predict mortality.20–23 
Others were conducted retrospectively on existing databases, 
focused on inpatients or mortality and were not directly applica-
ble to the emergency department.24–30

This study has multiple strengths including the prospective 
and rigorous collection of real-time clinical data that includes 
response to treatment. The large number of cases with short-

term serious outcomes from this multicentre study allowed a 
robust analysis with stable estimates of performance. The use of 
other important outcomes besides mortality increases the clin-
ical relevance of OCRS for physicians determining whether to 
admit or discharge their patients with acute COPD.

It is neither necessary nor efficient to admit all patients with 
COPD to the hospital because many will respond to treatment in 
the emergency department and would not benefit from admission 
to hospital. We know that admission to hospital is associated with 
risks to patients (e.g., hospital-acquired infections, sleep depriva-
tion, deconditioning). Regardless, many patients with COPD who 
are admitted to hospital have short-term serious outcomes, i.e., 
they die, or require noninvasive ventilation or intubation. In addi-
tion, many patients are discharged from the emergency depart-
ment after treatment only to die or relapse and return to the emer-
gency department and require admission to hospital.

We intend that OCRS be used in a pragmatic fashion to ensure 
that patients are managed in a safe and efficient manner, and we 
do not advocate for a specific risk score total that would require 
admission. Depending on local practice, OCRS could lead to 
either an increase or a decrease in hospital admissions. More 
important than altering the admission rate is ensuring admission 
of the right patients, i.e., those at highest risk of a poor outcome. 
Many nonmedical factors are important in the decision to admit 
a patient, such as support at home or availability of early follow-
up.31 We see OCRS as an important tool to help physicians gauge 
the medical risk for their patients with COPD, while they deter-
mine the need for admission or early follow-up.

Table 3: Classification performance and expected admission proportions based on different admission cut points for the 
Ottawa COPD (chronic obstructive pulmonary disease) Risk Scale compared with current practice at the 6 study hospital sites

Cut point No. of participants Incidence of SSO, n (%)*
% Threshold sensitivity  

(95% CI)†
%Threshold specificity  

(95% CI)† %Threshold admission†

Current practice‡ 1415 9.5 51.9 55.8 45.0

OCRS score§ 1415

    0 614 28 (4.6) 100 (0.98–1.0) 0 (0–0) 100

    1 123 10 (8.1) 79.3 (0.72–0.85) 45.8 (0.45–0.46) 56.6

    2 346 40 (11.6) 71.9 (0.64–0.79) 54.6 (0.54–0.55) 47.9

    3 120 11 (9.2) 42.2 (0.34–0.50) 78.5 (0.78–0.79) 23.5

    4 147 31 (21.1) 34.1 (0.27–0.42) 87.0 (0.86–0.88) 15.0

    5 40 10 (25.0) –¶ –¶ –¶

    6 13 3 (23.1) – – –

    7 10 1 (10.0) – – –

    8 1 0 (0.0) – – –

    10 1 1 (100.0) – – –

Note: CI = confidence interval, SSO = short-term serious outcome.
*Incidence of SSO if individual patient has this total score (e.g., a patient with a score of 3 has a 9.2% probability of a SSO).
†Estimated proportion for sensitivity, specificity and hospital admission if admission threshold was equal to or greater than the specific total score (e.g., admission 47.9% at a point 
total threshold ≥ 2).
‡Estimates based on actual SSO and hospital admission rates at the 6 study sites.
§Potential scores range from 0 to 16.
¶Thresholds > 5 were not clinically reasonable because of poor sensitivity.
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Limitations
We believe the correct approach was to include both admitted and 
discharged patients. Admission status may confound the likelihood 
of a short-term serious outcome occurring, because  some patients 
who are admitted to hospital will not have short-term serious out-
comes because they receive more intensive therapy in hospital; the 
same patients might have had short-term serious outcomes if they 
had been discharged from the emergency department. Our goal is 
to develop a risk scale that aids the appropriate admission of 
patients at high risk (i.e., sensitivity) and minimizes the admission 
of patients at low risk (i.e., specificity). We could only do this by 
including patients who were admitted to hospital.

We chose not to evaluate spirometry in the emergency 
department because it is often not available and was felt to be of 
limited usefulness for predicting short-term outcomes. We were 
unable to enroll a large number of eligible patients because they 
presented outside of normal business hours. 

We could detect neither selection bias nor threat to the valid-
ity of our findings. It is possible, although unlikely, that some 
return visits to the emergency department were not identified in 
patients who returned to a different hospital. Five of the 6 hospi-
tals could monitor such visits through shared electronic medical 
records with other hospitals in their city. If such events did occur, 
we do not think this would have had a substantial effect on our 
results. Although 5 of the 6  study hospitals also participated in 
the derivation study, we see this as only a minor limitation in that 
the current study enrolled new patients prospectively and intro-
duced the risk scale that had not yet been derived in the first 
study. Although physicians displayed reasonable accuracy in 
interpreting the OCRS scores, this could likely be improved by 
specific training in any future implementation initiatives.

Conclusion
The OCRS showed better sensitivity for short-term serious outcomes 
compared with current practice, excellent stratification of risk and 
good acceptance by physicians. This risk scale has been clinically 
validated and can now be used to estimate medical risk and help 
with decisions about patient disposition. This should lead to a 
decrease both in unnecessary admissions and in unsafe discharge 
decisions for patients with COPD in the emergency department.
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