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ABSTRACT
Lessons learned from other high-risk industries could improve patient safety in the operating
room (OR). This review describes similarities and differences between high-risk industries and
describes current methods and solutions within a system approach to reduce errors in the OR.
PubMed and Scopus databases were systematically searched for relevant articles written in the
English language published between 2000 and 2011. In total, 25 articles were included, all within
the medical domain focusing on the comparison between surgery and aviation. In order to
improve safety in the OR, multiple interventions have to be implemented. Additionally, the
healthcare organization has to become a ‘learning organization’ and the OR team has to become
a team with shared responsibilities and flat hierarchies. Interpersonal and technical skills can be
trained by means of simulation and can be supported by implementing team briefings, debriefings
and cross-checks. However, further development and research is needed to prove if these
solutions are useful, practical, and actually increase safety.
Keywords: system approach, training, patient safety, aviation, error

1. INTRODUCTION
Extensive developments in surgery and in related disciplines have made the operating room
(OR) environment and the procedures more complex [1−5]. This surgical complexity is
defined by many factors, such as the patients and their condition, the procedure’s
complexity, the team’s expertise, the equipment design and use, communication, workload,
and the urgency and uncertainty of decisions [3−6]. Such increased complexity results in a
high incidence of errors which are costly from human, economic, and societal viewpoints
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[6−8]. Furthermore, the society has become ever more critical on non-transparency with
regard to errors and adverse events in healthcare.
Errors in the OR are concentration of contributing factors and seldom derive from a
single case [9]. The resultant complication is specific to a particular type of surgical
procedure, but its cause is not unique to the case, type of surgical procedure, or the team
[10]. In order to prevent errors, first a definition of error has to be established, which also
has to be familiarized by medical professionals. The most common definition of an error
is defined by the Institute of Medicine (IOM) and states: ‘failure of a planned action to be
completed as intended or the use of a wrong plan to achieve an aim’ [7]. Two types of error
can be distinguished: active and latent errors (Figure 1) [6, 7, 9, 11, 12]. At the sharp end
are active errors which are inflicted by humans (frontline operator). Latent errors are found
in the structure and process. Both types of error could lead to near misses, no harm events
or adverse events, with the latter having negative consequences for the patient [6, 7, 9, 12].
Several studies have shown that 30−50% of errors can be prevented [3, 7, 14]. Recent
insight gained from other high-risk industries (high reliability organizations) has shown
that besides lacking technical expertise (technical skills), non-technical skills (interpersonal
skills) also cause errors [6, 7, 15−17]. The currently dominant ‘person approach’ in
healthcare focuses on improving individual technical skills and decreasing human
variability by means of disciplinary actions, retraining and further education [9, 11]. On the
other hand, the ‘system approach’ recognizes that humans are fallible and that factors
within the system and immediate working environment can lead to errors, which are to be
expected and are inevitable [4, 6–8, 11, 15, 18]. Adopting a system approach could improve
the process of learning from errors, support identification of possible sources leading to
these errors, and reduce the occurrence of preventable patient safety incidents [7, 11, 18,
19]. Building defenses by altering attitudes and modifying behavioral norms, improving
quality of equipment or technology, training of professionals (both technical and nontechnical skills), and implementing protocols and safety reporting systems are some
examples expected to reduce errors [1–3, 5, 6, 8, 11, 15, 18].
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Lessons learned from other high-risk industries could improve patient safety in the
OR [7]. The objectives of this systematic literature review are (1) to compare and search
for similarities and differences between the OR and other high-risk industries, and (2)
to review current methods and solutions within a system approach employed in other
high-risk industries and to evaluate if these solutions could be applicable to the OR to
reduce errors.
2. METHODS
2.1. Data Sources
A systematic literature review was conducted using PubMed and Scopus databases
as primary sources. The search was restricted to articles written in the English
language published between January 2000 and November 2011. The search terms
included in the first session were a combination of (a) ‘system(s) approach’ AND (b)
‘surgery’ or ‘surgical procedure’ or ‘operating room’ or ‘operating theatre’ or
‘healthcare’ AND (c) ‘aviation’ or ‘oil industry’ or ‘nuclear industry’ or ‘high-risk
industry’ or ‘process industry’ or ‘petrochemical industry’ or ‘offshore’. A second
search session was carried out including the search terms: ‘system(s) approach’
AND ‘patient safety’ AND ‘surgery’, or ‘surgical procedure’ or ‘operating room’ or
‘operating theatre’.
2.2. Inclusion Criteria
For this review, the articles should be original contributions including at least one of
the following subjects: (a) similarities and differences between surgery and other highrisk industries, (b) elements within the system approach which influence safety in
high-risk industries (also in the OR), and (c) solutions adopted from other high-risk
industries to improve safety in the OR. Other inclusion criteria for articles were that
subject of interest was the OR and the team members working in this environment, and
that the article had to be published in a peer-reviewed journal or in a peer-reviewed
conference proceeding.
2.3. Exclusion Criteria
Studies focusing on medication safety and other healthcare environments than the OR
(e.g., emergency room, ward, intensive care unit) were excluded from this review.
Furthermore, editorial letters, books, interviews, reviews, and comments/ perspectives
were excluded as well.
2.4. Data Extraction
The first author retrieved each full-text article and systematically reviewed the
articles based on the inclusion and exclusion criteria. Additionally, apparently
relevant articles identified in the reference lists were hand-searched and retrieved
as well.
3. RESULTS
In total, 25 articles were selected and included in this review: 12 articles via the first
search session [1, 2, 13, 14, 20−27], four articles via the second search session [19,
28−30], and nine via the references [10, 11, 16, 17, 31–35]. All publications were
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within the medical domain and focused mainly on the comparison between surgery
(the OR) and aviation.
3.1. Similarities and Differences Between Surgery and Aviation
In order to prevent errors in the OR, much can be learned from other high-risk
industries, mainly from aviation [7]. Table 1 shows the similarities and differences
between surgery and aviation, which were categorized into three groups.
Table 1. Similarities (comparable problems/conditions) and differences between surgery
and aviation

1. Culture & Environment

Similarities
Doctors and Pilots:
•
Are highly trained professionals [22, 35].
•
Work in interdisciplinary teams where the performance of one sub-team
may be influenced by or may influence other teams [14].
•
Work in a highly complex, technological environment [17, 29, 35].
•
Make rapid decisions in uncertain situations [22].
•
Perform highly skilled actions [22].
•
Deal with processes that could result in harmful outcomes [35].
•
Regard safety as paramount [17].
Surgery and Aviation:
•
Suspected error often leads to litigation and new regulation [17].
•
It takes time before economical performance and reduction of
lost lives are demonstrated [1].
Differences
In Surgery:
In Aviation:
•
Adverse events (often) involve
•
Accidents are infrequent, but
one patient per event, and are
highly visible due to mass
less visible [17].
loss of life [17, 34].
•
Healthcare is a natural system
•
Aviation is an engineered
at the core (adaptable, nonsystem (non-adaptable,
linear, non-transparent) [26].
linear, transparent) [26].
•
Situation is variable [14]:
Patients have different pathology
and anatomy [13, 14, 17, 30].
Environment is not standardized
(but often this is accepted) [30].
Sometimes following a specific
action is not possible/dangerous [22].
Some routines are not proven to
prevent injury and injury can
happen before this routine is
performed [22].
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Table 1. Similarities (comparable problems/conditions) and differences between surgery
and aviation (Continued)
•

•

82% of surgeons and 53% of
anesthesiologists deny the effect
of personal stress on their
performance [16].
70% of surgeons and 47% of
anesthesiologists deny the
effect of fatigue on critical
aspects of performance [16].

•

53% of pilots deny the
effect of personal stress
on their performance [16].

•

26% of pilots deny the
effect of fatigue on critical
aspects of performance
[16].
94% of cockpit staff
advocate flat hierarchies [16].
Pilots are trained as
generalist [34].
Pilots are mainly guided
by procedure control [35].

•

55% of surgeons advocate
flat hierarchies [16].

•

•

Surgeons are trained as
specialist [34].
Surgeons are guided by
professional judgment first, then
by procedural control [35].
Consequences of action
(consistent feedback) are not
immediately visible [34].
Actions and decisions often
depend on subjective interpretation
of the surgeon [22].
Is difficult to recognize failure
during or after surgery
(error-false-hypothesis or deadly
mindset) [22].

•

•

•

•

•

•

•

Rely on technology to provide
objective indicators [34].

•

Have predictive aids and
human limitations are
recognized (is also reflected
in governmental policies)
[16, 31, 34].

2. Reporting Errors

Differences
In Surgery:
•
Healthcare organizations lack
capacity for gathering the right
data and use non-standardized
error reporting which prohibits
processing the data into usable
information, and transforming
this information into knowledge
to improve safety [17, 20, 25].

In Aviation:
•
Have standard recording and
(safety) reporting systems:
- Flight Data Recorder
records aircraft
performance and
environmental parameters
and is used for the analysis
of adverse events [27].
- National Aviation Incident
Reporting System uses
error management strategies to improve safety [17]

Table 1. (Continued)
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Table 1. Similarities (comparable problems/conditions) and differences between surgery
and aviation (Continued)

•

Reporting safety concerns is not
encouraged in surgery [16, 31].

•

•

Underreporting of incidents and
substantial pressures to cover
up errors (80%) caused by fear
of blame, time pressure,
resource constraints, perception
that reporting is unnecessary,
lack of clear definition
[16, 20, 25, 31, 33].

•

- Aviation Safety Information
Analysis and Sharing system: Important safety information derived from the
analyses by safety analyst
is communicated to other
airlines and private pilots
and is used for training and
learning [29, 34, 35].
- National Transportation
Safety Board provides
independent recommendations for safety [34, 35].
- Aviation Safety
Information System
monitors potential
danger [35].
Reporting safety concerns is
encouraged and reporting
incidents is voluntary
[17, 34, 35].
Deal with errors nonpunitively and proactive
[16, 17, 31, 34, 35].

3. Team Skills and Training

Similarities
In Surgery and Aviation:
•
70–75% of errors are caused by lacking non-technical skills (e.g., lack of vigilance and failure to check, impaired decision making, absence of situation
awareness, failure in interpersonal communication) [23].
Differences
In Surgery:
•
Training is mainly focused on
technical proficiency (e.g.,
operation time, motion
analysis) [24].

In Aviation:
•
Training includes nontechnical skills training
by means of Crew Resource
Management (CRM –
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Table 1. Similarities (comparable problems/conditions) and differences between surgery
and aviation (Continued)

•

Skills are mainly trained
on the actual patient [24].

•

•

Training objectives, needs
and means are implicitly
defined [13].

•

multidisciplinary team
training). CRM is part of
education/training for 25 years
[2, 16, 17, 23, 34].
Skills are trained by
means of, e.g., simulator
training (basic and high tech
training) [13, 24].
Training modules are defined
by regulatory authorities
(Federal Aviation
Administration) and means are
certified [13].

3.1.1. Culture & Environment
Although the cockpit of an airplane and the OR are comparable in some aspects [1,
14, 17, 22, 29, 35], they are not similar. In contrast to aviation, adverse events in
surgery involve one patient per event usually, which makes them less visible [17].
Other major differences exist in patient’s variance and in the existing culture, mainly
in acknowledging human error and human fallibility [1, 2, 13, 14, 16, 17, 22, 29, 30].
Surgical teams also have to work in a non-standardized environment [2, 17, 30, 35].
Furthermore, it is difficult to recognize failure during or after surgery as
consequences of actions are not immediately visible due to lack of, e.g., predictive
tools [22, 34].
3.1.2. Reporting Errors
Errors are inevitable and usually do not derive from carelessness of the actors as the system
in which they work influences their actions. In order to understand the full cause of errors,
they have to be analyzed (e.g., by means of systematic evaluation, root cause analysis),
which requires reporting of errors. Compared to aviation, reporting errors is not
encouraged in surgery [16, 17, 31, 34, 35]. On the contrary, there still exists substantial
pressure to cover up errors, which makes errors underreported [16, 20, 25, 31, 33].
In surgery, safety-reporting systems are only recently implemented and used, which
makes the learning and training effect limited up till now [17, 20, 25]. On the contrary,
in aviation, recording and reporting errors is a common practice and is facilitated [17,
27, 29, 31, 34, 35].
3.1.3. Team Skills and Training
A similarity between surgery and aviation is that 70–75% or errors are caused by
lacking non-technical skills [23]. In contrast to surgery, aviation started raising
awareness for human error and multidisciplinary team training (Crew Resource
Management, CRM) 25 years ago [2, 16, 17, 23, 34]. These training modules are
certified, standardized, and use simulation to train team members [13].
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Current medical training of surgeons is still mainly focused on technical proficiency,
directed at the individual student or resident, and is often performed on the actual
patient [24]. Non-technical skills are not systematically taught in the medical
curriculum yet, but have to be acquired over time [23, 24].
In contrast to aviation, in surgery, it is still believed that individual surgeons cause
surgical complications due to, for instance, errors in judgment, and inattention to detail,
instead of these errors being (partly) caused by the system in which they have to work [21].
3.2. Solutions to Prevent errors in Surgery
The Institute of Medicine (IOM) report described that ‘Much can be learned from the
analysis of errors’ [7]. The first steps are adopting a system approach and moving
towards an open and non-punitive environment where human limitations are recognized
and questioned. Furthermore, patient safety has to be the priority for the organization
by providing resources [29]. Solutions from a system approach perspective can be
categorized into four groups (see Table 2).
3.2.1. Transparency & Gaining Insight into the Process Leading to Errors
In order to determine errors responsible for adverse events, near misses, and no harm
events, an error classification system is needed [20, 21]. In order to understand the
causes of errors, patient safety reporting systems should use combinations of
methods, such as performance monitoring, observations, Healthcare Failure Mode
and Effect Analysis, and Root Cause Analysis to obtain information of underlining
contributors to errors [10, 11, 17, 19, 21, 25, 29–31, 33]. These reporting systems
should be easy-to-use and provide fast and effective feedback, consisting of
corrective actions and addressing specific vulnerabilities in the care system, to raise
awareness of safety issues [20, 21, 31, 33]. Starting a dialogue with OR team
members that use local systems is important, as they must support the implementation
of risk management systems. This is not done on a structural basis yet [20]. Adopting
a proactive approach by sharing, training and learning from operational experience
could lead to error prevention [20, 21, 25, 29]. Finally, technology, such as video and
audio recording in the OR, improves the possibilities of objective assessment of skills
[11, 22, 27, 35].
3.2.2. Culture
In order for the proposed solutions to work, an organizational safety culture has to be
created [11, 17]. This can be done by performing self-analysis of the organization and
adopting a ‘no blame and shame’ policy for the actor of error where reporting errors has
to be encouraged by engaging staff and providing incentives [16, 17, 20, 27, 29, 31, 33].
Healthcare professionals should be trained and educated on the basis of human factors
principles [16, 17, 20, 22, 27, 29, 31]. Team members should also follow OR protocol
and should not operate in an OR or use equipment that they cannot totally control [10,
17, 29–31, 33].
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Table 2. Solutions to improve safety in the operating room
Solutions

1. Transparency & Gaining Insight into the Process Leading to Errors

•

•

•

•

•

(Electronic) classification system for reporting medical error(s) during operations to determine errors responsible for surgical complications (e.g., added to
the weekly complication reporting system [21]) [20].
Patient Safety Reporting System: focuses on performance improvement and
safety, and should lead to corrective remedial measures and increased awareness
of current operational risks.
Conditions are:
- Use easy-to-use reporting systems or support (personal) reporting, i.e., telephone hotline, hospital specific web-based reporting system [31, 33].
- Provide feedback information and recommendations based on the outcomes
to all parties involved [20]. Some examples are meetings, bulletins, campaigns, newsletters, safety walk rounds, staffing adjustment or supervision,
improving policies, education, manuals, etc. [20, 21, 33].
- Provide action feedback [20, 31, 33].
- Share, train and learn from operational experience, leading to a proactive
approach of error prevention [20, 21, 29, 31–33].
- Not to be used for punitive purposes (immunity for reporter) [11, 17, 20, 31].
Collecting and summarizing data followed by analyzing and planning remedy of
problem, using combinations of [10, 11, 17, 19, 21, 30, 31, 33]:
- Retrospective chart review
- Performance monitoring
- Anonymous non-punitive incident and near-misses reporting
- Event audits
- Observations
- Clinical judgment analysis
- Analysis of complaints and litigation
- Procedural-based error-capture checklist [10]
- Root Cause Analysis: examining underlining contributors to an adverse event
or condition [19, 29].
‘Leiden Operating Theatre and Intensive Care Safety’: identifying system
failures in the OR in order to serve for benchmarking, monitoring effectiveness
of changes, and monitoring changes in patient safety [25].
Video- and audio-recordings using, e.g., black box or Clinical Data Recorder for
debriefing purposes to allow recognition of near misses, free lessons, and
analysis of adverse events [11, 22, 27, 35].

Table 2. (Continued)
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Table 2. Solutions to improve safety in the operating room (Continued)

2. Culture

•

•
•
•
•
•
•
•

•
•
•
•

3. Standardization

•

•

•

Train basic Human Factors principles [22].
- No avoidance and denial of the fallibility of human performance [16, 17].
- Admit errors [16, 17, 20, 27, 31].
- No blame and shame for the actor of error (legal and ethical issues) [16, 17,
20, 27, 29, 31].
Create an organizational safety culture [11, 17].
Perform self-analysis of the organization [33].
Encourage reporting errors by engaging staff and providing incentives [17, 29,
31, 33].
Do not operate in an environment or use equipment that the user cannot totally
control [30].
Follow protocol [10].
Standardize surgical procedures [11].
Standard terminology and classifications for, e.g., error and adverse event (better support to obtain valid and reliable data, and to assess the impact of a specific organizational intervention) [10, 20, 31, 32, 35].
Standardize feedback from reporting systems to reporters and broad communities as a whole [20, 29].
Standardize technology (quality and uniformity of instruments and equipment)
[11, 35].
Automate wisely: use technology to support the user [32].
Reduce complexity and improve control of the entire OR environment
(e.g., door movements, noise, phone calls) [11, 28, 32].
Use checklists (paper, electronic, or computer-based) to reduce reliance on
memory of normal, non-normal and emergency procedures for [1, 11, 29, 32]:
- Key points in the operation, cross-checking with the whole team [1, 22, 30,
32]
- Pre-operative briefings (improving safety attitude and double checking
important patient and procedure related items) [1, 11]
- Anesthesia equipment [1, 11]
- Laparoscopic instruments [1, 28]
Use valid and reliable assessment systems on clinically relevant outcomes [2, 14]:
- Assessment of postoperative complications
- Cancellations of cases
- Delays in lists
- Returns to OR
- Recalls of surgeons or anesthesiologists to recovery
- Clinical incidents
Use valid and reliable assessment systems for measuring both technical and non
technical skills on clinically relevant outcomes [2, 14]:
Technical performance:
- Observation Clinical Human Reliability Assessment (OCHRA) [14]
Non-technical performance [2, 14, 19]:
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Table 2. Solutions to improve safety in the operating room (Continued)

4b. Non-technical Skills Training

4a. Technical Skills
Training

•
•

•
•

•

4c. METHOD for Training
Technical AND Non-technical
Skills → Simulation

•
•

Surgical Non Technical performance (NOTECHS)
Anesthetists Non-Technical Skills assessments (ANTS)
Situation Awareness Rating Technique (SART)
Situation Awareness Global Assessment Technique (SAGAT)
Observational Teamwork Assessment for Surgery (OTAS)
Judgment Analysis

Individual technical skills [11, 24, 30].
Navigation principles to prevent spatial disorientation in laparoscopy (leading to
misidentification of anatomy and not recognizing injury post-operatively) [22].
- For laparoscopic cholecystectomy: start from a fixed point, know where you
are at all times, ‘the clearing bearing’ [22]
Feedback and reinforcement on technical performance [17].
Simulation of both common and rare crises scenarios:
- Common scenarios require basic training of mainly skill- and rule-based
behavior [13]
- Crises scenarios require advanced training of all behaviors, including
knowledge-based behavior [13]
CRM, Team training, Cognitive competence training
Training aspects: [2, 10, 14, 17, 23, 29, 30]
- Situation awareness and vigilance (by controlling external distractions, anticipation of future events, appropriate use of all members of the team)
- Leadership and management
- Teamwork and cooperation
- Problem solving and decision making
- Communication processes
Attitudes:
- Assertiveness, inviting input, horizontal authority, flat hierarchy [16, 17, 22, 29]
- Recognizing effect of self fatigue, time pressure and personal worries [16, 22]
- Cross-checks [17, 22]
- Safety issues [10, 11, 17]
Feedback and reinforcement on interpersonal performance [17]
Interdisciplinary simulations in an operational environment [19], e.g., the
‘simulated operating theatre’ [23].
Training of:
- Common and rare crises scenarios [24]
- Individual technical skills [19, 23, 24]
- Team skills [19, 23, 24]
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3.2.3. Standardization
Besides standardization of definitions (terminology) and the interventions described
above, the feedback from reporting systems to reporters and broad communities as a
whole has to be standardized [20, 29]. Surgical procedures and its technology can also
be standardized [10, 11, 20, 31, 32, 35]. Moreover, the complexity of the entire OR
environment can be reduced and the control improved (e.g., door movements, noise,
phone calls) [11, 28, 32]. Additionally, checklists, briefings and debriefings can be used
to create and maintain a safety culture in the OR [1, 11, 22, 28–30, 32]. Different
designs (‘call-do-response’ or ‘do-verify’ method) can be employed for systematically
checking important patient and procedural factors, involving all team members, and
checking, e.g., the presence of equipment [1]. Furthermore, valid and reliable
assessment systems are needed to assess the influence of both technical and nontechnical skills on clinical outcomes [2, 14]. Currently, several assessment systems are
used in surgery [2, 14, 19].
3.2.4. Training
Training is needed to bridge the gap in skills and knowledge between residents and
surgeons. Besides training individual technical skills (e.g., navigation principles,
dexterity, hand-eye coordination), non-technical skills and focusing on safety issues,
cognitive competence and behavior have to be trained as well [2, 10, 11, 14, 16, 17,
22–24, 29, 30]. Team training depends on mentoring, culture, personality, feedback and
reinforcement on interpersonal performance, and exposure to positive role models.
Acceptance of non-technical skills training in healthcare might be slow, as this was also
the case for CRM training in aviation, where acceptance was slow but steady.
Technical and non-technical skills can be trained by means of simulation. This has
some advantages, such as inflicting no harm to the patient, teaching trainees the skills
to control crisis situations (e.g., bleeding), teaching consequences of unsafe or
inappropriate actions, providing objective feedback on technical and non-technical
performance during ‘real lifelike’ procedures, and identifying trainees competences, or
that trainees need further training to meet professional standards [13, 17, 19, 23, 24].
4. DISCUSSION
Improving patient safety in the OR has gained increased awareness over last decade.
However, much has to be done to reach the same safety levels as, for instance, commercial
aviation where the safety risk is 10-6 versus 10-3 for surgery [36]. Besides the solutions
described above, healthcare organizations have to stress the importance of shared or
organizational learning from process failure, in order to become a ‘learning organization’
[17, 20, 31, 37, 38]. A learning organization is ‘one that is successful at acquiring,
cultivating, and applying knowledge that can be used to help it continually adapt to
change’ and has “created the environment and culture for quality and safety, which foster
team building, innovation, learning, and, most of all, open communication throughout the
organization” [15]. This requires an environment of psychological safety in which team
members can speak up and report errors without being blamed or data being used for

Journal of Healthcare Engineering · Vol. 3 · No. 3 · 2012

385

medical malpractice legal cases [5, 6, 11, 17, 38]. It also requires leadership that
propagates a persuasive vision to motivate and communicate urgency for change [38].
To improve safety, multiple interventions have to be implemented. These
interventions should not work against each other and should be proportional to their
impact on outcome (e.g., reduction of lost lives) and the cost of preventing them in both
the short and long term [1]. Implementation requires commitment and participation of
front-line team members to adapt the interventions to the context in which they operate
[1, 6, 17, 20, 34, 35, 38]. Furthermore, the implementation method and the research
design to study the effect and impact of the implemented interventions are also
important. As errors do not always result in harm to patients, merely collecting
mortality and morbidity rates is insufficient. Also the effect of system improvements is
not always portrayed in these data. Therefore, additional research methods such as
direct observations are needed [5, 6].
The solutions summarized in this review (Table 2) do not include all relevant factors in
the system. For instance, Carayon et al. [39] show in their SEIPS model (Systems
Engineering Initiative for Patient Safety) that the work system entails five components that
are interrelated. However, this review’s solutions mainly focus on the components
‘Technology and tools’, ‘Organization’ and ‘Person’, underreporting the components
‘Tasks’ and ‘Environment’. Compared to the framework by Vincent et al. [5], the factor
types ‘Institutional context’, ‘Work environment’, ‘Task’ and ‘Patient’ factors are missing.
This could be explained by the wide scope of the present review, which limited going into
details of various solutions. The solutions surveyed also need further development in order
to be implemented. Some examples are the improvements of (1) high fidelity surgical
simulators comparable to those used in anesthesia for knowledge-based training (which,
e.g., requires knowledge of the behavior of soft tissue organs) [13, 23, 37], (2) valid
reporting systems, including multiple modes of feedback, i.e., information and action
feedback [20, 31], and (3) objective recording systems in the OR to obtain insight into the
causes of errors. (For research purposes, these systems already exist, e.g., Clinical Data
Recorder [5, 6, 23, 27, 37]). Also, training objectives, needs and means for surgical training
need to be defined [13].
This review is also limited by focusing on solutions within a system approach. While
‘system(s) approach’ is a familiar term in the healthcare research domain, and was
reported in the IOM report ‘To Err is Human’, the authors found that this term has
limited adoption in OR and surgical literature, as relatively limited articles were found.
This probably explains why only few articles explicitly studying the use of checklists,
briefings and debriefing were found [1, 11] in contrast to the many checklists used in
the OR today to, e.g., support briefings and debriefings, check the presence and
functioning of equipment and instruments, and support team interaction [1, 6, 22, 30,
40–45]. Another way to improve safety during surgery is to perform collaborative
cross-checks (double-checks, or the two-challenge rule) [37, 46–48]. Cross-checks are
performed by at least two people with different perspectives who examine each others’
actions and/or observable behavior to assess its validity and accuracy [47]. In the short
term, they detect an erroneous assessment or action and improve coordination. [47].
Diamond and Mole [46] reported that cross-checking reduced perceptual errors and led

386

Learning from Aviation to Improve Safety in the Operating
Room – a Systematic Literature Review

to no biliary injury during laparoscopic gallbladder procedures. It also provides a
structure for trainees to more readily recognize and respond to error prone situations
and to ‘speak up’ to authority gradients [48]. In the long-term, cross-checking can also
increase system resilience [47].
Another limitation was that only articles published in peer-reviewed journals and
conference proceedings were included, which means that publications from
regulatory institutions were outside the scope of this review. However, institutions
such as the National Transportation and Safety Board, the Federal Aviation
Administration, UK Civil Aviation Authority, and the European Aviation Safety
Agency offer valuable information and insights that could be translated to improve
safety in the OR [49–52]. They provide rules and regulation which, for instance,
express the need to test technology ‘before-the-job’ (by means of, e.g., usability
testing, validation testing, simulation-based testing), the need to train staff to gain
equipment-specific knowledge and proficiency to use and maintain the technology,
and the need to capture maintenance and operational information in order to assess
the reliability.
Further research is needed to prove the effectiveness of safety reporting systems,
training, and checklists to see whether these systems from other industries are useful
and practical, and actually increase safety in the OR [1, 2, 15, 20, 23, 24, 29]. Finally,
in order to improve patient safety, the gap between research findings, guideline
development and their implementation in the OR has to be bridged [3].
5. CONCLUSION
High-risk industries, particularly aviation, have a protracted affair of improving safety
by looking at the entire system, which can serve as input and inspiration for the OR.
Nevertheless, adoption of a system approach in the OR is still relatively new. In order
to improve safety in the OR, healthcare organizations have to become ‘learning
organizations’. This requires strong (horizontal) leadership communicating urgency for
change and creating a safe culture to speak up and report error. Only then the processes
leading to errors can be studied and future errors been reduced. The OR team has to
become a team with shared responsibilities and flat hierarchies. Both interpersonal and
technical skills can be trained by means of simulation and can be supported by
implementing team briefings, debriefings and cross-checks.
To determine whether implementation of these multiple interventions is useful,
practical, and actually increase safety, further development and research are needed.
High fidelity surgical simulators (to train technical and non-technical skills) and
valid reporting and recording systems have to be optimized, and training objectives,
needs and means have to be defined. Finally, error proof procedures (checks,
briefings, debriefings and cross-checks) have to be implemented and adopted by the
OR teams.
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