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Introduction: Patient handover is a crucial transition requiring a high level of
coordination and communication. In the BC Children’'s Hospital (BCCH)
pediatric intensive care unit (PICU), 10 adverse events stemming from issues
that should have been addressed at the operating room (OR) to PICU
handover were reported into the patient safety learning system (PSLS) within 1
year. We aimed to undertake a quality improvement project to increase
adherence to a standardized OR to PICU handover process to 100% within a
6-month time frame. In doing so, the secondary aim was to reduce adverse
events by 50% within the same 6-month period.

Methods: The model for improvement and a Plan, Do, Study, Act method of
quality improvement was used in this project. The adverse events were
reviewed to identify root causes. The findings were reviewed by a
multidisciplinary inter-departmental group comprised of members from
surgery, anesthesia, and intensive care. Issues were batched into themes to
address the most problematic parts of handover that were contributing to risk.
Intervention: A bedside education campaign was initiated to familiarize the team
with an existing handover standard. The project team then formulated a new
simplified visual handover tool with the mnemonic “PATHQS" where each
letter denoted a step addressing a theme that had been noted in the
pre-intervention work as contributing to adverse events.

Results: Adherence to standardized handover at 6 months improved from 69%
to 92%. This improvement was sustained at 12 months and 3 years after the
introduction of PATHQS. In addition, there were zero PSLS events relating to
handover at 6 and 12 months, with only one filed by 36 months. Notably, staff
self-reporting of safety concerns during handover reduced from 69% to 13%
at 6 months and 0% at 3 years. The PATHQS tool created in this work
also spread to six other units within the hospital as well as to one adult
teaching hospital.

Conclusion: A simplified handover tool built collaboratively between
departments can improve the quality and adherence of OR to PICU handover
and improve patient safety. Simplification makes it adaptable and applicable in
many different healthcare settings.
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1 Introduction
1.1 Problem description

The BC Children’s Hospital (BCCH) pediatric intensive care
unit (PICU) is a tertiary care critical care unit in a teaching
hospital with 1,000 admissions per year and a full surgical
program including cardiac surgery. Approximately half of the
admissions to the PICU come directly from the OR. The hospital
utilizes a system known as the patient safety learning system
(PSLS) to report adverse events relating to patient care. These
events are categorized by severity and reviewed to look for
improvement opportunities. The BCCH PICU experienced 10
PSLS events over the course of 12 months that specifically
stemmed from OR to PICU handover of patient care. These
events were mostly near miss or minor harm events, but in a
PICU environment, the potential for harm from these near miss
events was significant given the latent threats that these errors
posed. Issues included: intravenous lines (IV) that were believed
to be infusing drugs but were actually clamped; patients who
were emerging from anesthesia and needing active medical
management while handover continued; patients not fully
hooked to PICU monitors so changes in vital signs not visible to
the wider team for the duration of handover; attending
physicians variably present at handover; and key pieces of family
information not being relayed to the PICU team resulting in staff
and familial frustration with changing post-op cares plans. In
addition to the PSLS events, there was one formal family
complaint around poor translation of information from pre-
operative to postoperative care of their child. There was a vital
necessity for handover process (OR to PICU) evaluation and
standardization or the unit risked a major harm event and
distress to families.

1.2 Background

Patient handovers, or transitions of care between medical
providers in hospitals, are high-risk times in regard to patient
safety (1). In addition, postoperative handovers occur in dynamic
environments where providers are multitasking and not always
known to one another, enhancing the potential for medical
errors and loss of information (2). The increasing interest in
patient safety and quality of care has contributed to many
proposed tools to improve OR to ICU handover over the past
years (3-5). Few of these published tools reference adverse event
metrics as an outcome measure (rather measure tool adherence
alone), and there is a lack of evidence demonstrating long lasting
change after implementation of these tools (6-8). This makes the
impact of such tools difficult to interpret.

Despite the available knowledge around the benefits of
employing handover tools and the existence of such a tool in the
unit, the BCCH PICU with its large postoperative surgical
population was not adhering to a standardized handover process,
and there were adverse events as a result. It was postulated that
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re-invigorating an OR to PICU standard handover process would
mitigate the challenges that were being reported and improve
patient safety.

1.3 Rationale

Before implementing any changes, the project team set out to
better define the problems that were leading to these PSLS
events. From February to April 2018, a formal observation period
was undertaken auditing gaps in surgical admissions from OR to
PICU. In addition, the teams were invited to report any “general
safety concerns” they perceived at the end of the handover.
These general safety concerns were a subjective report of any
issue that made the receiving team feel that the safety of their
patient was compromised. This was collected anonymously as
free text space at the end of the audit form so there would be
psychological safety in raising any issue that was of concern to
the team member.

During this pre-implementation period (February-April 2018),
patterns in handover gaps were noted. First, the current handover
tool was never utilized for any of the handovers. Second, the audits
confirmed the common themes in the PSLS reports with site to
source* being done improperly [*a process by which the
anesthesia physician (MD) reviews every indwelling line and tube
from the patient to the pump in the presence of the PICU nurse
(RN) to confirm clamp position, drug name, concentration,
patient weight and delivered dose. This serves as both a double
check of drug dosing and delivery as well as informs the
receiving nurse of which meds are running where and what lines
are available. In the BCCH PICU, it is mandatory for nursing
staff to perform a site to source upon taking over care of any
new patient from any type of healthcare provider]. In addition, it
was noted that not all team members were present and ready to
receive handover, yet handover would begin; not all patients were
hooked up to their monitors, and some patients were requiring
ongoing medical management during handover. A concerning
finding was that staff reported having a general “safety concern”
of any description 69% of the time after receiving OR handover.
In this regard, the teams reported that they did not always know
the staff member handing over nor their role, making the
comfort level for asking clarifying questions low leaving the team
sometimes confused about postoperative care plans. Some other
general safety concerns included worry around tangled IV lines,
handover being done in siloes (MD to MD, RN to RN), lack of
attending-level MD presence, physicians on their phones during
handover, missing equipment, or poor communication in general
around the status of the patient and the expected trajectory or
any family issues of concern. There were also observed
knowledge gaps around what constituted a complete site to
source check.

All these types of issues were plausibly contributing to adverse
events either directly or indirectly and needed mitigation. Utilizing
cause and effect diagramming, the project team identified education
gaps, communication gaps, inadequate tools, and environmental
factors as contributing to the errors being reported (Figure 1).
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FIGURE 1
Cause and effect diagram.

1.4 Specific aim

A cross-departmental collaborative project team was created
and set the aim to achieve 100% adherence to a standardized
handover process from OR to PICU within 6 months. In doing
so, it was hypothesized that we would achieve a secondary aim of
reducing PSLS events related to handover by at least 50% in
the study period thus improving safety for this entire population
of patients.

2 Method
2.1 Project context

BC Children’s Hospital is a tertiary care children’s hospital
with a population catchment of 5 million. It offers all levels of
subspecialty care and is a teaching hospital with a pediatrics
residency program as well as multiple fellowship programs
including surgery, anesthesia, and critical care. PICU cares for
critically ill children of all medical, cardiac, and non-cardiac
surgical subspecialties. It consists of 18 beds with 1:1 nursing for
nearly all postoperative patients. Average admissions in PICU are
1,000 per year for the last 5 years—50% from the OR including
cardiac surgical patients. During our project period, June 2018-
Jan 2019, there were 465 admissions to PICU with 204 transfers
from the OR to PICU.

When receiving a patient from the OR, the previous unit
practice was for a verbal handover to take place between
teams. This handover

multidisciplinary, cross-departmental
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included the PICU team, anesthesia team, and occasionally a
representative from the surgical teams. There was no standard in
whether the representative from a respective team was house staff
or consultant level and no set time for OR nurses to share details
they needed to include. A handover standard and tool that had
been established 10 years prior however had complex guidelines,
was time consuming, and did not facilitate shared understanding
of the patient. In interviewing staff regarding its use, they
reported that it had virtually been abandoned in practice due to
the level of detail and lack of practicality. Thus, handovers were
being conducted ad hoc, at the discretion of the team who were
present for any given handover.

2.2 Intervention strategies

After the pre-implementation period identified gaps and a lack
of adherence to the current handover standard, the improvement
period began with the project team first making modifications to
the old tool to simplify some of the language and then
undertook a re-education campaign for all the stakeholders
regarding the use of this tool. Particular emphasis was made on
the themes that had been noted from the PSLSs and audits. This
included addressing that all team members needed to be present
prior to commencing handover, completing a proper site to
stable
commencing handover. Clinical nurse educators (CNE) in the

source, and making sure the patient was before
ICU did the handover tool and site to source re-education with
bedside staff daily over a 2-week period. This was done 1:1 from

bedside to bedside within the PICU itself. The project team
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members undertook small group sessions with stakeholders from
surgery, anesthesia, and PICU to educate on the use of the tool
and the highlighted concerns. The physician staff were notified at
a leadership level of the expectation for senior MD presence for
all handovers for PICU, anesthesia, and surgery teams.

After the education phase, another audit was undertaken with
19 OR to PICU handovers directly observed with the expectation
that results would have improved. It was noted that the re-
education had marginal impact on improving the quality of
handover. The complete team being present improved from 69%
to 78%; however, site to source checks actually dropped from
81% to 73%, the patients were only stable prior to commencing
handover 73% of the time (virtually unchanged), and there were
still perceived patient general safety concerns from the team in
40% of handovers.

After finding that the same issues noted in the pre-
implementation phase persisted after the re-education change
idea, the project team decided upon a second change idea. This
was to address the feedback about the cumbersome handover
tool that was in use by implementing a new tool that would
specifically address the pre-implementation themes that had been
documented. A new handover standard was created and the team
undertook several Plan Do Study Act cycles (PDSAs) to refine
the proposed handover tool. Of note, this was not a checklist per
se, rather a memory aide that distilled down to the important
elements of handover that seemed to be repeatedly resulting in
gaps in patient safety. The project team identified solutions to
gaps identified in our handover process and captured them
in a bright new simplified standard using the mnemonic
PATHQs (Figure 2):

(1) Patient stable and monitored

(2) All teams present

(3) Teams introduced

(4) Handover in a set order of speakers across teams
(5) Questions?

(6) Site to Source

The final tool emphasized six distinct elements of conduct and
communication, was an interactive process, and involved a
comprehensive review of the intraoperative and anticipated
postoperative course. The wider team was educated on the new
PATHQS tool utilizing a number of strategies including email
communication, small group sessions with stakeholders, 1:1
communication and education at the bedside within the PICU,
and then physical presence in the PICU of project team
members during the initial roll out of the PATHQS. The steps
and timeline of the work can be seen in Figure 3.

3 Results

The PATHQS was successfully rolled out as a standardized
handover process in June 2018. This standard handover process
was successfully utilized at 92% of audited handovers 6 months
after implementation,

improved from 69% in the pre-

implementation phase, however, falling just short of the 100%
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OR to PICU Handover
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FIGURE 2
PATHQS handover standard incorporating the frequently missed
elements.

target set in the primary aim. It is notable that its usage grew
over time and at both the 12- and 36-month mark, the tool was
utilized in 100% of the audited handovers (Table 1).

Of note, in the 6-month timeframe, patients being stable
and monitored increased from 69% to 92%, site to source
checks went from 81% to 96%, all team members ready went
from 69% to 83%, and safety concerns reduced from 69% to
13%. The improvement from pre-implementation to 36 months
(Figure 4) was even more impressive demonstrating that over a
36-month timeframe,

- Patients being stable and monitored prior to handover improved
from 69% to 100%,

- All team members being ready to receive handover improved
from 69% to 83%,

- Team introductions improved from not happening at all to 83%,

- Handover standard adherence improved from 69% to 100%,

- Questions invited: went from not happening at all to 83%, and

- Site to source adherence improved from 81% to 100%.

Regarding the secondary aim of reducing adverse events by
50%, there were zero PSLS events filed relating to handover at 6
months, persisting to 12 months after the improvement strategy
implementation. At the 36-month mark, there had been only a
single PSLS filed related to the handover items on the PATHQS
(Figure 5). Safety concerns qualitatively reported by the staff after

frontiersin.org


https://doi.org/10.3389/fped.2024.1327381
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Subramonian et al.

10.3389/fped.2024.1327381

10 PSLS Events in
preceding 12 mo’s

K

Improvement

Improvement Bedside audit post
strategy 1: Re- re-education
Review of PSLS / Observation education. Modify campaign
events period \ prior tool.
% [
? sy .F
Feb to
- June 2018 July 2018
April 2018 v

strategy 2:
New handover
standard:
PATHQs

9
0-0 =~y

PDSA cycles to
refine PATHQs

134

FIGURE 3

PATHQs
finalized

<

Timeline of handover improvement project.

Audit: Improved

adherence to new remain zero —
handover dissemination to
standard other units.

M

PSLS events

PSLS events
relating to OR ‘
handover: ZERO!

[

ﬁi?

TABLE 1 Results of improvement strategies.

Rounding target

Pre-implementation

Improvement phase

Post-improvement phase

(handovers observed) phase June to December 2018
February-April 2018 .
16) Post-education PATHQS 6 12 36
intervention intervention months | months = months
(19) (24) ©) (12)
Stable vitals, patient ready for handover 69% 73% Patient stable 92% 100% 100%
Personnel present and ready for handover 69% 78% All teams ready 83% 80% 83%
Team introductions n/a n/a Team introductions 46% 0% 83%
Handover by all services 69% 94% Handover by all 92% 100% 100%
services
Opportunity for questions n/a n/a Opportunity for 67% 40% 83%
Questions
Site to source 81% 73% Site to source 96% 100% 100%
Patient safety concern reported after 69% 40% Patient safety concern 13% 20% 0
completion of handover noted
PSLS # 10 in 1 year prior PSLS 0 0 1

a handover reduced from 69% at pre-implementation to 0% at the

4 Discussion
36-month mark.

After the results were collated, the tool was adapted successfully These results are impressive and should have impact on how
to six other settings within the hospital and adopted by a local  teams approach handover improvement. The use of systematized

adult facility as well (Supplementary Material 1). communication tools and checklists have demonstrated benefits
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Results of handover improvement.
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in meeting performance and safety standards and reducing errors
in industries such as aviation or product manufacturing, where
the welfare of a human being is at risk (9). In healthcare settings,
several studies have shown improvement in the process of
information transfer by introducing handoff checKklists in the
evaluation and therapy of critically ill patients, such as initial
assessment of trauma patients or in cardiac care situations
(10-14). Though interest and application of such tools has
become widespread in the handover of critically ill patients, there
is limited research done that connect the use of these tools to a

reduction in adverse events during the handover process from
OR to PICU (15-19). studies have shown that
communication failure such as inadequate information transfer is

Various

a usual concern for patient safety in most types of handovers
(20-22), and various reviews have reported the effectiveness of
standardizing the handoff tools to improve the information
transfer and patient care (23-26). Chenault et al. and Riley et al.
have demonstrated sustainability of protocolized handover
process in pediatric patients transferred to intensive care after

cardiac surgery (27, 28) The current handover improvement has
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Reduced safety concerns and PSLS events.
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been demonstrated to be easy for teams to adopt, easy to adapt to
other handover environments, sustainable, and effective in
reducing adverse events stemming from handover. The PATHQS
is unique in its ability to bridge all of these issues in a single tool.

The current study is novel in that it specifically measured
patient safety outcomes relating to a handover process, not
simply adherence to a process. In regards to the process, the
current quality improvement study exhibits excellent uptake of a
proposed tool and thereafter an actual reduction in reported
adverse events lasting 12 and 36 months after implementation.
This body of work has demonstrated cross-departmental and
cross-discipline effectiveness and uptake of a handover tool
that not only created a standard process but also improved
patient safety.

Education is the long-standing backbone of many attempts to
improve patient care in medicine, but this work demonstrates
that education alone is not necessarily sufficient when embarking
on change in human behavior. Blyth et al. have recommended
that additional measures than education alone are needed to
have an impact on clinical handover improvements (29). The
current study reinforces this notion as after a fulsome re-
education campaign, we observed an unsteady improvement in
handover concerns. Of interest is that despite the education
around site to source, the audit demonstrated worse adherence to
the site to source standard (81%-73%). We believe this is
because the education campaign in fact reminded teams as to
what constituted a proper site to source check likely resulting in
the audit period reflecting a more accurate measure of the status
quo (73%) as opposed to the pre-implementation period when
staff were accepting sub-standard site to source checks (81%).
Education, however, did not improve any of the other noted gaps
in the process
cumbersome and that had not been addressed once again

handover sufficiently. The tool was still
supporting that education alone is not sufficient to improve
handover processes and that standardizing processes is a stronger
method of making lasting change.

Considering these observations and taking into account our
team members’ need for a less cumbersome tool to address the
issues without additional documentation, we came up with six
simplified elements in creating a standard for OR to PICU
handover ensuring that essential components were included. The
use of a mnemonic aided in recollection of the essential steps
and the simplicity enhanced adoption and acceptability within
our group. In addition, the observed safety improvement was
noted despite the absence of adopting a formal checklist.

One of the encountered barriers to implementation was a
concern that time to handover would increase with the PATHQS
process. Previous studies have been done to better understand
the handoff communication process and improve the quality and
safety of care of postoperative cardiac patients in a pediatric
cardiac ICU setup (30-33). Zavalkoff et al. and Joy et al. showed
improvement in the critical information transfer without change
in the duration of handoff in postoperative cardiac patients (32,
33). Though we were unable to time handovers in the current
study, this would have been an important balancing measure and
was recommended to our NICU colleagues as an area to explore
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further during their own implementation of the PATHQS.
Costaldo et al. in the BC Women’s Hospital NICU adapted and
then adopted the PATHQS. Using time to handover as a
balancing measure, they found an actual reduction in handover
time for OR to NICU handovers utilizing PATHQS [Costaldo M
(2023), email communication, Nov 21]). This adds to the body
of evidence that the duration of handover does not necessarily
increase with the implementation of a handover tool.

An interesting observation in our study was that after the initial
success in rolling out this process, at the 12-month mark, there was
actually a reduction in team introductions and inviting questions.
As feedback, we were informed that these two steps felt
awkward, and therefore over time, the teams were shying away
from implementing these elements of the process. Though
implementing the PATHQS created a structure for these steps to
take place, it had not addressed the human factors that led to
discomfort in following the more interactive parts of the tool.
We believe the subsequent improvement in those domains seen
at 36 months was due to “spread” within our facility. With other
units adapting and adopting the PATHQS, the anesthesia team
became very familiar with its use and implementation. This led
to the anesthesia team driving the elements of the PATHQS
creating psychological safety for the PICU team to engage in
introductions and to ask questions allowing both teams to more
comfortably adopt the tool fully.

To our knowledge, this project is first of its kind to use the
same handover tool uniformly across a mixed medical and
surgical PICU with demonstrated improvement in patient safety.
There was also sustainability with this simplified tool as it has
been used to successfully reduce adverse events for 36 months
and counting. It is also unique in its uptake across programs and
hospitals traversing pediatric, neonatal, and adult units. This
simplicity and cross-applicability make this a powerful tool in
improving handover in medicine across the spectrum.

4.1 Limitations

One of the limitations of this study is the possibility of the PSLS
reporting fatigue over time. However, the BCCH PICU has very
high rates of reporting overall for all adverse events encountered
in the PICU, and these rates did not change in the study period.
In addition, given the cross-departmental awareness of this work
of the
encouraged to report gaps as we progressed through this work,

and heightened awareness standards, teams were
standing to reason that the reduction in PSLS reports related to
handover was reflective of a true reduction in adverse events.
Similarly, the improvement in “general safety concerns” and
PSLS rate over 36 months likely reflects true improvement as
these concerns were reported anonymously, and there was no
change in culture or environment that would have made
reporting less likely. If anything, awareness around this handover
improvement project created heightened awareness among the
team to report any safety concern related to OR to PICU

handover, standing to reason concerns would be more likely to
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be reported. This makes the resulting safety improvement likely
truly reflective of improved patient safety.

Families of patients were not included in the project and the
onset of the COVID-19 pandemic thwarted future plans of
including families on handover. Future projects should include
families from the outset. Though it may have been possible that
the 6-month improvement was due to a Hawthorne effect in this
study, this tool in 1- and 3-year observations has shown good
sustainability. The use of random sampling and not collecting
data on all OR to PICU handovers during the time period may
have led to a selection bias, but it is unclear this would have
affected the results. The handovers happening in the after-hour
times or on weekends and holidays usually have less participants
and were not included in this project. In spite of these
limitations, this work displays that development of such a tool
which is locally acceptable and sustainable in a multidisciplinary
PICU, where a large number of staff are involved, is achievable.

Future studies incorporating larger numbers of observations,
longer-term follow-up, and covering wider aspects of handover
quality (e.g, time pressure and handover preparedness) with a
positive effect on patient safety outcomes could be of additional value.

5 Conclusion

This project demonstrated that a simplified handover standard
considering the local culture can be built collaboratively, and it can
improve patient safety during OR to PICU handover, which is also
sustainable over time. In addition, the PATHQS tool served as a
model for interdisciplinary handovers in various other clinical
environments demonstrating its agility and applicability in a
variety of settings.
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