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Abstract

Background: Adverse events are poor patient outcomes that are
due to medical care. Studies of hospital patients have demon-
strated that adverse events are common, but few data describe
the timing of them in relation to hospital admission. We evalu-
ated characteristics of adverse events affecting patients admit-
ted to a Canadian teaching hospital, paying particular atten-
tion to timing.

Methods: We randomly selected 502 adults admitted to the Ot-
tawa Hospital for acute care of nonpsychiatric illnesses over a
1-year period. Charts were reviewed in 2 stages. If an adverse
event was judged to have occurred, a physician determined
whether it occurred before or during the index hospitalization.
The reviewer also rated the preventability, severity and type of
each adverse event.

Results: Of the 64 patients with an adverse event (incidence
12.7%, 95% confidence interval [Cl] 10.1%-16.0%), 24 had a
preventable event (4.8%, 95% Cl 3.2%-7.0%), and 3 (0.6%,
95% Cl 0.2%-1.7%) died because of an adverse event. Most
adverse events were due to drug treatment, operative compli-
cations or nosocomial infections. Of the 64 patients, 39 (61%,
95% Cl 49%-72%) experienced the adverse event before the
index hospitalization.

Interpretation: Adverse events were common in this study.
However, only one-third were deemed avoidable, and most
occurred before the hospitalization. Interventions to improve
safety must address ambulatory care as well as hospital-
based care.
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atient safety has become an area of interest in Canada
P and in many other countries. This is partly because

international research has demonstrated that adverse
events, or poor outcomes caused by medical care, are com-
mon. Two US studies identified adverse events in 2.5%' to
3.7%* of hospitalizations, while British and Australian stud-
ies found rates of 10.8%°and 16.6%,’ respectively.

One aspect of such studies that is often overlooked is
the timing of the adverse event with respect to the hospi-
talization.” Except for the British study,’ all previous stud-
ies included adverse events that occurred before the hos-
pitalization under review as long as the adverse event was

discovered during the hospitalization."** Such “prehospi-
tal” events constituted between 38%? and 49%* of all
adverse events in these studies. Yet, although the overall
incidence of adverse events has been widely publicized,
most of the attention on improving safety has focused on
hospital care.

We performed this study to determine the incidence,
preventability, severity, type and timing of adverse events
affecting patients in a Canadian teaching hospital. In addi-
tion, we evaluated differences in adverse events occurring
before and during hospitalization. This information would
confirm previous observations that many adverse events oc-
cur before admission. Importantly, we felt that a more
thorough evaluation of the timing and location of adverse
events could lead to more rational interventions to improve

quality and safety.

Methods

The study took place in the Ottawa Hospital, a multicampus
teaching hospital, and was approved by the Ottawa Hospital Re-
search Ethics Board. We chose a random sample of 502 adult,
nonpsychiatric hospitalizations from 2 acute-care facilities over a
1-year period. The sample constituted 1.3% of all hospitalizations
and was stratified by facility and admitting service.

As in previous studies, we used a 2-stage chart-review process
(Appendix 1) to identify adverse events.'* In brief, in stage 1 a
nurse reviewed charts to identify hospitalizations meeting at
least 1 of 16 screening criteria. The criteria were identical to
those used in previous studies and were selected to identify ad-
missions in which an adverse event could have occurred. The
nurse-reviewer had received a 1-hour training session on pa-
tient-safety issues, background literature and chart-review meth-
ods. In addition, the nurse and the principal investigator
reviewed a training sample of 50 charts independently and dis-
cussed discrepancies in coding.

In stage 2, the charts rated “screen-positive” by the nurse-
reviewer were reviewed by 1 of 8 physicians (surgeons, internists,
obstetricians and an emergency physician) to determine whether
an adverse event had occurred. The physicians had received a 2-
hour training session with the same framework as the nurse’s
training session. In addition, the physicians and the principal in-
vestigator reviewed a training sample of 5 charts independently
and discussed discrepancies in coding. The physicians used a 6-
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point scale to rate their confidence that an adverse outcome was
due to medical care. A score of 4 or above indicated that the out-
come was an adverse event. All hospitalizations that were rated
positive for an adverse event and a sample of negative-rated charts
were reviewed again by another physician.

Adverse events were rated for preventability, severity, type, tim-
ing and location. A preventable adverse event was one that, on the
basis of implicit judgement, was felt to be due to an error in man-
agement. Severe adverse events led to permanent disability or
death. The type was classified as adverse drug event, operative
complication, nosocomial infection, diagnostic error (an indicated
test was not ordered or a significant test result was misinterpreted)
or system problem (inadequate communication, inadequate train-
ing or supervision of doctors, or inadequate functioning of hospital
services). Types of adverse events were not mutually exclusive; for
example, a padent with a postoperative wound infection was classi-
fied as having both a nosocomial infection and an operative injury.

As in previous studies,"”* we included adverse events that oc-
curred before or during the index hospitalization as long as the event
was first discovered during that hospitalization. We did not include
adverse events that developed after the index hospitalization."? We
determined whether “prehospital” adverse events occurred during
ambulatory care, during an emergency department visit or during a
previous hospitalization. “Ambulatory care” consisted of treatment
in physician offices, in the patient’s home or in a nursing home. If an
event occurred in the emergency department and the patient was di-
rectly admitted, then the event location was coded as “in-hospital.”
However, if the patient was sent home from the emergency depart-
ment and an adverse event required subsequent admission to hospi-
tal, the adverse event was classified as prehospital.

"The unit of analysis was the hospitalization. We calculated event
rates per 100 hospitalizations. We used the Wilson Score method
to calculate 95% confidence intervals (Cls). We analyzed 3 simple
variables as potential risk factors for the occurrence of adverse
events (patient age [in quartiles], admission status [“elective” if the
chart contained a completed “request-for-admission” form] and ad-
mitting service [medicine, surgery or obstetrics and gynecology]).

The X* test was used to compare event risk between strata and
the X’ test for trend to compare event risk between ranked strata.
We determined independent predictors of in-hospital adverse
events using a multivariate logistic regression model. Variables
were entered into the model if they were significant in univariate
testing at p < 0.2.

Results

We reviewed all the charts for the 502 randomly se-
lected hospitalizations. At least 1 of the screening criteria
was present in 312 (62.2%) of the charts, and adverse
events (Appendix 2) were identified in 64 charts (incidence
12.7%, 95% CI 10.1%-16.0%).

Of the 502 patients, 24 had a preventable adverse event
(4.8%, 95% CI 3.2%-7.0%), 3 (0.6%, 95% CI 0.2%—
1.7%) died because of an adverse event, 9 (1.8%, 95% CI
0.4%-3.3%) had permanent disabilities, and 52 (10.4%,
95% CI 8.0%-13.3%) had temporary disabilities; none of
the deaths was considered preventable, whereas 5 of the
permanent disabilities were. Adverse events were most
commonly adverse drug events (50%), surgical complica-
tions (31%) or nosocomial infections (19%) (Table 1).

Only 25 of the patients experienced their adverse events
after admission to hospital (5.0%, 95% CI 3.1%-6.9%).
The remaining 39 (7.8%, 95% CI 5.7%-10.4%) experi-
enced them before the index hospitalization. Similar pro-
portions of prehospital and in-hospital adverse events were
preventable (32% and 40%, respectively; p = 0.5) or severe
(18% and 20%, respectively; p = 0.8). Except for operative
events, the types of prehospital adverse events were similar
to the types of in-hospital adverse events (Table 1).

Of the 39 prehospital adverse events, 20 (31% of all ad-
verse events) occurred during ambulatory care, 16 (25% of
all adverse events) during a previous hospitalization and 3
(5% of all adverse events) during a previous emergency de-
partment visit. Of the 20 prehospital adverse events that
occurred during ambulatory care, 18 (90%) were adverse
drug events, and 9 (45%) were preventable. Of the 16 ad-
verse events that occurred during previous hospitalizations,
10 (62%) were operative complications, 3 (19%) were ad-
verse drug events, 3 (19%) were nosocomial infections, and
4 (25%) were preventable. All 3 adverse events that oc-
curred during previous emergency department visits were
due to diagnostic errors and were preventable. The differ-
ence in the proportion of adverse events that were judged

to be preventable in each location was

Table 1: Types of adverse events in 502 randomly selected hospitalizations in

2 campuses of a Canadian teaching hospital

significant (p < 0.05).
"Table 2 presents the incidence of dif-

No. (and %) of adverse events

ferent types of adverse events by patient
age group, admitting service and admis-

Type of adverse event Preventable  In-hospital Prehospital ~ Severe All sion status. Overall risk of adverse events
Adverse drug event* 16 (67) 10 (40) 22 (56) 4 (33) 32 (50) was significantly associated with patient
) o age (p < 0.001 by the X* test for trend),
Operative complication 3 (12) 10 (40) 10 (26) 4 (33) 20 (31 2 . .
e admitting service (p = 0.001) and admis-
Nosocomial infection 2 (8) 8 (32) 4 (10) 2 (17) 12 (19 . tate -0 04) Wh Iv in-h
Diagnostic error 6 (25) 2 ® 400 3025 6 (9 sion status (p = 0.04). When only in-hos-
pital adverse events were considered,
System problem 5 21) 2 (8) 3 (8) 1 (8) 5 (8) X . O
- however, the risk remained significantly
Procedure injury 0 (0 T @ 4 (10 2 .17y 5 () iated with = 0.004) but
Anesthetic injury 0 © 1 @ o® o0 © 1 @ asscl’cmte Wi .aged(p “h adins Jutwas
Obstetric injury 0 © 0 © - o © 1 @ no longer associated with admission sta-
tus and was less strongly associated with
All 24 (100) 25 (100) 39 (100) 12 (100) 64 (100)

admitting service (p = 0.03). After con-

*Defined as an adverse event caused by medication use.
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ate logistic model, we found that admitting service was not sig-
nificantly associated with risk of in-hospital adverse events, al-
though the total number of adverse events was small. Risk of
adverse events was the same in both facilities.

Interpretation

We found that 12.7% of hospitalizations in a Canadian
teaching hospital were associated with an adverse event and
that 38% of all of the adverse events were preventable. We
also determined that 61% of the events occurred before the
patient was admitted to the facility. The types and pre-
ventability of prehospital adverse events were similar to
those of in-hospital events. However, prehospital events
that occurred in the ambulatory setting were almost always
adverse drug events and were often preventable, whereas
those related to previous hospitalizations were more often
surgical complications and less often preventable.

Although we used similar methods, comparisons between
our study and previous ones need to be made cautiously ow-
ing to subtle differences in definitions and reviewer behav-
iour and international differences in charting practices.™
However, prehospital adverse events were less common in
the US studies than in our study and the Australian one.
This could be due to differences in the availability of pri-
mary health care: since greater proportions of the popula-
tion in Canada and Australia are eligible for primary health
care, it is possible that greater proportions receive medical
treatment in the community. Alternatively, treatments may
be monitored and followed more closely in the United
States, which would make it less likely that complications
would lead to hospitalization. The higher proportion of
prehospital adverse events in Canada could also be due to
the fact that the study hospital is a referral centre.

Our study has both strengths and limitations. We used
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standard methods, evaluated more than 1 institution and
enrolled appropriate specialists to conduct the chart re-
views. However, the 2 facilities that we evaluated were
teaching hospitals and in the same city. Current methods
for detecting adverse events are hampered by being retro-
spective and based on chart review. This bias probably re-
sults in a conservative rate estimate. Determinations of ad-
verse events are based on implicit criteria and are only
moderately reliable.” We tried to address this limitation by
presenting all of our adverse events, so that readers could
make their own judgements about validity.

In summary, adverse events are relatively common.
Most are the consequence of therapies that are provided
correctly but have inherent risks. However, many adverse
events are potentially preventable. Therefore, increased ef-
forts must be made to reduce their incidence. The higher
rate of prehospital adverse events needs to be confirmed. A
larger, multicentre Canadian study is underway and may
help shed light on this intriguing finding. Regardless, it is
clear that quality-improvement efforts must address ambu-
latory care as well hospital care.
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Table 2: Incidence of adverse events, stratified by patient and hospitalization characteristics

No. of adverse events (and % of hospitalizations reviewed)

No. of

hospitalizations Preventable
Characteristic reviewed Preventable  In-hospital*  Severe* and severe All
Age quartile (and yr)
1 (< 34) 129 T M (1) 0 0 4 ()
2 (34-54) 127 0 6 (5) 1(1) 0 13 (10)
3 (55-72) 120 8 (7) 7 (6) 7 (6) 2(2) 19 (16)
4 (>72) 126 15(12) 11(9) (3) 3(2) 28 (22)
Admitting service
Medicine 161 17 (10) 10 (6) 2) (1) 35(22)
Surgery 206 6 3) 14.(7) 73) 3(M 24 (12)
Ob/Gyn 135 1T (1) (1) (1) 0 5 4
Admission status
Elective 149 3 (2 8 (5) 2(1) 1(1) 12 (8)
Emergency 353 21 (6) 17 (5) 10 (3) 4(1) 52 (15)
Entire sample 502 24 (5) 25 (5) 12 (2) 5(1) 64 (13)

Note: Ob/Gyn = obstetrics and gynecology.

*Of these adverse events, 8 (32%) of those in hospital and 5 (42%) of those that were severe were preventable.
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Appendix 1: Chart-review methodology for identifying adverse events (AEs)

Screening criteria
1. Unplanned admission as a result of health care management (including all readmissions)
Transfer from another acute care hospital
Transfer to the intensive care unit or another monitored setting
Unplanned transfer or return to the operating room

2
3
4.
5. Unexpected death
6. Cardiorespiratory arrest
7. Unplanned removal, injury or repair of organ or structure during surgery, invasive procedure or vaginal delivery
8. Injury or complications related to abortion or labour and delivery, including neonatal complications
9. Hospital complications developing during admission (e.g., myocardial infarction, stroke or pulmonary embolism)
10. Development of neurologic deficit not present on admission (including change in level of consciousness or delirium)
11. Hospital-acquired infection
12. Hospital-incurred patient accident or injury
13. Adverse drug reaction indicated in the chart
14. Documentation of patient or family dissatisfaction with the care received
15. Documentation indicating litigation (contemplated or actual)
16. Any other undesirable outcome not covered by the other criteria

Determination of adverse events by physicians

A 6-point scale was used for rating whether an adverse outcome was due to treatment (definition of an AE)

1. No evidence that outcome was due to treatment

Little evidence that outcome was due to treatment

Outcome was possibly due to treatment (50/50 chance) but was more likely due to disease

Outcome was possibly due to treatment (50/50 chance) and was more likely due to treatment than to disease
Outcome was probably due to treatment

6. Outcome was definitely due to treatment

If the physician rating was 4 or higher, the chart was considered “AE-positive”; otherwise, it was “AE-negative.” All AE-positive
charts were reviewed again to minimize the chance of false-positive coding. In addition, for all AE-negative hospitalizations,

1 physician (T.R.A.) reviewed the case descriptions prepared by the nurse and initial physician-reviewer during the review process.
Some of these descriptions indicated a high probability of an AE. For example, if the description stated that “pneumonia developed
while the patient was in hospital,” nosocomial infection, which should have been coded as an AE, was likely. All such
“suspicious” hospitalizations were reviewed again.

U A~ W N

Reliability of physician reviews

Of the 312 charts that were screen-positive, 58 were rated as AE-positive initially, and 50 of these were confirmed as AE-positive.
Of the 254 charts rated as AE-negative initially, 36 had a suspicious case description; upon second review, the rating was changed
to AE-positive for 14. Thus, there were 8 false-positive, 14 false-negative and 22 true-negative charts among those reviewed twice.

Results for charts that were reviewed twice by physicians
First review; no. of charts

Second review AE-positive AE-negative Total
AE-positive 50 14 64
AE-negative 8 22 30
Total 58 36 94

Note: The data indicate 77% agreement between reviewers; the kappa value for interrater reliability was moderate, at 0.5 (95% confidence interval 0.3-0.7).
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Appendix 2: Case descriptions of AEs

Case

Description

Resulting in permanent disability or death and independently rated by 2 physician-reviewers as likely preventable

1

The patient, a known alcohol abuser, was admitted after a traumatic injury. Alcohol abuse was not diagnosed at the time of admission.
Delirium tremens and myocardial infarction (MI) then developed.

The patient required amputation of a limb after a delay in diagnosis and transfer from a community hospital.

The patient was admitted after an intracerebral hemorrhage. Hypoxia developed; the diagnostic work-up for hypoxia was not complete.
The patient was treated for presumed pneumonia. There was no clinical improvement for about 2 weeks, but no further investigations were
ordered. Shock developed, and massive pulmonary embolism was diagnosed.

The patient was known to be at increased risk of thromboembolic disease. A pulmonary embolism developed days after orthopedic
surgery. Postoperative anticoagulant therapy was not adequate.

Diarrhea associated with Clostridium difficile toxin developed after antibiotic treatment of pneumonia and was complicated by
dehydration and acute renal failure.

Independently rated by 2 physician-reviewers as likely preventable

6
7
8
9

10
11
12

13
14

15
16
17
18

19
20
21
22

23
24

Toxicity to digoxin therapy developed, with electrolyte imbalances and neurologic symptoms.

Delirium developed while the patient was receiving narcotic and antipsychotic medications.

Falls occurred secondary to medication use.

After a surgical procedure, the patient had respiratory depression secondary to narcotic, sedative and antiemetic medication.
Subsequently, delirium developed.

Acute renal failure was caused by diuretic and angiotensin-converting-enzyme inhibitor.

The patient was given an excessive dose of anticoagulant medication and subsequently had serious gastrointestinal (Gl) tract hemorrhage.
The patient, known to have diabetes mellitus, was admitted with pneumonia and poorly controlled blood glucose concentration, then
readmitted 48 hours after discharge because of continued elevation in the blood glucose concentration.

Urinary tract infection developed secondary to unnecessary use of a urinary bladder catheter.

The patient, known to be taking anticoagulants, presented to the emergency department with massive epistaxis. Laboratory investigation
revealed therapeutic anticoagulation and a reduction in the hemoglobin level of 2 g/L during the patient’s stay in the emergency
department. After discharge with local therapy but no reversal of anticoagulation, the patient required admission within 24 hours because
of continued hemorrhage.

Upper Gl tract hemorrhage developed because of a gastric ulcer that was secondary to long-term inappropriate use of ASA.

During a recent hospitalization the patient's insulin was discontinued. The patient was readmitted in a hyperosmolar nonketotic state.
Toxicity to digoxin therapy developed.

The patient was known to be allergic to penicillin but was given a cephalosporin for an infection. Generalized rash and swelling
developed.

The patient was admitted because of complications of metastatic cancer. On the day of discharge, the patient required readmission
because of continued confusion and pain.

The patient, known to have renal insufficiency, was seen in the emergency department with a urinary tract infection and discharged
without laboratory assessment of renal function. The patient was admitted 1 week later with acute renal failure.

The patient became confused while taking several medications prescribed for pain and required hospital admission for management.
During a 2-day wait for an operative procedure, the patient fasted and subsequently became delirious owing to dehydration.

The patient became confused while taking many medications for pain and required hospital admission for management.

After discharge home from the emergency department with a diagnosis of hyperkalemia and hyperglycemia, the patient required hospital
admission within 24 hours because of hyperglycemia.

Resulting in permanent disability or death and likely not preventable

25
26

27
28
29
30
31

A wound infection developed after surgery.

A serious infection and neutropenia developed 2 weeks after chemotherapy in a patient with advanced cancer. The patient died 3 days
after admission.

The patient was admitted for surgical repair of enterocutaneous fistulas caused by radiation treatment.

Multiple postoperative complications, including pneumonia, resulted in death.

The patient had difficulty swallowing after chemotherapy and radiation therapy for cancer.

The patient had an Ml and received thrombolytic therapy. A fatal intracerebral hemorrhage occurred.

Infection occurred in a wound from a previous surgical procedure.

Remaining AEs

32
33
34
35
36

The patient underwent vascular surgery, then required a second operation 1 week later because the first procedure failed.

The patient, who had metastatic cancer, was admitted to hospital for staging investigations. Pneumonia developed during the hospital stay.
Febrile neutropenia developed after chemotherapy.

C. difficile colitis developed after antibiotic treatment. Subsequently, the patient had life-threatening complications from the colitis.

The patient underwent a surgical procedure. After engaging in inappropriate activity, the patient was readmitted 1 day after discharge and
subsequently required a second surgical procedure.

Continued on next page
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Appendix 2 continued

Remaining AEs continued

37  Chemotherapy for cancer caused depression of the patient’s immune system and an infection developed.

38  The patient was admitted for percutaneous drainage of an infected gallbladder and, 2 weeks later, was readmitted because of acute renal
failure and sepsis secondary to blockage of the drain.

39  The patient experienced complications of ascites, nausea and vomiting after hormonal therapy and required percutaneous drainage.

40 A patient with drainage complications from a nephrostomy tube was admitted 1 day after discharge because of continued complications.

41 Infection of a dialysis catheter necessitated admission and antibiotic treatment.

42 The patient had a massive hemorrhage after a biopsy procedure.

43 Pneumonia and febrile neutropenia developed after chemotherapy.

44 While the patient was being treated for severe injuries from a motor vehicle crash, nosocomial pneumonia developed.

45 Acute renal failure, antibiotic-associated diarrhea and falls developed.

46 Acute renal failure developed secondary to diuretic use.

47 Nosocomial pneumonia developed.

48  Massive hemorrhage developed during surgery because of laceration of a blood vessel.

49 Ml developed after a vascular operative procedure.

50  Wound dehiscence developed after a surgical procedure.

51 Small-bowel obstruction developed 1 week after bowel surgery.

52 Hypoventilation and hypoxia developed during prescribed narcotic analgesia after surgery.

53  The patient had incomplete skin healing after surgery and required plastic surgery.

54  The patient underwent a planned minimally invasive operation and, 1 week later, an operation for the same indication that was not
minimally invasive.

55  Postoperative bleeding necessitated readmission.

56  Febrile neutropenia developed during chemotherapy for cancer.

57 After antibiotic therapy for a serious infection, diarrhea associated with C. difficile developed.

58  Syncope developed after an increase in the dosage of topical nitrate therapy.

59  Postoperative pneumonia necessitated admission to hospital.

60  Abdominal pain and diarrhea associated with the C. difficile toxin developed after antibiotic treatment of a urinary tract infection.

61 Nausea and constipation developed during chemotherapy for cancer.

62 Admission was required because of a wound infection 2 weeks after gynecologic surgery.

63 Recurrent infectious complications from a previous surgical complication necessitated admission and antibiotic treatment.

64  Upper Gl tract bleeding, which necessitated admission, was deemed to be secondary to prescribed ASA.
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