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Abstract

Introduction—We report the first prospective analysis of human factors elements contributing to
invasive procedural never events using a validated Human Factors Analysis and Classification
System (HFACS).

Methods—From 8/2009 - 8/2014 surgical and invasive procedural “Never Events” (retained
foreign object, wrong site/side procedure, wrong implant, wrong procedure) underwent systematic
causation analysis promptly after the event. Contributing human factors were categorized using
Reason's 4 levels of error causation and 161 HFACS subcategories (hano-codes).

Results—During the study approximately 1.5 million procedures were performed and 69 never
events were identified. A total of 628 contributing human factors nano-codes were identified.
Action-based errors (n=260) and preconditions to actions (n=296) accounted for the majority of
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the nano-codes across all four types of events, with individual cognitive factors contributing half
of the nano-codes. The most common action nano-codes were confirmation bias (n=36) and failed
to understand (n=36). The most common pre-condition nano-codes were channeled attention on a
single issue (n=33) and inadequate communication (n=30).

Conclusion—Targeting quality and system improvement interventions addressing cognitive
factors and team resource management as well as perceptual biases may reduce errors and further
improve patient safety. These results delineate targets to further reduce never events from our
healthcare system.

INTRODUCTION

It is estimated that physicians operating on bilateral structures have a 25 percent lifetime risk
of wrong site surgery and an average size surgical center reports about one retained foreign
object (RFO) per year.1 Wrong site/side surgery, wrong implant, wrong procedure and RFOs
have been termed “Never Events” and are included in the 29 serious reportable healthcare
events as defined by the National Quality Forum and the Joint Commission.2:3 Never events
can lead to serious physical or psychological harm for the patient, the teams caring for the
patient, and the patient provider relationship.# At an institutional level, such events add a
serious financial burden as a consequence of their medical-legal implications as well as a
negative impact on a center's reputation. Therefore, a better understanding of why these
events occur and efforts directed at reducing their frequency are important for patient safety,
provider well-being and society.

The current incidence of never events in the US is poorly understood. Prospectively
collected data on the incidence of never events are limited and most studies involve
voluntary reporting to external agencies with inherent bias. Retrospective analysis suggests a
never events rate of one in 12,248 operations in the United States® and 1 in every 20,000
procedures in the National Health System in the UK.® Studies investigating adverse events
and events like retained foreign objects suggest that the rate may be higher.” In addition,
there is concern that the frequency of retained foreign objects may be increasing.®

Healthcare professionals and systems engineers have been working to improve conditions in
the operating room (OR) and procedural environment for over a century to ensure these
events do not occur. Based on a systems safety approach, the majority of medical errors are
believed to be the product of inadequately designed systems which permit predictable
human errors.8 This concept has been formalized by Reason as the “Swiss cheese” model
where events occur as the result of a problem passing undetected through minor defects in
multiple layers of a system's defences resulting in a serious, potentially fatal, event to
occur.? Another concept, Perrow's theory of “Normal accidents”, holds that in modern high-
risk systems, the degree of system complexity, tight coupling of processes, and the inability
of a single individual or small group of individuals to manage all the potential interactions
inevitably will lead to accidents with catastrophic potential.19 Both theories imply that errors
and accidents cannot be designed around as people make mistakes. Many problems arise
from small beginnings and organizational failures may play a significant role. However,
individuals remain at the tip of the spear in both contributing to and potentially preventing
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errors.10 With a better understanding of human-system interactions, significant gains have
been made to understand why these events occur and to re-engineer the systems to prevent
them in the future.1

While systems play a major role in allowing errors to escape system notice, an essential
component of medical care are the individuals, who have the potential to recover from
system error.12 Understanding the contributing human factors and their effect in medical
errors is essential. Once an event occurs, root cause analysis (RCA) is a standard method
within healthcare organizations to evaluate medical errors. Unfortunately, RCAs with the
resultant education initiatives and system redesign alone may not be sufficient to eliminate
never events.13 Human factors analysis, which is widely used in other industries, can
enhance RCAs and provide an additional perspective on the system. To allow systematic
analysis of human factors in military aviation accidents, Shappell and Wiegmann developed
and validated the Human Factors Analysis and Classification System (HFACS).14 The
HFACS methodology has been validated across several industries!®, including
medicine.16:17 In this study, we review the results from the prospectively applied HFACS
methodology to surgical and procedural never events at our institution

METHODS

From August 31, 2009 to August 31, 2014, an electronic incident reporting system captured
all reported (including anonymously reported) patient events and near misses for the quality
management team at a tertiary-care hospital. All cases of wrong site/ side surgery, wrong
procedure, wrong implant, and unintended retention of a foreign object after surgery or other
invasive procedure were considered never events and included in our analysis. Surgical or
other invasive procedural never events underwent RCA with involved team members
individually and at a joint meeting. The joint meeting included the team members involved
(physicians, nurses, technicians, residents), quality management, clinical practice and
administrative leadership. The meetings occurred as contemporaneously as possible after the
event was discovered to quickly determine the contributing systems and human factor. For
the majority of the reporting period RFOs were reviewed within 48 hours and all events
were reviewed on average within two days of identification.

In addition to the standard review, a trained quality management specialist coded each event
using the HFACS tool modified by Diller et al (Appendix).1® Following Reason's categories,
the never events were described under four categories: (1) unsafe actions, (2) preconditions
for unsafe actions, (3) oversight/supervisory factors, and (4) organizational influences
(Figure 1). Unsafe actions include issues with protocol compliance (e.g. bending the rules or
breaking the rules) or errors, such as perceptual errors (e.g. misunderstanding a situation)
and decision errors (e.g. inadequate treatment). Preconditions for actions included
environmental, patient, situational and behavioral factors. Examples of preconditions
include poor hand-offs or inadequate operative lighting. Oversight/supervisory factors
included factors such as supervisor oversight, planning difficulties, staffing deficiencies, and
supervisor non-compliance. Lastly, organizational influences include inadequacies in
organizational culture or operational processes.
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Each of these error contributing categories and subcategories are divided into a total of 161
specific human behaviors or system situations, termed nano-codes. The HFACS data were
then entered into a secure electronic database. In addition to the prospective HFACS coding,
the type of procedure, date and timing, and outcome data were obtained by review of the
electronic medical record. Six patients were excluded from medical record review as they
had not provided research authorization. Event rates were compared by type and error
causation. Subgroup analysis of the 161 nano-codes within the four larger categories was
performed. Student's t-test and Chi square test were used for statistical analysis.

During the 5-year period over 1.5 million operations and other invasive procedures were
performed. A total of 70 never events underwent RCA. Sixty-nine never events were coded
prospectively using the HFACS coding system. HFACS data were not collected during one
RCA due to unavailability of HFACS trained personnel. Forty of the coded never events
occurred in an operating room while the remainder (n=29) occurred in a procedural area,
such as endoscopy or interventional radiology.

The rate of never events was estimated to be 1 in 22,000 procedures performed. The
distribution of never events by type is depicted in Figure 2. There was a mean of 14 never
events per year over the course of the study with variation year to year (range 7 to 20). Of
the never events included in our analysis, 24 (35%) occurred during major operations, 3
(4%) during minimally invasive surgeries. Forty-two events (61%) occurred during minor
cases: anesthetic blocks and line placements (n=16, 23%), interventional radiology
procedures (n=15, 22%), endoscopy (n=5, 7%) and other minor skin and soft tissue
procedures (n=6, 9%). Of the 19 RFQO's, 7 (37%) involved retained wires, tubing or needles,
10 (53%) involved other objects and 2 (11%) involved surgical sponges.

The majority of the events (68%) were discovered on the day of the index procedure, an
additional 10% by post-procedure day one. Of note, many surgeons at our institution
routinely obtain post-procedure X-rays for cases in which a major body cavity is entered.
Within the first week, 87% of events were detected, and the remaining events were
discovered by one year post procedure (Figure 3). There was no intraoperative or 30-day
mortality as a result of a never event in this series. There was one 30-day mortality that was
deemed unrelated to the never event. A significant proportion of patients (52%) required an
additional operation or procedure as a result of the event. RFOs and wrong implants required
an additional operation or procedure in 75% and 60%, respectively, while wrong procedure
and wrong side/site surgery had a reoperation rate of 45% and 42%, respectively (p=0.082).
Of all events reviewed here, 8% (n=5) of the procedures concluded after 5 p.m. of which
three (5%) started after 5 p.m. Seven events (11%) occurred in emergency cases, three of
those cases were conducted after 5 p.m. Combined, 13% (n=9) of all events occurred either
after hours or during emergency cases, with 56% (n=5) of those being RFOs.

Human Factors Analysis

Each event had a mean of nine contributing human factors nano-codes (rangel1-21)
associated with it. A total of 628 nano-codes were identified across all events. The nano-
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codes were grouped by four major error causes (Table 1). The relative frequency of
identified error type to event demonstrated that preconditions to actions (n=296; 47%) and
unsafe actions (h=260; 41%) accounted for the majority of the nano-codes across all four
types of events. Oversight and supervisory factors (n=47; 7.5%) and organizational factors
(n=25; 4%) were coded significantly less often as contributing to the event compared to
preconditions to actions and actions (p < 0.001). The distribution of nano-codes indicated
that RFOs and wrong implants had more nano-codes per event while wrong procedure and
wrong side/site had less (p <0.001) (Table 2). The nano-codes encountered within each of
Reason's four levels of errors were as follows:

I. Preconditions for Actions

Preconditions for actions were the most commonly coded contributing factors to events
(n=296). Within the preconditions, physical factors (e.g. lighting and construction) were
rarely coded (n=2, 0.7%); whereas, technology was coded 74 times (25%). The most
commonly coded contributing technological factors were lack of interface between systems,
electronic medical records factors and lack of automation. Patient factors, including obesity
and complex anatomy, contributed 12% (n=35) of the precondition nano-codes. Situational
factors such as emergent situations were coded as contributing in 1% (n=3). Conditions of
the care providers, specifically cognitive factors, were coded 113 times (38%). The most
commonly noted cognitive factors were: channeled attention on a single issue,
overconfidence, inadequate vigilance, and distractions. Physical and mental limitations of
providers were not identified as a contributing factor (n=0). Lastly, personnel factors,
including personal readiness and behavioral factors, were also identified (n=69; 23%). The
most commonly coded behavioral factor was inadequate communication (n=32, 46%).

Il. Unsafe Actions

The second most commonly coded category was unsafe actions (n=260; 41%), consisting of
errors (n=227, 87%) and compliance (n= 33, 13%). The most common sub-type of error was
decision errors, which are “honest” errors in cognitive thought (n=103; 45%), with failure to
understand being the most commonly identified nano-code. Action-based errors, which are
errors in thinking that occur without significant conscious thought, were commonly coded
(n=80; 35%). The most common action-based error was failure to follow a verification
process (n=80; 31%). Lastly, perceptual errors, errors made based on inaccurate information,
were also frequently coded as a contributing factor (n=44; 17%). Confirmation bias, a bias
that leads a person to interpret information in a way that confirms one's beliefs, was the most
commonly coded perceptual error (n=36, 82%). Compliance issues, such as failing to follow
institutional policies and procedures or standards of practice, were coded 33 times (13%).
This included bending the rules (n=22; 67%) and breaking the rules (n=11; 33%).

[ll. Oversight and Supervisory Factors

The third major category of HFACS, oversight and supervisory issues, was coded 47 times
(8%) as contributing to events. This category includes oversight factors such as supervision,
planning factors, problem correction deficiencies, and supervisory non-compliance.
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IV. Organizational Influences

Lastly, an organizational influence was the least commonly coded HFACS category (n=25;
4%). This category includes resources management, organizational climate, and operational
processes.

DISCUSSION

The 1999 report by the Institute of Medicine, To Err Is Human, was intended to promote
recognizing, preventing, and mitigating harm from medical error—with the overall goal to
stimulate system wide changes in health care to improve patient safety.18 Unfortunately,
what the report is most often remembered for is how many hospital deaths result from
medical errors. Despite the increased awareness that this and subsequent reports generated,
medical errors have continued to occur at alarming rates.19

Systems engineering approaches have been utilized in the industrial realm and succeeded in
significantly reducing the rates of injury. The use of these practices in the surgical and
procedural environment has had a major impact on reducing never events.29 An example is
the introduction of a bar-coded surgical sponge counting system, which reduced the
frequency of retained sponges in our institution from an estimated 29 to 2 per 1.5 million
procedures.?! This represents a 93% reduction in retained sponges and supports the
previously advocated use of technology to reduce retained foreign objects.22 Given the
success of implementing systems to prevent retained sponges, we suggest similar systems-
based strategies should be implemented to mitigate cognitive and perceptual errors. As our
data show, systems engineering, though significant and important in mitigation of error, is
not the complete solution.

Our data demonstrate that in addition to the system, individual human factors play a
significant role in determining if and when never events occur. Humans make up the largest
part of the health care system, play a pivotal role in patient care, and also play a significant
role in determination of error. Thus, HFACS can assist us in analyzing which factors are
linked to each type of error and provide targets for intervention and mitigation. We found
that cognitive factors contribute significantly to error; the three most frequently coded nano-
codes belonged to that group and represented about half of all nano-codes. Communication
failures were the fourth most frequent nano-code group. This suggests that leading up to an
event an individual's (or team's) cognitive capacity may be outpaced by the cognitive
demand. The cognitive capacity is taxed through increased patient or procedure related
complexity23, use of increasingly complex technology, along with an increase in the number
of varying team members.24 The outpaced cognitive capacity may then lead to individuals
not following procedures as intended, as was described by Mallet et al.2> Of note, both cases
of retained sponges in our cohort occurred after 5 p.m. during major cases and despite bar-
code scanning. For both cases, numerous contributing factors were cited including several
cognitive factors (confirmation bias, mental fatigue and channeled attention on a single
issue), compliance errors and communication factors.

Interestingly, almost two-thirds of the events occurred in minor procedures, where surgical
complexity itself does not play a leading role. Our institution has previously instituted the
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universal protocol to prevent wrong side/site surgery, preoperative team briefings or huddles
before a case is started, a procedural pause just before incision, and debriefings using the
WHO recommended safety checklist. Despite these measures, events continue to occur,
albeit at reduced rates. Further evaluation of the mechanisms of cognitive failures in these
‘minor procedures’ should be undertaken.

Our results suggest that RFOs and wrong implants had more contributing factors per event
than wrong procedure and wrong side/site surgery. Further analysis should be done to better
understand the difference between event mechanisms. We also need to understand if the
defined systems and procedures in place at our institution to prevent RFO's and wrong
implants are more in number or more effective than the safety layers in place to prevent
wrong side/site surgery and wrong procedures.

To our knowledge, this is the first report of a validated human factors analysis applied
prospectively to surgical and procedural never events. Our study provides human factors
data from RCAs, prospectively collected by a trained patient safety specialist which also
represents a limitation of our study. A single, non-clinician reviewer was responsible for
coding the cases into HFACS, which may have resulted in the under-coding of patient and
situational factors. For example, a number of events occurred during emergently scheduled
procedures; however, this was not a commonly coded situational factor (n=3). This could be
due to coding oversight; alternatively, other human factors may have been judged causative
rather than the emergency scheduling.

Our study suggests that in addition to aforementioned systems approaches and interventions
to improve communication, attention should be paid to the cognitive capacity - cognitive
workload balance in the OR and procedural practices. The cognitive workload may be
affected by team composition, technology interfaces, time pressures, individual fatigue and
others.24 A first step to influence this balance is to increase awareness about cognitive and
other human factors contributing to never events across many layers of the institution,
including administrative teams. Measures to decrease the cognitive workload should be
considered, which affect everything from patient and staff scheduling, to supply chain
management, information technology, teaching and gaining independence in the operating
room. If the workload cannot be decreased, there may be options to share the cognitive
workload between team members. This will require team member engagement, and
maintaining stable teams will be helpful to accomplish this as suggested in the study by Xiao
et al (24). Our institution has implemented a ‘speak-up’ campaign to break down traditional
hurdles in communication. We are currently piloting team-based engagement in the OR to
assess if this will create the necessary human factors redundancy to reduce never events.
While we may not be able to prevent providers from making cognitive errors, we can create
systems that acknowledge when these errors may be occurring, provide assistance and
therefore prevent the subsequent negative consequences for patients. These results delineate
targets to further reduce never events from our healthcare system. Targeting interventions to
address cognitive factors and team resource management as well as perceptual biases may
reduce errors and further improve patient safety.
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Figure 2.
Distribution of never events by type showing about one-third contribution of wrong side/site

surgery, wrong procedure, and retained foreign object compared to a small number of wrong
implants
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Postoperative day which never event was discovered indicating that the majority (87%) of
events were discovered in the first week after surgery

Surgery. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Thiels et al.

Table 1

HFACS categories with number of nano-codes by event type.
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Actions  Organizational Influences Oversight / Supervisory Factors

Retained foreign object 102
Wrong implant 24
Wrong procedure 78
Wrong side/site 56
Total 260

9
1
6
9
25

16
5
12
14
47

Preconditions for Actions
94
32
99
71
296

Total
221
62
195
150
628

*
Human Factors Analysis and Classification System
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Table 2

Distribution of nano-codes per event type.
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# Of Events  Maximum # of nano-codes per  Average # of nano-codes per

event event
Retained foreign object 18 20 12
Wrong implant 5 21 13
Wrong procedure 24 18 8
Wrong side/site 22 12 7

Median # of nano-codes per
event

14
11
7
7
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