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Abstract

While care transitions influence quality of care, less work studies transitions between hospital
units. We studied care transitions from the operating room (OR) to pediatric and adult intensive
critical care units (ICU) using Systems Engineering Initiative for Patient Safety (SEIPS)-based
process modeling. We interviewed twenty-nine physicians (surgery, anesthesia, pediatric critical
care) and nurses (OR, ICU) and administered the AHRQ Hospital Survey on Patient Safety
Culture items about handoffs, care transitions and teamwork. Care transitions are complex,
spatio-temporal processes and involve work during the transition (i.e., handoff and transport) and
preparation and follow up activities (i.e., articulation work). Physicians defined the transition as
starting earlier and ending later than nurses. Clinicians in the OR to adult ICU transition without
a team handoff reported significantly less information loss and better cooperation, despite positive
interview data. A team handoff and supporting articulation work should increase awareness,
improving quality and safety of care transitions.
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1. INTRODUCTION

The publication of landmark reports, such as “Crossing the Quality Chasm: A New Health
System for the 215t Century” (Institute of Medicine, 2001), brought attention to quality

in health care. Handoff communication (i.e., the transfer of information, authority and
responsibility for patient care, Abraham et al., 2014) is necessary to ensure safe, high
quality care. Handoffs provide opportunities to detect and correct errors (Perry, 2004), but
risk information loss, delays and decreased effectiveness/efficiency (Arora et al., 2009).
Despite the 2006 National Patient Safety Goal by the Joint Commission to improve handoff
communication, between 2009-2013 7149 instances of patient harm, including 1744 deaths,
were attributed to communication failures (CRICO Strategies, 2015).

Some work has focused on improving care transitions with technology, particularly
transitions between facilities (Marcotte et al., 2015) and across shifts (Arora et al., 2009).
Less work has focused on transitions between different hospital inpatient units, i.e.,
intrahospital care transitions. We use care transition to include transport, Aandoffand other
activities necessary to ensure the patients’ physical transition, with Aandoffreferring to
communication for exchanging information.

1.1 Intrahospital care transitions

Published research on intrahospital care transitions has focused on information to
communicate, developing mnemonics and checklists to ensure information transfer during
handoffs (Abraham et al., 2017). These transitions include transitions between physical
locations and organizational units — signifying changes in care team, equipment, support
staff, technology and work environment — and can be conceptualized as processes, i.e.,
“set[s] of interrelated or interacting activities...to deliver an intended result” (1SO, 2015),
including important work outside of transport and handoff (Aase & Waring, 2020). Research
with this conceptualization has focused on the operating room (OR) to intensive care

unit (ICU) care transitions and provides a broader insight on how transitions occur. For
example, in a failure modes and effects analysis, McElroy and colleagues (2015) observed
and described the process of OR-to-ICU care transitions, identifying 37 major steps in the
process; these steps were grouped into five basic steps:

1. Operation concludes;

2. OR preparation;

3. ICU preparation;

4. Physical transfer and settling;

5. Handoff communication and team disperses.

Other researchers have re-designed the OR to pediatric ICU (PICU) care transition of
pediatric cardiac surgery patients (Agarwal et al., 2012; Catchpole et al., 2007; Craig et al.,
2012). The redesigned processes began while the patient was in the OR when information
was sent to the PICU, triggering preparation in both units before transport; the patient was
stabilized in the PICU before an inter-professional handoff, with discussion of plans and
questions. The redesigned processes improved:
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. Information flow (Agarwal et al., 2012; Catchpole et al., 2007; Craig et al., 2012)
. Attentiveness and interruptions (Catchpole et al., 2007; Craig et al., 2012)
. Errors (Catchpole et al., 2007)

. Four clinical outcomes: cardiopulmonary resuscitation, placement on
extracorporeal membrane oxygenation, need for mediastinal reexploration, and
development of severe metabolic acidosis (Agarwal et al., 2012).

The redesigned processes use information on existing research and workshops with
stakeholders (Craig et al., 2012), lessons from motorcar racing and aviation (Catchpole

et al., 2007) and feedback from handoff participants (Agarwal et al., 2012). However,

the studies did not describe the care transition process before the redesign nor how

those practices were considered in the redesign. Lane-Fall and colleagues (2018; Ross
Perfetti et al., 2020) conducted interviews and focus groups with clinicians participating in
OR-to-ICU transitions to identify barriers and supporting factors. They identified barriers
including time pressure, unclear expectations and lack of understanding of the information
needs of others; the supporting factors included pre-notification of patient arrival to ICU
team, presence of extra nurses upon patient arrival and predictable handoff format, in the
existing care transition process. They combined this analysis with published literature to
develop a standardized process for OR-to-ICU care transitions, with findings indicating
improvements in teamwork and information transfer (Lane-Fall et al., 2016; Lane-Fall et
al., 2020). Nonetheless, they too did not describe or analyze the existing process in detail,
although their recent protocol does call for in-depth process analysis prior to implementing
their tool (Lane-Fall et al., 2021). Their subsequent work has focused on interprofessional
communication training (Massa et al., 2021), which — while important — may inadvertently
increase workload of clinicians and contribute to the ongoing epidemic of clinician burnout
(National Academies of Sciences, 2019).

1.2 Process mapping: integrating quality improvement science and human factors/

ergonomics

Hignett and colleagues (2015) argue that the integration of quality improvement science
(QIS) and human factors and ergonomics (HFE) is key to improving quality of care.
Fundamentally, although defined in various ways, QIS is a set of strategies to increase
quality, such as Plan-Do-Study-Act, Total Quality Improvement, Lean and Six Sigma. HFE
is “the scientific discipline concerned with the understanding of interactions among humans
and other elements of a system, and the profession that applies theory, principles, data and
methods to design in order to optimize human well-being and overall system performance”
(International Ergonomics Association (IEA), 2020). Both HFE and QSI identify a required
change, apply various methods to describe the current situation and develop an intervention,
which is implemented and evaluated before the cycle repeats (Hignett et al., 2015). We
believe the overlap goes beyond the similarities identified by Hignett and colleagues (2015).
For instance, process mapping is one of the strategies used in QIS, which also has a

rich history in HFE (Huang & Gramopadhye, 2014; Jun et al., 2010; Lane et al., 2006;
Siemieniuch & Sinclair, 2015; Wooldridge et al., 2017). Clearly understanding the current
work situation, i.e., work system, before developing and implementing any interventions
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aimed to improve outcomes is necessary (Daniellou, 2005). Further, it is important to
understand the work as it is done, not just as is prescribed or imagined by management
(Hollnagel et al., 2015; Leplat, 1989). Process mapping approaches are one way to do this
and are useful in identifying risks from various sources (Simsekler et al., 2018), a key
element of quality improvement.

We have previously described the Systems Engineering Initiative for Patient Safety (SEIPS)-
based process modeling method to clearly understand the work system and process. We
demonstrated the application of SEIPS-based process modeling to three processes in primary
care: previsit planning, patient outreach for panel management and checkout (Carayon &
Wooldridge, 2020; Wooldridge et al., 2017). The SEIPS-based process modeling method
builds on HFE tools for process modeling, incorporates sociotechnical system theory and
represents all six work system elements: people, tasks, technologies, organization, physical
environment and external environment (Carayon et al., 2006; Carayon et al., 2014; Carayon
et al., 2020). The six work system elements and interactions between them must be
addressed together, as they dictate how the process occurs and are key to designing new
processes that result in improved outcomes for both patients and healthcare professionals
(Berg, 1999).

SEIPS-based process maps are similar to swim-lane diagrams and flowcharts: columns
represent physical locations and organizational units, while rows represent temporality
(Carayon & Wooldridge, 2020; Wooldridge et al., 2017). Major steps are shown in boxes
located in the cells created by the rows and columns; details about who performs tasks with
what technologies are in those boxes. The process models can be used to describe processes
to increase awareness in stakeholders (Schultz et al., 2007) and can be used to evaluate
processes to identify opportunities for improvement (Wetterneck et al., 2006; Wooldridge et
al., 2020).

1.3 Objective

In this study, we identify activities in the OR-to-PICU and OR-to-ICU care transitions
associated with preparation, handoff and follow up activities using SEIPS-based process
maps, comparing and contrasting the two processes. We explore process scope (i.e.,
beginning and end) from the perspective of the healthcare professionals involved in the
care transitions. We focus on pediatric and adult trauma patients as trauma is the leading
cause of death among children and adults aged one to 44 years old (Stewart et al., 2003).
These patients are typically critical and unstable, and care transitions occur with additional
time pressure and uncertainty due to the nature of trauma, increasing the complexity of the
system and process (Wooldridge, Carayon, Hoonakker, et al., 2018).

2. METHODS

This study is part of a larger study on health information technology (1T) for teamwork and
care transitions in pediatric trauma care (http://cqpi.wisc.edu/teamwork-and-care-transitions-
in-pediatric-trauma/). Approval for this study was obtained from the IRB at the University
of Wisconsin-Madison; approval for secondary data analysis was obtained from the IRB at
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the University of Illinois at Urbana-Champaign. Figure 1 provides an overview of the study
methods.

and sample

This study was conducted at a medical center that includes a pediatric and adult hospital
with a Level 1 trauma center in the midwestern United States. The pediatric hospital at the
medical center has 111 beds, 8 pediatric operating rooms and a 21-bed PICU. In this PICU,
the surgeons and a pediatric critical care medicine team are involved in patient care. The
adult hospital at the medical center has 505 beds, 27 operating rooms and multiple ICUs;
this study focuses on one 24-bed adult ICU where the surgeons and a critical care team,
composed of surgeons and critical care anesthesiologists, are involved in patient care.

We used purposeful sampling (Patton, 2015) to select healthcare professionals to
interview about the OR-to-PICU and OR-to-ICU care transitions, see table 1; participation
was voluntary. Clinician members of our research team helped to identify healthcare
professionals knowledgeable about the care transition process. All recruitment, data
collection and analysis were done by HFE researchers with extensive field research
experience. We approached clinicians via email, describing the purpose of our study and
asking if they would be willing to participate in a less-than-one-hour interview and survey;
all were willing to participate.

2.2 Data collection

We conducted in-person semi-structured interviews with each healthcare professional,

with follow-up questions to probe for more detailed information (Robson & McCartan,
2016). Each interview was conducted by one or two HFE researchers. The pediatric
healthcare professionals were asked about the OR-to-PICU care transition; the adult
healthcare professionals were asked about OR-to-1CU care transition. The adult surgery

and anesthesiology interviewees were asked about the care transition from the perspective
of being the physician in the OR and/or the physician in the ICU, based on the units in
which they cared for the patient. For each care transition, researchers asked interviewees to
identify the start and end of the care transition and describe the work system and process,
including preparation and follow up, guided by the SEIPS model (Carayon et al., 2006;
Carayon et al., 2014). We also elicited examples of good and bad transitions — i.e., when

the patient’s care was not (or might have been) compromised and the transition went (or did
not go) well from their perspective — and what made those go well or poorly, respectively.
Interviewees were asked about the two most critical triaged levels of acuity upon emergency
department (ED) arrival (Williams et al., 2011). The interview guides are available at: http://
cqpi.wisc.edu/teamwork-and-care-transitions-in-pediatric-trauma/.

At the conclusion of the interview, each participant was asked to complete an eight-item
survey that consisted of the four “teamwork across units” and four “handoffs and care
transitions” items from the AHRQ Hospital Survey on Patient Safety Culture 1.0 (Sorra et
al., 2018). The items detailing “shift changes” were worded instead as “transitions between
units” as described by (Hoonakker et al., 2019).
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Nearly 22 hours of interviews were conducted (average: 46 minutes, range: 24 to 65
minutes). All interviews were audio-recorded and transcribed by a professional transcription
service. After four interviews were conducted and deidentified, we iterated between data
collection and analysis, monitoring when theoretical saturation (Glaser & Strauss, 1967)
was reached by tracking the number of changes (e.g., additions and modifications) to the
process map from each interview (see figure 2). In figure 2, we plot the cumulative number
of changes by respondent — the changes from that specific interview plus all prior changes.
There is a relatively sharp positive slope for each of the first five respondents, followed by

a curve that gradually levels to approach a horizontal asymptote. The asymptote shows no
new changes for each subsequent respondent, indicating we reached theoretical saturation. If
additional clarification was needed, participants were contacted via email.

2.3 Coding of interview transcripts

Transcripts were checked for accuracy and all identifying information was removed before
we uploaded transcripts to Dedoose®, a web-based qualitative analysis software. The
interviews were coded using a pre-determined coding scheme:

1. The specific care transition being discussed: OR-to-PICU or OR-to-ICU;

2. The trauma level designated upon arrival to the ED, following the Emergency
Severity Index (ESI): Level 1 (highest level of acuity) and level 2 (lower level of
acuity);

3. Description of the process and elements of the work system (Carayon et al.,

2006; Carayon et al., 2014; Carayon et al., 2020).

Two HFE researchers independently coded one transcript and then met to review and resolve
discrepancies. The same researchers then independently coded a second transcript and met
to review discrepancies; at this point, there were minimal differences, and one researcher
coded the remaining interview transcripts.

2.4 Creation of process maps

The coded excerpts were exported to Excel® by groups of each combination of transition
and level (e.g., Level 1 OR-to-PICU, Level 2 OR-to-PICU). One researcher drafted the
process maps in LucidChart® using the SEIPS-based process modeling method (Wooldridge
etal., 2017). For each excerpt, the researcher identified which role(s) performed what task(s)
with which technology(ies). Temporally relevant tasks related to the same goal and in the
same location were grouped in the major steps shown in the boxes. When there were
disagreements between interviewees, we relied on the description provided by the individual
performing the work (i.e., the person in the role completing those tasks). Any outstanding
questions were resolved through a consensus process with other HFE researchers. The
process maps were reviewed by participating clinicians in a member-checking process; their
feedback and suggestions were incorporated in revising the process maps.

2.5 Care transition start and end

Each interviewee’s response to the two questions about the start and end of the care
transition were coded as process start or process end, respectively in Dedoose®. The
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responses were then exported to Excel® and reviewed by two HFE researchers to

identify the step of the process mentioned. Responses were counted by profession (i.e.,
physician/APP or nurse) and whether the interviewee provided care in the OR, adult ICU or
PICU (i.e., sending or receiving unit, respectively).

2.6 Survey data analysis

The means and standard deviations of responses to each item were calculated for the
OR-to-ICU and OR-to-PICU transitions. Two questions (F4 and F10) were reverse coded
for consistency in scale from positive to negative response across items, and chi-square tests
were conducted to determine if the distributions of responses between the OR to PICU

and OR to adult ICU groups for each question were different. Additionally, the frequency
of positive responses (i.e., responses of 1 or 2 after reverse coding) for each group were
tabulated and compared.

3. RESULTS

3.1 Process maps

Table 2 shows guidelines we use to created SEIPS-based process maps and how we
operationalized these guidelines in this study. Figures 3 shows the process map of the
OR-to-PICU care transition and figure 4 shows the process map of the OR-to-ICU care
transition.

The OR-to-PICU care transition has 12 activities (four preparation, six transition and two
follow-up) and 55 groups of tasks (23 preparation, 18 transition and 14 follow-up). The
OR-to-ICU care transition has 15 activities (four preparation, nine transition and two follow-
up) and 58 groups of tasks (28 preparation, 18 transition and 12 follow-up). Twenty-three
roles participate in the care transition process using four communication technologies in
both care transitions. Many of the activities and specific tasks in both care transitions are
similar. One major difference is that the OR-to-PICU care transition includes a team handoff
between surgery, anesthesia and PICU team, including nurses and physicians. The handoff
was described by a surgery resident as follows:

“[TThe nurses up there, as well as the [pediatric] ICU doctor team, receive the
patient... the surgery handoff is a brief history of what happened to the patient, the
injuries, what you did in the OR, and what the care plan is. And the anesthesia team
then usually signs out.”

The handoffs in the OR-to-1CU transition are separate, occurring simultaneously between
anesthesia and nursing and surgeon and ICU physician while others were settling the patient
in the ICU room. An adult ICU nurse described the handoff as follows: “/AJnesthesia is
usually trying to give their report... And then kind of off in the corner it will be the surgical
resident with the [adult] ICU resident...giving like a report of the actual surgery and stuff”
(adult ICU nurse).
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3.2 Start and end of care transition process

The healthcare professionals involved in care transition have different perspectives on when
the care transition starts and ends; responses are integrated on the process maps in figures 4
and 5 showing the profession and unit of the interviewee. While there was variation between
interviewees, the first communication, or “that heads-up phone call” (PICU nurse), between
the surgical team and PICU or ICU team was the most frequent step noted as the start of
the care transition. Responses on the start of the transition ranged from when the patient
arrives to the ED and as late as the handoff in the PICU or ICU. After the handoff and the
receiving team is satisfied (i.e., gets to ask questions) and after the receiving team assumes
care, described by an adult anesthesia attending as “achieving a stable set of vitals” after
handoff, were mentioned most as the end of the care transition. Responses for when the
transition ends ranged from when the patient arrives in the PICU or ICU and as late as

after the surgery chief resident completes a post-operative check. The physicians and APPs,
including trainee physicians, responded that the care transition starts earlier and ends later
than the nurses.

Table 3 shows how many interviewees responded that each transition starts or ends at
specific pairs of steps by their profession and unit. Interviewees in the OR-to-PICU care
transition, which involves the team handoff, were more similar in their start and end
responses: there were only four combinations of process start and end responses. The
participants in the OR-to-ICU care transition had a more varied response, with seven
combinations of start and end given.

3.3 AHRQ Hospital Survey on Patient Safety Transitions, Handoffs and Teamwork Across
Units Differences

Figure 5 shows the statements for each item, the average and standard deviation of responses
for the OR to PICU or ICU groups and the Xz statistic; XZC for each comparison was 11.143.
The distribution for item F4 and F5 were significantly different between groups (i.e., XZ >
ch)- Figure 5 also includes the frequency of positive responses to each item for each care
transition, where positive responses indicate disagreement with statements that negatively
impact patient safety. Neither OR-to-PICU nor OR-to-1CU participants responded positively
to F4 (that there is good cooperation between hospital units) or F10 (that hospital units
work well together). Some participants in the OR-to-ICU care transition responded that they
neither agreed nor disagreed to F4 (i.e., selected 3 “neither”), indicating less disagreement
with the statement than participants from the OR-to-PICU care transition, who all responded
that they disagreed or strongly disagreed with F4. The participants from the OR-to-ICU
transition had more positive responses to F5, indicating information was not lost during care
transitions.

4. DISCUSSION

Our results show that OR-to-PICU and OR-to-ICU care transitions of trauma patients are
complex, temporal processes involving many healthcare professionals, and include both
physical transitions (i.e., transport) and cognitive transitions (i.e., handoffs). Clinicians
involved in the care transition had varying perceptions of when the care transitions begin
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and end, perhaps explained by differing professional perspectives or their roles as sender
or receiver. The care transition was often described as beginning when admission to the
PICU or ICU was anticipated, i.e., first communication between surgical and PICU or ICU
teams and ending when the PICU or ICU team continued patient care and assumed care
after handoff. Clinicians participating in the handoff with the team handoff (OR-to-PICU)
had a more similar understanding of process scope than did those in with separate handoffs
(OR-to-ICU).

4.1 Comparison of OR to PICU and OR to ICU care transitions

The main difference between the two care transitions was how the handoffs were organized.
The OR-to-PICU care transition included a verbal team handoff, including anesthesia,
surgery and PICU physicians and nurses. Handoffs in the OR-to-ICU care transition were
separate, with anesthesia and surgery residents providing information to the adult ICU
resident and nurse separately. Handoffs, while important, are only a small part of the care
transition process. The transition includes preparatory activities before the handoff (as early
as immediately after a trauma patient arrives to the ED) and follow-up activities afterward
(as late as a post-operative check completed by the surgery chief resident); these activities
are specified in the process maps in figures 3 and 4. Examples of preparatory activities
described by our participants include the debrief at the end surgery, calls between the OR
and PICU or ICU and gathering supplies and equipment before the patient arrives to the
PICU or ICU; examples of follow-up activities include completing documentation, returning
medications and equipment to the OR, patient care activities in the PICU or ICU and
updating family or caregivers of the patient. This idea is not new, since it has been described
in previous research (Abraham et al., 2012; Agarwal et al., 2012; Catchpole et al., 2007;
Craig et al., 2012; Haque et al., 2017; Matthews et al., 2002; McElray, Collins, et al., 2015;
McElroy, Macapagal, et al., 2015); in fact, early notification of ICU arrival is important in
successful handoffs (Lane-Fall et al., 2018). However, these studies were less detailed in
their description of the activities involved in preparation and follow-up. Here, we uniquely
show that preparation includes communication and coordination (e.g., the early notification
and information exchange prior to transport) as well as preparation activities in both units
(e.g., gathering supplies or equipment and preparing team members).

While neither group in the OR-to-PICU or OR-to-ICU transition responded positively to
the statements about good cooperation between hospital units and units working well
together, the OR-to-1CU group responded significantly differently and more positively to
the statement about information being lost when patients transition between hospital units
(item F5, see figure 5), indicating less information loss than in the OR-to-PICU transition
with a team handoff. The survey results were not expected — the only items with different
responses were more positive for the OR-to-ICU transition, which did not include a team
handoff. One possible, but unlikely, interpretation is that the team handoff had a negative
impact, but based on literature emphasizing the importance of teams and teamwork to
patient safety (Salas et al., 2008), this interpretation is not likely to be correct. A more
likely explanation is that participating in the team-based handoff may have highlighted
issues related to communication, coordination and cooperation between the hospital units
because the handoffs increased interaction. The clinicians involved in the OR-to-PICU care
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transitions were made aware of developing failures during the team handoff, providing
them the opportunity to recover from them. Unfortunately, the participants may have
interpreted the awareness of developing failures as lack of success, rather than the team
handoff working well to support avoiding and recovering from failure before patient harm
occurs, i.e., a success. In other words, the team handoff resulted in increased recognition of
problems that could exist in transitions and thus resulted in more negative responses to the
survey (i.e., that information was lost during transitions), despite the benefits recognized by
those same participants in the interview, such as:

“[l]f the patient’s on epi, and, you know, we say, don’t give fluid right now, just

go up on epi, then maybe they Il understand because of something that happened
in the OR, whereas we would just have to re-explain everything [if it was not a
team handoff]. So it’s just easier if they can kind of get the firsthand information as
well” [PICU nurse]

We argue that the team-based handoff likely increased awareness about the communication
(or lack thereof) within the team as well as organizational awareness — awareness of how
work of the individuals fit together in the overall care process (Schultz et al., 2007).

We expect that increasing organizational awareness and improving communication will
improve patient safety during care transitions in the long term. Future work could include
studies designed specifically to investigate the impact of the team handoff on outcomes,
including observed communication challenges, patient outcomes, organizational awareness,
and individual clinician outcomes like satisfaction with the handoff. Interventions using
SEIPS-based process mapping may also serve to increase organizational awareness, for
example by helping the participating healthcare professionals understand their work as
well as how and where their work fits in the overall care process and with the work of
their colleagues. Further, HFE-based tools and projects are instrumental in highlighting
the difference between task and activity (Leplat, 1989), also called work-as-imagined and
work-as-done (Hollnagel et al., 2015).

4.2 Importance of articulation work in care transitions

The activities associated with the preparation and follow-up phases of the care transition
can be thought of as articulation work (Berg, 1999; Gerson & Star, 1986) — work that
enables other work (e.g., transport, handoff). Without these activities, the care transition
will not be successful; failing to consider this articulation work in redesigning care
transitions could have a negative impact on quality of care. Further, all activities impact the
healthcare professionals involved in the care transition and are included in their workload,;
if disregarded, clinicians may still perform the communication and coordination work to
ensure safe transitions for their patients. However, this could overburden the clinicians

and result in poor worker outcomes (e.g., stress, burnout). This is an important reminder
that we, as human factors experts, cannot simply design for one task (i.e., handoff tasks)

— we must design for the process (Walker & Carayon, 2009). Improving the entire care
transition process through careful, systems-based thinking should result in improved patient
and worker outcomes (Waterson, 2009).
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Many of the articulation work activities in the care transition process involved
communication and coordination (e.g., anesthesia resident calling the PICU or ICU nurse
before the surgical case ends), the handoffs, developing and clarifying the care plan. Some
of this communication is asynchronous and distributed (e.g., through the EHR), some is
synchronous and distributed (e.g., conducted by phone) while some is synchronous and
collocated (e.g., face-to-face handoffs). Differences in communication due to synchronicity
(i.e., synchronous or asynchronous), communication modality (e.g., phone, text, email,
face-to-face) and if it is distributed or collocated are well documented (Fairbanks et al.,
2007; Wooldridge, Carayon, Shaffer, et al., 2018). For example, when tasks were allocated
between members of a primary care team synchronously, those tasks were more likely to be
accepted and completed (Wooldridge, Carayon, Shaffer, et al., 2018). Future work should
consider the spatio-temporal nature of communication involved in care transition processes.

Communication and coordination activities inherently include two or more individuals
working towards a common goal, i.e., a safe care transition; in other words, they involve a
team. These team communication activities can be conceptualized as team cognition (Cooke
et al., 2013). Thus, team cognition theory could inform efforts to improve handoffs, e.g.,

by changing how we train medical professionals to communicate, facilitating interactions
with and/or designing team-centric technology (Coppola & Gurses, 2021), co-location and
other work system design choices. The team cognition approach also has implications for
how we approach handoff research (Cooke et al., 2013); for example, we could measure
team cognition during handoffs as part of evaluating interventions, facilitating real-time
measurement to use in training or identify hazardous transitions.

4.3 Advancing SEIPS-based process modeling

In this study, we continued developing SEIPS-based process modeling by analyzing a
complex process involving many people completing tasks distributed across space and time.
We expanded our method to represent a larger number of tasks distributed over space and
time than we had previously considered (Wooldridge, Carayon, Hoonakker, et al., 2018).
Here, we also provide guidelines for others to develop these process models, with specific
examples of how those guidelines can be operationalized (see table 2). In this study, we used
interviews to collect data rather than combined interviews and observations; therefore, we
relied on the description of the process provided by participants. Interestingly, participants
did not include various IV pumps, monitors, poles, etc. in their description of the technology
they use in the transition; instead, they focused on technologies to facilitate communication
and coordination. In an observational study using a macroergonomic perspective, we would
expect to identify additional technologies used, as well as issues related to the physical
environment.

Process modeling has been used in other sectors to identify improvement opportunities

by building an understanding of the system, as well as documenting current or planned
processes to ensure understanding necessary for future improvement (Jun et al., 2009).
Although we did not evaluate the transition by presenting data on work system barriers and
facilitators, we were able to represent more specific details of the tasks on the process maps,
eliminating additional tables in our first application (Wooldridge et al., 2017). Future work
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will address how to incorporate work system barriers and facilitators on the maps as part of
process evaluation.

4.4 Limitations

This study was completed in one healthcare organization, necessarily limiting generalization
beyond this organization. Although a generalizable description of the OR-to-PICU and
OR-to-ICU care transition beyond this medical center was not the goal of this study, care
transitions in urban or non-teaching hospitals may be very different.

We did not collect the patient and family perceptions of care transitions in this study. Trauma
is, by definition, highly stressful; this presents challenges to data collection involving
patients and their family: interviewing patients and their family immediately following the
OR-to-PICU or OR-to-ICU care transition may not be appropriate, given the emotional
challenges experienced by families. Retrospective data collection may be reasonable, but it
may be several weeks before it is appropriate and feasible to talk with patients and their
family, considering potentially long hospitalizations, inpatient or outpatient rehabilitation,
etc. That lag could result in recall bias, particularly since patients and their families may

not focus on care transitions. Future work should seek to find ways to incorporate the
perspective of patients and their families or other caregivers.

5. CONCLUSION

Our study demonstrates that care transitions are complex processes distributed over time
and space, involving many individuals; even though they occur frequently (i.e., are
routine), they remain high risk. Care transitions include readily acknowledged work —
handoffs and transport — as well as articulation work. As human factors professionals

and systems engineers, we must account for articulation work because it impacts system
performance and human well-being. Without considering the significant communication
and coordination work done before and after handoff, we can overburden clinicians and
staff, subjecting them to stress and burnout and contributing to poor patient outcomes due
to inadequately coordinated transitions. Moving forward in the study and improvement of
care transitions, we must consider the entire process through systems-based methodologies
grounded in HFE. SEIPS-based process modeling is a useful tool to consider articulation
work during process (re)design. HFE experts embedded in health care organizations could
have substantial impact, in particular as they are trained to consider the entire system, not
only person, and capture differences between task and activity (i.e., work-as-imagined and
work-as-done). Clinicians could use the seven simple SEIPS tools to have positive impact
as well (Holden & Carayon, 2021). Future work should incorporate the perspective of the
patient and their family to shift to patient- and family-centered care as well as analyze
system barriers and facilitators to inform care transition process redesign, with a focus

on supporting team cognition and awareness while considering articulation work involved
before and after handoffs.
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Highlights
SEIPS-based process modeling applies to higher complexity processes.
Articulation work can be highlighted with SEIPS-based process modeling.
Articulation work outside of handoffs is necessary for safe care transitions.
Team handoffs increased team members’ awareness of poor cooperation.

Physicians and nurses think of care transition scope differently.
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Figure 1.
Flowchart of study methodology.
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Anes. Res. EHR documentation, tally medications and return
equipment
OR Circ. Nurse EHR documentation, return with monitors and
equipment
« Anesthetist EHR documentation, check patient labs

Transition Follow-up

Continue patient care
PICU team assess patient
PICU Att. care for patient, talk with family/caregiver and bring to patient
room, approve documentation
PICU Fellow care for patient, clarify surgical care with Surgery
Att/Fellow; clarify care with Anes. Att./Fellow
Surgery Att., Surgery Chief Res. co-manage patient care, talk with
family/caregiver, enter orders if needed
Anes. Att. talk with family/caregiver, follow up next day if needed (e.g.,
pain plan, PCA)
PICU Res. EHR documentation
PICU Nurse settle and care for patient, bring family/caregiver to room
(may be earlier if not intubated or if from PACU), EHR

Last updated: December 28, 201 KEY:
8e O [
Phone Pager EHR Paper notes

Note: CTL= Care Team Leader

“This process applies for when paient's need for PICU-level care is agreed upon in advance, and therefore patient Goes not receive care in PACU, as in most trauma cases due 10 PACU staffing and surgeon wishes. If there is ambiguiy, patient may receive

@

o @ o (] ]
OR physician OR nurse PICU ghyslclan PICU nurse OR physician OR nurse PICU Ehysloian PICU nurse
Start Start tart Start End End nd End

documentation n
Did not respond:
n = # respondents @ fo
1

*Some disagreement about whether this happens at all or consistently, also some variability about time frame
*Some surgical services may not send surgery representative to the team handoff, instead handing off to PICU physicians by phone. Some surgeons may attend the face-to-face handoff but speak seperately to PICU physicians and PICU nurses.

Figure 3.

SEIPS-based process model of OR-to-PICU care transition.
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OR -> ICU TRANSITION"
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B . Anes. At handoff to ICU Att/Fellow if needed « Anes. Att. handoff 10 ICU Att/Fellow only if needed
| «Surgery Att. handoff to ICU Att. if needed
Update patient family (phone or in person)
Move patient to ICU + Surgery Att/Chief Res. update patient family after patient leaves OR
s + Anes. Att. (if needed), Surgery Chief Res. (if needed), Surgery[fj] [2]
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F give brief vpdates, transier patient in EHR «+ Anes. Res/AnesthetisUAtL. (if there) handoff to ICU Res., Fellow (if

there), Att. (if there) in room or hallway

* Anes. Res./AnesthetisUAtt. give ICU Nurse updates, ask and answer ]
questions at bedside, tally medications

* Surgery Res. handoff to ICU Res. at bedside or in hall; ICU Nurse try to
listen, or Surgery Res. handoff to ICU Nurse separately

* Anes. Res/AnesthetisUAtL. give Resp. Therapist updates, assist with
ventilator

« Pharmacist be nearby if needed

U tient chart, orders
* Anes. Res./Ane: hstlx(.emer orders needed lov%nedule care
+_ Surgery Res. enter orders if ICU requests

Documentation E
Surgery Att. approve documentation
Anes. Att. approve documentation, check on patient
Surgery Chief Res. EHR documentation
Surgery Res. EHR documentation
Anes. Res /Anesthetist EHR documentation, return equipment
OR Circ. Nurse EHR documentation, clean up OR room, gather
supplies, send specimens to

Transition Follow-up

Continue patient care
[Z] - cuRes.Fellow assess and care for patent, develop plan, claity surgica
care with Surgery Att [Fellow; clarify care with Anes. Att./Fellow, EHR
documentation, enter orders, answer family questions if needed
+ ICU Res./Fellow discuss, confirm plan with ICU Att. while ICU Res.
@  enters and reads back orders %
« Surgery Att,, Surgery Chief Res. co-manage patient care, complete
G post-operative care check
« Anes. Res./Anesthetist/At. finish end-of-anesthesia note, check for
E questions, return in ~1 hour to check on patient, answer questions
« ICU Nurse care for patient, complete neuro exam, answer family
questions, EHR documentation, search for additional info. as needed,
update Resp. Therapist, Nursing Assistant, request orders from ICU Res.
« ICU Unit Clerk find patient family/caregiver, orient to ICU, send to patient

room
- oz, 20 e 8 =2 @ El OR pho ial 0Fl® TLC TLCE OR gsbi OH® TLC pﬂywann TLCm responde
2 ysician nurse ician nurse physician nurse ici nurse n=# nts
Note: CTL= Care Team Leader Phone Pager EHR Papernotes _Start Start Start Start End End End End
“This process applies for when paient’s TS ot @ [, and therefore patient does nol receive care in PACU, as in most rauma cases. If there is ambiguity or the patient 1s e ed, patient may receive care in PACU

care is upon in
before ICU (then Anesthesia and surgery handoff to PACU nurse, who hands off to ICU nurse).

Figure 4.

SEIPS-based process model of OR-to-1CU care transition.
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AHRQ OR to PICU Afﬁ ;‘(’:U
Statement Survey Mean I\]:Iean x2 Positive Responses by Transition
Item (St. Dev.) (St. Dev.)

Hospital units do not coordinate well

with each other. F2 2.38(0.87)  2.54(0.78) 1

Things “fall between the cracks” when

transferring patients from one unit to F3 3.31(0.85)  3.15(0.8) 4

another.

There is good cooperation among

hospital units that need to work F4 2.00(0.41) 223(0.73) 21*

together.

Important patient care information is

often lost when transitioning patients F5 3.08 (0.95) 2.69 (0.75)  13*

between units.

It is often unpleasant to work with staff

from other hospital units. F6 2.08 (1.12) 1.85 (0.55) 6
Problems often occur in the exchange

of information across hospital units. ol B (LGN 459 (02) 2
Hospital units work well together to

provide the best care for patients. F L0485 20040 ¢
Transitions between units are F11 277(1.09) 246 (0.88) 3

problematic for patients in this hospital.

0 5 10 15
BOR to PICU BOR to ICU

Figure 5.
Survey items, average responses, X2 and frequency of positive responses.

Notes: Possible survey responses 1=strongly disagree, 2=disagree, 3=neither, 4=agree,
5=strongly agree. Chi-square critical value for all tests = 11.1143. *denotes significantly
different distribution of responses. Positive responses were 1 and 2, after questions F4 and
F10 were reverse coded.
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Sample (N=28)

Table 1.

Profession

OR-to-PICU (N=15)

OR-to-ICU (N=13)

Physicians

Attending physicians:
Anesthesiology - 1
Surgery - 1

Pediatric critical care
-1

Fellows

Pediatric critical care
-2

Residents
Anesthesiology - 1
Surgery - 2

Attending physicians:
Anesthesiology *.2
Surgery*- 1

Fellows

Anesthesiology critical care

Surgical critical care*- 1
Residents

Anesthesiology *o1
Surgery *.2

Advanced practice providers

Anesthetist - 1

Anesthetist - 1

Nurse

OR-4
PICU -2

OR -2
Adult ICU - 2

Note:

Page 23

*
denotes physicians who may practice in both the OR and adult ICU; these participants were asked if they provide care in both units, and if yes

were asked about the transition from the perspective of providing care in the OR and the adult ICU.
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Table 2.

Guidelines for creating process maps

Guideline

Operationalization

1. Represent temporal nature of process.

» Rows represent phases of care transition: transition preparation, transition and transition follow-

up.
« Time is represented moving down through the phases and roughly from left to right.

2. Represent spatial nature of process
(i.e., physical locations where work is
performed).

« Columns represent physical locations: OR, PICU or ICU and the path of transport from OR to
PICU or ICU.

3. Clearly indicate distributed work.

« Tasks that are distributed spatially in the OR and PICU or ICU are represented with dashed lines
connecting the boxes in each column.

4. Highlight work completed in
preparation for, but not necessarily part
of, the process being modeled.

« Activities when the patient is still in the ED before transfer to the OR are in light grey.

5. Distinguish and incorporate higher-
level goals and specific tasks performed
by individual(s).

« Each bulleted line in the activity box represents tasks completed by a unique group of roles.

6. Show tools and technologies used for
each task.

« The technologies used only in one bulleted line (task or tasks completed by the same group of
roles) are represented with icons.

« If a technology was used for every bulleted line in an activity box, the icon is to the right of the
title of that box.

Represent variation in the process.

« There were differences in two and five bullet points between level 1 and level 2 patients for
pediatric and adult care transitions, respectively; specific differences are highlighted by text color.
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