
ABSTRACT

Objective: To enhance patient safety, it is important to
understand the frequency and causes of adverse events
(defined as unintended injuries related to health care man-
agement). We performed this study to describe the types and
risk of adverse events in high-acuity areas of the emergency
department (ED).
Methods: This prospective cohort study examined the out-
comes of consecutive patients who received treatment at 
2 tertiary care EDs. For discharged patients, we conducted a
structured telephone interview 14 days after their initial visit;
for admitted patients, we reviewed the inpatient charts. Three
emergency physicians independently adjudicated flagged
outcomes (e.g., death, return visits to the ED) to determine
whether an adverse event had occurred.
Results: We enrolled 503 patients; one-half (n = 254) were
female and the median age was 57 (range 18–98) years. The
majority of patients (n = 369, 73.3%) were discharged home.
The most common presenting complaints were chest pain,
generalized weakness and abdominal pain. Of the 107
patients with flagged outcomes, 43 (8.5%, 95% confidence
interval 8.1%–8.9%) were considered to have had an adverse
event through our peer review process, and over half of
these (24, 55.8%) were considered preventable. The most
common types of adverse events were as follows: manage-
ment issues (n = 18, 41.9%), procedural complications (n =
13, 30.2%) and diagnostic issues (n = 10, 23.3%). The clinical
consequences of these adverse events ranged from minor
(urinary tract infection) to serious (delayed diagnosis of aor-
tic dissection).
Conclusion: We detected a higher proportion of preventable
adverse events compared with previous inpatient studies and
suggest confirmation of these results is warranted among a
wider selection of EDs.
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RÉSUMÉ

Objectif : Pour améliorer la sécurité des patients, il est impor-
tant de comprendre la fréquence et les causes des événements
indésirables (EI) (définis comme des blessures ou complications
non intentionnelles liées à la gestion des soins de santé). Nous
avons effectué cette étude pour décrire les types et risques d’EI
de secteurs de soins très intensifs de services d’urgence. 
Méthodes : Dans cette étude de cohorte prospective, nous
avons examiné les résultats de patients vus consécutivement
ayant été traités à deux urgences d’hôpitaux de soins terti-
aires. Nous avons interviewé par téléphone 14 jours après
leur visite initiale les patients ayant reçu leur congé et exa -
miné le dossier médical des patients hospitalisés. Trois
médecins d’urgence ont statué indépendamment sur les
résultats marqués (p. ex., décès, retours à l’urgence) pour
déterminer si un événement indésirable était survenu ou non.
Résultats : Nous avons recruté 503 patients; la moitié (n = 254)
était des femmes et l’âge médian était de 57 ans (fourchette de
18 à 98 ans). La majorité des patients (n = 369, 73,3 %) ont
obtenu leur congé. Les douleurs thoraciques, une faiblesse
généralisée et des douleurs abdominales étaient les raisons
de consultation les plus fréquentes. Parmi les 107 patients qui
avaient des résultats marqués, notre processus d’examen par
les pairs a permis de déterminer que 43 (8,5 %, intervalle de
confiance à 95 %, de 8,1 à 8,9 %) avaient subi un EI, et pour
plus de la moitié de ces patients (24, 55,8 %), ces EI étaient
considérés comme évitables. Les types les plus communs d’EI
étaient les suivants : questions de gestion (n = 18, 41,9 %),
complications suite à une intervention (n = 13, 30,2 %) et prob-
lèmes liés au diagnostic (n = 10, 23,3 %). Les conséquences
cliniques de ces EI variaient, allant de mineures (infection uri-
naire) à graves (diagnostic retardé de dissection aortique). 
Conclusion : Nous avons détecté une plus forte proportion
d’EI évitables par rapport à des études antérieures de patients
hospitalisés, ce qui justifie des études plus poussées auprès
d’un plus grand échantillon de services d’urgence pour con-
firmer ces résultats.
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INTRODUCTION

Patient safety has become an important topic in medi-
cine, along with increasing awareness of adverse events.
Patient safety has been defined as “freedom from acci-
dental injury” and adverse events as unintended injuries
that result from health care management.1 Previous
population-based research has estimated that 3% of all
adverse events occur in the emergency department
(ED).2 This may be an underestimate because the focus
in the past has been on inpatients, a small fraction of the
overall ED population.

In a pilot study of patients discharged from the ED,
6% had experienced adverse events, the majority (71%)
of which were preventable.3 Examples of these adverse
events included missed diagnoses, inadequate follow-up
plans and suboptimal treatment decisions. If this esti-
mate was accurate, then we could expect 840 000 ad -
verse events per year among discharged ED patients in
Canada. This statistic is in conflict with prior estimates
of the importance of ED care to patient safety.2

In the pilot study, patients located in the high-acuity
areas of the ED had more adverse events than ambula-
tory patients. Thus, we chose to study this higher risk
population. The goal of this study was to generate an
accurate estimate of the risk and type of adverse events
and to establish a foundation for planning future inter-
ventions for patient safety. We aimed to achieve this by
searching for adverse events related to health care
received from all providers in the high-acuity areas of
the ED.

METHODS

Study design and setting

We conducted a prospective cohort study at 2 large ter-
tiary care EDs of The Ottawa Hospital, with a com-
bined census of approximately 112 000 patient visits per
year. At the time of this study, these centres were staffed
by 40 specialty trained emergency physicians
(CCFP[EM] and FRCP[C]). This study was approved
by the Ottawa Hospital Research Ethics Board.

Inclusion and exclusion criteria

We included patients older than 18 if they were capable
of providing informed consent or had an available sub-
stitute decision maker. The patient also had to receive
treatment in the resuscitation or observation areas of

the ED, and we included admitted as well as discharged
patients. In contrast to ambulatory areas, the resuscita-
tion and observation areas represented those patients of
highest acuity requiring management on a bed. Acuity
was measured by the Canadian Emergency Department
Triage and Acuity Scale (CTAS) score.4 We planned to
include all consecutive patients assessed in the high-
acuity areas. In the majority of cases these patients had
CTAS scores of 1–3 out of 5 and most often arrived by
ambulance or were nonambulatory.

We excluded patients if they met any of the following
criteria: cognitive impairment due to an organic brain
process or major psychiatric illness and no available
substitute decision maker; critically ill or in too much
distress to be capable of informed consent; unable to
complete a telephone interview in English or French
(or their substitute decision maker was unable); dis-
charged home and did not have a telephone or other-
wise unavailable for follow-up 2 weeks later (as deter-
mined at enrolment).

Data collection procedures

We randomly assigned the research nurse (M.N.) to
enrolment shifts to ensure a representative sample of the
24 hours a day, 7 days a week service provided in the ED.
This was done using computer-generated random num-
bers to maintain a ratio of days: evenings: nights: weekends
of 2:6:1:1 and then randomized according to campus. At
the beginning of each enrolment shift, the research nurse
obtained permission from the attending emergency
physician to approach each consecutive patient registered
to the resuscitation or observation areas of the ED who
was alert and capable of providing informed consent. She
collected baseline data on all patients who consented in
writing to participate in the study. Baseline variables
included demographics, presenting complaint, CTAS
score, discharge diagnosis and number of patients await-
ing inpatient beds at the time of enrolment.

The research nurse was trained to conduct a struc-
tured telephone interview in the language of the patient’s
preference (English or French) at 10–14 days after dis-
charge from the ED. If the patient could not be reached
at that time, she conducted the interview as soon as possi-
ble after the 14-day planned follow-up date. A trained
medical student (J.L.) conducted a chart review of all
inpatients by using a structured data collection sheet
adapted from the Harvard Medical Practices Study.2 He
screened these charts for any flagged outcomes (Box 1)
occurring during the first 2 weeks of the admission and
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compiled these into case summaries. The data from these
chart reviews were regularly audited by the principal
investigator for quality assurance purposes.

We endeavoured to obtain all records of return ED
visits or admissions when this occurred at centres other
than The Ottawa Hospital. In some cases, this required
separate ethics approval from the relevant institution. In
the event that a patient could not be reached for follow-
up, we searched the records of The Ottawa Hospital to
determine whether that patient may have been admitted
to hospital or died.

Outcome measures

Among those discharged or admitted from the high-
acuity areas of the ED, we flagged specific outcomes 
to identify adverse events, the primary outcome of inter-
est. We defined flagged outcomes depending on patient
disposition (Box 1). The flagged outcomes for admitted
patients were derived from the Harvard Medical Prac-
tices Study and have been used in several studies
since.2,3,5–13 The flagged outcomes for discharged patients
were defined in the pilot study using a panel of experts.3

We excluded any flagged outcomes that were scheduled
ED visits or scheduled hospital admiss ions. Adverse
events were defined as flagged outcomes related to ED
care (Box 1). Our adverse event definitions were also

based on the pilot study.3 It is important to note that
patients with flagged outcomes that were judged to be
due to progression of disease were not classified as
adverse events because these outcomes were not related
to health care received. For example, a patient returning
to the ED with recurring pain from renal colic after
appropriate management on the initial visit would be a
flagged outcome that was not an adverse event (Box 2).

Outcome assessment

To identify adverse events, 3 specialty certified attend-
ing emergency physicians who worked in the depart-
ments being studied were trained in outcome as -
sessment. The outcome assessors (G.H., J.P., C.V.)
in dependently judged the association with provided
care by analyzing case summaries using standardized
methods adapted from the Harvard Medical Practices
Study and replicated in many other patient safety stud-
ies including the Canadian Adverse Event Study. 2,3,5–13

Case summaries consisted of patient demographics, his-
tories of presenting illness, medical histories, findings
on physical examination, investigation results and man-
agement provided. They also contained a description of
the timing, course and response to outcomes. Reviewers
were not aware of patient name, sex and treating physi-
cian but were aware of outcome as this information was
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Box 1. Definitions of flagged outcomes and adverse events 

Flagged outcome: definition depends on the disposition of 
the patient at the end of the ED visit: 
• If discharged, patient experiences any of the following: 
 - new/worsening symptoms 
 - an unscheduled visit to an ED or health professional 
 - an unscheduled admission to hospital 
 - death 
• If admitted to hospital, patient experiences any of the 

following: 
 - unplanned transfer from another acute care hospital 
 - unplanned transfer to acute monitoring area and/or neuro-

observation area and/or intensive care unit 
 - unplanned transfer or return to operating room 
 - organ damage or removal during surgery 
 - hospital complications 
 - development of new neurologic deficits during admission 
 - hospital-acquired infection 
 - hospital-incurred accident or injury 
 - adverse drug reaction 
 - dissatisfaction with care 
 - litigation 
 - unplanned readmission to hospital 
 - unexpected death 

Adverse event: a flagged outcome associated with ED 
management 
• Preventable adverse event: an adverse event caused by a 

health care management problem such as a diagnostic issue, 
management issue, unsafe disposition decision or suboptimal 
follow-up 

• Diagnostic issue: documented signs, symptoms, laboratory 
tests or imaging not acted on or an indicated diagnostic test not 
ordered 

• Management issue: suboptimal management plan despite 
accurate diagnosis or based on an inaccurate diagnosis 

• Unsafe disposition decision: patient placed at unnecessary risk of 
experiencing death or major disability by being sent home 

• Suboptimal follow-up: problems with follow-up arrangements led 
to the development of new symptoms, unnecessary prolongation 
of symptoms, an unscheduled return visit to the ED or a 
subsequent unscheduled hospital admission (this could be due to 
inadequate availability of follow-up appointment, or due to 
inappropriate follow-up arrangements) 

• Medication adverse effect: patient experiences a symptom 
related to a medication regardless of whether the medication 
was appropriately prescribed or taken 

• Procedural complication: patient experiences adverse 
consequences of a procedure 

ED = emergency department. 
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essential to the determination of adverse events. Re -
viewers categorized adverse events according to type,
severity and preventability. Preventable adverse events
were defined as adverse events caused by a health care
management problem such as a diagnostic issue, man-
agement issue, unsafe disposition decision, suboptimal
follow-up, medication adverse effect or procedural
complication. These terms are defined in Box 1.

We broke down each flagged outcome assessment
into components to guide the reviewer through a struc-
tured process when arriving at the conclusion that the
outcome was an adverse event. We used a widely used 

6-point Likert scale to determine the confidence of the
reviewer in health care management causation of the
outcome (1 = no evidence for management causation, 
6 = certain evidence for management causation). 2,3, 5–13 If
2 out of 3 reviewers had a level of certainty greater than
4/6 (i.e., 5/6 or 6/6), we classified the flagged outcome as
an adverse event. To verify these judgments, 2 authors
(L.A.C., A.F.) independently reviewed these adverse
events and confirmed by consensus which events were
related to ED care. This secondary review was blind to
the results of the first review by the 3 emergency physi-
cians. We based final determination of an adverse event

Calder et al.

Box 2. Examples of adverse events and a flagged outcome not judged to be an adverse event 

Adverse events 
• Diagnostic issue (preventable): A 55-year-old patient presented with chest pain similar to usual 

angina. The nurse noted the pain radiated to the patient’s back and blood pressure was 
unequal between arms. ECG and chest radiograph were noted as nil acute and troponin T 
positive. The patient was referred to cardiology and there was a 7-hour delay in diagnosis of 
aortic dissection. AE severity: death 

• Medication adverse effect (preventable): A 28-year-old patient presented with a 1-week history 
of confusion. The patient was found to be hyperglycemic, attributed to recent course of 
steroids. The patient was treated with IV insulin infusion, and 2 serial levels of hypokalemia 
occurred before treatment initiation. AE severity: required medical intervention 

• Management issue (preventable): A 90-year-old patient fell and sustained hip fracture. The 
patient was admitted for conservative management without deep venous thrombosis 
prophylaxis. Two weeks later the patient developed pulmonary embolism and responded to 
heparin treatment. AE severity: required medical intervention 

• Procedural complication (not preventable): A 55-year-old patient with known liver cirrhosis 
presented with shortness of breath and distended abdomen. The patient underwent 
paracentesis in the ED and returned 2 days later stating that fluid was leaking from 
paracentesis sites. AE severity: required return ED visit. 

• Nosocomial infection (not preventable): A patient presented to the ED with 5 days of bilateral 
leg weakness followed by sudden onset of paresthesias. Spinal cord compression was 
diagnosed and a Foley catheter was inserted. Three days later, the patient developed urinary 
tract infection confirmed by culture. AE severity: required medical intervention. 

• Suboptimal follow-up (preventable): A 53-year-old patient with a history of smoking, 
hypertension and coronary artery disease presented with left-arm paresthesias and weakness. 
CT head, chest radiography and ECG were all negative. Discharged with neurology follow-up in 
2 weeks. On telephone follow-up 2 weeks later the patient stated that the symptoms had 
worsened and that an appointment had not yet been received. AE severity: symptoms only 

• Fall (preventable): A 98-year-old patient was diagnosed with myocardial infarction and 
congestive heart failure. No documentation of universal fall precautions in place in ED or on 
ward. The next day the patient fell in the bathroom — no physical injury was documented. The 
fall was deemed related to poor vision and physical deconditioning. The patient received 
physiotherapy and occupational therapy treatment. AE severity: required medical intervention 

• Unsafe disposition decision (preventable): A 70-year-old patient with a history of chronic 
obstructive pulmonary disease presented with increasing shortness of breath and fever. The 
patient was noted to be in moderate respiratory distress. No acute changes on ECG or chest 
radiograph. The patient was treated and discharged as COPD exacerbation. Returned 8 hours 
later in severe respiratory distress requiring BiPAP. AE severity: required admission 

Flagged outcome not judged to be an adverse event: 
• Progression of disease: A 40-year-old patient had 4 episodes of left flank pain in the past  

3 days. CT scan showed ureteric calculus. Patient discharged with Oxycocet and follow-up 
with urology within the next week. Left flank pain recurred 2 days later and patient presented 
to the ED. 

AE = adverse event; BiPAP = bilevel positive airway pressure; COPD = chronic obstructive pulmonary disease; CT = computed 
tomography; ECG = electrocardiogram; ED = emergency department; IV = intravenous. 
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on agreement between 4 out of 5 reviewers, a level of
agreement that has been previously shown to reduce
uncertainty in detection of adverse events.14

Calculation of sample size

The primary outcome was the occurrence of an adverse
event. We calculated a sample size of 550 using an esti-
mated rate of adverse events of 6% based on the pilot
study and a bound on the error estimate of 2%.3 Sample
sizes for each time stratum were calculated using
Scheaffer’s formula.15

Statistical analysis

We used descriptive statistics to characterize the popu-
lation of patients enrolled in the study from high-
acuity areas of the ED. We calculated the proportion of
patients with adverse events including the point and
95% confidence interval (CI) estimates. We presented
the types and severity of adverse events using numeri-
cal descriptive statistics. We conducted univariate and
multivariate analyses using the χ2 test and stepwise
multiple logistic regression, respectively, to determine
associations between patient or system factors and
adverse events or preventable adverse events. Variables

with p < 0.25 or of great clinical meaning were in -
cluded in the multiple logistic regression model.

RESULTS

Patient flow is summarized in Figure 1. We enrolled 518
patients from August to December 2004. Two patients
withdrew consent and 13 (2.5%) patients were lost to 
follow-up; the final number of patients analyzed was 503.

Table 1 provides the baseline characteristics for all
patients who were enrolled and subsequently admitted
or discharged. Overall, the patients enrolled in the study
had an equal sex distribution (female n = 254, 50.5%), a
median age of 57 years and presented most commonly
with chest pain, weakness or abdominal pain.

In terms of system factors (Table 2), most patients
were located in resuscitation or observation areas, and
most enrolled patients were cared for by one staff emer-
gency physician for the duration of their ED visit. The
estimated waiting time represented the head nurse’s
estimate of how long patients were waiting to be as -
sessed by an emergency physician from their time of
registration in the department. The median estimated
waiting time was 30 minutes.

Of 107 patients with flagged outcomes, there were
43 patients classified as having had adverse events
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Fig. 1. Flow diagram of patient enrolment and analysis. *Individual patients
may have had more than 1 flagged outcome.

Patients enrolled  n = 518 

Telephone follow-up 
n = 369 (97.6%) 

Discharged  n = 378 (72.9%) 

Patient withdrew consent  
n = 2 

Patients with flagged outcomes   
n = 29 (22.3%; total of 40 flagged 
outcomes*)   
• Unexpected death  n = 1 
• Unplanned admissions  n = 3 
• Hospital complications  n = 17 
• Hospital-acquired infections  n = 10  
• Iatrogenic injuries  n = 4 
• Adverse drug reactions  n = 2 
• Dissatisfaction with care  n = 3 

Admitted  n = 138 (26.6%) 

Chart review 
n = 134 (97.1%) 

Lost charts 
n = 4 

Patients lost to 
follow-up  n = 9 

Patients with flagged outcomes   
n = 78 (21.7%; total of 95 flagged 
outcomes*)  
• Expected deaths  n = 5  
• Unplanned admissions  n = 26 
• Unplanned return ED visits  n = 43 
• Worsening symptoms  n = 6 
• New symptoms  n = 9 
• Unresolved symptoms  n = 4 
• Visited health professionals  n = 2 
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(Table 3), a proportion of 8.5% (95% CI 8.1%–8.9%).
Of all adverse events identified, 24 (55.8%) were pre-
ventable and 25 (58.1%) were attributable to ED care.
A greater proportion of adverse events were preventable
among the discharged population (n = 15, 71.4%, 95%
CI 51.6%–90.4%) versus the admitted population (n =
9, 40.9%, 95% CI 20.4%–61.5%). The most common
types of adverse events were management issues (n = 18,
41.9%), procedural complications (n = 13, 30.2%) and
diagnostic issues (n = 10, 23.3%) (Table 3, see Box 1 for
definitions). The adverse event types differed between
discharged and admitted populations. In the discharged
population, management issues (n = 10, 47.6%), diag-
nostic issues (n = 7, 33.3%) and unsafe disposition 
de cisions (n = 4, 19.0%) figured most prominently. 
Ad mitted patients more commonly had procedural
complications (n = 11, 50.0%), management issues (n =
8, 36.4%) and medication adverse effects (n = 6, 27.2%)
or infections (n = 6, 27.2%). Box 2 provides examples of
each type of adverse event, preventable adverse events and
a flagged outcome not deemed to be an adverse event.

Adverse events were more likely to occur within 
1 week of the initial ED visit (22/43, 60.5%). For dis-
charged patients, 52.3% of adverse events occurred
within 7 days and 23.8% between 7 and 14 days. The
same trend held true for admitted patients, with 68.2%
of adverse events occurring within 7 days and 22.7%
between 7 and 14 days.

The most severe adverse event was an unexpected
death judged to be related to a delay in diagnosis of aor-
tic dissection (Table 4). One patient suffered permanent
disability as a result of a missed inferior wall myocardial
infarction. One patient suffered nonpermanent disability
in the form of debilitating headaches that persisted per-
haps longer than expected because of suboptimal follow-
up. Other adverse events resulted in symptoms only or
abnormalities on laboratory testing requiring treatment.

In terms of response to the severity of the adverse
event (Table 4), nearly half (n = 20, 46.5%) of adverse
events required some form of intervention. Examples of
responses to the severity of adverse events are described
in Box 2.

Calder et al.

Table 1. Baseline characteristics for patients who received treatment at 2 emergency departments from August to  
December 2004 

 No. (%) of patients* 

Characteristic Total, n = 503 Admitted, n = 134 Discharged, n = 369 

Median (range) age,† yr 57 (18–98) 64 (19–98) 57 (18–94) 
Female sex 254 (50.5) 68 (50.8) 186 (50.4) 
Top 5 presenting complaints       
    Chest pain 137 (27.2) 29 (21.6) 108 (29.3) 
    Weakness/dizziness 53 (10.5) 13 (9.7) 40 (10.8) 
    Abdominal pain 46 (9.1) 14 (10.4) 32 (8.7) 
    Shortness of breath 44 (8.7) 14 (10.4) 30 (8.1) 
    Trauma 30 (6.0) 8 (6.0) 22 (6.0) 
CTAS score       
    1 Resuscitation 5 (1.0) 1 (0.8) 4 (1.1) 
    2 Emergent 224 (44.5) 57 (42.5) 167 (45.3) 
    3 Urgent 243 (48.3) 68 (50.7) 175 (47.4) 
    4–5 Less/nonurgent 13 (2.6) 7 (5.2) 6 (1.6) 
Taking medications‡ 429 (85.6) 115 (85.8) 314 (85.1) 
Had chronic illnesses§ 391 (77.7) 90 (67.7) 301 (81.6) 
Top 5 emergency discharge diagnostic categories       
    Cardiac 186 (37.0) 39 (29.1) 147 (39.8) 
    Gastrointestinal 73 (14.5) 21 (15.7) 52 (14.1) 
    Infection 40 (8.0) 17 (12.7) 23 (6.2) 
    Neurologic 35 (7.0) 5 (3.7) 30 (8.1) 
    Trauma 28 (5.6) 6 (4.5) 22 (6.0) 

CTAS = Canadian Emergency Department Triage and Acuity Scale. 
*Unless otherwise indicated. 
†Age had a slightly skewed distribution to the older age groups. 
‡Patient was taking at least 1 medication at presentation. 
§Patient had medical history of at least 1 chronic illness. 
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Our analysis to determine potential patient and sys-
tem risk factors for adverse events identified no such
factors as independently associated with adverse event
or preventable adverse event occurrence. Although age
was seemingly associated with preventable adverse
events in the univariate analysis, none of the patient and
system factors had statistically significant odds ratios in
the multivariate analysis.

DISCUSSION

This study is the first prospective multicentre study to
evaluate adverse events in high-acuity areas of the ED.
We documented an overall proportion of patients with
adverse events of 8.5% with a narrow 95% CI (8.1%–
8.9%). Over half of these events were preventable
(55.8%) particularly among patients sent home directly
from the ED. Overall, we found management issues

were the most common type of adverse event. Almost
half of the patients required little or no care to manage
their adverse event as the severity was minor. The other
half, however, required extensive care and 1 patient died
as a result of adverse events. Although we found that
adverse events were not common in high-acuity ED
patients, the preventability and types of adverse events
we documented suggest room for improvement in the
patient safety of emergency care.

Our proportion of adverse events is higher than
those of previous studies of adverse events in EDs. The
pilot study of this study found 6% of discharged ED
patients experienced adverse events.3 A Taiwanese study
performing telephone follow-up of 566 predetermined
“high-risk” ED-discharged patients found 4% of pa -
tients who had unscheduled return visits to the ED suf-
fered adverse events.16 In a retrospective chart review 
of deaths in a small community Australian hospital, 
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Table 2. System characteristics for patient visits to 2 emergency departments from August to December 2004 

 No. (%) of patients* 

Characteristic Total, n = 503 Admitted, n = 134 Discharged, n = 369 

Patient’s location in emergency department       
    Resuscitation area 186 (37.0) 36 (26.9) 150 (40.7) 
    Observation area 291 (57.9) 81 (60.4) 210 (56.9) 
    Ambulatory areas 26 (5.2) 17 (12.7) 9 (2.4) 
No. of physicians involved in the patient’s care       
    1 459 (91.3) 126 (94.0) 333 (90.2) 
    2 38 (7.6) 6 (4.5) 32 (8.7) 
    3 3 (0.6) 0  3 (0.8) 
No. of patients waiting for beds†‡       
    0 98 (26.6) — 98 (26.6) 
    1 79 (21.4) — 79 (21.4) 
    2 105 (28.5) — 105 (28.5) 
    4 27 (7.3) — 27 (7.3) 
    5 26 (7.0) — 26 (7.0) 
    6 9 (2.4) — 9 (2.4) 
    8 12 (3.3) — 12 (3.3) 
Level of training of primary assessor       
    Attending staff physician 245 (48.7) 81 (60.4) 164 (44.4) 
    Non–emergency medicine resident 111 (22.1) 12 (9.0) 99 (26.8) 
    Emergency medicine resident 86 (17.1) 22 (16.4) 64 (17.3) 
    Medical student 59 (11.7) 18 (13.4) 41 (11.1) 
Time of registration       
    Day (8 am–4 pm) 243 (48.3) 69 (51.5) 174 (47.2) 
    Evening (4 pm–midnight) 218 (43.3) 51 (38.1) 167 (45.3) 
    Night (midnight–8 am) 42 (8.3) 14 (10.4) 28 (7.6) 
Median (range) estimated waiting time, h†§ 0.5 (0–6) — 0.5 (0–6) 

*Unless otherwise indicated. 
†Data were unavailable for admitted patients. 
‡No. of patients in the emergency department admitted and awaiting inpatient beds at the time of enrolment. 
§Estimated waiting time was ascertained from care facilitator registered nurse (i.e., estimated waiting time for physician assessment when patient was enrolled in the study). 
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un planned return ED visits, ED length of stay of longer
than 6 hours or transfer to an acute care facility found
an adverse event proportion of 1%.6 Our higher pro-
portion could be due to acuity differences between our
study and previous studies, or methodologic differences
because our study was prospective, represented the full

24 hours of emergency care and used a standardized
method of adverse event detection.

Unlike previous inpatient chart review studies de -
signed to detect adverse events,2,5–13 to our knowledge,
this is the first study to compare admitted and dis-
charged populations in the ED. The different types of
adverse events between admitted and discharged popu-
lations was an important finding. Previous authors have
highlighted diagnostic issues as being the most common
contributor to adverse events in the ED.17–19 In our
study, we found management issues (suboptimal man-
agement plans despite accurate diagnosis or based on
inaccurate diagnosis) to be the most common. These
adverse event types figured most prominently in the
discharged population. The differences we uncovered
imply a need to tailor specific prevention strategies for
the discharged population.

Our approach to this study was grounded in the sys-
tems approach to patient safety.20–23 This means we took
a broad, inclusive view when screening for flagged out-
comes to reduce the risk of missing adverse events. 
We considered flagged outcomes through the first 
2 weeks of a patient’s admission and for 2 weeks after
discharge from the ED. We considered visits to any
kind of health care professional as well as changes in
symptom patterns. We asked our reviewers to consider
the entirety of the patient’s health care experience
based on the information provided rather than assigning

Calder et al.

Table 3. Proportion of adverse events, preventability and 
relation to emergency department care 

No. (%) of patients 

Outcome 
Total,  

n = 503 
Admitted, 
n = 134 

Discharged, 
n = 369 

Adverse event* 43 (8.5) 22 (16.4) 21 (5.7) 
    Management issue 18 8 10 
    Procedural complication 13 11 2 
    Diagnostic issue 10 3 7 

Medication adverse 
effect 

9 6 3 

    Infection 6 6 0 
Unsafe disposition 
decision 

4 0 4 

    Suboptimal follow-up 2 0 2 
    Fall 3 2 1 
Preventable adverse 
event 

24 (4.8) 9 (6.7) 15 (4.1) 

Adverse event 
attributable to ED care 

25 (5.0) 4 (3.0) 21 (5.7) 

ED = emergency department. 
*Some adverse events had more than 1 type; all are counted and reported here. 

Table 4. Severity of adverse events and response to outcomes 

 No. (%) of patients 

Severity and response 

Total with 
adverse events, 

n = 43 

Admitted with 
adverse events, 

n = 22 

Discharged with 
adverse events, 

n = 21 

Severity*    
Abnormality on laboratory testing 
requiring treatment 

6 (14.0) 6 (27.3) 0  

≤ 1 day of symptoms 18 (41.9) 8 (36.4) 10 (47.6) 

> 1 day of symptoms 16 (37.2) 7 (31.8) 9 (42.9) 
Nonpermanent disability 1 (2.3) 0  1 (4.8) 
Permanent disability 1 (2.3) 0  1 (4.8) 
Death 1 (2.3) 1 (4.5) 0  
Response†       
No treatment (symptoms only) 10 (23.3) 8 (36.4) 2 (9.5) 
Required medical/surgical intervention 20 (46.5) 19 (86.4) 1 (4.8) 
Visit to MD office 2 (4.7)      N/A 2 (9.5) 
ED visit 4 (9.3)      N/A 4 (19.0) 
Admission to hospital 12 (27.9)      N/A 12 (57.1) 

ED = emergency department; MD = medical doctor; N/A = not applicable. 
*If a patient had multiple severity classes only the most severe was counted. 
†If a patient had multiple response classes only the most severe was counted; however, if a patient had multiple adverse events, 
all are reported here. 
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blame to a single provider. Our goal was to identify
issues with our ED as a complex system rather than to
diagnose specific errors.

Limitations

Although we endeavoured to carefully measure adverse
events, there are some limitations to our study. First,
our analyses were limited by the small number of
events. Although this is a concern for establishing the
association of baseline factors with outcomes, the sam-
ple size was appropriate to address our primary objec-
tive of determining the proportion of adverse events
among the high-acuity population. 

Second, although we minimized “hindsight” bias
(tendency of people with outcome knowledge to exag-
gerate the extent to which they would have predicted an
event beforehand) to the best of our ability, it is still
possible the severity of patient outcomes influenced rat-
ings.24 We mitigated this problem by training our out-
come assessors to consider only information that would
have been available to the treating emergency physician,
asking them to consider other possible competing
explanations for the outcome, using a structured rating
process and requiring 4 of 5 physicians to agree on the
rating. This is a much more vigorous standard than
those used for prior ED studies.3,6,16

Third, our study was conducted in 2 tertiary care
EDs only. We are uncertain of the direction of this
potential bias. Despite our effort to enrol consecutive
patients on random shifts, it is possible that those pa -
tients who were excluded could contribute to a selection
bias. Unfortunately, we do not have the data to verify
this. We did apply 2 different methods for identifying
flagged outcomes among discharged and admitted
patients because the standardized screening tool for
inpatients was not applicable to discharged patients. To
verify whether this influenced the proportion of adverse
events, we conducted a sensitivity analysis removing
additional outcomes identified from the telephone
interview of discharged patients. The number of pre-
ventable adverse events among discharged patients
remained unchanged (4.1%). Some of these limitations
are inherent to research related to detection of adverse
events; however, we endeavoured to minimize their
impact as much as possible.

CONCLUSION

We employed a broad, inclusive and systematic ap proach

to adverse event determination among high-acuity ED
patients. This allowed us to detect a higher proportion of
adverse events compared with previous inpatient adverse
event studies. In particular, the relatively higher propor-
tion of preventable adverse events among the discharged
population warrants further investigation among a wider
selection of EDs with particular attention to manage-
ment and diagnostic issues.
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