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The importance of teamwork in health care delivery and patient safety is increasingly being 

recognized1 and has benefitted substantially by adopting a human factors’ perspective and 

approach. The scientific field of human factors can be defined in many ways, but the 

commonality across definitions and applications is the focus on those components within 

an interactive system related to human functionality and fallibility. By recognizing human-

centric and human-driven strengths and flaws in a complex system, we may be able to better 

understand their root causes to maintain performance-enhancing behaviors and improve 

or support error-generating behaviors. As systems increase in complexity, consequences 

of suboptimal performance become more severe, demands become excessive and time-

sensitive, and human lives are at stake, relying on teams represents a natural solution to 

enhance perspective, decision-making, and global knowledge beyond the individual level.2

In a system as complex as health care, optimal teamwork requires collaboration within 

and across organizational, disciplinary, technical, and cultural boundaries. Although recent 

literature has indicated a substantial role of cognitive errors in the occurrence of adverse 

events in health care, teamwork and communication combined were identified as human 

performance deficiencies contributing to adverse events in more than 17% of cases.3 

According to Salas and colleagues’ teamwork model,4 effective teamwork is based on the 

quality of team leadership, mutual performance monitoring, back-up behavior, adaptability, 
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and a team orientation at its core. In addition, mutual trust, closed-loop communication, and 

shared mental models underlie and coordinate the 5 core dimensions in this model. Of these 

features, the shared mental model serves as the cornerstone for effective teamwork in health 

care5 and has been ranked as one of the most essential teamwork factors in cardiac surgery 

in particular.6

A shared mental model refers to the shared cognition in a team as a collectivity7 and may 

be described as the extent to which individuals possess a similar cognitive representation 

of some situation. Effective shared mental models produce mutual awareness, with which 

team members can reason about not only their own situation but also the status of team 

members in the pursuit of joint goals. Shared mental models are proposed to explain 

certain coordinated team behaviors. Common knowledge (beliefs) of the domain problem 

under concern, communication protocols to use, and assumptions to take (eg, sincerity, 

communication reliability) establishes a common basis for agents to understand and 

respond to each other’s behaviors. A team structure may specify such information as 

team membership, subteam relations, predetermined leader, roles each member can play, 

capability requirements, and so forth. To have a shared team structure enables an individual 

to develop a higher-level abstraction about the capabilities, expertise, and responsibilities of 

other team members.

Among high-performing medical teams, interdisciplinary teamwork has been associated 

with improved patient outcomes in emergency medicine,8 critical care medicine,9 and 

internal medicine10 through various settings. Effective teamwork skills have also been 

documented as significant predictors for patient outcomes, demonstrated through medical 

simulation involving participants across health professions.11,12 In surgical departments, 

poor communication and information sharing, both critical teamwork behaviors, have been 

associated with higher occurrences of complications and death.13 Meanwhile, discrepancies 

exist between perceived teamwork levels in operative settings,14 complicating the ability to 

accurately measure and improve teamwork.

Additional barriers to effective teamwork in the operating room (OR) environment exist 

on individual, environmental, institutional levels, and cultural levels.15 Examples range 

from how an individual copes with cognitive demands, to environmental barriers associated 

with uneven lighting and excessive noise, to institutional burdens associated with teaching 

requirements in academic hospital settings, to the cultural implications of a deeply rooted 

hierarchical system with an inherent imbalance among power dynamics. Highly functioning 

teams are tasked with overcoming these and additional barriers under oftentimes adverse 

and time-sensitive conditions during a patient’s hospital stay. Additionally, patient care and 

interdisciplinary team interaction continue beyond the OR, where effective and dynamic 

teamwork is critical in both the handover process and the patient’s intensive care stay.

In surgery, recent initiatives have been adopted in the United States and worldwide,16-18 

aiming to train surgical providers, from novices to senior levels, on important nontechnical 

skills, such as situational awareness, leadership, decision-making, communication, and 

teamwork. In fact, in 2016, the American College of Surgeons adopted and recommended 

nontechnical skills training beginning during undergraduate medical education and 
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continuing through surgical residency and postgraduate training as a requirement of 

ongoing Maintenance of Certification.19 Furthermore, the Non-Technical Skills for Surgeons 

framework has implemented and validated to the US surgical context as a team-training 

platform.18

TEAMWORK IN THE CARDIOVASCULAR INTENSIVE CARE UNIT

The cardiovascular intensive care unit (CVICU), is a complex socio-technical system where 

critical care is delivered with the support of sophisticated technology to treat and prevent 

complications arising from advanced postsurgical care: The ultimate success of the delivery 

of care rests on the multidisciplinary team of clinical providers.20

The CVICU team may be described as an action team. Action teams are “interdisciplinary 

teams that often work under complex, dynamic, and time-pressured conditions to 

accomplish critical patient care tasks.”21 Action teams differ from regular teams in that 

they are highly specialized, have a dynamic membership structure, incorporate different 

professional cultures, work together for short periods, and have to improvise and coordinate 

their actions in intense, unpredictable situations.22 The typical CVICU team is led by 

a physician specialized in intensive care medicine and is composed of bedside nurses, 

several respiratory therapists and physical therapists, a clinical pharmacist, a nutritionist, 

and occasionally other team members such as a psychologist and a chaplain. Given that the 

cardiothoracic critical care patient population is increasingly older and sicker, and surgical 

procedures are also growing in complexity, CVICU intensivists leading the team require a 

unique combination of skills that include basic critical care training plus additional skills 

and familiarity with cardiothoracic surgery and perioperative care principles. Recognizing 

this need, other surgical and medical societies have advocated for a specific training in 

cardiothoracic critical care and some critical care programs are offering combined critical 

care fellowship pathways with an emphasis in cardiothoracic care.23-25 Family members are 

also considered part of the team in most modern CVICUs.26 Each of these disciplines brings 

a unique set of perspectives, vocabulary, and skills, which typically add value to the care 

provided by the CVICU team.

Unfortunately, these differences also may lead to conflict and ineffective interactions 

among the team members. Unresolved conflict may further hinder communication and may 

perpetuate or accentuate poor team performance.27 Another characteristic of the CVICU 

team is the existence of hierarchies and power differences among the team members, which 

may inhibit information exchange, especially during rounds where most of the members are 

present and have the opportunity to speak up, and where shared goals are established or 

maintained.28

In addition to high patient acuity and complex team dynamics, CVICU teams perform 

under uniquely challenging physical and emotional constraints that may affect team 

performance.28 The challenging environment of constant alarms, uneven lighting, space 

limitations and improperly placed equipment typical of the CVICU all affect the 

performance of the team.29 Furthermore, the emotional distress brought on by stressors such 
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as high workload, high-stakes situations, and frequent experiences of death and grieving can 

reduce team performance.30

CARDIOVASCULAR INTENSIVE CARE UNIT HANDOVER AND TEAMWORK

At the interface of perioperative and postoperative care, the patient is transitioned from 

the OR to the intensive care unit (ICU) teams during the “handover.”31 Patient handover 

is fraught with potential risk for preventable technical and communication errors32; human-

derived flow disruptions33 are also common. Patients transitioning to the CVICU from 

cardiac surgery are particularly vulnerable to the negative outcomes associated with poor 

handovers.1 Previous work has suggested that up to 28% of surgical adverse events were 

documented during transitions of care, including the handover process.34 Further, during 

the postoperative handover in particular, adverse events are associated with poorly executed 

handovers.31

To adequately address and mitigate preventable errors during the handover, clinicians and 

patient safety experts have advocated for a human-centric approach.35 With appropriately 

designed interventions targeting teamwork and communication, it is possible to improve 

efficiency and effectiveness of the handover process.31 In summary, the CVICU team is 

an action team that provides care to a high-acuity patient population, exhibits complex 

team composition and dynamics, and operates in an emotionally and physically adverse 

environment. Activities targeted at improving teamwork are paramount to delivering high-

quality care in the CVICU.

IMPROVING CARDIOVASCULAR INTENSIVE CARE UNIT TEAMWORK

Despite the known necessity for effective teamwork, the health care domain has 

surprisingly underinvested in structured and evidence-based practices for managing teams 

and coordinating care.36 But given the strength of observed improvements in ICU teamwork 

and their association with improved patient outcomes,37-39 experts acknowledge the need to 

enhance teamwork, especially during the perioperative handover.40 Evidence suggests that 

teamwork in health care is a trainable skill.41 To improve teamwork dynamics, the first 

step is to measure teamwork components and identify barriers to effective teamwork. Tools 

used to measure teamwork in health care have largely relied on self-report or observational 

approaches.42 A more objective approach is required to compensate for the shortcomings 

associated with these approaches.43 In addition to being more cost-effective and less biased, 

objective approaches incorporating sensor technology (eg, radio frequency identification 

tags, infrared sensors, audio/video recording devices, computer vision, and accelerometers) 

are capable of objectively capturing and evaluating teamwork behaviors (eg, behavior, 

speech analysis, team centrality, device, workplace locations) in an automated way.44

Barriers to interdisciplinary teamwork must then be identified and measured, preferably 

using multiple modalities, to target appropriate changes to introduce. Common 

obstacles facing ICU teamwork that have been identified previously include educational, 

psychological, and organizational/cultural barriers.15 In particular, factors such as the 
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number of providers involved in the handover process, frequent trainee rotation schedules, 

and high staff turnover contribute to these barriers on many levels.

Tangible and accessible approaches to overcoming these barriers and promoting an 

environment of diligence may incorporate cognitive engineering approaches previously 

identified in cardiothoracic surgery,45 which are readily adaptable to the CVICU setting. 

In this context, the use of cognitive aids and emphasis on the “sterile cockpit”46 have 

a high potential to influence behaviors and outcomes. Introducing a straightforward but 

standardized handover form prepared by the anesthesiologist to document the details of the 

procedure, patient requirements (eg, mechanical ventilation), team members involved, any 

complexities associated with the patient’s course, and current lines and infusions functions 

to update the ICU nurse and has been shown to increase overall satisfaction with the 

handover process.35

A systematic review of handover characteristics concluded that the introduction of a 

standardized handover document was associated with significant improvements in the 

majority of studies.47 This finding has since been corroborated, in addition to the observed 

increase in confidence and reduction in perceived near-miss events, in a controlled trial 

evaluating the effectiveness of a structured handover tool in comparison with traditional 

methods of conducting the OR-ICU handover.48

In cardiac surgery in particular, the introduction of a standardized OR-CVICU handover 

protocol involving a multidisciplinary team demonstrated a significant reduction in technical 

errors and omissions of verbal handover information.49 A more recent interventional study 

analyzing the transition from OR to CVICU additionally introduced a sterile cockpit time-

out and observed fewer handover interruptions and more frequent postoperative patient care 

planning, without a substantial increase in handover duration. Participants also reported 

improvements in self-perceived teamwork, content received, and patient care planning.50

Additional cognitive aids, such as wall-mounted posters, may facilitate the handover process 

further by reminding providers of critical elements and providing additional structure (eg, 

Figure 1). Encouraging nursing staff to play an active role in listening, asking questions, and 

taking notes while the entire team is present for the duration of the handover ensures that 

team members are actively updating their mental models to drive optimal teamwork. Given 

the vulnerability of communication processes at transition points such as the handover, a 

focus on enhancing the quality and frequency of communication is strongly recommended 

as a method of improving the optimal teamwork required to produce an effective patient 

transition to the CVICU.

To effectively integrate cultural changes in an environment such as the health care system, 

psychological safety must be established and fostered. Psychological safety in health care 

environments refers to willingness to take interpersonal risks at work, whether to admit 

an error, ask a question, seek help, or simply say “I don’t know.” Although it seems 

intuitive that a behavioral style of health care teams that encourages criticism-free team 

communication should result in better clinical outcomes, Edmondson51 found that hospital 

units characterized by high-quality relationships, supportive and available leadership, and 
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expectations of excellence somewhat surprisingly had higher error rates. The hypothesis 

to explain this paradox is that high-functioning teams were not committing more errors; 

they were just more able to disclose, discuss, and learn from them. It is important to 

realize that only a small fraction of errors lead to patient harm (eg, those errors that 

lead to an “error cycle”), and most of them are related to being an intrinsically fallible 

human being. To consider errors as “treasures” means to take full advantage of the 

learning opportunity provided by disclosure of errors or near misses in environments that 

are psychologically safe. Notably, recent work has demonstrated the modifiable nature of 

psychological safety through a systematic team training framework, providing evidence of 

trends toward improvements in teamwork, communication, psychological safety, and patient 

outcomes.52

Simulation-based training is an effective method to improve not only technical skills but 

also teamwork in a variety of health care settings,53 including the CVICU.54-57 It is 

already known that high-fidelity simulation can provoke similar levels of stress in clinicians 

when compared with real clinical care during medical emergencies, corroborating the 

psychological fidelity of the simulation environment.58 Additionally, previous studies have 

highlighted the role of simulation in improving adverse event reporting and mitigating 

failure-to-rescue (FTR) situations in acute settings.59-61 Existing validated frameworks, 

such as the TeamSTEPPS Training Curriculum,62 can be used to design high-fidelity 

scenarios and implement interprofessional simulations focused on learning objectives related 

to teamwork domains tailored to the CVICU context. Furthermore, behavioral marker 

instruments, such as the Team Emergency Assessment Measure,63 Non-Technical Skills for 

Surgeons,64 and TeamSTEPSS Team Performance Observation Tool65 can be used during 

simulations to guide debriefing around observable team behaviors related to patient safety. 

The role of team debriefing extends beyond the simulation settings, with recent studies 

reporting the use and benefits of clinical debriefings in real settings after actual clinical 

situations as a valuable tool to promote patient safety, teamwork, collaboration, and mutual 

support.66-68

Although scarce literature exists on the impact of team training on patient outcomes, 

a previous medical team training program implemented across 108 Veteran Health 

Administration facilities showed that interprofessional team training among surgical teams, 

using the principles of Crew Resource Management, was associated with lower surgical 

mortality after 1 year of the program implementation.69

Summarized practical advice toward developing high-functioning teams can be gleaned from 

lessons learned, shown in Table 1 and displayed graphically in Figure 2. Furthermore, for 

each approach adopted, it is critical that team development interventions be evidence-based 

to result in measurable improvement in teamwork.

Implementing changes to the OR to ICU handover process and sustaining those 

changes is not an easy task. The authors have experienced firsthand several barriers to 

the implementation of a redesigned handover. In academic institutions, trainees rotate 

periodically through different units throughout the health system, which results in a 

continuous turnover of key members of the team. Training on a process that is specific 
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to a single unit (in this case the CVICU) will therefore have to be repeated constantly 

until there is significant institutional culture change, which may take years. Additionally, 

significant differences in buy-in may exist among staff in different units, even when both 

units are equally equipped to care for patients postcardiac surgery. Therefore, the handover 

experiences may look different in each of these units. Differences in the fidelity of the 

implementation may also exist between day-shift and night-shift ICU staff (day-shift staff 

have more chances of being actively involved in the process redesign, which may influence 

their engagement).

FAILURE TO RESCUE

FTR, defined as “mortality among patients with a major postoperative complication” is an 

important factor underlying postoperative mortality.75 Furthermore, FTR rates have been 

demonstrated to be a significant source of interhospital variability76 and an important 

determiner of total mortality of surgery.77,78 In fact, FTR rates vary more than the risk-

adjusted rate of complications,79-81 with FTR rates varying between hospitals by as much 

as a factor of 6.82 In cardiac surgery in particular, a recent observational study identified 

high interhospital variability among successful rescues, despite similar complication rates.83 

Thus, although efforts to reduce the rate of complications are certainly important, reducing 

mortality may depend more on what happens after complications occur.

A number of studies have investigated the relation between FTR rates and hospital 

characteristics, such as number of ICU beds, nurse-to-patient ratio, hospital technology, and 

hospital procedural volume,78,82,84 but these characteristics account for only approximately 

one-third of the variation in FTR rates. Low FTR rates seem to depend strongly on the 

characteristics and experience of the ICU teams, but in ways that are not well understood or 

quantified.

Successful rescue requires both early recognition of serious complications and timely and 

effective management of them once they have occurred. In particular, quickly recognizing 

the possibility of a complication requires awareness of many factors, including current 

physiological data of the patient and information about ongoing treatment as well as 

historical information. Recognition depends on the ICU team having a high “index of 

suspicion” when interpreting rapidly changing or conflicting data. Once the possibility of 

a specific complication has been recognized, timely and effective management requires 

coordination of the activities of the ICU team. The response to a suspected complication 

may itself be complex, involving a number of individuals coordinating their activities and 

possibly requiring the ICU team to get additional information to sharpen the diagnosis and 

then modify their activities accordingly. Such responses must take into account not just one 

suspected complication, but the team understanding of the entire situation.85,86

Recently, the Society of Thoracic Surgeons’ Adult Cardiac Surgery National Database was 

queried to provide insight into the role of FTR in coronary artery bypass graft surgery 

operations 86: Major limitations of the Society of Thoracic Surgeons’ Adult Cardiac 

Surgery National Database are that data are collected in a voluntary manner, the timing 

of complications is not collected, and suboptimal data quality may distort analysis and 
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conclusions. With these caveats in mind, the authors described an interesting paradox: 

Centers with the lowest complication rate had the highest FTR (FTR observed/expected 

ratio 1.14) whereas those with the highest complication rates had the lowest FTR (FTR 

observed/expected ratio 0.91).

The authors propose as an explanation of this paradoxical finding that centers with high 

complication rates may have more experience treating complications and be likely to salvage 

(rescue) patients who have these complications. An alternative explanation is that the 

authors’ arbitrary choice of composite complications, the voluntary nature of the Society 

of Thoracic Surgeons database, and their less granular choice of terciles versus quintiles may 

have led them to the wrong conclusion.

Regardless of the methods and the subset of procedures studied, FTR is regarded as 

a reliable index of the prompt recognition and effective treatment of postoperative 

complications, reflecting perhaps a more effective “system of care.” Therefore, patient 

safety may be improved by addressing the factors that influence escalation of care and 

FTR, especially in the high-consequence CVICU setting. Efforts to improve human factors 

may in fact be an undervalued approach to decreasing FTR. The importance of teamwork, 

leadership and, more in general, of healthy interprofessional relationships in the ICU 

setting cannot be underestimated. In addition, a recent literature review also raised concerns 

regarding hierarchy and overconfidence factors and points to sobering issues surrounding the 

structure of the surgical and critical care teams and institutional culture.87 These factors may 

be the result of a poorly managed system, leading to a culture that does not support patient 

safety and reporting of adverse events. An improved culture of safety has been linked with 

fewer incidents of errors in patient safety and better outcomes.88 However, it is not currently 

established whether FTR rates are influenced by human factors, because the literature has 

mostly explored the role of human factors in the OR but has neglected to study their impact 

on ICU or ward-based care. This concept should be the focus of future research.
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FIGURE 1. 
An example of an OR-ICU handover cognitive aid currently used in one author’s hospital 

(A.B.).35 This bedside poster to guide the handover process is included among other 

cognitive aids in a tool kit developed as part of a Veterans Affairs National Center for 

Patient Safety grant. ICU, Intensive care unit; I&Os, intake and output.
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FIGURE 2. 
Cooperation, coordination, and communication underlie high-performing health care teams. 

On the left-hand side of this figure, specific individual, environmental, institutional, and 

cultural barriers to effective teamwork are outlined. Details describing the nature of the 

CVICU team and required teamwork processes are displayed in the middle column. 

The right-hand side of this figure lists specific activities suggested to improve CVICU 

teamwork, based on the author’s experiences and evidence in the literature (A.B.).35 

CVICU, Cardiovascular intensive care unit; M&M, Morbidity and mortality.
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CENTRAL MESSAGE. 
The CVICU team is a complex action team providing care to high-acuity patients in a 

challenging environment. Evidence-based teamwork interventions are critical to deliver 

high-quality care in the CVICU.

Cooperation, coordination, and communication underlie high-performing health care teams.
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