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1. INTRODUCTION

Effective handoffs of care are critical for maintaining safety and avoiding communication problems in acute care.
This program of work examined the entire trauma pathway, to include multiple handoff types, in multiple phases of
care, and exploring multiple dimensions of intervention. We have taken a broad approach to problem definition and
early analysis, using incident reports, observation and classification of flow disruptions along the trauma pathway,
process mapping, interviews and direct observation. We have found the most important factors to be related to task
and teamwork, and have been able to demonstrate redesigns of handoffs to provide better defined processes that also
improve teamwork. We also identified situations in which patients can deteriorate, and tested a secure smartphone
information display and messaging system, that employed user-centered design to improve situational awareness
and teamwork in a simulated trauma setting.

2. KEYWORDS

Human Factors; Handoffs; Handover; Communication; Teamwork; Trauma; Cardiac Surgery; Patient Safety;
Improvement; Systems Analysis;

3. OVERALL PROJECT SUMMARY

General Introduction

They serve several purposes, including transfer of information, transfer of responsibility, identifying deviations from
normal, revealing problems, social interaction, distributing knowledge, and reinforcing values'. Transitions in
trauma care, like other forms of handoffs, are vulnerable to systems problems and human errors. This project took a
mixed-methods approach to understanding, modeling, and improving handoffs in trauma and other acute care
scenarios. Developing interventions through a human-centered model of care, we were able to examine
improvements associated with technology, training, environment and task redesign.

This program of work examined the entire trauma pathway, to include multiple handoff types, in multiple phases of
care, and uses multiple dimensions of intervention. 12 studies were conducted, grouped into categories of systems
analysis (4 studies), pre surgery handoffs (2 studies), post surgery handoffs (3 studies), deterioration (2 studies), and
technology development (1 study). The systems analysis developed a range of process maps, analyzed clinician
interviews, explored incidents associated with handoffs, and flow disruptions in handoffs over the course of trauma
care. We examined pre surgery handoffs from the Emergency Department (ED) to Imaging, and transfers from the
ED and other locations into the Surgical Intensive Care Unit (SICU). Post surgery handoffs examined were the Post
Anesthetic Care Unit (PACU), the Cardiac Surgery Intensive Care Unit (CSICU), and in Congenital Heart
Surgery(CHS). Studies in deterioration explored the relationship between mortality and changes in vital signs from
EMS to ED transfer, and the parameters that predict failure to rescue deteriorating patients. Finally, we tested and
developed a smartphone app to assist in communications, handoffs, teamwork and delivering better care.

For ease of reading, this section summarizes those studies. Later sections provide more detail of those individual
studies.The challenge was how to appropriately identify opportunities for improvement, to test them, and to make
such innovations sustain®”.
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Figure 1: Summary of Studies and Interventions

General Methods

The complex and variable nature of handoffs required several different approaches to data collection.
Fundamentally, this was a pseudo-ethnographic research and quality improvement program, with the research team
working closely (and sometimes within) the care teams to understand the challenges they face from a realist
viewpoint. Interventions were developed with the input and assistance of the care teams, and implemented using
Plan-Do-Study-Act (PDSA) cycles®. To guide the research, interviews were conducted to understand the challenges
involved in handoffs, their purpose, and the perceived components of success. We also analyzed previously reported
incidents, and observed some of our own. Trauma databases were used to explore the role of handoffs on
deterioration and failure-to-rescue. More than two hundred handoffs of different types were studied through direct
observation, using either relatively unstructured qualitative observations of flow disruptions, or more structured
observations of technology, information and teamwork. Self reporting forms were used where we could not
reasonably conduct observations. Finally, we used in simulation and in situ simulation to evaluate different
approaches to handoffs, using video observation and structured debriefings to elicit required data. The areas, studies
and methods are summarized in table 1.

Table 1: Summary of Studies and Methods

Pre-Arrival/ Arrival Pre OR Post-Op / ICU
Method Direct Observation Direct Observation | Direct Observation
Database Analysis Structured Self Report
Simulation Environmental Assessment
Simulation
Specific Focus RN CT PACU
Charge RN SICU
Doctors CSICU
Process Measures Pre-communication Flow Disruptions Information
Handoff Quality Equipment
Unexpected Events Teamwork
Interventions Smartphone App CT Checklist Process, Environment, Structured
forms
Outcome Measures | Simulation Duration Equipment configuration
performance Teamwork Information handoff
Preparation Teamwork
Orders
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General Findings
The key research accomplishments are:

e Detailed mapping of handoffs along the trauma pathway and other high-risk analogue handoffs within a
hospital, revealing a complex handoff ,ecosystem™and a structure up[on which to define handoff properties
and designs.

e An analysis of the disruptions during transitions and handoffs along the trauma pathway showing that:

o Many patients experience some disruption during care transition
o Co-ordination problems are dominant causes
o The sicker, more at risk patient experience more problems.

e  An analysis of hospital incident reports of handoffs, revealing that task and teamwork causes are dominant

e The deployment of observational methods to measure specific types of handoffs and transitions, exploring
the relationship between task and teamwork.

e A statistical model of the relationship between tasks, teamwork and process in transitions from OR to
PACU and ICU.

e  Measurement of the reliability of handoffs to surgical ICU.

e Development and evaluation of three interventions that validate this approach

e Development of a teamwork and communication app to improve handoffs, information provision and
teamwork across the trauma pathway and beyond.

General Discussion

Our analysis of flow disruptions, process maps, and direct observations suggest that it is the high risk, less frequent
handoffs that created the greatest problems. Handoffs to ICU involve an entire change in care team, happen with the
sickest patients, and are relatively unstructured. In terms of improvement, process and teamwork improvements
offer the best solution, as indicated by interviews, flow disruption analysis, and direct observation of interactions
between teamwork and process.

As a model of high acuity handoffs and direct admissions to ICU, we focused interventions on cardiac patients
transferring from the OR. Working within the CSICU allowed us to observe with reliable frequency these types of
handoffs. By expanding the concept of handoff from the traditional mnemonic (e.g. SBAR), to incorporated process
redesign, checklists, teamwork, and training, we demonstrated that encouraging the optimal task, team and
technology interactions will produce measureable improvements in the handoff process.

General Conclusions

Phase II of the Operating Room of the Future program has built a unique set of knowledge around handoffs in high
risk patients. We have taken a broad approach to problem definition and early analysis, using incident reports,
observation and classification of flow disruptions along the trauma pathway, process mapping, interviews and direct
observation. We have found the most important factors to be related to task and teamwork, and have been able to
demonstrate redesigns of handoffs to provide better defined processes that also improve teamwork. We also
identified situations in which patients can deteriorate, and tested a secure smartphone information display and
messaging system, that employed user-centered design to improve situational awareness and teamworkin a
simulated trauma setting.
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Systems Analysis

Introduction

A range of models exist for describing the complex relationship between systems components”'® but generally they
acknowledge that people; tasks; equipment; tools and aspects of the organization all interact to produce either
successful or unsuccessful processes and outcomes. In order to understand the different types of handoff and the
context in which those handoffs happen, we first examined the systems of work in which these handoffs are
embedded. This required a mapping of the process, interviews with staff, analysis of incidents associated with
handoffs, and direct observation and analysis of flow disruptions.

Study 1: Process Mapping

Through detailed considerations, patient shadowing, and discussing the process with clinicians in different parts of
the hospital, we investigated how patients move around the hospital, which identified areas and methods for
subsequent detailed study of specific handoffs. Our observations and assessments considered six key areas of the
handoff process, of which 1-4 were eventually studied.

1. Emergency Department (ED) to Imaging (CT)

2. Admission to the Surgical Intensive Care Unit (SICU)

3. Operating Room (OR) to the Post Anesthesia Care Unit (PACU)
4. OR to the Cardiac Surgical Intensive Care Unit (CSICU)

5. Step-down Handoffs from ICU to Ward

6. Shift-to-shift handoffs

A further mapping process also allowed us to superimpose human-centered considerations that typify each different
handoff. Considering the function of each handoff, there were three types.

e Type 1: Care Process Handoff. Required: decision making, resource management and co-ordination
e Type 2: Team Transfer Handoff. Required: equipment transfer, teamwork processes, information handoff
e Type 3: Care Continuity Handoff: Required:maintainsituation awareness and shared decision making

Type 1 handoffs — typified by decision making in the ED and CT — are moments at which the care of the patient and
their treatment pathway change rapidly, based on the use of dynamic changing resources, and requiring the team
(some of whom may be new to that patient) to agree on a decision and co-ordinate the response to ensure the
appropriate follow-through. Type 2 handoffs — typified by transfers from surgery — are where the transfer of the
patient is both physical and between teams, requiring continuity of information and care between the teams. With
these handoffs, the care pathway should be clear, and the patient relatively stable, so the dynamic decision making
component is not required, and can be more easily structured. Type 2 handoffs are where we hypothesize will be the
greatest need for precise information transfer to better identify deteriorating patients. Type 3 handoffs — typified by
within-unit handoffs — require the maintenance of patient care over a longer period, requiring the continual updating
of patient information and strategic shared decision making to move the patient through their care to discharge. All
three handoffs are qualitatively different, and so have different requirements. Finally, we mapped in detail processes
for the ED to Imaging transfer process (figure 4), admission to ICU (figure 5), and for step-down from ICU to ward
care (figure 6). All three processes are typified by a non-linear sequence of multiple communications, largely by
telephone, prior to the physical movement of the patient.
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Figure 2: Handoffs and Information Flow along the Trauma Care Pathway
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Figure 4: Process for transfer of patient from ED to Imaging
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Figure 5: Process for admission of patient from the OR to ICU

Figure 6: ICU to Ward Step-Down Handoff Process
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Study 2: Interviews

In order to understand from the provider point of view those generic skills and system configurations that
differentiate between good and bad handoffs, semi-structured interviews were conducted with staff. For this we
worked with Madigan Army Medical Center, where a series of interview and focus groups were conducted with a
total of 113 staff (15 ICU Nurses, Attendings& Residents; 3 respiratory technicians; 34 anesthesia providers; 4
blood bank staff; 8 ED staff; 8 general surgery residents, and 40 OR staff). We recorded 67 individual comments
and perspectives that were then classed into several categories. First, we considered the reported purposes of handoff
that featured in the comments. Next, the process considerations, and finally, we classified comments according to
the SEIPS model of human factors (Figure 7).

Overall, we found that a good handoff is defined by the transfer of information, responsibility, and the shared
planning of future care. This is influenced by: clear leadership & role definition, face-to-face communication, and a
standard template and process to follow. We concluded that an improved handoff process could include

e Face to face handoffs with both physicians and nurses

e Structured process: including notification of patient prior to arrival, standardized information handoff,

agree a plan for ongoing care

e Training, role definition, clear transfer of accountability

e  Technologies — computer systems, whiteboard, paper
This supported our underlying hypothesis that handoffs have a range of systems components allowing improvements
on several dimensions.

Purpose of
Handoff

Geography Organization
3% 11%
Evironment

4%

Admission/Billing Preparation
2% 5%

Confidentiality
3%

Blood Bank
7%

Training
4%

——Content Analysis —Fluman ractors

Analysis

Figure 7: Results from provider interviews
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Study 3: Incident Analysis

To understand more about injuries relating to handoffs, we analyzed 19 hospital incidents associated with handoffs
(figure 8). These data were accessed via MIDAS, the patient safety incident reporting system at Cedars-Sinai. Of the
54 handoff defects indentified, 52% were attributed evenly to either team or task (14 in each category). Though care
needs to be taken with hindsight bias when examining these data, this provided further weight to our approach of
measuring process, teamwork and information flow in handoffs.

16

Handoff Defects

m Caregiver

o Instituational

B Technical
Patient
q u Patient
Sl Technical
Institutional B Team
Careqgiver
m Task

Figure 8: Results of incident database analysis

During our research, we had the opportunity to observe a sequence of failures in handoff from ED to ICU that
further illustrated how minor incidents occur and how they might escalate to more serious situations:

A 72 year old demented patient in the ED required major emergent surgery that would typically require a
direct ICU admission post op

Intraoperative discussion between anesthesia, surgery and nursing suggested that the patient required
minimal operative repair and therefore was going to need an ICU bed but could recover in the PACU

The PACU notified the ICU charge nurse that a patient who was presently in the OR needed to be admitted
directly to the ICU based upon the assumed case

The ICU charge RN asked that bed reservation be called so a bed can be assigned to the patient, and then to
call back as is standard procedure.

The anesthesiologist communicated with the ICU MD via a phone call providing the patient's name and
suggested that more information would be provided at the end of the case.

Patient was extubated post-op as the surgery was less extensive than expected

The patient was transported to the PACU as per anesthesia and surgery"s request but then diverted to the
SICU based on preoperative planning

The patient arrived in the ICU with no updated handoff between the MDs or the RNs. The charge nurse and
accepting nurse were at the bedside to evaluate the patient and receive a report. However, the transferring
PACU RN stated that she knew ,nothing™ about the patient.

The accepting nurse assessed the patient, noted that he appeared altered and in respiratory distress and
immediately informed the ICU MD who came to the bedside.

The ICU immediately intubated the patient although his unidentified baseline dimension likely contributed
to the respiratory distress.
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Figure 9: Failures in handoff process during one incident.

Study 4: Flow Disruption Analysis

The direct observation of process failures provides a valuable perspective on the mismatches between system and
human, intent and action. Flow disruptions are intraoperative problems that cause deviations from the optimal course
of care and provide the identification of a broad range of system problems. The detailed behavioral analysis this data
affords lends itself to substantial post-hoc analysis that allows feedback and system improvement.The significance
of flow disruptions lies in their ability to provide a hitherto unavailable perspective on the quality and efficiency of
the system''. Observational studies focusing on flow disruptions allow for a systematic, quantitative and replicable
assessment of the relations between the surgical environment, processes and outcomes'”.In phase one, we found that
flow disruptions for trauma patients occurred at a rate of approximately 9 per hour, with coordination and
communication issues accounting for over half the flow disruptions”>. We used this flow disruption data to
understand more about care transitions and handoffs during initial trauma care.

A total of 160 patients were studied, and a total of 351 care transitions were observed (mean 2.2+ 0.09 per patient).
Of these patients, 68 (42.5%) experienced at least one disrupted transition during their care, with a mean of 0.66 +
0.15 flow disruptions per patient and 0.31 + 0.07 flow disruptions per transition. We used this flow disruption data
to examine where patients most frequently transition from and to, and the flow disruptions associated with those
transitions. Examples of flow disruptions in handoffs included:

*  Transport monitor had no charge

»  Elevator went down instead of up on the way to the surgical suite from the preop area.

*  Team had to wait in hallway because CT wasn‘t ready

*  Began transport without the nurse. Had to stop and wait in the hall and wait for the nurse to catch up.

*  Bed hit another bed in the congested hallway

*  Resident forgot to bring documentation, and there was a delay while they turned around to get it
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Mapping the transitions of care by patient (figure 10) shows that 81.8% of patients were assessed and transferred to
imaging for further diagnostics, with 72.4% of patients arriving back in the ED following imaging assessment to
await further consultation or discharge assessment. 9.4% of patients return to the ED and then are transferred to the
ICU or OR. Sicker, time-pressured, and more at risk patients are more likely to experience problems. Thus,
reducing the number of transitions and improving co-ordination in transitions along the trauma pathway may reduce
risks and improve efficiency.

The majority of flow disruptions in this study (53%) were related to coordination problems (figure 11), such as
where CT was already occupied; the nurses in pre-op did not have the correct paperwork; the patient was taken to
the wrong room; or critical team members were missing when needed. There is a small additive effect where
multiple transitions equate to a higher number of flow disruption transitions per patient and the number of flow
disruptions per transition reduces slightly as patients experience one, two or three transitions. The data also
demonstrates “high risk” and “low risk” patient experiences. Whenever a patient goes directly to the OR, or when a
patient needs immediate admission to ICU, there is a higher risk of transition disruptions than when they go to the
floor, discharge, or a holding area having first been to CT. In high risk transitions 40% of patients experience two or
more transition flow disruptions during their care, as opposed to 13% for the low risk transition patients. It is the
sicker, more urgent patients who are more likely to experience these non-standard transitions, and in doing so
experience more flow disruptions.
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Figure 10: Observed flow disruptions during trauma care transitions'*.
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Figure 11: Flow disruptions in trauma care transitions

Discussion

This process demonstrated a number of key issues that helped focus our subsequent work. First, patients move
frequently and rapidly between care teams and locations. These movements are a complex orchestration of people,
equipment information and organization. Transfers involve multiple phone calls, face to face communications, IT
systems, forms, and people of different specialties. These processes are regularly problematic, which can create
more serious situations, especially for sicker or more high risk patients who need to be transferred faster and with
less problems.Handoffs take many forms and serve different purposes. They are the transfer of responsibility and
information, the closure of old plans and the instigation of new plans. They may require physical movement of
patients and equipment, and they may require the transfer of responsibility to a new team. They may require both at
once. This confirmed that handoffs have a range of systemic components that might influence performance. Good
teamwork in particular is the key to a good handoff, but teamwork exists within a complex organizational,
professional and socio-cultural environment. It also illustrated how handoff is not necessarily a one-off information
transfer but a dynamic part of ongoing care. The effects of a poor handoff might be felt hours, days or possibly
weeks afterwards.

These differences between handoff types required handoff-specific measurement strategies. In essence, it was
necessary to develop a different way to assess each handoff. Some handoffs are regular, predictable and frequent.
Others are irregular, variable and infrequent. Some can be understood through unobtrusive direct observation of
face-to-face interactions. Others happen asynchronously or over the telephone (requiring an invasive observation
method). Our subsequent approach therefore explored several of the highest risk areas of handoffs. Patients are
transferred to and from the imaging facility frequently, so these transitions needed to be studied in more detail.
However, they are perhaps the least risky, with transfers between ED and ICU higher risk and still relatively
frequent, and transfers from OR to ICU less frequent, but of higher complexity and higher risk. First, we explored
pre-surgery handoffs, based on the findings from our flow disruption analysis. We examined issues in the transfer of
trauma patients from ED to imaging and from trauma service to ICU. Next, we explored post-surgery handoffs from
OR to PACU/ICU in high-risk surgeries. We were not confident of achieving a high sample size in trauma care, so
elected to study cardiac surgery, which is amongst the highest risk of all surgeries. Finally, we explored handoffs
and deterioration in pre-arrival care and subsequently across the course of the care delivered.
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Pre-Surgery Handoffs

Introduction

The initial systems analysis provided two pre-surgery areas for handoff. The first was in examining the transfer of
patients from ED to the ICU. This had been identified as potentially high risk handoff in the interviews, confirmed
in the flow disruption and incident analysis. As a Type two handoff(physical and team transition), this automatically
made it potentially risky. However, given the irregularity of this type of transfer, we needed to consider a method
other than direct observation for the assessment of the handoff.

The other area for focus was in the transfer from ED to imaging, which was relatively low risk Type one handoff (a
change in location but not care team), was experienced by four fifths of trauma patients. However, the flow
disruption analysis had shown it to be problematic, and there was already considerable previous data'>'® exploring
problems in imaging. This generated the hypothesis that improvements might be possible with a checklist
intervention. For trauma care, these handoffs are critical, since they will be the first change in the care team. Thus,
the transfer of patient, equipment and critical care information for these patients from one team to the next is a
particularly important part of care.

Study 5: Transfers to the Surgical Intensive Care Unit

This study examined the process of informing about arrival of the patient; the handoff itself; and later effects. Since
these handoffs are irregular to identify and thus challenging to observe, we adopted a self-report methodology.
Though reliant on perceptions, it has generated valuable data upon which it will be possible to generate steps toward
an intervention.

The data was gathered at three levels in the SICU: the receiving nurse, the charge nurse, and the resident physician.
The full data collection sheet can be found in Appendix 3, and consisted of a series of questions exploring pre-
operative communications, the completeness of the handoff (and the items handed off) and whether subsequently
patients had been sicker than expected. Forms were distributed to the team following an introduction at a weekly
unit meeting, with a surgical resident and research nurse following up to ensure that the reports had been completed
successfully.

From the RN data we received 74 self reports. In 93% of cases the communication prior to patient arrival was timely
and appropriate. For the handoff itself, in 85% of cases the report was felt to be complete, with 92% +/- 4% of 13
information items reliably reported (Figure 12). However, in one case only the patient's name was reported. In
another, the wrong dosage was indicated.From the charge nurse data, a total of 68 handoffs were reported. For those,
in about one-quarter of patients (26%) there was no communication between charge nurse and doctor. The
admission process from the ED would appear tobe the least reliable (figure 13). 34% of patients were reported as
sicker than expected, and in 18% of patients something unexpected happened. While this may not directly indicate
flaws in the system, it suggests that expectations (or situation awareness) might be significantly reduced in these
cases.Finally, of the 79 physician handoff self reports,68% of physicians felt that patient acceptance to the unit had
been properly communicated. 16% patients were admitted where ICU admission was felt to be inappropriate, with
handoffs inappropriate in 12% of cases. In comparison with the charge nurse, 9% patients were sicker than expected,
and 5% had unexpected events associated with their care.
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Study 6: Improving ED to Imaging Transfer with a Checklist

A checklist was developed for improving patients admission into CT. This is based on concerns information, team
and process during transition to CT, and especially in ensuring appropriate preparedness for CT scanning. 81% of
trauma patients visit the CT scanner. We had found that this transfer process was fraught, and created many delays,
especially in coordinating the team and the complex components required for this task. For example, we found that
some patients can be delayed in the corridor waiting for the scanner to become available; and some are not
appropriately prepared early for the removal of metal objects (especially earrings) from their person. We also found
flow disruptions in CT due to patients who move and we may be able to more adequately prepare for them for their
time in scanning. We thusinstigated a CT checklist to aid in the transfer of patients from ED to CT (figure 14).

Trauma — Q CT notified?

CT Checklist O Orders m? Orders correct?

A: Airway O Oxygen tank with sufficient 027
B - Blood O Should you transport with blood?
C : CT ready U Jewelry removed?

) . U CTready? Which scanner?
Cardiac monitor

O Is the patient on a monitor?

D O Necessary drugs available

- Drugs (Fentanyl. versed, propofol. antiemetics)
Consider where patient will you go after CT

EZ Exit O ICU admission? Request bed. Complete

check out in scanner.

Figure 14: CT Imaging Checklist

Observers waited in the ED, and responded immediately to the trauma pager, going directly to the trauma bay to
observe the team, according to a structured observation process (Appendix 3). The process was evaluated by adding
up the number of tasks completed before and after arrival in CT from the key list of required tasks (Patient on
monitor; transport bag present; additional pain meds available; CT orders entered; metallic items removed; arm band
placed; scanner assigned). Teamwork was measured on a scale of 1-5 for 6 dimensions (Leadership, Cooperation,
Communication, Assessment, Situation Awareness). Finally, time data were also measured at different points in the
process.

41 cases were studied. We measured a significant improvement in process (p=0.02), and teamwork (p=0.0001), but
with an increase in the preparation time in CT (p=0.024). This can be seen in figure 15. Despite positive these
positive results, the CT checklist was not sustained after the research team left. However, following an incident
where a patient”s airway was not fully secured, which may have contributed to deterioration and other
complications, the concept was re-instituted with a new and simplified version of the checklist (figure 16)
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ED/Trauma CT Safety Communication Check List

CT:
] Is CT scanner ready?
] Have orders been placed for planned imaging studies?

Blood/Fluids/Access:

] Does patient have adequate |V access?
|:| Does patient need additional IVF/blood for use in CT?
] Is airway patent?

Meds: Sedation/analgesics/antiemetics:

[ ] Does patient need sedation/analgesics/antiemetics at this time?

[l What meds do we anticipate needing in CT?

ED RN Scribe/Leader
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Patient Label
(DRAFT) Jan 2. 2014

Trauma Chief

This form is part of a Quality Improvement project aimed at improving safetyduring transport of Trauma
patients to and from CT. The component are to called out and the form is to be signed by the primary
Trauma nurse and Trauma Chief prior to the patient leaving the ED for CT, attesting that the components
of the check list were discussed and agreed to. All members of the treatment team are encouraged to

voice their concerns over patient safety before and during transport.

Figure 16: ED to CT Transfer Checklist Version 2
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Discussion

The pre-surgery handoffs studied were typified by physical patient movement, with (admission to ICU) or without
(ED to Imaging) a transfer of responsibility. We found that for both types of handoffs there was a perception that
handoffs were generally effective, with some small defects. In our observations and measurements, we found
inconsistencies and weaknesses that individually were inconsequential, but that were observed to have down-stream
impact on teamwork, communication and quality of care. In both, we also noted instanced were these otherwise
minor or innocuous problems had concatenated to acutely threaten patient safety.

For the ICU, treatment details are sometimes omitted from nurse reports, while the charge nurses found up to one
third of patients are sicker than expected, while one in ten physicians find something similar. For CT, several items
improved performance, and the subsequent re-introduction of the checklist following a serious event emphasized
this. Experimentally, we established the relationship between teamwork, technology and process. Interventions are
possible, but can be challenging if the perception is otherwise positive. When an opportunity for improvement
arises, working with the ED and trauma teams it was possible to redesigned the process several times. As has been
found before, sustainability is the fundamental challenge.

In the next set of studies we focused on clinical areas that did recognize improvements were needed, and later we
explored the potential for information technology implementations to assist in sustainability.
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Post-Surgery Handoffs

Introduction

Handoffs from surgery to ICU are some of the most critical in the hospital. Patients are frequently unstable — or at
least have some risk of instability following their operation — are usually receiving a number of medications, are
frequently on other means of life support, and are usually semi- or unconscious. These handoffs constitute a entire
change in care team from one that has spent at least several hours with the patient (the surgical team) to the post-
surgical or ICU teams who have never before seen that patient. Even the physical transfer of the patient carries risks.

Previous studies in post-surgery handoffs describe four stages:

1. Pre handoff (before the patient arrives). It is important to know when the patient going to arrive? (<30
mins and >2 mins warning), what sort of condition will they be in, and how to set up the room (vent
settings, pumps, drips, lines, support technology).

2. Technology transfer. Sick, complex patients require complex equipment, monitoring, drugs and other
technological support. Technology needs to be configured swiftly and reliably. The technology in a
handoff from the cardiac surgery OR is usually: Ventilator, BIS & Cables, Urimeter, Bair Hugger, IV Pole
+ C-clamp, 3x suction (vent, chest, gastric), 6x Monitor Cables (EKG, Sats, BP, 3x pressure monitoring
cables), 3x Garbage (Regular, bio material, pharmacy waste). Occasional additions include: CCO SWAN
Catheter monitor and cable, LA pressure line cable, Extra infusion pump, Ventricular Assist Devices.

3. Information handoff. The information handoff is perhaps the most critical component, and is largely
unstructured. SBAR, a popular handoff mnemonic, is not sufficient to guide the complexity of information
for these patients. We need to consider who hands over information and when, what information is really
important (patient details, surgical procedure), what can be obtained from the IT systems and what needs
to be transferred verbally.

4. Discussion and Plan. The final component to strengthen the process is to discuss and agree a plan for the
care of the patient and established a shared mental model of the next stages of care.This should involve at
least one OR physician and one ICU physician and nurse, but preferably all. We need to consider what
should be discussed? (E.g. Bloods/ fluids/ pain/ antibiotics/ feeding/ lines/ drains/ monitoring), and what
contingencies to plan for (E.g. monitoring, extubation, expectation).

Discussion &
Plan

Informatio
Handoff

Technology
Transfer

Pre-handoff

OR communicates . . OR Nurse then
patient requirements Equipmentis Anesthesiologist

to ICU configured in ICU handoff using Anticipation of
problems

Group discussion

Bedspace &
equipment preparedin
ICU

Immediate care
strategy agreed

Figure 17: Handoff process from OR to ICU"

Study 7: OR to Post-Operative Care

Our initial study in post-operative care was chosen to contrast a high risk and a lower risk Type 2 handoff, using the
same measurement methods, in order to understand the relative efficacy of each. By examining process and
teamwork it would help us to understand not only the relationship between the two in these types of handoffs, but
the effects of the different levels of risk.
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Using direct observation methods of process, task and teamwork, we observed 32 handoffs from the OR to PACU,
and 26 handoffs from OR to CSICU using the same data collection template. This direct observation method collects
data on patient information (6 items — name, age, history, allergies, diagnosis, procedure, current state), anesthetic
information (intraoperative course, bloods, meds, vitals, fluids, pain relief, lines, post-op investigations), surgical
information (intraoperative course, blood loss, number of drains, DVT prophylaxis, antibiotics, feeding plan), and
on the physical tasks (set up of monitors, pumps, lines, fluid bags, drains). Teamwork was measured on a scale of 1-
5 for 6 dimensions (Leadership, Cooperation, Communication, Assessment, Situation Awareness). These data are
shown in figure 18.

Analysis of these data demonstrates interactions between the teamwork measures and the information transfer.
Using a linear multiple regression using total information transfer process completion as the outcome measure, we
found that there is a correlation with Leadership (p= 0.0084), Cooperation (p= 0.0002), Communication (p=
0.0089), task completion (p= 0.0017), and PACU vs ICU (p= 0.0072). Essentially, information transfer is
significantly better in the CSCIU, but independent of location, is also better if the equipment is set up beforehand
and if teamwork is effective. Perhaps most powerfully, this model predicts 61% of the variation in information
transfer.
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Figure 18: PACU and SCICU handoff data
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Study 8: OR to Adult Cardiac ICU

Recognizing that the Cardiac ICU patients provided an model for high-risk, complex patients where handoffs are
important for ongoing care, we focused on this group for a second set of observations. Adapting these methods
specifically for cardiac surgery, we collected data from 40 handoffs from the OR to CSICU. The direct observation
method collected data on patient information (7 items — name, age, history, allergies, diagnosis, procedure, current
state), anesthetic information (intraoperative course, bloods, meds, vitals, fluids, pain relief, lines, post-op
investigations), surgical information (intraoperative course, blood loss, number of drains, DVT prophylaxis,
antibiotics, feeding plan), and on the physical tasks (set up of monitors, pumps, lines, fluid bags, drains). Teamwork
was measured on a scale of 1-5 for 5 dimensions (Leadership, Cooperation, Communication, Assessment, Situation
Awareness).

Mean duration was 7.13 minutes + 0.74, mean equipment transfer success (from 13 items) is 75% + 7%, the mean
number of people involved is 7, with the mean information transfer (from a total of 25 items) is 57% + 5%, and
mean teamwork score of 17.0 (out of 30). On average, less than 60% of the total number of information items were
handed off. Patient name is mentioned only 29% of the time; and allergy status only 37% of the time; plan for pain
relief 50% of the time; and post-operative investigations 12% of the time. Data are shown in figure 19. Analyzing
the data in a linear regression demonstrates that this success of information transfer is proportional to handoff
duration (p=0.048), and teamwork score (p=0.0017), with the relationship defined as:

% Info Transferred = 25% + 2% per minute duration + 1% per Teamwork score

To explore the association between handoffs, complications and outcomes we also examined length of stay in
relation to information handoff and teamwork score (figure 20). This proved inconclusive.

100%

90% Information Transfer
80%
30
70% T
60% T * L 4
>
50% 25 P
40% e /
30%
L g
20% 20 *—o
) L 2 S
10% B < L o4
0% T T T Q9 e ¢
v 15 oo
PatInfo Anes Info Surg Info Total Info E POAN
© L 2
(3] L 4
5.00 = 10 e L 2
4.50 L 2
Teamwork Score * *
4.00 L 4
3.50 5
3.00
250 - 0
2.00 1 0% 50% 100%
1.50 - .
Information Transfer
1.00 -
Leadership Teamwork Co-op Comm  Workspace

Figure 19: Data from OR to ICU Handoffs
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Figure 20: Length of stay in relation to information and teamwork in post-surgical handoffs

Intervention Development

Our aim was to construct a generic template for improvement that could be adapted for different scenarios. The
intervention consisted of a new process, consisting of new preparation, communication and teamwork components.
It was implemented through three tools: (i) a clearly presented and laminated process (ii) a set of checklists to assist
in the information transfer and (iii) laminated role cards to assist in teamwork definition. Considerable efforts were
directed to develop the checklists in a multi-disciplinary team, consisting of anesthesiologists, surgeons, ICU
specialists, cardiologists and nurses.

Protocols were documented and updated into an easy-to-use form as the interventions are developed and tested. The
protocol for preparation of patient arrival in ICU is shown below. We then worked with the clinicians to establish
appropriately clear and usable documentation that assisted clarity and sustainability (figure 21).

a) Cardiac Anesthesiologist/Fellow/resident: will complete the handoff sheet in the OR prior to transfer to
CSICU
b) A phone call (or text) to the CSICU charge nurse (Voalte phone 33471) will be made by the Cardiac
Anesthesiologist with the following information:
i. Estimated time of arrival
ii. Patient Acuity: High or Low
iii. Whether the patient has one or more of the following devices:
PA line, LA line, CRRT, IABP, ECMO, any other MCS device
iv. Whether the patient is on a ventilator or extubated.
c) Prior to leaving the OR, the Attending Cardiac surgeon will review the handoft sheet in order to make
sure that there is agreement on all the parameters listed
d) Upon arrival in the CSICU the handoff report will be given based on the items listed on the handoff
sheet
e) Once handoff if complete and the scripted content has been covered thoroughly, any questions
answered etc., the handoff sheet will remain at the bedside as a reference point.
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The most problematic component of the intervention was in developing a better method for communicating between
OR and ICU prior to transfer. A smartphone solution platform was being used at CSMC, which offered a solution
for the need to warn and prepare the Charge Nurse for the arrival of the patient. However, this solution (known as
the Voalte phone system) was found to be unreliable, with calls not getting through. A work-around was developed
for the smartphone to forward the call to the ICU phone when the Charge Nurse"s Voalte phone was not answered.

The transfer information aids are shown in figures 22 and 23, and demonstrate extensive changes, including more
comprehensive ventilation settings, more lines and drains, more drug types with ,fall man® lettering, more details on
blood products, pace makers, and the addition of an anesthesia end time box to assist in glucose management.

PRE ADMISSION PROCEDURE
1. SETUP BEDSIDE | ——

REGULAREQUIFMENT CHECK

Ventilator

BI5 & Cables

Hrimster

Bair Hugger

IV Pole + Cclamp

3x suction (vent, chest, gastric)

Ex Monitor Cables:
EKG, Sats, BP, 2x pressure monitoring

3x Garbage:
Regular, bio material, pharmacy waste

IF Required %

EXCEPTIONAL EQUIPMENT CHECK

CCO SWANN Cath monitor + Cable
LA pressure line cable
Exctra Infusion Pump

VAD

2. SENDEBEDTO OR

CHECKED

02 Tank is Full

Pacemaker with cables

Giraffe Bed
MEOMATES: | chisra

Approprizte amby bag and mask

Bed Warmer

: What isthe

process?

3. PREFARE EMERGENCY MEDICATION

CHECK

IF: Newbom, Unstabie
or Complex Cardiac

Epinephrine
Calcium Chloride

4. DOCUMENTATION

CHECK

OBTAIN computerized emergency medication sheet
REVIEWH&P
REVIEW standards of care for the procedure

(visit CHP Education shareprint site)

5. COMMUNICATION

1 h:nurpre -admission CHECK
Speak with OR team
Com plete Off Pump Report

Attending
Resident

Secondary Murse
Charga Murse

Respiratory

Await OR Amival Call
THEN

CHECK

Inform: Attending
Resident
Secondary Murse
Charge Murse

Respiratory

Figure 21: Protocol for pre-admission
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Figure 22: Information Aid for Transfer of Adult Cardiac Patients from OR to CSICU — Early Draft

Figure 23: Information Aid for Transfer of Cardiac Patients from OR to ICU — Final Draft
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Results of the Intervention

The handoff protocol achieved 90-95% compliance, and was generally well received, though some surgeons did not
actively participate or become engaged in the process. Comparing results before and after the intervention,
anesthetic information, surgical information and total information are significantly improved; as are all aspects of
teamwork aside from situational awareness. Duration was slightly, but non-significantly longer in the post
intervention group (9.00 mins* 1.2) than in the pre intervention group (7.13 mins# 0.7).
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Figure 24: Results of Cardiac ICU Intervention

Study 9: OR to Congenital Cardiac ICU

Congenital cardiac surgery is high risk team endeavor where teamwork and process have been found to impact
patient outcomes and failure-to-rescue directly'®. Our previous work in handoffs in this area had implemented
checklists, process re-design, and specific teamwork processes (a structured briefing, discussion and agreed plan).
This lead to a fundamental improvement in our handoff process that has since provided a framework for a number of
other studies'®. We sought to build on this success in a new congenital heart service to examine the use of
simulation and workspace layout, as well as previously successful interventions.

Working with the congenital heart surgery team, we initially conducted observations and interviews, mapping out
the process (figure 25), and engaging staff in the need to improve handoffs. Weekly handoff improvement staff
meetings began, to define and review the process, then to adapt it based on experience of the previous week. This
lead to the development of the transfer form (figure 26), which was similar to the adult cardiac format, with specifics
designed for congenital surgery. Off-line simulation and in-situ simulations (in an ICU bay) were conducted to
understand the technology, teamwork and information transfer requirements and pitfalls. This identified several
micro-process changes to the task, the requirement for different equipment to allow smoother technology transfer,
and also identified workspace layout challenges.

The photo in Figure 27 illustrates how vital signs monitors could be obscured from sight in ICU rooms by the
configuration of the stands. With two stands— which are not uncommon, particularly amongst the sickest patients —
this problem can be exacerbated (right photograph). Not only is the monitor not visible from all except a limited
point on the right of the room, but the nursing workstation is cramped and the ventilator on the left is extremely
close to the bathroom door. This is a classic ergonomic design problem which had the potential to contribute to a
range of unrecognized complications. Improved vision for monitoring was resolved inexpensively and effectively by
working through a range of potential solutions through in-situ simulations, and working with the estates
management team to change the monitor arm to allow greater clearance for the monitor from the infusion bags.
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Figure 25: Congenital Heart Surgery Handoff Processes
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Figure 27: How the monitors become obscured in ICU rooms
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Figure 28: Results from the intervention

This was evaluated in two distinct phases of care. GROUP 1 were cared for prior to establishing the handoff process,
and GROUP 2 were cared for in the CHPICU after the new handoff process was introduced. 29 patients were
included in the study, 15 in GROUP 1, and 14 in GROUP 2. We recorded whether a organized team huddle
occurred, and through direct observation, flow disruptions in 5 categories (organization, team, patient, equipment,
communication), were scored, giving a process score from zero to 5. We also scored clinical disruptions in 5
categories (vitals, bleeding, general clinical, respiratory, and drugs), giving a treatment score from zero to 5. Finally,
we gathered patient treatment concerns after 6 hours of care (defined as stable or unstable), and then scored the
change over 24 hrs (defined as better, the same, or worse).
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21 (72%) patients had a proceduralized team handoff, while 8 did not follow a recognized procedure (4 in both
groups). The proceduralized handoffs helped to identify communication discrepancies in 1 out of 10 cases (10%) in
GROUP 1 and 7 out of 11 cases (63%) patients in GROUP 2. Time to complete the handoff was significantly less in
GROUP 2 (mean = 22.5 mins=* 8.0, median = 20 min), compared to GROUP 1 (mean = 38.1+ 11.9, median = 37.5
min), p=0.007. There was a also a halving in flow disruptions (Mean Gpl= 1.5, mean Gp2 = 0.86, p=0.19) and
treatment problems (Mean Gpl= 0.8, mean Gp2 = 0.33, p=0.04) following the implementation of the process. In
both groups, equipment problems were frequent causes of disruption, with organizational problems substantially
reduced in group 2 (50% of Gpl cases to Gp2 7% of cases). Vitals and respiratory problems were substantially
reduced in Gp 2(36% vs 7%; 21% vs 0%). However, stability in the 6hr and 24hr periods was unchanged.

Discussion: Post-Surgery Handoffs

A structured handoff process improves detection of missing information, reduces handoff duration, flow disruptions
and clinical disruption. Information transfer is dependent teamwork and process (if the equipment is set up
beforehand). This observation was replicated several times in these studies. Workspace issues may also play a part,
especially in the location of the handoffs (PACU, CSICU, PICU) and the environment (room and equipment layout).

The key components were to ensure that only the vital handoff items are on the sheet, and that it can fit on two sides
of normal sized paper. We conducted several development and engagement cycles with both the adult and
congenital cardiac services. This allowed us to conduct the development in parallel to benefit from cross-pollination
of ideas, and to ensure that consistent formats are developed, while the high risks, regularity, and complexity of
cardiac patients provide the ability to model the handoff process. In particular, it gave us the ability to examine
multiple high-risk care transitions with more frequency than would have been available in trauma care alone. It also
allowed us to apply team, task, and technology models to these care transitions to study them with greater statistical
power than would have been available to us with trauma patients. The extension to pediatric cardiac surgery has
served both as a comparator to consider the components of translation between surgeries, at an equivalent or higher
level of risk and complexity. This has allowed us to more rapidly understand and develop our interventions than
would have been possible in trauma care alone, while still allowing us to translate our findings back into trauma care
toward the end of the project.

This is an important result alone, but also suggests that ensuring equipment setup and better teamwork might lead to
improved information transfer in these type 2 handoffs.

Developing a team handoff process is important in reducing the variability of care and responding to deterioration
and other patient treatment demands. This can be achieved through adapting tasks and processes, forms and
checklists, teamwork, workspace and both treatment-related technologies (such as infusion pumps) and information
management technologies.
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Deterioration

Introduction

Unexpected patient deterioration is serious and frequent problem for healthcare teams. While ICU outreach, or rapid
response teams have helped to ensure better responses, there has been little progress in developing better methods to
avoid or identify sick patients. From a different perspective, to reduce unnecessary complications associated with
deterioration, it is beneficial to improve the identification of deterioration as well as the response once deterioration
is identified. To develop a better means to identify deterioration requires either an improvement in the diagnostic
information available, or an improvement in expectation. If a patient is expected to be at risk of deterioration, they
are much more likely to be identified earlier in their deterioration than a patient who is assumed otherwise to be
well.

In our Phase one studies, we noted that improving expectation of the nature of an arriving trauma case — through the
pre-arrival display of vital signs and mechanism of injury — combined with a briefing that also improved teamwork,
process and treatment expectations, contributed to a reduced time in the ED and shorter length of stay. We also
noted the inadequacy of the handoff from EMS to ED. Thus, to examine deterioration along the trauma pathway, we
first studied the nature and type of injury for patients arriving via EMS and arriving in the ICU, in relation to their
eventual outcome. Next, we examined the difference between EMS and ED vital signs as a predictor of
deterioration. Finally, we used the concept of , failure to rescue* (ie. the failure to appropriately treat deterioration) to
examine the predisposing factors to deterioration along the trauma pathway.

Study 10: Predictors of Mortality in Trauma Care

The National Trauma Database (NTDB) contains a range of fields that can be used to explore the effects of various
system and patient parameters on patient outcomes. We identified 2,541 patients within this database who had
received trauma care between 2009-2011. Cases were stratified according to ICD-9 code, with available data on
admission heart rate, oxygen saturation, systolic blood pressure, initial hematocrit, ICU length of stay, and Outcome.
We used this data to examine the relationship between injury and outcome, and to examine initial vital signs in
relation to outcome.

The relationship between ICD-9 injury and mortality is found in figure 29, which demonstrates that head and pelvic
injuries offer the greatest threats to mortality, with chest and abdomen injuries less fatal, and face injuries the least
fatal. Examining the predictivity of vital signs, we found that fatal chest injuries have lower initial heart rate, systolic
blood pressure, and oxygen saturation. Fatality with abdominal injuries and bony chest injuries are also
characterized by initially lower systolic blood pressure (figure 30).

Next, we selected patients who had been treated by the Cedars Sinai trauma service from August 2011 to November
2012, which was a total of 1577 patients, of whom 1507 lived (95%). We then conducted a more detailed analysis of
specific items related to the change in vital signs from the EMS in the field to the ED. By examining the change
between initial field and initial ED measures of systolic blood pressure, pulse rate, respiration rate, oxygen
saturation and GCS, were able to examine the deterioration during this initial period (figure 31). The predictive p-
values are found in table 2. These encouraging results allowed us to build a multi-variable model that incorporates
all these parameters into a single predictive model. Significant factors are age (Chi’=18.07, Odds Ratio=1.04,
p<0.0001), change in Glasgow Coma Scale (Chi’=3.09, Odds Ratio=1.19, p=0.0482), change in systolic blood
pressure (Chi’=9.97, Odds Ratio=1.029, p=0.0016), and change in Oxygen saturation (Chi*=5.50, Odds Ratio=1.05,
p=0.0190). The ROC curve is shown in figure 32.
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Injury Type by ICD-9 Avg HCT for Died AvgHCT for Lived

Abdomen 124.17 92.54 Abdomen 35.8 40.2
Chest 48.18 98.50 Chest 334 40.6
Chest - bony injury 93.67 90.50 Chest - bony injury 38.4 41.3
Face 74.50 89.49 Face 46.7 40.9
Head 89.94 95.84 Head 36.8 40.0
Pelvic NA 97.60 Pelvic NA 39.6
Injury Type by ICD-9  Avg SBP for Died Avg SBP for Lived Injury Type by ICD-9 Died Lived
Abdomen 93.5 127.3 Abdomen 98.2 97.9
Chest 55.8 127.3 Chest 74.4 97.4
Chest - bony injury 1055 1355 Chest - bony injury 98.3 98.3
Face 152.5 143.9 Face 99.0 98.1
Head 1502 1475 Head 98.4 97.9
Pelvic NA 115.4 Pelvic NA 99.8

Figure 30: Injury type and vital signs in relation to mortality.
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nres mep Di S
Systolic Blood Pressure 0.09 0.73 0.11 0.0003
Heart Rate 0.49 0.07 0.27 0.013
Respiratory Rate 0.05 <0.0001 0.90 0.0003
02 Saturation 0.020 0.079 0.11 0.05
GCS <0.0001  <0.0001 0.004 0.09

Table 2: Predictors of mortality

wi o
| |

Lived Died

Change in Respiratory Rate

=
(=]

L= N - T B - - T =]
I I I I I

Lived Died

[
=]

N
w

[
o

Change in Heart Rate
= =
(=] v

wn
I

Lived

Died

Figure 31: Means and 95%CI for parameters associated with subsequent death
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Figure 32: ROC curve for prediction of mortality from initial vital signs.

Study 11: In hospital failure-to-rescue

We examined failure to rescue (FTR), defined as mortality following the development of an in-hospital
complication. The factors associated with increased risk of FTR following trauma are largely unknown.

The National Trauma Databank (NTDB) datasets 2007-2011 were queried. Exclusions were: Age < 16 yr, deaths in
the ED, patients with any body region abbreviated injury scale (ALS) of 6, injury severity score (ISS) of 75, hospital
length of stay (LOS) < 24 hours, mechanism other than blunt or penetrating, admission to centers reporting < 80%
of AIS and/or <20% of comorbidities and/or < 200 subjects in the NTDB. All patients with any reported
complication were then selected and those who survived (non-FTR) were compared to those who did not (FTR). A
forward logistic regression model was utilized to identify predictor of FTR. The risk of FTR was also examined
within age groups and number of complications.

Of 3,313,117 eligible patients, 218,986 (6.6%) met inclusion criteria and had at least one complication developed
during the in-hospital stay. Of those, 201,358 (91.2%) survived (non-FTR) and 17,628 (8.8%) did not (FTR).
Compared to non-FTR patients, FTR patients were more likely to be in the age groups 65 to 89 yr and > 90 yr
(49.4% vs. 29.0%, p<0.01 and 4.2% vs. 1.2%, p<0.01 respectively), more likely to require an ICU admission (89.6%
vs. 56.3, p<0.01) and mechanical ventilation (MV) (73.4% vs. 32.1%, p<0.01).

A forward logistic regression identified 22 variables as predictors of FTR. Of those, age 65 to 89 (y) was the
strongest predictor (AOR [95% CI]: 6.58 [6.11, 7.08], p<0.01), followed by the need for MV (AOR [95% CI]: 2.99
[2.81, 3.17], p<0.01) and an ICU admission (AOR [95% CI]: 2.61 [2.40, 2.84], p<0.01). The AUC for the model
was 0.852. Using age group 16 to 45 (y) as the reference group, the adjusted risk for FTR increased with increasing
age in a stepwise fashion: AOR (95% CI): 1.94 (1.80, 2.09) for age group 46 to 65 yr, 6.78 (6.19, 7.42) for the age
group 66 to 89 yr and 27.58 (21.81, 34.87) for the age group > 90 yr (all p<0.01). The same applied for the number
of complications; the adjusted risk of FTR increased in a stepwise fashion with increasing number of complications..
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Figure 33: The relationship between complications and odds associated with Failure to Rescue

Discussion

We found a range of contextual, patient and process parameters that predict clinical deterioration and failure-to-
rescue in trauma patients. Though only having scratched the surface of what might be possible, this is encouraging
for being able to indentify at-risk patients.

Studies in deterioration and failure-to-rescue are complex and remain challenging to observe simply because they
form a small sub-set of the overall clinical population. Without an ability to collect detailed performance — often
only obtainable via direct observation — it is challenging to examine the individual, team and system contributions to
these events. However, our work has already demonstrated from a number of indirect observations that
physiological stability can be assisted in high risk patients through the consideration of process, team, technology,
and environmental parameters.

Clearly, given the challenges in responding to the detailed and interacting parameters that predict deterioration and
FTR, developing technology to support this process was of vital importance and huge potential value. This was
explored in the final set of studies.
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Technology Support

Introduction

Mobile communications displaying the critical information would allow even earlier building of situation awareness
and team cohesion and thus provide better handoffs. Originating from our work in phase 1, we continued the
development of a Smartphone application that assists in the early management of trauma patient information. We
recognized the value and existing uses of text and photos to communicate about patient care, and became interested
in the ways in which our teamwork, communication and patient management interventions could be supported and
sustained with well designed smart phone technology. Teamwork can be enhanced through the distribution of
information to a smart phone, coupled with the ability to provide information on a constantly updating electronic
whiteboard. The provision of this information to OR, CT, and other specialist services geographically distributed in
the hospital. Together, this would substantially enhance the ability for clinicians to predict and respond quickly and
appropriately to the sickest patients. As well as providing a better response for individual patients and better
teamwork, this would also ensure better use of hospital resources. The awareness of the huge range of physicians,
nurses and other specialists involved would be improved. This would encourage the delivery of timely, appropriate,
error-free care to the patient. A modular approach, coupled with the integration of wider information sources, and
designed with a human-centered understanding of decision making could further enhance team performance not
only in the initially assessment phase, but right through CT and OR care to ICU admission and beyond.

Figure 34: Trauma 360 app screens

This simple mobile platform allows a further range of enhancements that might considerably aid in subsequent
patient care, and go well beyond the initial purposes of enhancing communication, and information distribution.
Like the flight management system in a modern aircraft, this presented an opportunity to investigate a ,system of
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systems® that provides patient-centered communication, sensor integration, real-time remote access to dynamic
patient information, diagnostic support, process management, care planning, and hand-off tools. Theoretically, this
could improve communication amongst team members and across the hospital system (such as CT, OR or ICU). It
would improve integration of care processes and diagnostics, encourage adherence to best practice, and quality &
safety processes. It would support handoffs and team member changes, while supporting diversity of patients,
patient-centered care, and the complexity of healthcare delivery, reducing deterioration and improving response.

Study 12: Development of a coordination and communication trauma app

As part of our ongoing work to develop smartphone systems to assist in the delivery of care and reduce error and
flow disruptions, we instigated two simulation sessions for demonstration and evaluation of the trauma360
app.Scenarios were selected and designed by a faculty consisting of surgeons, trauma specialists, simulation
specialists, and human factors specialists. The trauma teams consisted of four practicing residents, and four
experienced ED nurses, with a trauma attending acting as part of the research and simulation team, to prompt the
residents were necessary. For one simulation session, an ED fire was simulated with an indoor smoke machine
which was hidden from view and triggered after approximately 10 minutes.

The simulation sessions started with a briefing about goals and aims, which included downloading of the Trauma
360 app and basic instruction in its use. There was then a familiarization with the simulation equipment and dummy,
following which the trauma team were sent to disparate locations of the simulation center to await the trauma call.
This represented disparate hospital locations from which the trauma team arrive. Upon paging, and (in the app use
condition, app paging), the team arrived in the simulated ED and conducted a briefing. After 5 minutes, the
simulated patient (a Gaumard Simulation Dummy) arrived and the simulation began properly. Completion was at
the moment the simulated patient was moved out of the ED, as if to go to imaging (or, in the case of the fire
scenario, as if to be evacuated). A debriefing was conducted after a short rest, which consisted of guided discussion
on technical, teamwork, and technology related learning points and issues that had arisen in the simulation. A video
recording was made that allowed the participants to review their own performance. As part of the debriefing, the
team were asked to complete a NASA TLX (Task-Load Index) to assess overall perceived workload during the
simulation.

The simulations were extremely successful, and served as a formative test of the utility and usability of the trauma
360 app for encouraging communication, improved handoffs and increased adherence to trauma protocols and
checklists. Participants reported that it was a valuable experience for all involved, and benefitted from a competent
leader and previous experience in simulation. They found the Trauma 360 app to be helpful for displaying when a
patient is expected, and the vital signs, and expressed how much they missed not having this information (the usual
standard of care) when it was not available. The large screen display of that information was useful, and the team
suggested additional functionality, including an integrated checklist with specific care protocols to aid in decision
making and optimal care. The results of the workload rating are found in figure 36, which suggest that though
workload was slightly higher with the app, these differences were non-significant, whereas there was a significant
reduction in distractions.



Figure 35: Photographs of simulation session 2.

Clockwise from top left: the simulated patient
arrives in the simulated ED; the manikin is
prepared by a simulation technician; the trauma
team ventilat the patient; the simulation team
treat the patient; a fire breaks out in the trauma
bay; the team assess the patient; the prepared
simulation space.
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Figure 36: NASA Task Load Index subjective workload ratings.

Discussion

New technology is introduced into healthcare everyday with little consideration of the impact on the clinical user.
This can have an impact on patient care. We aimed to understand the impact of this new technology, before being
introduced into the real environment.

The trauma 360 app was useful, easily useable and well liked by the trauma and ED nursing team. It allowed them to
prepare better for the incoming patient, which provided better expectation and improved handoffs.This suggests that
further development of the Trauma 360 would be warranted. To fully benefit, future simulations should include
broader array of simulated services and roles — such as MICN, EMS, ER Attending-Resident, OR, CT,
Pharmacy/Blood Bank, At-Home Specialist/Surgeon. This could be facilitated by designating different areas, within
the flexible simulation space, to represent the different points of the care continuum, such as CT, Surgery and ICU.

In the future, we will seek to develop an even more robust “human-centered” application that i) integrates and
distributes a range of patient information to clinicians, ii) allows patient-centered communication management iii)
supports clinical decision making and iv) accounts for teamwork requirements and information system constraints.
This should include enriched decision support and embed it into the app such that informationis provided at the right
time, in the right way, precisely whereit is needed - at the point of care. Continued funding would support simulation
and live trials to test the utility of this app in a wide range of military and civilian environments and other acute
illnesses such as ruptured aortic aneurysms, stroke and acute myocardial infarction.
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4. KEY RESEARCH ACCOMPLISHMENTS

Study 1, which generated process maps for a range of handoffs found may different types, with several synchronous
and asynchronous communication methods. We summarized handoffs into type 1 (location change, team constant)
and type two (location and team both changed). In study 2 we interviewed providers, who emphasized transfer of
responsibility and information transmission, with teamwork being essential for good handoffs. Study 3 analyzed
incident data, and found that task and team factors predisposed to these events, in part due to the complex sequence
of communication tasks required for effective handoff. In study 4, we observed several hundred flow disruptions
during trauma handoffs, over half of which were attributed to communication, and which affected the higher risk,
more urgent patients the most. This combination of studies demonstrated the task and team complexity, variability
and criticality of high risk handoffs.

Looking at pre-surgery handoffs, study 5 suggested that while there was a general consensus that handoffs in the
surgical ICU were acceptable, there were nonetheless gaps and weaknesses in the process. Communication was
complicated by the number of phone calls which were needed to complete the full process, but were not always
completed. Moreover, between 10% and 30% of patients were sicker than expected following the handoff. A simple
checklist intervention for transferring patients to imaging seemed to have benefits in study 6, and after initially being
unsustained, was redesigned, re-implemented, and sustained following a salient incident that would have been
originally presented. This work illustrated that though relatively low risk handoffs, critical safety and performance
improvements were possible. Sustainability depends on the perception of need amongst the staff, which for these
handoffs was generally low.

Study 7 explored handoffs from the OR to the PACU and Cardiac ICUs through direct observation, measuring the
information handed off, the time of each handoff, and teamwork on a 5 point, 5 dimension scale. We found that
information transfer is significantly better in the CSCIU, but also better if the equipment is set up beforechand and if
co-operation, communication and leadership are effective. In study 8 we examined the Cardiac ICU data further,
finding a relationship between information transfer, teamwork and handoff duration, but not with outcomes. We
then developed an intervention of role definition, process development, and information transfer. This achieved
approximately 90% compliance, information transfer was improved, as were all teamwork scores. This was further
examined in congenital heart surgery in Study 9. As part of a similar checklist and task-based intervention, we also
improved the ICU workspace to provide better views of the monitors, improving situational awareness.

In order to explore patient deterioration, study 10 explored predictors of mortality in trauma care, finding that as
well as being able to predict outcomes from injury type, we were also able to build a multi-variable model that
related changes in physiological measurements between pre-hospital EMS and ED with mortality rate. Study 11 then
explored failure-to-rescue in hospital, demonstrating complications and ages as a predictor. Finally, study 12
examined, in simulation, the use of a smart phone app to assist in communication across the trauma pathway from
pre-hospital to ED trauma care. This demonstrated positive effects on performance and has subsequently been
developed into a fully deployable software solution.

5. CONCLUSION

Handoffs can be improved, and deterioration reduced by:
e Considering the purpose, requirements and process of handoff

e  Facilitating the transitions of the highest risk patients

e  Use of checklists, task designs, and teamwork training

e  Optimizing the relationship between information transfer, team skills, and time available for the handoff.

e Improving the working environment to ensure availability of monitoring information and patient data.

e  Considering particular patient risk factors for deterioration and planning for such events.

e  Supporting situational awareness, decision making, teamwork and communication through the use of
carefully designed and integrated software on mobile and fixed platforms.
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7. INVENTIONS, PATENTS AND LICENSES

Nothing to report.

8. REPORTABLE OUTCOMES

e The most comprehensive assessment of multiple handoffs across a health system ever conducted.
e  Comprehensive process mapping of transitions of care
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Detailed analysis of flow disruptions in trauma care handoffs

Clear demonstration of the relationship between task, team and process in handoffs

Development of a simple emergency department to imaging transfer checklist

Development of checklist interventions to improve transfer from operating room to ICU

Identification of process and patient features associated with deterioration and failure-to-rescue
Development of a smartphone app to improve communication from emergency medical services to trauma
team, and within the trauma team.

9. OTHER ACHIEVEMENTS

10.

10.
11.
12.
13.
14.
15.
16.

17.

Development of a smartphone application to improve communication from emergency medical services to
trauma team, and within the trauma team.
Development and deployment of a purpose-designed research simulation facility
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APPENDIX 1: Studies against tasks

Aim 3 Studies | Aim 4 Studies

Task A | Process mapping of current state of

communication and data transfer Study 1

Task B | Data collection on process deviations Studies 2. 3 and 4 Studies 2, 3 and 4

Task C | Analysis and items categorized ’ Study 2, 10 and 11

Task D | Prospective data collection Studies 4-9

Task E | Root cause analysis Study 3

Task F | Feedback to current stakeholders

Task G | Identify areas of high priority/high Studies 4-9 Studies 10-11
impact/high risk

Task H | Design potential interventions

Task I | Develop protocols Studies 6,8,9,12

Task J | Tests of change in simulation Study 12

Task K | Successful interventions tested and refined at .
CSMC and partners Studies 6.,8,9,12

Task L | Findings disseminated as best practices




ED to Imaging Data Collection Template

Leadership
5 4
Glgarly fsfinedseam Issdar, Good

Time management, all tasks
completed, nar-hierarchical

Cooperation and Resource Management
5 1

All team members clearlyfillarole
and perfarm all designated tasks

Communication and Interaction
5 a4

Clear communication with team
leader a5 3 hub, relayedto ribe

A tand decisi i
5

Qrderly and complete 1 [(ABC0E) and 2.

suryeys, Plan communicated to team

+ g

Situation Awareness/coping with stress
5 4
Untoward findings and distractions

did no upset systematic andarderty
flow. Team iscalm and plansshead

APPENDIX 2: Data Collection Methods

3 2

Individual defined, but sometasks
not completed.

3 2

Identity of all members notcler,
some do not perform assigned tase

3 2

Communication not ahways
through team |eader, or not
relayed rapidly toscribe

3 2

Assessment somawhat outof
order all majortasks complata

3 2

Untoward findings cause
disruption but did not precude
task completion.

1

Identity of team |easar not clear

1

Unable to discernroleidentity of
team members

1

Unorganized or inccherent
communication onmany different
levels

1

1and 2 survey disordery and/or
incomplete Flan not dear.

1

Untoward findings r interruptions
completely upset arderly assessment
and task completion notanticipatary,
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OR to ICU Handoff Data Collection Template

Information

Patient information:

N/A

Patient name

Age

Medical History

Allergy Status

Diagnosis

Name of procedure

Patient current condition

Anesthetic information:

N/A

Intraoperative anesthetic course and any complications

Blood transfusion (had/needs), location of blood bags

Relevant medications patient received in theatre

Plan for monitoring (vitals parameter range and action)

Plan for intravenous fluids

Plan for pain relief

Plan for lines, eg. Central venous, arterial

Postoperative investigations, eg Hb, Cxray

Surgical information:

No

N/A

Intra operative surgical course and any complications

Blood loss

Number of drains and plan

DVT prophylaxis plan

Antibiotic plan

Feeding plan

Tasks

Equipment tasks:

N/A

Monitors and alarms set up before handover

Pump ready before the handover

Lines arranged and set up

Urine bag located appropriately

Drains located safely

Patient-specific tasks:

N/A

Patient having oxygen

Patient well covered

Patient having good pain relief

Teamwork:

Very Bad

W81XWH-11-1-0813

Very Good
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Leadership

0

5

Cooperation

Communication

Assessment

Situation
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JOURNAL OF SURGICAL RESEARCH T84 [2013) 5B6—551 587

rapid and unexpected deterioration. In contrast to other
studies that consider care transitions in terms of fixed hand-
overs with standard information [7 8], ED patients may follow
diverse treatment paths and are frequently moved to several
other locations within thehospital, such as the imaging suite,
the intensive care unit, or the operating room (OR). Because
such transfers are often carred out under time and resource
pressure by different teamns, this activity requires a range of
support and monitodng  equipment, documentation,
communication, and coord ination activities to ensure that the
process is executed smoothly.

The concept of flow disruptions (FO) [9]—defined as devi-
ations from the natural progression of a procedure that
potentially compromise safety or efficiency—has previously
been used toidentify safety concerns in high-risk procedures
[10]. They provide both quantitative measures and qualitative
detail about the weaknesses in health care systems and
processes that create inefficiency and risk. When validated,
such specific data can be used for systems diagnosis and
improvement. This technique is particularly useful where the
structure and organization of processes is highly variable and
heterogeneous [11].

We aimed to analyze flow disruptions during the care
transitions that patients experence during trauma care. We
hypothesized that more transitions would lead to more
disruptions and that different pathways would have different

the postanesthesia care units or the intensive care unit (ICU),
in these surgical patients we did not include observations
beyond the ORin the analysis, because these transitions were
viewed as distinct from those directly asociated with initial
trauma care. As well, patients evaluated and dischar ged from
the ED did not experience a physical trandtion and so were
excluded from further analysis.

We derived two basic performance measurements: the
total number of transition FDs per patient, from which we
derived the number of FDs per transition per patient (Le.,
the first figure divided by the totl number of transitions
experenced by that particular patient).

We then examined the transitions that were the highest
risk by calculating the mean number of FDs per transition for
each of the 10 patient pathways that were identified in the
initial pathway mapping this allowed us to classify patients
into “high-risk transiion” and “low-risk transition” groups.
Given the heterogeneity of the patient pathways and the
relatively low numbers of FD transitions encountered, we
used nonparametric statistics for inferential statistics. We
used the Mann-Whimey [-test to compare mean numbers of
FD= between high risk and low risk In the final analysis, the
chi-square statistic compared the frequency of disruptions
between the high-risk and low-risk groups. We performed all
statistical calculations using [MP 9.0.2 (SAS Institute Inc, Cary,

NC).

2, Methods

This was a post hoc analysis of a prospectively collected data
set (Ley et al, unpublished data; Shouhed et al., unpublished
dats) obtained through direct observation during August,
Septernber, October, and Movember of 2 successive years.
Observers followed 181 patients trauma-activated patents
through the care process at an &78-bed tertiary Lewvel I
metropolitan nonprofit academic medical center from the
time the patient arived in the ED until the patient was
admitted either to the OR, intensive care unit (ICU), or floor;
held for further assessment in the ED; or discharged. The
Cedars-Sinal  Institutional Review Board reviewed and
approved the study.

Researchers covered all day and night shifts apart from 2 AM
to B AM. We used a spedally adapted tablet-PC data collection
tool to record timings, transitions, and FDs, which observers
categorized in real time according to type of FD; the phase in
which the FD occurred (ED, Imaging, OR, or Transition); and
a free-text descripion. Each entry was ako time-stamped
automatically by the software. A comprehensive tutorial
ensured that the observers—who derived from medical and
human factorsbackgrounds—were able to properly identify and
categorize FD. To ensure equivalence, one researcher (RB)
examined each FD post hoe, to exclude those that were not
relevant or did not have clinical or process significance.

We analyzed each patient's record according to the specific
care pathway that was taken We tabulated the frequency
with which different pathways were used and the number of
transitions associated with each pathway. Although patients
undergoing operations eventually were transferred to either

3. Results

We observed a total of 181 patients; 81.8% were transferred to
imaging, with 88 5% of those patients (72.3% of the total) then
returning to the ED, to be held either for further consul tation,
for discharge, or for onward transitions to the OR, ICU, or the
floor (Fig. 1). We excluded 21 patients from further analysis,
including 19 who were immediately discharged and did not
experience a transition and two additional patients who had
extraordinary experiences (one patient experienced six FDg in
transitioning from ED to Imaging, back to ED, then to the floor;
and another experienced eight FD= during a single transition
from the ED directly to the OR). These cases were cons dered
statistical outliers, because most patients experienced zero to
four FD= per case.

The remaining 160 patients experenced a total of 351
transitions (mean, 2.2 +0.09 per patient), with 13 experiencing
one transition, 103 experiencing two, and 44 experiencing
three transitions. Of these patients, 68 (42.5%) experienced at
least one disrupted transition during care, with a mean of
0.66 =015 FDs per patient and 0.31 + 0.07 FDs per transition.
Most FDs (53%) were related to coordination problems (Fig. 2),
such as when computed tomography was already oocupied,
the nurses on the preoperative staff did not have the commect
paperwork, the patient was taken to the wrong room, or crit-
ical team members were missing when needed. There is
a small additive effect where multiple transitions equate to
a higher number of FDs per patient (Fig. 3, bottom panel), and
the number of FDs per transition reduces slightly as patients
experience one, two, ar three transitions (Fig. 3, top panel). No
differences were obeerved to be significant
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deep vein thrombosis prophylaxis is notoriously vari-

ahle™ 2%, checlists and timeours may be used sporadic-

ally™ with considerable variation in their uptake ™

Though the reader is directed towards demiled consid-

erations of error and violatons, ™ five types of viola-

tion are often discussed:

¥ ermoneois violaioms—due to a lack of undesanding or
inexperence;

v exoeptional  violations—when  unusual  droumstances
require an unusal maponse;

¢ simational viohoons—when the enviconment makes
adherence difficult;

v routine violatdons—when a shortcur & taken regularly;

v optimiing violaioms—when there is a desire 1o improve
a work situation.

Rather than being debberate negligence or poor
practice, work in other induostries illustrates that rules
and procedures constitute fragile safety barriers, and
violations usually reflect good intentions to complete
work efficiently, even if the behaviours are eventually
misguided and unsafe. Thus, the apparent simplicity
of safer processes belies the complexity of their imple-
mentation within the healtheare system,®’

Cuestions of safety must be framed within an under-
standing of the relatonship between people and
systems  of work., Frrors are frequent, accidents
normal,”* and are predisposed by defidencies within
systems which may promote the wrong behaviours and
allow emors to perpemate to camsrophe® Indeed
rather than being a hazard, people create safety in
complex systems by prowiding the flexdbility to fune-
tion, despite the risks of errors in an uncertain, time-
pressured resourceconstrained world.” Under financial
and workload pressures, acepted ways of working can
migrate toward unsafe boundaries™ through shortaits
and lowered accepted sandards. FEfficiency and
throughput issues can create difficult working environ-
ments,” where manager and clinician dash over the
need to trade organisational goals (eg, efficiency) for
safety goals for individual patients. New processes or
checks need to be trained and implemented, which can
add time, financial and managerial pressures to the
system, with the monitoring of these requirements
further inceasing overhead cost®® Effective imple-
mentation processes incorporate hands-on leadership,
frontline decision making, dedicated resources, local
modification and feedbade® Sometimes, the imple-
mentation of goidelines is hindered by organisational
consraints.”® Sometimes people are simply unaware of
their deviations®” Thus, in the same way that errors
cannot neassarily be avoided through “rying harder’,
secing violatons of safery processes as purely due to
individual will does not account for the spstemic pres-
sures upon the individoals delivering care.

SYSTEMS MODELS OF COMPLIANCE
A mnge of models and techniques are available @ help
us understand how the systems of work affect behaviour

The system of surgery has been ecamined in detil by
sveral groups who have been able v observe the effects
on behaviour and operative cure of different config-
urations, specialtes, distractions, dismptions and unin-
tentional outcomes,'? 1 ¥ Thewe interactions @n
be complex™ but demonstrably influence outcomes,®
Models exis for describing the complex rebtionship
between sysems components'™ Y * but generally they
acknowledge that people, msks, equipment, tools and
apects of the organisation all interact  produce either
accessful or unsnocessiul processes. From an organisa-
tional perspective, the dynamic safety meodel™ provides
a framework eamining organisatonal  tendencies
toward or away from unacept@ble worlload, economic
failure and safety, thus allowing the qualitative consider-
ation and potential quantification of high-level onganisa-
tonal igsnes,

Systemic  predisposition to error—that is, how
workplaces @n create the opportunity for people to
make and perpemate mistakes—needs v be mediated
by an undersmnding of individual behaviour and
responsibility,. A systematic review of violations across
a range of indusries {including, but not limited o,
healthcare) suggests worker-centred design, raining,
wmpeting goals and rule definiton, as predictors as
well as individual characerisges.*? For example, in
medication adminisiration, violstons may be influ-
enced by context, process and hospital location,*
Anaesthesiologists” decisions to follow or deviate from
guidelines are influenced by the belieks they hold
about the consequences of their actions, the direct or
indirect influence of others, and the presence of
factors that encourage or fadlitate particular courses
of action.*® Compliance can be observably influenced
by case complexity and job pressure®® Despite the
focus on an evidence hase, a systematic review of the
use of guidelines finds that flexibility of recommenda-
tions to local context and concise recommend ations
are also important aspects of adherence.® Systemic
ambignities which discourage a clear understanding of
how things ‘should” work may be pardeularly useful
in understanding healthcare violations.*”

BEHAVIOURAL MODELS OF COMPLIANCE

Improving safety is also about achieving behavioural
change, which is influenced by knowledge, beliefs,
decision processes, context and social influences** In
fact, the use of procedures and processes may be
viewed as counteracting the use of expertise and
mmmon sense,™ and thus senior saff can often be
the trigger for violadon that leads to a migraton
within the system as a whole,"® Indeed, even excep-
tonal violations can eventually become accepted prac-
tice.* Rule violations may also give the violators an
impression of power,™ This is reflected in the differ-
ent attitndes to roles that doctors and nurses share, ™’
and in the cognitive dissonance apparent in the
responses of surgeons o the surgical safery checklist,
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with a higher proportion stating they would like the
checklist used during their care than believed it
improved safety, improved communication and pre-
vented errors®® The challenge is to encourage clini-
cians to make the right dedsions that proteat each
patient they are for, above the financial, social and
workload pressures from the higher echelons of the
organisation, their peers, legal systems and even pro-
fessional or ganisations.

At the “sharp end’ of the organisation, possibly the
most  influential theory in health psychology for
understanding individual behavioural intention has
been the theory of planned behaviour™ In addition
to generic health-related behaviours such as smoking,
drug taking and dieting,” it has been applied to hand
hygiene prediction™ and venipuncutre™® In its sim-
plest form, the theory can he expressed as the math-
ematical function in box 1. This has been the basis for
the Technology Acceptance Model,™” which is not
without its critics,”® but illustrates how, with sufficient
understanding, compliance and viclation might be
modelled. If we comsider some broad analogies—
when perceived behavioural control might relate
implementation processes and organisational pres-
sures; sodal norms might be examined through team-
work and concepts of professional standards; and
attitudes might be measured through consideration of
evidence bases, prior experience and lnmowledge—
then it may be possible to build 2 model of how the
nature of change, systems design, and individual and
professional influences can lead W violadon decisions.
However, the precise parameters, the nature of the
movidel and their relationship would need ™ be
defined through observation and experimentation.

NATURALISTIC DECISION MAKING

Compliance is a classic systems problem, with initial
violations predisposed to at the organisatonal or man-
agerial level, and perpetuated through a range of
measurable socio-technical parameters. The naturalis-
tic dedsion making paradigm™ helps us to understand
how human decision making is mediated by this

Box 1 Theory of planmned behaviour expressed as a

testable model

mﬂl intention= (W' )AB{b+e}+ (W)SN[n+m}+(W*)
C

AB: attitude toward behaviour [(b): strength of each
belief+(e): evaluation of the outcome or attribute]

SM: social norm [(n): strength of each nomative belief
+(m): motivation to comply with the referent]

PBC: perceived behavioural control [(ch strength of
control belief+( p): percened power of control factor]

W': empirically derived weight'coeffident

organisational and environmental context. It posits
that decisions are usually made in uncertainty, under
time pressure, with ill-defined goals, and are based on
expertise, pattern matching or recognidon of a given
situation, and are thus nonlinear, non-analytical and
not necessarily logical, rational or based on risk/
benefit considerations. MNaturalistic decision making
has been extremely influental in the human factors
science of decision making, especially o undersand
and improve tactical decisions in military operations,*”
and is beginning to be used in healthcare,

Direct observation in the emergency department
ED)! found tha only about 45% of the decisions
were planned, with the rest being opportunistic or
forced by interruptions, Moreowver, decisions were not
being made about individoal patients alone, but their
are within the wider view of the ED as a whole, and
simational factors that defined the local, immediate
demands for resources. Indeed, these different goal-
directed behaviours can have an interfering influence
on the performance of evidence-based behaviour,
Thus, it is becoming apparent in healtheare systems,
as in other indusgries, that the decision to adhere
guidelines, processes or safety proedures is not neces-
sarily logical, linear and evidence based, but based on
a wider view of multiple patients, expertise, systems
wmplexity, behavioural intention, individual beliefs
and current understanding of the system.

SUMPMARY

Behavioural change and wviolation reduction are key-
sones of the safety movement, but the mechanisms
have been infrequendy described and even less fre-
quently quantified. I is in the gquantification that we
may be able to achieve robust scientific evidence, and
a greater ahility o predict and halance throughput,
st and safety. Though a great many approaches to
human decision making and violations exist, the
models selecred here mke different but complimentary
perspectives. The Systems Engineering Initiative for
Patient Safety (SEIPS) model examines the hroad
influences of behaviour upon systems, and lends itself
o multi-parameter measurement through direct obser-
vation,® but may not directly address or predict indi-
vidual behavioural outcomes. I might therefors
provide a useful way to gquantify the context of a
work system. The theory of planned behaviour and
the technology acceptance model is quantifiable from
a behavioural approach, but may be oversimplisti-
¢and does not address the broad array of behav-
ioural determinants of SEIPS. Finally, the dynamic
safety model and naturalistic decision making para-
digm, though largely qualitative, make the links
berween system and person, directly acknowledging
the systemic tradeoffs between safety and efficiency
that need to be made every day They may therefore
provide a framework in which sysems context and
individual behaviour might be brought together in a
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this human-to-human  interaction  within a wider
system of work which requires the examination of the
action and interaction of technology, environment,
tasks and the organisation surrounding the handover, ™

Recognition of the potential risks of handover
errors has led many researchers to atempt to improve
it using a range of methods, both simple and muls-
component. Interventions generally target information
tramsfer directly, individual behaviour or the wider
system. Approaches have included process smndardisa-
ton; raining and education; changes w the physical
enviromment; use of technology; explicit signalling of
accountability ransfer; and others."™ The diversity of
methods used w evaluate the results has been even
greater, but can be grouped as dealing with patient
outcome, staff saisfaction, compliance with protwcols,
time taken for handover and information ransfer (eg
completeness or accuracy of information transfer),

Uncertainty remains as to the most effective method
for improving intrahospital handover. This systematic
review aims to evaluate interventions which have been
developed to improve the quality andlor safety of the
intrahospital handover process with a view to enabling
hospital practitioners and researchers to focus on
refining the most effective interventions,

METHODS

Scope of review

W wished to be indusive of studies of atempts to
improve all types of handover within hospital serings,
Wk therefore developed a search strategy based on the
PICD question:'® “In [POPULATION; groups of clinical
saff handing over information about patients under
their care], do [INTERVENTION; systematic inten-
tonal interventions] compared to [COMPARISON; no
intervention ] improve [OUTCOMES; patient outcome,
staff satisfaction, time taken or informaton transfer]?
Indusion criteria for studies comprised: (1) indudes an
intervention developed with the intent of improving
handover quality andior safety (b) set within an intra-
hospital environment () uses both preintervention and
postintervention assessment (of any factor relating to
the interventon) to evaluate improvements (d) assesses

any of: knowledge and skills of staff, time @ken for
handover or rebted tasks, stff behavioural change or
patent ouoomes,

The protocol was regstered with an international
datmbase of prospectively registered systematic reviews,
PROSPERQ (regstration number: CRDA2012001995),

Search strategy

Wk searched EMBASE, MEDLINE, HMIC and
CINAHL for papers published in English berween
January 2002 and July 2012, using a search strategy
based on the terms below. Synonyms of handover,
inter-hospital and interventon were used thus:

» Handower(s), hand ower(s), hand-over(s), handoff(s),
hand offis), dgn out(s), sgn off(s), shift to shift (), inter
shift(s)

»  Patient mransfer(s), intrhospital ransfer(s), inma hospital
trnsfer(s), intrahospital ranspore(s), intra hospital rans-
port(s)

»  Interventon(s), improve(wild-card Boolean for improve-
mentimprovements/improving  etc), quality  sabery,
strateg(wild-card Boolean for sraegy/srategies/strategic
etc.), tmining, ingrument(s), sandardijwild-card
Boolean for sandardisation/sandardizadon/sandardisa-
tions etc ), mnemonicls).

Exclusion criteria and paper selection

The smdies idendfied in  the searches  were
de-duplicated and abstracts were reviewed by one
reviewer for compliance with inclusion criteria. The
resulting  full  text  articles  were  independently
reviewed by two reviewers in consultadon with a
third, Data were extracted independently on w collec-
tion forms and the reviewers then met and compared
responses. If there were differences of opinion about
eligibility, these were resolved by mutual agreement
and if this was not reached, an external opinion was

sought (PM).

Data extraction and synthesis

Where available, the information in box 1 was
extracted from each paper. The interventions were
categorised  into three overarching categories  of
‘person’ interventions (focusing on training people,
improving awareness and changing culture), ‘informa-
tion system’ interventions (focusing on ratonalising
systems of informaton delivery) and ‘wider system’
interventions (focusing on improving the technology
and infrastructure underlying the handover process).

Quality assessment

Assessment of the quality of included papers was
undertken using a modified Downs and Black (D&B)
checklist. ' This checklist was designed w provide an
evaluation of the quality of both randomised and non-
randomised studies of healthcare interventions on the
same scale., It has 27 questions in three sections cover-
ing: reportng external validity and internal validity
(bias and confounding) and has previously been
adapted for use with handover smdies. ™ We reasoned
that omission of guestions which would add nothing
to the final assessment in the natmre of the studies we
were evaluating was legiimate, We therefore consid-
ered the original and handover adapted versions of
the checklist together, and adapted them to produce a
hybrid version for our use based on this principle.
This led us to exclude seven questions deemed o be
unsuitable (Q5, Q9, Q12, Q14, Q17, Q25 and Q26)
and three which required adaprion (4, Q8 and
21). Due to these changes, the maximum score a
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Systematic review

The quality score of the included studies sccording
o the modified D&B checklist ranged from 1 to 17,
with the median score of 9, 10 (7.5, 12). There was
no statistical difference in the median D&E score of
positive and negative studies (Mann-Whitney U test
p=0.248).

DISCUSSION

Owr findings in context

Wi embarked on this review from the viewpoint that
handover is impormnt, frequently the focus for
improvement smdies and difficult to characterise,
Failures in handover can produce a wide variety of
untoward outomes ranging from lack of event aware-
ness, to loss of significance, and -r]r{rp‘pinﬁ or
lacking information required to perform tasks.” In
medicing, the serious consequences which can ensue
are well recognised, as is the disparate and unsatisfac-
twory nature of handover processes in many settings.
This explains the large number of smdies devoted to
improving  handover  processes.  Unformnately, this
review shows that the poor quality of most studies
leaves us unable w draw many Grm conclusions about
how handover may be optimised. W& found that the
large majority of published smdies are small, uncon-
olled, un-blinded beforefafter comparisons, and
often with a short or undefined follow-up period
The only outcome category which was apparently
improved in more than 50% of studies which looked
at it was informaton transfer. Time taken for the
process, complisnce with protocol and swff satisfac-
ton were all improved in a minority of studies, while
clinical outcome improvements were reported in only
two of 10 studies. This does not exclude the possibil-
ity that the positive findings in some of these smdies
were valid, but the lack of strong trends and the poor
study designs mean that we cannot have much confi-
dence in this. At present, it appears that information
transfer is the aspect of handover in which interven-
doms most readily show change: whether this results
in any beneficial outcomes beyond better recording of

data is however unclear,

Information transfer

It seems rational to use informaton ransfer as a key
outcome measure for evaluating handover since reli-
able transfer of information is the principal purpose
of formal handover. However, we need t consider
carefully what we wish to know about information
tramsfer in order to measure it effectively. We suggest
that the functional value of a handover session can be
effectively measured by evaluating three aspecs of
information  transfer—completensss,  accuracy  and
organisation. The last of these is essential to ensure
that the most important dam are not obscured by
other items and are easy to identify becanse the infor-
mation is presented in a structured way, However, we
recognise  that other taxonomies for  describing

W81XWH-11-1-0813

information transfer may also be wvalid, for example,
that proposed by Patterson and Wears™ or by
Pezzolesi ef al,”' and that ultimately empirical trials
will determine whether our suggesion proves the
mist useful,

The need for a taxonomy

Another major problem identified by the review is the
lack of any common language or mxonomy for
describing or clasifying handovers, improvement
methods or types of outcome, Other fields of study
have found this a major handicap to progress’” and
we therefore recommend that amempts are made w
harmonise terminology and definitions. This would
greatly assist others trying to repeat the work.
However, the problem is the great hewrogeneity of
handover settings and types which exist in healtheare,
To develop a mxonomy which can adequately describe
all of these is challenging, and arguably to consider
them all wgether as we have done may be inappropri-
ate, depending on the gueston posed. If an agreed
taxonomy existed, it would have helped us © make
muore sense of the literature by allowing us to idennfy
whether there were subgroups where the liverature
findings allowed us o hypothesise (and the data avail-
able would allow no more than this) that cermin inter-
vention types were particularly valuable,

We nevertheless suggest thar handovers themselves
require a template for describing them which cowvers
serting, personnel, means of information transfer,
standardisation of procedure, feedback and summar-
isation, task allocation and recording We have used a
four-category classification to divide the approaches
to improvement reported in the studies we found, but
feel further improvements to this could be made.
However, for the present we recommend the classifi-
cation of outcomes into measures of smff satisfaction,
information transfer, protocol compliance and clinical
outcome, Not only did this deal with all the papers in
the current study in a sansfactory manner, but it lends
itself readily to analysis of the data using the
Kirkpatrick four level evaluation model for training
and educational interventions.™*

Need for improved study design and reporting stendards

The evidence we found in this review has to be
regarded as very unreliable becanse the smdies were
of poor design and therefore susceptible to bias from
multiple sources. This was refleced in the low scores
on the modified D&B scale used. Secular trends may
give a false impression of improvement caunsed by
interventions; observers may find it very difficult o
avoid biss in assessing subjective endpoints; and short
follow-up periods can gve an unrealistic impression
of impact if they capture a fleeting improvement in
performance which quickly fades. The two rando-
mised studies™ * should be less susceptible to bias
but their unusual design, the lack of clinically relevant
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