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The role of hospital characteristics in patient safety:
a protocol for a national cohort study

Khara M. Sauro PhD, G. Ross Baker PhD, George Tomlinson PhD, Christopher Parshuram MD DPhil

Background: Substantial expenditures on health care safety programs have been justified by their goal of reducing health care
associated—harm (adverse events), but adverse event rates have not changed over the past 4 decades. The objective of this study
is to describe hospital-level factors that are relevant to safety in Canadian hospitals and the impact of these factors on hospital
adverse events.

Methods: This is a protocol for a national cohort study to describe the association between hospital-level factors and adverse events.
We will survey at least 90 (35%) Canadian hospitals to describe 4 safety-relevant domains, chosen based on the literature and expert
consultation, namely patient safety culture, safety strategies, staffing, and volume and capacity. We will retrospectively identify hospi-
tal adverse events from a national data source. We will evaluate organization-level factors using established scales and a survey,
codesigned by the study team and hospital leaders. Hospital leaders, clinical unit leaders and front-line staff will complete the surveys
once a year for 3 years, with an anticipated start date of winter 2022. We will use national health administrative data to estimate the
rate and type of hospital adverse events corresponding to each 1-year survey period.

Interpretation: Analysis of data from this project will describe hospital organizational factors that are relevant to safety and help iden-
tify organizational initiatives that improve hospital patient safety. In addition to biyearly reports to the leaders of the participating hos-
pitals, we have a multifaceted and tailored dissemination strategy that includes integrating the knowledge users into the study team
to increase the likelihood that our study will lead to improved hospital patient safety.

ospital-associated harm occurs frequently; it is esti-
mated that nearly 1 in 10 hospitalized patients

constitute only 1 domain of potential risk factors for AEs
and are often not modifiable.

experience hospital-associated harm, which contrib-
utes to 2.8% of hospital deaths and the loss of 4.7 million
years of life in good health, globally.'~* Health care—associated
harm is often measured as adverse events (AE), defined as
unintended, negative consequences of health care. Adverse
events increase lengths of stay for patients, their chances of
being admitted to intensive care units (ICUs) and dying in
hospital, and they use more health care resources.’'* This
provides a compelling rationale for the deployment of exten-
sive, resource-intensive initiatives to improve patient safety.
Unfortunately, the best available data do not support the
notion that these efforts are improving patient safety.!>”
The reasons patient safety efforts have not had a desirable
return on investment are complex and multifaceted, and
have not been disentangled or comprehensively explored.
Patient characteristics have been extensively evaluated as risk
factors for safety incidents because of their important associ-
ation with AEs. Patients having surgical procedures, those
with multimorbidity, those who have greater severity of ill-
ness and patients who are older are each at increased risk of
experiencing AEs.*!>1%18 However, patient characteristics
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Organization-level characteristics have been studied less
frequently as risk factors for hospital AEs, but the limited
evidence that exists suggests they play an important role in
patient safety.'”?¢ Hospital-level factors that may be rele-
vant to safety can be conceptually grouped into 4 broad
domains, namely patient safety culture, patient safety strat-
egies, staffing, and hospital volume and capacity.!?-1:?7:%8
Evidence suggests that these domains, and the factors
within, each contribute to patient safety and may be better
predictors of patient safety than patient characteris-
tics.!?-2123:293% Furthermore, organization-level factors pre-
sent a modifiable target to improve hospital patient safety.
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To date, most safety improvement strategies have had a
narrow focus on specific patient characteristics, AEs or
clinical practices, and have not resulted in a meaningful
change in the rate of AEs.>!’ Effective strategies to prevent
hospital AEs are needed to ensure that hospital care is safe.
Hospital-level organization factors present a unique and
innovative target for safety improvement initiatives, but
their association with the rate of hospital AEs is not well
understood. Studies have been small, have used single,
cross-sectional designs or have studied only a few organiza-
tion or hospital factors in specific clinical areas (e.g., ICU
or emergency departments).!??%233-37 Therefore, high-
quality evidence from appropriately powered, high-quality
studies is needed to inform organizational decision-making
about hospital care to improve patient safety.

The objective of this study is to describe hospital-level
factors that are relevant to safety in Canadian hospitals
and the impact of these factors on patient safety in hospi-
tals. Based on existing evidence, we hypothesize that
patient safety culture, staffing, and hospital capacity and
volume will be related to hospital AEs. More specifically,
hospitals with poor patient safety culture that are stressed,
from an organization perspective (e.g., low staff-to-patient
ratios that are consistently at capacity), will have more AEs
than hospitals with good patient safety culture that are not
stressed.

Study design and setting
We will survey at least 90 hospitals, which represents 35% of
eligible Canadian acute care hospitals.’*®* We will survey hospi-
tals once a year for 3 years, beginning in winter 2022. We will
use this cohort of hospitals to describe safety-relevant
domains and AEs within each hospital.

In Canada, hospital care is provided through a universally
accessible health care system that is publicly funded by pro-

vincial and federal governments.?>*

Participants and recruitment
Eligible hospitals are those that provide inpatient acute care
to adults (> 18 yr), have at least 50 nonpsychiatric hospital
beds and provide patient-level data to the Canadian Institute
for Health Information (CIHI). National data for 2017-2018
suggest there are 256 such hospitals (Figure 1).¥ We will pur-
posively sample eligible hospitals from all Canadian provinces,
(except hospitals in Quebec, as they do not provide Discharge
Abstract Database data to CIHI), based on hospital character-
istics, to include a mix of urban, tertiary academic and com-
munity hospitals.

We have secured letters of intent to participate from more
than 72 hospitals. If a hospital refuses to participate, we will
invite another hospital with similar characteristics to participate.
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Figure 1: Frequency of hospitals with adult, nonpsychiatric acute care beds in Canada (excluding Quebec).*®
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The most responsible, hospital-level decision-maker of eligi-
ble hospitals will be invited to consent to participate on
behalf of their hospital. Within each consented hospital, we
will include 3 distinct groups of participants, namely
hospital-level decision-makers or their delegates, leaders of
clinical areas within each hospital (e.g., department or divi-
sion heads, medical director, unit executive directors) or their
delegates (e.g., quality improvement leads, clinical unit man-
agers), and front-line staff.

A research team member will screen the organizational
charts of the eligible acute care hospitals to identify the
most responsible, hospital-level decision-maker who will be
invited to participate in the study. The hospital-level
decision-maker will then nominate the most appropriate
leader within each clinical area to participate. The clinical
area leader will facilitate recruitment of front-line staff by
sending emails to all front-line staff within their clinical
area, as well as by posting recruitment materials on web-
sites and in physical spaces within hospitals. This recruit-
ment strategy will ensure that multiprofessional, front-line
staff (e.g., doctors, nurses, respiratory technicians, dieti-
tians, pharmacists) working on different shifts or schedules
are able to participate and complete surveys. This approach
has resulted in a 91% response rate in previous studies."
We will obtain written consent for each participant. The
consent form will describe what participation entails, how
their data will be stored and safety measures for ensuring
their data are secure.

Given that this is a longitudinal study, we will try to mini-
mize risk of bias from attrition. We will invite the same par-
ticipants to complete the survey every year; however, if they
do not, they will be replaced by others in the same role. To
ensure continued engagement, we will enter participants into
a draw for $5-$10 coffee gift cards for each survey completed,
which will be drawn within 3 months of survey completion at
each hospital. Biyearly, we will also provide tailored audit and
feedback reports and newsletters to participants.

We will obtain data for all adult patients admitted to the
participating hospitals from CIHI to measure hospital AEs,
volume and capacity during the study period. Figure 2 shows
our plan for participant recruitment and data collection, using

surveys and CIHI data.

Exposure

We will use 4 broad categories to describe organization-level
factors; these are safety culture, safety strategies, staffing, and
hospital volume and capacity. These organization-level factors
will describe hospitals and relevant clinical areas, which may
include ICUs, general medical units, specialty medical units,
general surgical units, specialty surgical units, operating
rooms and the medical response teams, as determined by the
hospital leaders.

We identified the 4 exposure variables through a narra-
tive review of the literature (Appendix 1, available at www.
cmajopen.ca/content/9/4/E1041/suppl/DC1) and through
an iterative consultation process (via meetings and email for
over a year) with our steering committee, which includes
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hospital leaders and researchers with expertise in the area of
patient safety. We will use inventories and validated surveys
to measure our exposure variables.

We will measure organization-level variables once a
year for 3 years in each hospital, with the study start date
unique for each hospital. We will assign front-line staff
consenting to participate a unique study identification
number and ask them to complete the surveys assessing
patient safety culture and staff well-being every year for the
duration of the study (3 time points). Similar methods have
been used to evaluate patient safety.’® We will ask clinical
area leaders or delegates to complete the survey regarding
patient safety strategies yearly for the duration of the study
(3 time points). We will collect staffing measures
(e.g., nurse-to-patient ratios for day shift and night shift)
intermittently, as guided by clinical area leaders, but on at
least 2 randomly selected days each month of each year for
the 3 years of the study.

Patient safety culture

We will use the validated Canadian Patient Safety Culture
Survey Tool (Can-PSCS) to assess patient safety culture.*#
The Can-PSCS is a 23-item survey that asks participants to
rate their perceptions and opinions of patient safety using a
5-point Likert scale (strongly agree to strongly disagree). The
Can-PSCS was developed based on the United States’ Agency
for Health Research and Quality,* the Patient Safety Climate
in Healthcare Organizations survey®’” and the Error Climate
Scale.’> We chose the Can-PSCS because of its sound psycho-
metric properties, based on validation across several settings,
and because it is theory-based and specifically tailored to the
Canadian context. As such, it has been adopted by Accredita-
tion Canada, the accrediting body for health care organiza-
tions in Canada.” We will use the Can-PSCS overall score as
the primary descriptor of patient safety culture.

Patient safety strategies

There are no established measures of safety strategies; there-
fore, a de novo survey to measure patient safety strategies is
needed. Three authors (K.M.S., G.R.B., C.P.) codeveloped a
safety strategy survey with hospital leaders, based on a narrative
review of the evidence, using standard survey development
methodology, informed by existing materials (Appendix 2,
available at www.cmajopen.ca/content/9/4/E1041/suppl/
DC1).#:%4 We will ask participants to rate the adoption of
and fidelity to evidence-based safety strategies within their
hospital. The survey will also include questions regarding the
number of dedicated staff and full-time equivalents acting in
safety jobs; safety budget; organizational membership in
safety organizations (e.g., accreditation, other); the existence
of audit and feedback systems for safety incidents
(e.g., reporting and learning systems); and the number of
ongoing patient safety strategies, according to a list of safety
strategies recommended for implementation* and refined in
collaboration with hospital leaders. We will test the face
validity of this survey with experts in patient safety and qual-
ity improvement before distribution.
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Adverse Events Adverse Events @ Adverse Events

Surveys — Topics include Canadian patient safety culture and safety strategies.
Cross-sectional data from hospital leaders or delegate.

Surveys — Topics include Canadian patient safety culture and moral distress.
Cross-sectional data from front-line staff.

Staffing audit for each clinical area and aggregated for hospital-level data.
Cross-sectional data corresponding to survey administration.

Volume and capacity of hospital for the year. Retrospective data from the
Canadian Institute for Health Information.

- Adverse event rate of hospital for the year. Retrospective data from the
Canadian Institute for Health Information.

Figure 2: Overview of study methods and design.
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Staffing

Staffing variables will include nurse-to-patient ratios, total
numbers of staff and full-time equivalents, staff turnover,
physician-to-patient ratios, overnight physician staffing and
type, and availability of medical emergency team (i.e., dedi-
cated team to respond to codes or to calls from unit staff). We
will capture these data elements from clinical area leaders
using an electronic standardized data collection form. We will
use the established Moral Distress Survey-Revised (MDS-R)
to measure staff well-being.*

Volume and capacity

We will use national data, available through CIHI, to capture
the number of funded beds, occupancy, the number and type
of specialty units, the number of admissions, the number of
deferred patients and the resource intensity used to treat
patients within each hospital. The abstracted CIHI data will
correspond to the year of the survey data collection so we can
link data for all 4 exposure variables.

Outcome

We will link exposure data with AE data from CIHI, hospi-
tal characteristics and patient characteristics from a retro-
spective cohort of patients admitted to participating hospi-
tals. Using CIHI data, we will measure the rate of AEs in
participating hospitals using algorithms for identifying AEs
with the validated Canadian version of the International
Statistical Classification of Diseases and Related Health Prob-
lemns, 10th Revision (ICD-10-CA).'7#

Predictor variables

We will collect hospital-level data from CIHI to evaluate hos-
pital characteristics, such as geographic location, teaching sta-
tus, type of hospital and urban or rural hospital. We will also
use these data to compare participating hospitals to non-
responding hospitals.

Data sources and measurement
Eligible participants will sign a web-based consent form
before being able to complete surveys. Survey data collection
will be electronic. Participants will receive email notifica-
tions with unique links to the surveys for each of the
3 response periods. Participant-specific survey links will
remain open for a 2-week period, during which time the
participant may repeatedly access the online questionnaires
and may save partially completed responses before submit-
ting their completed responses. Up to 4 reminder emails will
be sent to participants who have not responded. The web
forms used for each questionnaire will include input guid-
ance and completeness review before submission is accepted.
Once submitted, data will not be modifiable. Communica-
tion will be to the preferred email provided by the partici-
pant and will use the preferred name, indicated by the par-
ticipant at the start of the study, as we are doing in our
national clinical trial INCT04176094).

Data will be managed and stored centrally at the Center
for Safety Research coordinating centre at the SickKids
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Research Institute. The underpinning Oracle (Austin, TX)
platform is housed on a secure server with current patches
that are managed by the information technology services at
the SickKids Research Institute.

We will link CIHI data to the survey data using the hospi-
tal identification number. We will link only aggregate data,
rather than patient-level data, for each hospital.

Statistical analysis

We will include a sample of at least 90 hospitals, based on the
commitment of 72 hospitals to participate and on the repre-
sentation of 35% of eligible Canadian acute care hospitals.
Our previous work found that, with an AE rate of 10% (stan-
dard deviation 5%), a sample size of 90 will provide 79%
power to detect a 20% decrease in the rate of AEs. 4!

We will calculate response rates using the number of
responses divided by the number of participants invited to
participate. Each participant can only complete the survey
once; therefore, there will not be any duplicate responses
from participants. The number of participants that were
invited to participate will be calculated using the number of
unique emails distributed.

To describe the organizational-level variables and the AEs,
the unit of analysis will be the hospital. We will use means
(standard deviations) and proportions (interquartile ranges) to
describe the domains for each of the 3 cross-sectional out-
come measurements within the study. We will use composite
scores for each of the safety-relevant domains to distill multi-
ple questions within each domain using principal component
analysis and multiple correspondence analysis. We will meas-
ure differences between measurement periods to evaluate
temporal trends and stability over time. Despite the use of
electronic survey data completion, which includes checks for
completeness, in cases where data items are missing from sur-
veys, we will use a case-wise approach, whereby we will
include the information for complete items, but will exclude
the overall questionnaire variable. We will not employ statis-
tical correction for nonrepresentative responses. We will
stratify the response rates by the type of responder (i.e., hospi-
tal leader, clinical area leader, front-line staff).

We will describe the incidence of AEs as a proportion of
hospital admissions and patients, and as a rate (per patient
days), including the overall AE incidence and the incidence of
each type of AE. We will explore the association between AE
incidence and organization-level variables using logistic
regression. To account for possible effect measure modifiers,
we will include type of respondent and hospital characteris-
tics, such as geographic location, teaching status, type of hos-
pital and urban or rural hospital in our model.

We will also report response rates of front-line staff for
each hospital, with the number of survey responses as the
numerator and the number of staff for each of the clinical
areas as the denominator.

Ethics approval
This study has been approved by the SickKids Research
Ethics Board (REB # 1000073064).
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In this study, we will describe organization-level factors rele-
vant to hospital patient safety in Canada. There has been little
improvement in the rate of hospital AEs over time, despite a
call to arms by the Institute of Medicine and a surge in evi-
dence around patient safety.”® Although the reason for the
stagnant rates of AEs requires further investigation, a poten-
tial factor might be that, to date, patient safety initiatives have
largely focused on the same, nonmodifiable, patient-level vari-
ables and limited or poorly implemented safety strategies.
Regardless of the reason, it is clear that innovative approaches
to improve safety among hospitalized patients are needed if
we are to improve care. Organization-level factors represent
an untapped, potentially modifiable means to improve the
safety of hospital care.

We have developed a multifaceted and tailored dissemina-
tion strategy. We have integrated the knowledge users into
the study team by establishing a steering committee to ensure
the findings of our study will be useful and actionable. We
will also provide biyearly reports to hospital leaders to
increase the value added to participating hospitals and to min-
imize attrition over the 3 years of the study period. We will
disseminate our findings through traditional academic ave-
nues, namely presentations at conferences and peer-reviewed
publication. This knowledge translation strategy will increase
the likelihood that our study will lead to improved hospital
patient safety.

Limitations

Although this study provides a considered approach to evalu-
ating hospital patient safety, includes a large number of hospi-
tals and evaluates a comprehensive number of organization-
level factors, it is not without limitations. We are not able to
include hospitals in one of the largest provinces in Canada,
Quebec. Quebec does not contribute data from its hospitals to
the CIHI data set, meaning we cannot ascertain data on AEs
from Quebec and, consequently, cannot evaluate the associa-
tion between organization-level factors and AEs in that prov-
ince. Although we have increased the rigour of our study by
employing validated measures of both our exposures and out-
comes, there is a risk of measurement bias. We do not antici-
pate any potential measurement biases differentially affecting
any particular group or hospital. Finally, our recruitment
strategy purposely aims to include a diverse group of hospitals
that are representative of Canadian hospitals; however, there
is a risk of selection bias (i.e., self-selection from hospitals
with certain characteristics declining to participate). To miti-
gate this risk, we have engaged leaders from hospitals across

the country.

Conclusion

This study will provide a robust profile of hospital-level fac-
tors that are relevant to safety and a catalogue of safety
activities adopted in Canadian hospitals. The findings of
this study can help prioritize implementation of effective
safety strategies and discontinuation of resource-intense, yet
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ineffective, programs. The rich, high-quality data from this
study will inform key decisions influencing the safety of care
in our hospitals and future research aimed at designing,
implementing and evaluating hospital-level safety initia-
tives, including those safety strategies currently being used
in Canadian hospitals.
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