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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 values1. 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 sustain2-7. 
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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) cycles8. 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 
Database Analysis 
Simulation 

Direct Observation  Direct Observation  
Structured Self Report 
Environmental Assessment 
Simulation 

Specific Focus RN 
Charge RN 
Doctors  

CT  PACU 
SICU 
CSICU  

Process Measures Pre-communication 
Handoff Quality 
Unexpected Events  

Flow Disruptions Information 
Equipment 
Teamwork  

Interventions Smartphone App CT Checklist  Process, Environment, Structured 
forms 

Outcome Measures  Simulation 
performance 

Duration 
Teamwork 
Preparation 
Orders  

Equipment configuration 
Information handoff 
Teamwork 
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General Findings 
The key research accomplishments are: 

 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.  

 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. 

 An analysis of hospital incident reports of handoffs, revealing that task and teamwork causes are dominant 
 The deployment of observational methods to measure specific types of handoffs and transitions, exploring 

the relationship between task and teamwork. 
 A statistical model of the relationship between tasks, teamwork and process in transitions from OR to 

PACU and ICU. 
 Measurement of the reliability of handoffs to surgical ICU. 
 Development and evaluation of three interventions that validate this approach 
 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 components9,10 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. 

 Type 1: Care Process Handoff. Required: decision making, resource management and co-ordination 

 Type 2: Team Transfer Handoff. Required: equipment transfer, teamwork processes, information handoff 

 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 

1. EMS contacts ED 
2. MICN 

a. takes the call 
b. records the details 
c. sends out a tannoy 
d. pages the team 
e. puts the information in on the whiteboard 
f. provisionally briefs the team 

3. Trauma resident  conducts briefing with ED Docs and Nurses 
4. Patient arrives 
5. EMT briefs team 
6. Primary and secondary surveys 
7. ED Nurse liaises with CT 
8. ED nurse liaises with OR 
9. Trauma team liase with x-ray technicians 
10. Patient moved to CT 

a. ED team accompany patient to CT 
b. ED team update radiographer 

11. Patient moved to ED 
a. Handover to ED docs & nurses 

12. Patient moved to OR: Handoff to OR team 
13. Patient moved to ICU: Handoff to ICU team 
14. Patient moved to floor: Handoff to floor nurses 
 

MICN Call Room 

1. MICN takes call 
2. Records the details 
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Pages team 
Information on whiteboard 
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Patient arrival – EMT Briefing 
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Patient prepared for onward journey 

Imaging (CT) 

1. Transition to CT 
Discuss with radiographer 
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Move patient out of OR 
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Figure 3: handoff process map and typical types. 

 

 

 

 

 

 

 

 

 

 

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 

 Face to face handoffs with both physicians and nurses 
 Structured process: including notification of patient prior to arrival, standardized information handoff, 

agree a plan for ongoing care 
 Training, role definition, clear transfer of accountability 
 Technologies – computer systems, whiteboard, paper 

This supported our underlying hypothesis that handoffs have a range of systems components allowing improvements 
on several dimensions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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.  
 

 
 

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 system11. Observational studies focusing on flow disruptions allow for a systematic, quantitative and replicable 
assessment of the relations between the surgical environment, processes and outcomes12.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 disruptions13. 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. 

 
Figure 10: Observed flow disruptions during trauma care transitions14. 
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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 data15,16 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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Figure 12: Information handoffs (SICU Nurse) 

 

 
 

 
Figure 13: Charge nurse self reports 
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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).  
 

 
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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Figure 15: CT checklist results 
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Figure 16: ED to CT Transfer Checklist Version 2 

 
  

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 IV access? 
  
         Does patient need additional IVF/blood for use in CT? 
   
Airway: 
  
         Is airway patent? 
  
 Meds: Sedation/analgesics/antiemetics: 
  
         Does patient need sedation/analgesics/antiemetics at this time? 
  
         What meds do we anticipate needing in CT? 
 
         
  
ED RN Scribe/Leader  _________________________________  
 
 
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.     

Patient Label 
(DRAFT) Jan 2, 2014 
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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). 

 
 

 
Figure 17: Handoff process from OR to ICU17 

 
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. 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
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. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 handoff 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 „tall man‟ lettering, more details on 
blood products, pace makers, and the addition of an anesthesia end time box to assist in glucose management. 

 

 
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). 
 

 
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 directly18. 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 studies19-23. 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 
 

 
Figure 26: Information Aid for Transfer of Congenital Heart Patients from OR to PICU 
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Figure 27: How the monitors become obscured in ICU rooms 
 
 
 

 
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 Gp1= 1.5, mean Gp2 = 0.86, p=0.19) and 
treatment problems (Mean Gp1= 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 Gp1 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 (Chi2=18.07, Odds Ratio=1.04, 
p<0.0001), change in Glasgow Coma Scale (Chi2=3.09, Odds Ratio=1.19, p=0.0482), change in systolic blood 
pressure (Chi2=9.97, Odds Ratio=1.029, p=0.0016), and change in Oxygen saturation (Chi2=5.50, Odds Ratio=1.05, 
p=0.0190). The ROC curve is shown in figure 32. 
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Figure 29: Injury type and mortality 

 

 
Figure 30: Injury type and vital signs in relation to mortality. 

 
  

Injury Type by ICD-9 Initial HR for Died Initial HR for Lived Injury Type by ICD-9 Avg HCT for Died Avg HCT for Lived

Abdomen 124.17 92.54 Abdomen 35.8 40.2

Chest 48.18 98.50 Chest 33.4 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
Avg O2 Sat for 

Died
Avg O2 Sat for 

Lived

Abdomen 93.5 127.3 Abdomen 98.2 97.9

Chest 55.8 127.3 Chest 74.4 97.4

Chest - bony injury 105.5 135.5 Chest - bony injury 98.3 98.3

Face 152.5 143.9 Face 99.0 98.1

Head 150.2 147.5 Head 98.4 97.9

Pelvic NA 115.4 Pelvic NA 99.8
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In Field In ED Difference 

(Absolute) 
Difference 

(Modulus) 
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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 (AIS) 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.  
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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. 

 

 

 



W81XWH-11-1-0813 
 

Page 40 of 77 
 

 
 

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 beforehand 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: 

 Considering the purpose, requirements and process of handoff 
 Facilitating the transitions of the highest risk patients 
 Use of checklists, task designs, and teamwork training 
 Optimizing the relationship between information transfer, team skills, and time available for the handoff. 
 Improving the working environment to ensure availability of monitoring information and patient data. 
 Considering particular patient risk factors for deterioration and planning for such events. 
 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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6. PUBLICATIONS, ABSTRACTS AND PRESENTATIONS 
 
This details all the academic products that this research supported, either through direct publication of findings, or 
through opportunity collaborations with other human factors and handoffs researchers. 
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A Gangi, K Catchpole, R Blocker, J Blaha, D Shouhed, B Gewertz  (2013). Human factors methods improve 
efficiency in emergency trauma care. Journal of the American College of Surgeons 217(3): S100-S101 
 
Maghen N; Behringer E; Weber A; Arabia F; DeCastro M; Wiegmann D; Catchpole, K.. (2014). Improving the 
transfer of critical patient information from OR to Cardiac Surgical ICU (CSICU): Observational Analysis of 
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Submitted to Western Surgical Association. 
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K. Catchpole, R. Blocker, E. Ley, A. Gangi, J. Blaha, B. Gewertz, D. Wiegmann. Flow Disruptions in Trauma Care 
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7. INVENTIONS, PATENTS AND LICENSES 
 
Nothing to report. 
 

8. REPORTABLE OUTCOMES 
 The most comprehensive assessment of multiple handoffs across a health system ever conducted. 
 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 
 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 

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

Task H Design potential interventions Studies 6,8,9,12 Task I Develop protocols 
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 
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APPENDIX 2: Data Collection Methods 
 
ED to Imaging Data Collection Template 
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OR to ICU Handoff Data Collection Template 
 

 

 
 
  

Patient information: Yes No N/A
Patient name
Age
Medical History
Allergy Status
Diagnosis
Name of procedure
Patient current condition

Anesthetic information: Yes No 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: Yes No N/A
Intra operative surgical course and any complications
Blood loss
Number of drains and plan
DVT prophylaxis plan
Antibiotic plan
Feeding plan

Information

Equipment tasks: Yes No 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: Yes No N/A
Patient having oxygen
Patient well covered
Patient having good pain relief

Teamwork:

Very Bad
Leadership 0 1 2 3 4 5 6
Cooperation 0 1 2 3 4 5 6
Communication 0 1 2 3 4 5 6
Assessment 0 1 2 3 4 5 6
Situation 0 1 2 3 4 5 6

Tasks

Very Good
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