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Exploring Changes in Patient Safety Incidents During the
COVID-19 Pandemic in a Canadian Regional Hospital System:

A Retrospective Time Series Analysis
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Objectives: The COVID-19 pandemic has placed unprecedented strain
on healthcare systems and may have consequential impacts on patient
safety incidents (PSIs). The primary objective of this study was to examine
the impact of the COVID-19 pandemic on PSIs reported in Niagara Health.
Methods: Flexible Farrington models were used to retrospectively detect
weeks from January to September 2020 where PSI counts were signifi-
cantly above expected counts. Incident counts were adjusted to weekly
inpatient-days. Outcomes included overall incident numbers, incidents by
category, and incidents by ward type.
Results: The overall number of PSIs across Niagara Health did not increase
during the first wave of the COVID-19 pandemic. However, significant in-
creases in falls were observed, suggesting that other types of incidents de-
creased. Falls increased by 75% from February to March 2020, coinciding
with the onset of the first wave of the pandemic. Further investigation by
unit type revealed that the number of falls increased specifically on internal
medicine and complex continuing care wards.
Conclusions: Despite no observed changes in overall number, signifi-
cant composition shifts in PSIs occurred during the first wave of the
COVID-19 pandemic, with increased falls on internal medicine and com-
plex continuing care wards. Possible explanations include restrictions on
patient visitation, reduced patient contact/supervision, and/or personal pro-
tective equipment requirements. Providers should maintain a particularly
high vigilance for patient falls during pandemic outbreaks, and hospitals
should consider targeting resources to higher-risk locations. The results
of this study reinforce the need for ongoing pandemic PSI monitoring
and rapidly adaptive responses to new patient safety concerns.
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N early 20 years ago, the U.S. Institute ofMedicine’s Too Err Is
Human and the English Department of Health’s An Organi-

zation With a Memory demonstrated the prevalence and impact of
medical errors within healthcare systems.1,2 Unfortunately, decades
later, patient safety incidents (PSIs) continually plague healthcare
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organizations globally. In 2017, the Organization for Economic Co-
operation andDevelopment noted that 1 in every 10 patient encoun-
ters with the healthcare system results in patient harm, and that PSIs
constitute about 14% of the global disease burden, comparable to
diseases such as tuberculosis andmalaria.3 In Canada, PSIswere es-
timated to be the third leading cause of death after cancer and heart
disease, with less than 28,000 deaths in 2013.4

Data on the occurrence, frequency, types, causes, and clinical
outcomes of PSIs are crucial for prevention.5 Recently, healthcare
organizations have focused on incident reporting systems (IRSs)
as a means of detecting and preventing PSIs. Incident reporting
systems are typically voluntary, anonymous, nonpunitive, and
confidential electronic systems that rely on real-time data from
health providers directly involved with the incidents.5–7 Incident
reporting systems report PSIs as well as “near misses” and “no-
harm” events, and can paint a comprehensive picture regarding
both actual and potential patient harm.7 Governments and healthcare
organizations around the world have established their own IRSs.
For example, the National Reporting and Learning System in
the United Kingdom, the Advanced Incident Monitoring System in
Australia, and the Danish Patient Safety Database in Denmark.7–12

In Ontario, all hospitals are required to establish IRSs to analyze
critical incidents, and act to avoid or reduce the risk of future
similar incidents.9,13

There are a myriad of patient-, provider-, institution-, and system-
associated factors that influence the frequency and nature of PSIs.
One particularly relevant factor includes outbreaks of infectious
disease, which poses unique challenges for hospitals and intensive
care units.14,15 The pandemic of severe acute respiratory syndrome–
associated coronavirus 2, otherwise known as COVID-19, has
massively stressed contemporary healthcare systems globally.16,17

Resulting alterations in staffing levels, patient-staff interactions,
and the provision of care may have consequential impacts on
PSIs. Understanding COVID-19–associated PSIs may help pre-
vent future incidents during subsequent waves of the pandemic,
may reveal valuable information about incidents of concern that
occur during more mundane ward-level outbreaks of infectious
pathogens, and may inform unique prevention strategies.

The primary objective of this study is to examine the evolving
impact of the COVID-19 pandemic on PSIs, including character-
izing the most frequent pandemic-associated PSIs and comparing
them to prepandemic conditions.

METHODS

Institutional Background
This study was conducted within the Niagara Health (NH) sys-

tem. Niagara Health consists of 5 community hospital sites across
a semirural area of southeastern Ontario and serves a population
of approximately 500,000. As of 2016, residents 65 years and
older accounted for 21.4% of the population, compared with 16.7%
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and 16.9% of residents 65 years and older in Ontario and Canada,
respectively.18 The NH system consists of a tertiary care center in
St Catharines, 2 community hospitals in Niagara Falls andWelland,
and 2 hospitals in Port Colborne and Fort Erie with long-term care
wards and urgent care centers, but no other acute care beds. In 2017
to 2018, NH logged 34,846 inpatient admissions and less than
200,000 emergency/urgent care visits.19

As with most other hospital systems in Canada, NH service de-
livery was impacted by the COVID-19 pandemic. The first case of
COVID-19 in the Niagara region was documented on March 13,
2020, shortly after the World Health Organization declared the
pandemic on March 11.20,21 As of March 17, NH paused elective
surgeries and nonemergent ambulatory procedures to increase ca-
pacity in the event of a surge in patient demand.22 OnMarch 19, a
no-visitors policy was implemented, thereby restricting the pres-
ence of family/other caregivers with admitted patients unless un-
der compassionate circumstances.23
Data
Two sets of data were used to evaluate whether case counts for

PSIs were above an expected level. Because of the nature of the
data, research ethics board approval was granted, with exemption
from a full review. The first data set consisted of all logged PSIs in
NH from January 2014 to September 2020, with most of the anal-
ysis focused on data from 2018 to 2020. The second data set exam-
ined all logged PSIs in NH from January to September 2020—the
early months of the COVID-19 pandemic encompassing the “first
wave,” which began March 2020. The incident types for 2020 are
detailed in Table 1A of Appendix A, http://links.lww.com/JPS/
A461. The data are aggregated by theweek of occurrence, and be-
cause of the rarity of most incidents, they are further aggregated to
the top 4 incidents and all other incidents. Categories include falls,
behavior/security/safety, medication/fluid errors, care/service co-
ordination incidents, and other incidents. Incidents were exam-
ined for the entire system, for each hospital within the system,
FIGURE 1. Overall number of PSIs reported in NH from January to Septem
the second quarter.
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and for ward type where the incidents occurred. Ward types in-
cluded emergency departments, inpatient medicine, inpatient sur-
gery, critical care, and complex continuing care wards. The type
and reason(s) logged for each PSI in the falls category were also
specifically examined.

The onset of the COVID-19 pandemic coincided with many
changes in NH’s service delivery. Elective and nonambulatory
procedures were canceled; patients were worried about being ex-
posed to COVID-19 by presenting to hospital, and as such, there
was significantly less demand for patient services. A weekly time
series suggested that the overall number of safety incidents may
have decreased during theMarch 2020 first wave (Fig. 1A). To con-
trol for large decreases in inpatient demand (Fig. 2A), which may
have impacted the number of PSIs during the pandemic period,
the total number of inpatient-days was aggregated to the week.
Statistical Strategy
This study used a counterfactual strategy that has become

popularized in estimating excess mortality during the COVID-19
pandemic. Excess incidents were calculated using the Farrington
flexible algorithm, which detects time intervals where observed
incident counts are significantly above a threshold of expected in-
cident counts.24 Further details regarding the Farrington flexible
models and statistical strategies used are contained in Appendix
B, http://links.lww.com/JPS/A462. The counterfactual “expected”
number of weekly PSIs was based on data from 2018 and 2019.
Incident counts from January to September 2020 were compared
with these expected counts, representing the first wave of the
COVID-19 pandemic. Outcomes included the overall incident
numbers, incidents by category, and incidents by ward type. Inci-
dent counts were adjusted for the weekly number of inpatient-
days to control for the decrease in patient services that occurred
during this time period.

Primary outcomes of interest were alarms and “outbreaks” of
incidents. An alarm was triggered when weekly PSI counts were
ber 2020. There was a single weekly alarm triggered at the outset of
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FIGURE 2. Number of reported fall incidents in NH from January to September 2020. There was a sustained outbreak of falls that began just
before the onset of the second quarter and persisted for 6 weeks.
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above the expected level of incidents based on the 2018 through
2019 data. An “outbreak” of sustained alarms was considered to
have occurred when 3 continuous weeks of alarms were triggered,
or 3 of 4 weeks were tagged with alarms.
RESULTS
Over the period of observation from January 2018 to September

2020, a total of 9146 PSIs were logged across the 5 NH sites. This
included 5956 during the prepandemic period of January 2018 to
December 2019, and 3190 during the pandemic period of January
2020 to September 2020. The largest category of PSIs was falls,
which accounted for 2444 and 1359 incidents in the prepandemic
and pandemic periods, respectively. More details on the categories
of incidents are contained in Supplementary Table 1A, http://
links.lww.com/JPS/A461.

COVID-19 impacts on the overall number of safety incidents
across NH during the period of January 2020 to September
2020 were first examined. Farrington flexible models did not
demonstrate sustained outbreaks of incidents at NH, and only
one alarm was triggered at the beginning of the second quarter
of 2020. Although this coincided with the onset of the first wave,
it did not meet the threshold for an outbreak (Fig. 1).

The apparent lack of change in the overall number of PSIs,
however, masked significant changes in incident composition.
Significant increases in falls were observed, and this coincided
with the onset of the first wave. A sustained outbreak of falls oc-
curred during the last 2 weeks of the first quarter of 2020 and
persisted for a total of 6 weeks (Fig. 2). This was in part because
of an actual increase in the number of falls, but also because there
were far fewer inpatient days at risk of falls, which lowered the
threshold to trigger an alarm. Otherwise, Farrington models did
not demonstrate similar outbreaks or sustained periods of incident
alarms for any other incident type(s). They also did not demon-
strate similar persistent outbreaks for overall incidents at individ-
ual hospitals within NH. This suggests that, although the number
e1016 www.journalpatientsafety.com
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of fall incidents increased with the onset of the COVID-19 pan-
demic, the number of other incidents decreased, resulting in an
overall similar weekly rate of incidents.

From February to March 2020, the total number of falls in-
creased to 140 from 82. The increase in falls was concentrated
in one specific category type—falls from a wheelchair. The num-
ber of falls from awheelchair increased by 86%, to 41 events from
22 in February 2020. This accounted for 33% of the overall in-
crease in falls. The increase in falls from wheelchair persisted
for a further 3months. During theMarch toMay 2020 period, smaller
increases in falls from beds without railings and unwitnessed falls
were documented, but these were still nowhere near the rise ob-
served in falls from a wheelchair.

Theward type(s) where PSIs occurred further speaks to the het-
erogeneity of composition changes that occurred during the first
wave of the COVID-19 pandemic. Increases in the overall number
of incidents occurred on medicine wards (Fig. 3) and in emergency
departments, but not on other types of wards. Falls, in particular, in-
creased on medicine wards during this period, suggesting that falls
were the source of increased overall safety incidents observed in
this area (Fig. 4). Fall incidents were increased on complex continu-
ing care wards as well, although with no accompanying increase in
the overall number of PSIs (Fig. 5). Altogether, these data suggest
that an increase in the number of fall incidents on medicine wards
drove large increases in overall incident numbers at the outset of
the COVID-19 pandemic.
DISCUSSION
The COVID-19 pandemic has added much stress to existing

healthcare systems, and exam of NH’s reported PSIs during the
early months of the pandemic revealed several important findings.
During the first wave of the COVID-19 pandemic, there was no
apparent increase in the total number of safety incidents after
adjusting for an approximate 25% reduction in total inpatient days
(Fig. 1). However, this apparent lack of difference masked large
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Overall number of PSIs reported on NH’s internal medicine wards from January to September 2020. There was a sustained
outbreak of incidents that began just before the onset of the second quarter and persisted for 6 weeks.
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composition shifts in the safety events actually occurring. Among
the 5 most common IRS complaints examined, significant in-
creases in the number of reported fallswere discovered at the onset
of the pandemic, especially falls from wheelchairs (Fig. 2). Al-
though Farrington models are not designed to detect decreases
in events, the rise in falls without an increase in overall events sug-
gests that the frequency of other PSI events decreased compared
with prepandemic conditions. Further investigation by unit type
revealed that the number of falls increased specifically on internal
medicine and complex continuing care wards during the same
FIGURE 4. Number of reported fall incidents on NH’s internal medicine
began just before the onset of the second quarter and persisted for 8 we
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time period, with internal medicine wards reporting an increased
overall number of PSIs as a result (Figs. 3, 4, 5). Altogether, these
data suggest that increased falls on primarily internal medicine
and complex continuing care wards drove significant increases
in the number of reported falls overall during the first wave of
the COVID-19 pandemic.

There are no published studies comparing PSIs and IRS data
before versus during the first wave of the COVID-19 pandemic.
However, current patient safety literature regards falls as the most
frequently reported adverse events in adult inpatient settings, and
wards from January to September 2020. A sustained outbreak of falls
eks.
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FIGURE 5. Number of reported fall incidents onNH’s complex continuing care wards from January to September 2020. A sustained outbreak
of falls began just before the onset of the second quarter and persisted for 3 weeks.
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they have long been an area of concern because of their detrimen-
tal effects and economic impact.25–27 More than 400 independent
risk factors for falls have previously been identified. Some are par-
ticularly relevant to the large increases in falls observed on NH’s
internal medicine and complex continuing carewards, as these pa-
tients often suffer the most consistent intrinsic falls risk factors.
These include advanced age (>85 years), gait instability, agitation
and/or confusion, and adverse (particularly psychotropic) drug re-
actions, among others.26–28

Beyond these intrinsic falls risk factors, the COVID-19 pan-
demic is suspected to have altered additional extrinsic and envi-
ronmental risk factors that made these usually high-risk patients
even more likely to fall. Within the NH environment, one identi-
fied potential contributor includes the no-visitor policy, which
restricted family members and caregivers from attending to the
bedside of at-risk patients. Amplified infection control measures,
including more closed doors and room-sequestered patients, may
also have contributed by reducing available lines of sight and
timely access to patients, thereby reducing identification of and
intervention in “near-fall” events. Similarly, personal protective
equipment (PPE) requirements may have further deterred care
providers from routinely checking in on patients, again reducing
identification of and intervention in near-fall events. These possibil-
ities may, however, be less likely given that unwitnessed falls did
not comprise the majority of increased falls. A final possibility im-
plicates time delays with the donning and doffing of PPE, which
when done carefully takes roughly 3 to 5 minutes.29–32 When falls
were threatened, PPE requirements may have prevented care pro-
viders from being able to intervene on their patients in time. Ulti-
mately, it is challenging, if not impossible, to attempt to quantify
the relative contributions of 400 different risk factors in assessing
falls causality in the setting of the COVID-19 pandemic. However,
it could be possible to prospectively intervene on a few likely causes
in a local environment in a quality improvement model, then eval-
uate the impact.

Although the exact underlying falls mechanisms may be un-
clear, the results of this study demonstrate that the COVID-19
pandemic increased falls in NH. The increase in falls did not
translate into increases in the overall number of PSIs even after
e1018 www.journalpatientsafety.com
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controlling for a steep drop in inpatient visits. Although the data
do not inform on which type(s) of PSIs declined, they do suggest
that the pandemic led to reductions in other incidents, and this
bears further investigation. If policymakers are only interested in
how the pandemic has impacted the number of incidents, the in-
vestigators cannot say there has been any overall increase. Instead,
the relative impact on incidents depends on the composition shift
of falls and whether falls are weighted as more concerning or con-
sequential than other incidents. These results also have some bear-
ing on policy interventions to reduce adverse outcomes such as the
spread of infection, as they may perversely affect PSIs. If it is the
case that PPE requirements or other infection control procedures
are implicated, future outbreaks—even at the ward level—may pre-
dispose patients to falls. Providers should then maintain a high vig-
ilance for patient falls occurring during such episodes, whether due
to outbreaks of COVID-19 or other infectious pathogens.

This study was limited by the use of ward-week level data,
which is lacking in patient-specific details. This may be of partic-
ular concern given the altered patient presentations and admis-
sions that occurred during the outset of the COVID-19 pandemic.
As patient volumes decreased, it is likely that there were selection
effects as the healthiest patients avoided hospitals/admissions.
There were also specific directives given to physicians to try and
avoid admissions to prevent additional nosocomial COVID-19
transmission. Although this study suggests that infection preven-
tion procedures may have contributed to the observed increase
in falls, it is possible that more particularly fall-prone patients were
admitted to hospital compared with prepandemic patient popula-
tions. These same selection processes may also have led to de-
creases in other types of incidents. A similar concern is the in-
herently selective nature of incident reporting, as the only way
a PSI gets logged is if a staff member self-reports. If there was
any change in the threshold for reporting during the pandemic,
changes in the reported incidents might be observed without
changes in the true number of incidents. Finally, the statistical
strategy used to detect changes in PSIs during the pandemic fur-
ther limited the study, as the Farrington is designed to detect in-
creases but not decreases in events. As a result, decreases in
other nonfall safety incidents could not be detected but rather
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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only inferred, as there was no major increase in the number of
incidents overall.

Additional investigations beyond the administrative-level data
analyzed in this study are warranted to further explore potential fac-
tors associated with the increased falls observed during the COVID-
19 pandemic. These could include patient-level analyses (morbidity
indices, frailty scores, medication polypharmacy, etc), and ward-
level analyses (burden of infectious illness, staffing levels, PPE sup-
ply and practices, visitor restrictions, other infection control mea-
sures, etc). Information from such explorations could inform falls
prevention strategies in future infection outbreaks.

CONCLUSIONS
In conclusion, the results of this investigation suggest that the

COVID-19 pandemic impacted PSIs via composition shifts in
incidents. Within NH, an increase in falls was observed without
a concomitant increase in the overall number of incidents, sug-
gesting an off-setting reduction in other nonfall incidents. Pa-
tients on internal medicine and complex continuing care wards
were particularly susceptible to falls during the first wave. As
the pandemic continues, hospitals may consider targeting re-
sources to these locations specifically, with a particular focus
on falls prevention through modification of both intrinsic and
extrinsic/environmental factors. This is especially important be-
cause falls place immense economic and resource burdens on al-
ready stressed healthcare systems and, on an individual basis at
the very least, are thought never to be without harm.27,28,33 Fi-
nally, the results of this investigation reinforce the need for ongo-
ing pandemic PSI monitoring and rapidly adaptive responses to
new patient safety concerns.
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