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Abstract

Background: A retained foreign object (RFO) is a devastating surgical complication that
typically results in additional surgeries, increased length of stay, and risk of infections and is
potentially fatal. Memorial Sloan Kettering Cancer Center (MSKCC) convened a multidisciplinary
task force to undertake an improvement initiative to reduce the frequency of RFO incidents.

Methods: A needs assessment was undertaken using focus group interviews, review of past
RFOs, and operating room (OR) observations, and a comprehensive intervention plan was
initiated. Items at risk of retention were reclassified and new tracking sheets were developed. A
probabilistic risk model was developed based on aviation industry methodology, an RFO risk
projection, and the retention risk classification of surgical items. Training initiatives were launched
to shift organizational culture and staff behaviors toward greater awareness of RFO risk and
proactive prevention.
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Results: Since the implementation of our task force’s recommendations on March 24, 2014,
there have been no RFO incidents at our institution to this day. The last RFO occurred in August
2013—more than 1,300 days ago (as of March 28, 2017). The RFO incident frequency was
reduced from 1.69 per year to a risk model estimate of 1 in 22 years. Ongoing training maintains
the staff’s behavioral changes as well as the improved OR and organizational culture.

Conclusion: Implementation of a multidisciplinary approach to preventing RFOs was successful
at MSKCC. The use of an RFO risk model enabled the creation of a robust system for RFO
prevention. Support from leadership, participation by all stakeholders, education, training, and
cooperation from frontline staff are all important contributors to RFO prevention success.

A retained foreign object (RFO) is any item used during an operative procedure that is
unintentionally left inside the patient. They are devastating surgical complications that
typically require additional surgeries, increase the length of stay and risk of infections, and
are potentially fatal.13 These events can be demoralizing to the surgical team involved in the
procedure. Moreover, RFOs are a significant concern for government,* regulators,® and
accreditors.57 and their occurrence can adversely affect Medicare reimbursement.48
Optimizing a strategy for preventing RFOs is of paramount importance to all stakeholders
providing care for surgical patients. Varied risk factors leading to RFOs have been studied
and discussed extensively in the literature, but the infrequency of these events has hampered
efforts to design comprehensive and effective prevention strategies.29-12 This is a complex
issue due to the overlap of systems design, human behavior, and mechanical failures. Many
hospitals strive to eliminate all RFOs by focusing on only one of these three aspects. Instead,
we focused on a redesign of our system—which entailed consideration of all three—to
bolster the idea of constant improvement and to strive for a rate as close to zero as possible.
Many hospitals have tackled the reduction of RFOs by examining near misses and miscounts
to identify contributing factors.10-13 As new procedures and surgical techniques have been
introduced, methods of accounting for sterile supplies during surgery have evolved gradually
but without a concerted effort to evaluate these processes holistically.

The World Health Organization,” the Association of periOperative Registered Nurses
(AORN),! The Joint Commission,® and the Agency for Healthcare Research and Quality,
have published guidelines and recommended practices for prevention of RFO incidents. The
recommendations include the use of standardized, transparent, verifiable, and reliable
practices in surgical counts.1:11:14 A Joint Commission Sentinel Alert, published in 2013,
highlighted several strategies that hospitals could use to reduce the likelihood of an RFO,
including specific recommendations for individual team members, as well as
organizationwide risk reduction approaches that may be adopted.®

Over the years, Memorial Sloan Kettering Cancer Center (MSKCC; New York City), in
response to RFO occurrences, developed and implemented strategies to prevent new
incidents with the specific surgical item involved. An internal review of previously
implemented strategies revealed that, in some instances, new steps that were incorporated
into operating room (OR) processes were not value-added and appeared to complicate the
process of counting and tracking various items during surgery. As a result of our internal
review, we launched an institutional process improvement project to identify the RFO risk
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level of various surgical items, evaluate surgical staff behaviors that might increase the risk
of RFOs, examine current count processes to identify areas of improvement, and, ultimately,
reduce the number of RFOs at our institution. In this article, we describe this project and
report its results. Our experience illustrates strategies that may be effective for RFO
prevention at other institutions.

SETTING

MSKCC, a private, nonprofit organization, specializes in all types of oncologic surgery and
medical treatment. The facility has 28 state-of-the-art ORs, and approximately 22,000
surgical procedures are performed annually.

METHODS

We describe the process improvement project in terms of its four phases, which extended
from July 2013 through December 2015.

Phase I: Task Force Formation and Decision to Use a Risk Model-Based System of
Analysis (July 2013-September 2013)

A multidisciplinary team was created to help identify and evaluate techniques used in
aviation that could be used in the OR setting. To assess our current count processes in the
surgical setting and develop team-focused approaches to prevent future RFOs, a task force
was formed, which was headed by our institution’s former patient safety officer and
included nurse leaders [including L.M.S.], clinical nurse specialists [including M.M.S.],
RNs [M.N., T.M. S.], surgical technologists [including D.L.M.], colleagues from the
Division of Quality and Safety (DQS) [E.G.D., J.F], and an external consultant, as described
below. A physician champion [including L.T.] was also designated to support the task
force’s efforts. All recommendations required approval of the OR Safety Executive
Committees, which was imperative to gain support and ensure effective monitoring during
implementation and for subsequent sustainability. The task force believed that support from
senior leadership was paramount and that the greatest impact would be achieved if all efforts
were made within an organizational culture to promote and prioritize patient safety and
ongoing improvement. In two articles, James Reason proposed a “Swiss cheese” model of
human error wherein multiple layers of barriers within a system must fail in order for errors
to occur. He suggests that these human errors can be addressed using either (a) a person
approach, which examines actions of individuals and is typical in the field of medicine, or
(b) a system approach, which acknowledges the reality of human fallibility and is commonly
used in fields such as aviation,12:16 Qur institution’s previous RFO prevention strategies had
limited success in reducing the frequency of such incidents. On the basis of Reason’s
insights, our task force decided on a new approach, involving recruitment of a systems
expert from aviation, another industry in which high reliability is critical for safety. As a
member of our task force, this systems expert brought extensive experience with evaluating
system issues, organizational processes, and human factors, as well as predictive modeling
to improve management of human errors that can occur in high reliability organizations,
including health care. Based on 2014 data reported by the International Civil Aviation
Organization, the aviation industry has had a high rate of reliability: 3 accidents per
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1,000,000 departures.1” Our institution endeavored to achieve the same level of high
reliability with RFOs. Specifically, the goal of our task force was to reduce the rate of RFO
incidents from 1.69 per year to 1 in 50 years, which would equate to one RFO for every
1,000,000 surgeries.

Socio-Probabilistic Risk Model: Fault Trees.—As part of the redesign, the consultant
and the system engineer used the principles of high reliability that have been traditionally
used in aviation. Fault trees represent possible pathways through which systems can break
down, and fault tree analysis software has historically been used in safety engineering to
determine various combinations of system and human errors that could lead to an adverse
event.12.18 For RFO prevention, we reviewed our internal guidelines and conducted
observations within the OR followed by roundtable discussions to identify the various ways
an RFO could happen. As a first step, every possible path leading to an RFO for each class
of surgical tool or accessory item was documented and reviewed; for example, sponges
(laparotomy pads, raytex, and towels), accessories with a counting cue (peanut and gastric
sponges), and instruments (for example, clamps, forceps). Identified modes of failure were
documented in a fault tree. We created two fault trees for each category of items—one tree
for items introduced at the beginning of the case and another tree for items introduced
during the case. Each tree included one branch per specific item, and each branch was
divided into all basic events (modes of failure) that could possibly lead to the outcome of an
RFO involving that item. The identification of basic and intermediate events was undertaken
multiple times over the life span of our overall improvement project.

Within the model developed by our task force, the staff’s behavior was defined as either a
choice or a human error, where choice is defined as a conscious decision to not follow the
policy, while a Auman erroris a mental lapse by a person who intended to follow a given
policy but inadvertently failed to do so. For each behavior, a probability representing the
percentage of times the staff engaged in a specific behavior was calculated. The probabilities
were gathered through consensus from a group of frontline staff (RNs, surgical technologists
[STs], and surgeons) who worked in the perioperative settings. The staff was asked for the
number of times they engaged in a specific behavior. If there were disagreements about the
frequency, the staff discussed their reasoning until consensus was achieved. For each
possible mechanical failure, we inserted either the actual rate of failure experienced by our
institution or the failure rate provided by the manufacturer if we had no historical reference
data. After the initial evaluation of systems in the OR environment, the team recalculated the
probabilities in the fault trees to reflect the new OR processes. The fault trees depicted the
potential modes of failure and assumed a thorough adoption of the critical behaviors (see
Critical Behavior in the Phase IV section) with the intended goal of a 1-in-50-year
occurrence.

An adjustment period of six months was allowed, after which observations in the OR were
conducted to monitor the updated processes. On the basis of those observations and
discussions with the frontline staff, the task force revisited the fault tree model and
incorporated any necessary updates.
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Phase Il: Needs Assessment and Information Gathering (July 2013-September 2013)

Using multiple information-gathering techniques, the task force identified current risk
factors in the OR setting.

Information-Gathering Approaches.—To analyze the hospital’s existing OR processes
and identify areas for improvement, the task force used multiple information-gathering
approaches: (1) small focus groups of involved stakeholders (for example, perioperative
RNs, STs, surgeons, quality assurance committee members) were convened for roundtable
discussions of perceptions and experiences; (2) live observations of OR processes; and (3) a
review of past RFO incidents. The task force identified seven major findings (Sidebar 1).

Identification of RFO Risk Factors and Counting Cues.—Observations were
conducted to determine the factors that affect RFO risk. The AORN guidelines include
strategies for counting processes and tracking the various classes of surgical items.1 The
guidelines, however, acknowledge that there is still room for improvement because count
discrepancies can occur despite the use of detailed count sheets, 191920 and RFOs may occur
due to factors other than count inaccuracies.21121 The task force, in an effort to enhance the
AORN-recommended counting processes, examined the RFO risk potential for surgical
items; that is, it conducted a comprehensive review of different surgical items and their use
during surgical procedures and identified four different risk groups (Sidebar 2). In addition
to these risk categories, the task force identified and observed mechanisms that often prevent
an RFO. It identified three types of detection systems for identifying a count discrepancy.
First, the manufacturer’s package design for certain items offers stronger counting cues for
nursing staffl. For example, gastric or laparotomy sponges are supplied in packets of five.
Thus, the standard package design is a counting aid because staff will expect a package with
a specific number of items. A second method of detection is the visual cue, which involves
using the manufacturer’s package or visual aid to serve as a detection aid in identifying a
discrepancy. An example is a peanut sponge and its associated receptacle, which has five
spaces; a visual scan revealing one or more empty spaces facilitates detection of a missing
peanut. The third type of detection is the use of a mechanical or technological device as an
adjunct to the manual count. For example, our institution has, for quite some time,
incorporated the use of radio frequency (RF) technology to verify and detect sponges.22:23

Phase lll: Project Implementation—Process Changes (January 2014-December 2014)

As a result of the observations, areas of improvement were identified and risk mitigation
strategies were applied.

Item Counts.—One of the first changes involved the modification of the count sheet,
which was renamed the RFO Prevention Worksheet (Figure 1). A major element of the
redesign was the grouping of items based on a “reliability” scale, wherein increasing
reliability confers decreasing risk of an RFO incident. Items were classified as low,
moderate, or high reliability. Items in the low-reliability grouping included, for example,
needles and cut items. Items in the moderate reliability section included items with a count
or visual cue, such as peanut sponges, suture booties, gastric sponges, neurology patties, and
cotton balls. The final grouping included such high-reliability items as RF-tagged sponges

Jt Comm J Qual Patient Saf. Author manuscript; available in PMC 2020 December 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Duggan et al. Page 6

and towels. These items have the highest reliability because, in addition to the use of visual
and count cues, we use a detection system before the end of each case to ensure that no
sponges are left behind. The categorization of items in this manner provided staff with a map
and mental framework to heighten awareness of which items made them more vulnerable to
error. Introducing the new RFO Prevention Worksheet also enabled staff to transition their
focus from “just counting” to an overall mind-set of RFO prevention.

The task force also identified a need for specific processes to account for items that are cut
(for example, vessel loops, Penrose drain) and introduced into the surgical procedure.
Historically, cut items were compared to uncut items to verify that they have been retrieved
in their entirety. However, some items, such as vessel loops, can stretch and cannot be
accurately measured against another intact item. As a result, the worksheet was modified to
easily document cut items. A section was also added for items that are manufactured in
multiple pieces, such as Poole suction (two pieces).

Surgical needles were categorized as having the lowest levels of reliability because they can
be used in large quantities and are supplied in package counts ranging from a single needle
to eight needles per package. Initial efforts were focused on modifying the needle section of
the RFO Prevention Worksheet to facilitate easier tracking. Ultimately, the needle section of
the worksheet was enlarged to maximize visibility and minimize documentation errors
resulting from inappropriate spacing. In addition, a needle read-back method was developed
after numerous attempts were made to minimize errors related to documentation and
communication. The literature suggests that certain safety measures, such as the surgical
team’s documentation of the counts and the surgical team’s attestation that the count is
correct, can increase the team’s accountability and awareness of RFO prevention.11

Other items with low reliability were those that were not counted as part of the RFO
Prevention Worksheet (for example, pens, syringes, blue towels) because they are rarely
introduced into the surgical field. The task force determined that well-defined processes
should exist to specifically prevent RFOs involving this item class. In the past, location
control of these items depended entirely on the memory of the circulator (RN) or scrub
(either RN or ST). Consequently, an “In/Out Sheet” was developed to track these items
(Figure 2). Nursing staff developed a detailed list of items that were not counted or regularly
accounted for and incorporated them as listed items on the In/Out Sheet. When an item
listed on the In/Out Sheet is introduced to the surgical field, the item is documented as being
“In” the surgical field and later documented as “Out” upon its return to the surgical table.

Dependent vs. Independent Counts.—Small focus groups reviewed the existing
counting processes. After several discussions, the task force concluded that dependent
counts, in which both the circulator and scrub personnel engaged in the count process, were
laden with false security. The circulator’s participation in counting instruments and sponges
before the procedure was not well focused due to numerous competing priorities that require
completion before the surgical incision can commence (for example, ensuring that all
surgical supplies, implants, and equipment are available, as well as measures to ensure strict
adherence to Universal Protocol processes).24 Observations also led to the conclusion that
dependent counts introduced many biases related to who was leading the count (circulator or
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scrub). Often, the individual observing the active counter would see whatever was presented
by the active counter, but the announced item or quantity would unconsciously influence the
observer’s perception of the count. This realization prompted the team to challenge the use
of dependent counts. After much discussion and research into other industries’ visual
checks, the task force decided to convert this instrument count from a dependent count to an
independent count to model a concept of individual checks, which is frequently used in
aviation. In aviation, individuals independently perform reviews and complete safety
checklists prior to completing a task.2® In our revised process, the instruments are
independently counted by the Central Processing Department (CPD) during tray assembly
(Figure 3) before the containers are sealed and sterilized. The process of counting the
instruments is completed in the OR through a second independent count by the scrub. This
allows each person to review for errors without being influenced by the other. Implementing
this new practice would ensure that two independent counts, or safety checks, were
performed. If the scrub identified a discrepancy with information entered on the CPD
instrument count sheet, the error was escalated to the circulator who would subsequently
perform a dependent count with the scrub for validation of that specific item. This change
was the most difficult to implement in our new RFO prevention process. Although this
change allowed the scrub’s attention to be solely devoted to the counts while the circulator
attended to the patient’s needs, the staff was initially uncomfortable with the new approach
because, historically, two people had counted the items. After the team became adjusted to
the new process, its members gained confidence in the ability of a single person to catch
errors without dependence on a second counter. Keeping in mind Reason’s Swiss cheese
theory of human error, the task force built a system with multiple layers of defense to
establish more robust RFO prevention conditions wherein RFOs can occur only if there are
multiple failures within the system of barriers (Figure 4).

Phase IV: Implementation—Changing the Focus From the Count to RFO Prevention
(January 2014-December 2015)

As a result of the evaluation performed after the observations, the task force identified best
practices, with a focus on the critical behaviors.

Sponges.—The scrub independently counts all RF-tagged sponges and towels before the
procedure begins, then notifies the circulator of the quantities counted. During the
procedure, the circulator and scrub dependently count all RF sponges and towels because the
combination of assisting during the case and counting tends to divide the scrub’s attention.
At the end of the procedure, the scrub and circulator dependently count all RF sponges.
Visual cues are used throughout the case. Only multiples of 5 or 10 are discarded into the
sponge bucket and then placed into the sponge bag counter. When placing the RF sponges
into the sponge bag, the radio-opaque strip must be visible to ensure that the sponge is intact
and to facilitate the visual count.

Instruments.—The scrub independently counts all instruments using the tray list from
CPD. He or she visually inspects all instruments for broken or separated pieces that could
potentially dislodge and be left behind during surgery. The scrub counts the instrument
pieces and parts in the same manner as the CPD personnel. The scrub engages the circulator
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only if there is a count discrepancy. To prevent RFO incidents involving common
instruments, our institution designates “preferred” designs for certain surgical instruments.
For instance, we only use a malleable retractor that has been modified at our institution to
include a hole (Figure 5). Before the closure of fascia, the scrub inserts one laparotomy pad
through the hole to prevent the retractor from slipping inside the cavity during closure. The
nursing staff counting the tray should be familiar with the preferred instruments specific to
each surgical subspecialty, with escalation of the issue to the charge nurse if both scrub and
circulator are unfamiliar with any particular instrument. This facilitates accurate
identification during the counting process.

Needles and Accessories.—Needles and other accessories are counted before, during,
and at the end of the surgical procedure. We use the needle read-back method to prevent
documentation error in the counting of needles (Sidebar 3). To prevent accumulation of used
needles on the field, we also use a 20-needle counter for open procedures and 10 for
minimally invasive procedures. Multipart accessories and items cut into pieces during the
procedure are documented according to the number of pieces. This information is entered on
the RFO Prevention Worksheet so that the information can be clearly communicated when
OR nursing staff are temporarily or permanently relieved, thus preventing a miscount and
possible RFO incident.

Cavity Sweep.—The surgical team must perform a cavity sweep before the end of the case
and must respect the count process. The scrub reminds the surgeon of the need for the cavity
sweep and holds the closing suture until the sweep is completed.

Count Discrepancy.—In the event of any discrepancies during the final count, the
circulator notifies the surgeon. The surgical team then searches the operative field and, if
necessary, the entire OR suite for the missing item. Complete closure of the incision is
suspended until count discrepancies are resolved. An independent reviewer is also requested
in the OR suite to help in a thorough search of the room. If the missing item is not located
with a visual search of the operative field and OR suite, an x-ray of the operative field is
requested.

Critical Behaviors.—On the basis of our knowledge of the system, we were able to
identify behaviors that are least likely to be performed but are extremely important for RFO
prevention, which we called critical behaviors. The task force identified nine critical
behaviors that each surgical team must complete to prevent an RFO and concluded that
compliance with these nine critical behaviors would achieve a higher level of reliability
(Sidebar 4).

Task force members were committed to observing and coaching staff through the change to
encourage the adoption of the new behaviors. There were opportunities to offer positive
reinforcement when the desired behaviors were performed, as well as opportunities to
correct unsatisfactory behaviors. Some of the task force members performed weekly
observations to document compliance with the critical behaviors. During these observations,
staff members were informed, in real time, of any deviations from desired behaviors and
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practices. In addition, specific metrics were developed to assess compliance with critical
behaviors.

Efficacy Projection with Our Socio-Probabilistic Risk Model

In January 2015, after the critical behaviors had been in place for approximately six months,
the task force modified the fault trees to reflect changes in the surgical environment. New
impartial observations were performed to gather new behavioral data. Based on the new
observations, the structure of many of the parts of the risk model changed. We revised the
model to incorporate the replacement of the sponge count machine, which was discontinued
by the manufacturer. We also included the implementation of the needle read-back
procedure. In addition to these changes, the model was revised to more accurately
differentiate between the various types of items used. New fault trees were created for items
that were originally grouped with other classes of items. We combined the existing fault
trees from two trees per class of items to one tree per class of items. Through these
revisions, we were able to produce a model that reflects the current processes and
incorporates the current behaviors.

To validate the updated model, the DQS staff met with members of the task force, with
additional representation from frontline staff, in October 2015 to review its validity and
adjust it to exactly reflect the updated practices. After the update, another round of meetings
was convened to identify the probabilistic data needed to evaluate the expected interval (in
years) between RFOs. On the basis of observations in the OR and discussions with OR staff,
the group provided information on the frequency of certain process failures within the
framework of the new RFO prevention plan. After the final risk model was developed, the
revised probability of an RFO was calculated at one in 22 years.

Training, Education, and Ongoing Quality Assurance

Education and training are important in any system change. Individualized and small-group
training programs were established to teach staff the new counting process. A two-hour boot
camp was developed to ensure that nursing staff members understand the new RFO
prevention principles of changing the mental focus from counts to prevention and
understanding each surgical item’s risk category. The training also included
recommendations on how to speak up when the count process is uncontrolled. RFO
prevention data, which include compliance with critical behaviors, are presented at weekly
in-service meetings and sent to the nursing staff via e-mail. Case scenarios are provided to
better understand how to incorporate the new risk model into the daily routine of counting.
In addition, our program incorporated a system of renewed accountability for all members of
the surgical team caring for our patients (Sidebar 5).

Each month, 20 observations on critical behaviors are randomly conducted by the Nursing
Quality Assurance Council. Information gathered during the observations is shared with
frontline perioperative staff during monthly in-service meetings. During these meetings,
cause-and-effect diagrams are discussed to illustrate how instances of behavioral drift led to
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near-miss events. Critical behavior data are also reported to the OR Executive Committee to
demonstrate compliance and, at times, to enlist the committee’s support in enforcing the
desired RFO prevention practices among the physician group. As of March 28, 2017, we had
achieved a period of 1,300 days since our last RFO incident, and no such incident had
occurred almost a year later.

DISCUSSION

A major objective of this process improvement project was to achieve a reliability level as
high as the airline industry. By building a risk model, we easily identified our vulnerabilities.
Other published studies relied on analysis of near misses.19:13 We learned not just from our
near misses but also from the risks inherent in every class of surgical items and staff
behaviors. We were able to identify the categories of items that necessitated a strengthening
of our layers of defense. For example, to improve tracking of needles in the surgical field,
we created the needle read-back method. The In/Out Sheet is another example of an
additional layer of defense for uncounted items. By reviewing the risk model, we were also
able to identify areas of risk based on staff behavior. Our system takes into account a certain
amount of human error, recognizing that, although we may have minimized the Swiss-
cheese type of hazard risk, it is impossible to achieve zero RFOs. By engaging the staff in
the identification of new strategies, we learned that we can achieve a higher rate of adoption
of those strategies. It was also important to identify the critical behaviors that must be
maintained to prevent RFOs.

Implementation Success: Contributing Factors

Through the use of a comprehensive risk modeling system widely used in the aviation
industry, we developed a socio-probabilistic risk model designed to identify every possible
scenario that could result in an RFO. Through this project we were able to develop a robust
system for RFO prevention. This takes into account the system assessment, a safety culture,
and an evaluation of the near misses. The safety culture starts with a change in behaviors and
leads to the successful adoption of new strategies. The final part of our robust system
requires the tracking of near misses to ensure that the system is working as intended. These
near misses provide us with the ability to investigate, identify trends, and take action when
needed.

An evaluation of the entire system involved in RFO prevention is crucial to obtaining
excellent outcomes for patients undergoing a surgical procedure. Members of a
multidisciplinary team must work together to prevent such complications. Support from
leadership and positive participation by all stakeholders is important to sustain the program.
Education and training are also necessary for achieving positive results. Ongoing discussions
and training in RFO prevention strategies and principles are conducted, with an emphasis on
changing the focus from item counts to the overall prevention of RFOs. The principles also
include the use of technology (for example, sponge detection systems), count and visual
cues, and fostering the development of a persistently vigilant state among surgical team
members to prevent RFOs. Each OR staff member should fully understand each item’s risk
level and its potential to become an RFO. The use of reliable reporting systems and a

Jt Comm J Qual Patient Saf. Author manuscript; available in PMC 2020 December 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Duggan et al. Page 11

partnership with the DQS enabled us to maintain long-term compliance. After establishing
the critical behaviors, continuous monitoring of compliance is vital to detect behavioral drift
and implement training to reinforce the RFO prevention processes.

LIMITATIONS

The risk model that we created remains accurate as long as there is no new technology
introduced into the environment and the processes remain unchanged. In addition, the
critical behaviors need to be closely monitored to ensure that behavioral drift does not occur.
If behavioral drift occurs, the model may require revision to determine the impact of the
change in the critical behaviors. In our case, we decided to revise the model on the basis of
changes to our sponge count equipment and the introduction of a new critical behavior for
needles. When the model was revised to incorporate these changes, we also made structural
changes to the fault trees, as we described. When structural changes are made to the fault
trees, probability comparisons with previous trees are no longer valid. In our case, we
grouped fault trees and created new ones after our new OR processes were implemented.
Because of this change, we could not directly compare our newly calculated probabilities
with the original ones. However, through these revisions, we were able to produce a more
accurate model that reflects the current processes and incorporates the current behaviors.

CONCLUSION

As far as we can determine, we report the first time a socio-probabilistic risk model was
applied to the counting of sterile supplies and instruments in the surgical field. This process
improvement project has changed our institution’s approach to RFOs, leading to the design
of a highly reliable system that has prevented new RFOs since its implementation.

Collecting evidence based on our current practice enabled us to develop reliable and efficient
counting practices that have helped us make the transition from the examination of past
incidents to proactively identifying potential errors and building an appropriate system to
effectively prevent their occurrence.
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RFO Prevention Worksheet

RFO Prevention Worksheet

RFO Prevention Worksheet

Sponges - RFID - High Reliability

_— 5 10 15 20 25 30 35 40 45 50
55 60 65 70 75 80 85 90 95 100

Raytex 10 20 30 40 50 60 70 80 90 100

White Towels 4

Peanuts 5 10 15 20 25 30 35 40 45 50

Gastrics 5 10 15 20 25 30 35 40 a5 50

Neuro Patties 10 20 30 40 50 60 70 80 90 100

Weck Spears 10 20 30 40 50 60 70 80 90 100

Suture Booties 10 20 30

Cotton Balls 5 10 15 20 25 30 35 40 45 50

Needles - Low Reliability
12|34 5|6 7, 8|9]10
11,1213 14 15 16 17 | 18| 19| 20
21 22| 23| 24| 25| 26| 27| 28| 29 | 30
313233 34 35| 36 37| 38| 39| 40
41| 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50
51 | 52| 53 54 55| 56 57 | 58 | 59 | 60
61 | 62| 63 64 65| 66 67 | 68| 69 | 70
71 72 73| 74 | 75 76 | 77| 78 | 79 | 80

Micro Needles 1 2 ‘ 3 4 5 ‘ 6 7 ‘ 8 ‘ 9 ‘ 10

Accessories — Low Reliability
1

Angiocath 2 3 4 5 6 7 8 9 10
Blades 1 2 3 4 5
ESU tips 1 2 3 4 5
ESU pads 1 2 3 4 5
Fish hooks 1 2 3 4 5
Hypo needles 1 2 3 4 5
Mentor sponge 1 2 3 4 5
Microgrd backgrounds 1 2 3 4 5
Suture reels 1 2 3 4 5
1 2 3 a 5
1 2 3 4 5

Accessories — Cut - Low Reliability
1 2 3 4 5 6

Penrose drains

Number of peces 102 3] a1 2 3] 4
Red rubber cathetor 1 2 R
Number of pieces. 12 3/ a1 2 3|4 3 4 .
Rubber shods 1 2
Number of pieces 102 3] a1 2 3|4
Vaginal packina 1 2
Number of pieces 102 3/ a1 2 34
Vessel Loops 1 2
Number of pieces 172 3[4 12 3|4
Umbilical Tape 1 z
Number of pieces 12 ]3[a[1][2]3]a
1 2
Number of pieces 102 3] a1 2 3|4
Accessories - Item with Multiple Parts — Low Reliability
Antifog 1 2
Number of pieces 1]z s« 1] 2] 3] . 4 5 §
Suction tip 1 2
Number of peces 12 34 123 4 3 4 s ¢
Vessel Clude Rods 1 2
Number of pieces 1z 3] 4| 1] 2|34
Scissor tip & cover 1 2
Number of pieces 12| 3] 4| 1] 2] 3]4
1 2
Number of pieces 12 3|4 1] 2 3| 4

Additional Items

3 5
3 5
3 5
3 5

NN NN
NEENES

1
1
1
1

Circulator (print) Scrub (print)
First
Closing/Final
Handoff
9900867 CIMC Approval Date: 9/1/09 Rev: 09/01/15 Page 10f2

99-00667 CIMC Approval Date: 9/1/09 Rev: 09/01/15 Page 2 of 2

PAGE 1

Figure 1:

PAGE 2

The redesigned worksheet includes a listing of common surgical items grouped according to
our reliability classification. An enlarged needle section facilitates increased count accuracy,
and sections for cut items, items with multiple parts, and any additional or nonstandard

items have also been incorporated.
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In/Out Sheet

In/Out Sheet
Item Up__ |Back |[Up _ |Back | [Up__ [Back | [MIS Items Up__ |Back | [Up__ |Back | [Up _ |Back
Clip Cartiidge | | |Bu||dng | |
[eww [T T 1T T 0T T Tleewwowe [T T JT T T 1]
Jui LT T I T [lowgneese [T [ [I [ [ ]
buornceae | [ | ] ] I [ [lvewsseese [[ [ [ | J[ |
wenorsoonge | [ [ ] | [ [ ] I
Penczoiecesy | | | ] | I | ] I
[ N I | I | [ I I
[Ruter 1 I I I
lovingepecesy | [ | [ | [ [ ] I
Joeamxeips | [ | ] | [ [ ] I
[rowe N N | N | I I
I N | I | I

Figure 2:

Implementation of Task Force recommendations required creation of an additional tracking
sheet for items not typically included in the RFO Prevention Worksheet and instrument tray.
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Laparotomy Tray List

Page 16

| |
GMT Laparotomy Tray 405 SN (E) - 001 (LT RR TR T GMT Laparotomy Tray 405 SN (E) - 001 LTI
Specialty: OR GASTRIC & MIXED TUMOR Specialty: OR GASTRIC & MIXED TUMOR
Catalog Manufacturer Item Std  Actual CPD OR OR R Catalog Manufacturer Item Std  Actual CPD OR OR OR
Number Description Qty Qty QA st 2nd Final Number Description aty QA st 2nd Final
Please Add Steam Integrator |Ta71 11 IHunzun IAppher Hemoclip 11" Str Lg (Orange) ] 2 ] | | ] ]
LONG STRING | |EnD OF count | | | | | |
BJOSSR | Aesculap Clamp Mixter 9" 4 Total Instrument Count 89
477116 Piling (Ciamp Adson 8" Cvd B
476165 Teleflex Clamp Kelly 8" (BH443R) (33-4091) P First Count Glrculator Seiilb
362019 Codman Needle Holder Mayo 10" (BMOG8R) 1 GhacicApgiesiia Bosiosic
136-3004 [Codman Needle Holder Ryder 9" (Do Not Sub) 1
BT Codman Gl Kochar & o 7 [11. Lock Missing []2. Filters Missing [13. Count Sheet Missing
[14. Integrator Missing [15. Integrator Not Tumed [16. Wet Contents
74:5535 Codman [Sclasor Mayo 9 Str Gl [17. Tom Wrap {18. Mislabeled {19. Foreign Object
042500 Cosmsn Seiasor Mayoih OV M [110a. Bioburden [110b. Blood [110c. Bone [110d. Tissue
36-5035 Codman Scissor Metz 9" Lg Cvd (BC277R) 1
[111. Instrument Broken (ist).
BF122R [Aesculap | Clamp Sponge Stick 97" 2
SHORT STRING [112. Instrument Missing (ist):
BH145R Aesculap |Clamp Halstead 5% Cvd 10 1133 Exralnstruments (st
476156 Piling Weck | Clamp Kelly 6% Cvd (32-4071) B
AR Aoecuiap Giamp Al 6 G2-7010) 7 Assembler Printed using Supervisor Control Center
5705 E— Clamp Baboock 677" " Date/Time _09/21/2017 06:14 PM Last Revised On:  09/01/2017 11:46 AM
BHBA3R Aesculap Clamp Kocker 6% Cvd (32-4111) a
BMOG7R [Aesculap | Needle Holder Mayo 8' (36-2018) 2
363003 Codman Needle Holder Ryder &' Serr (BMO46R) 2
36-5033 Codman Scissor Metz 7" 2
[BC243R [Aesculap | Scissor Mayo 6%' Cvd (36-5061) 1
BC242R Aesculap Scissor Mayo 6%" Str (36-5051) 2
BC862R Aesculap Scissor Bandage 7" (54-4013) 1
BF463R Aesculap [Clamp Towel Clip Non-Penetrating 5%" (32-5015) )
FORCEPS
371012 Codman Forcep Debakey 9%" (Do Not Substiute) 2
304138 Codman Forcep Smooth 10 Ser 2
304517 Codman Forcep Singley 9° 2
30-1129 [Codman Forcep Bonney 67" Teeth 2
BD511R Aesculap Forcep Adson 4%" Teeth (30-1166) 2
RETRACTORS
504297 Codman Retractor Loop Large 2
50-1020 Codman Retractor Vein 0" 1
EXTRAS
[BBO7aR Aescuiap _|Handie Knife #3 (11-5530) (BBO7AR) 2
[132/952 Pilling Weck Handle Knite #3 Lng 1
|z:\71 1 Horizon, [Applier Hemoclip 11" Str Med (Blue) 2
Page 1012 Page 20f 2

PAGE 1

Figure 3:

PAGE 2

A laparotomy tray list used by our institution’s gastric and mixed tumor surgical service is
shown. The operating room central processing department maintains specialty-specific tray
assembly lists to track the expected complement of surgical instruments for each surgical

procedure.
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Defense in Depth

DEFENSE
IN DEPTH

Figure 4:
In order to prevent holes in our system, we made sure that our surgical items had multiple

layers of defense while in normal use. These defense layers include counting barriers, visual
barriers, and mechanical barriers.
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Malleable Retractor

Figure 5:
A modified malleable retractor is shown. An institutional modification of the traditional

design incorporates a hole through which a laparotomy pad can be threaded to enhance the
capacity to detect and remove the item before patient closure.
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Sidebar 1.

Potential Factors Contributing to RFO Incidents Prior to Task Force Action

Summary of Findings from the Information-Gathering Approach

1

No consistent pattern with respect to the category of surgical items left behind (for example, sharps, sponges, and other
accessories). Different item categories had different measures in place to prevent them from becoming RFOs.

RFO incidents occurred in both simple and complex surgical cases.

Inconsistent processes were in place, resulting from initiation of numerous policies over a period of decades; policies and
processes were not equally applicable to all surgical cases and procedures.

Lack of an overall evaluation of the counting process hampered error detection and accurate predictions of which items were at
high risk of becoming an RFO.

There were disconnects between how the items were counted in the Central Processing Department versus the OR and
inconsistent terminology to identify the same item, leading to confusion and lack of accuracy.

Suboptimal communication between the nursing and surgical staff was a contributing factor for a possible RFO; nursing staff felt
hesitant to speak up to surgeons about possible errors that they observed for fear of confrontation.

Our counting process consisted of multiple actions that were not independent of each other. The circulator’s observations of the
scrub in the count process did not require active verification; the process is fully dependent on the counting performed by the
scrub. If the scrub does not detect or announce the presence of an extra item on the sterile field, then it is unlikely to be tracked or
accounted for throughout the case, increasing the risk of an RFO incident. The lack of an independent count of the sterile surgical
items by the scrub rendered her or him a mere recorder of the count, not a true verifier of accuracy.

RFO, retained foreign object; OR, operating room.
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Sidebar 2.

Categories of RFO Risk According to Item Size/Usage

Item Usage RFO Category
Held by surgeon throughout task Low Risk
Too large to fit entirely inside cavity Moderate Risk

Fits inside cavity, but clearly within visual field  High Risk

Inside cavity, outside visual field Extreme Risk

RFO, retained foreign object.
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Sidebar 3.
Oral Read-Back Method for Needles Added during the Case

Step  Activity

1 The RN circulator provides the needles to the scrub.
2 The scrub (RN or ST) announces the number of needles received.
3 The RN circulator announces the number of needles recorded.

ST, surgical technologist.
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Sidebar 4.

Nine Critical Behaviors to Prevent RFOs

Behavior  Description

1 RN Circulator and scrub (RN/ST) count accessories together (preexisting behavior).

2 Scrub escalates initial instrument discrepancy to the circulator (new behavior).

3 Scrub documents using the In/Out Sheet for items not listed on the RFO Prevention Worksheet and instrument tray list that are
leaving the sterile table and passed to the surgical field (new behavior).

4 Scrub visually inspects instruments for broken/ separated pieces (preexisting behavior).

5 Oral read-back for added needles after the initial count (new behavior).

6 Surgeon uses a lap pad with a malleable retractor for closing surgical cavity (preexisting behavior).

7 Scrub uses clear count bag for lap pads (preexisting behavior).

8 Scrub and circulator use instrument list for final count (preexisting behavior).

9 Surgeon performs cavity sweep or visual inspection (preexisting behavior).

ST, surgical technologist; RFO, retained foreign object.
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Sidebar 5.
RFO Roles in the Operating Room
OR Member Role/Responsibility
Nursing Staff (Scrub and . Do not leave during the procedure at the same time, unless permanent relief.
Circulator
) . Independent count of instruments before the procedure starts (enables our circulator to spend
more time with the patient before the patient goes to sleep and during the critical time of
intubation).
Surgical Staff (Attending . Actively participates in risk reduction program.
Surgeon/ Surgical Fellow/
Residents) . Knows to respect the count.
. “Red Zone,” a dedicated time during closing in which there is no answering of pagers or
phones.
. All efforts and attention must be directed toward prevention of RFO.
. No closure occurs until a cavity sweep is performed.
Anesthesia Staff (Attending . Provides the patient with adequate anesthetic agent to finish final count.
Anesthesiologist/ CRNA/ i i i
Residents . No items shall be passed to the anesthesiologist.
OR and Nursing Leadership . Allot appropriate staff and assign at least one nursing staff on each case who is familiar with the

specific surgical subspecialty and its associated procedures.

RFO, retained foreign object; OR, operating room; CRNA, certified registered nurse anesthetist.
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