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Abstract

Background: A retained surgical item (RSI) is defined as a never-event and can have drastic consequences on patient,
provider, and hospital. However, despite increased efforts, RSI events remain the number one sentinel event each year.
Hard foreign bodies (e.g. surgical sharps) have experienced a relative increase in total RSI events over the past decade.
Despite this, there is a lack of literature directed towards this category of RSI event. Here we provide a systematic
review that focuses on hard RSIs and their unique challenges, impact, and strategies for prevention and management.

Methods: Multiple systematic reviews on hard RSI events were performed and reported using PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) and AMSTAR (Assessing the methodological quality of
systematic reviews) guidelines. Database searches were limited to the last 10 years and included surgical “sharps,” a
term encompassing needles, blades, instruments, wires, and fragments. Separate systematic review was performed for
each subset of “sharps”. Reviewers applied reciprocal synthesis and refutational synthesis to summarize the evidence
and create a qualitative overview.

Results: Increased vigilance and improved counting are not enough to eliminate hard RSI events. The accurate
reporting of all RSI events and near miss events is a critical step in determining ways to prevent RSl events. The
implementation of new technologies, such as barcode or RFID labelling, has been shown to improve patient safety,
patient outcomes, and to reduce costs associated with retained soft items, while magnetic retrieval devices, sharp
detectors and computer-assisted detection systems appear to be promising tools for increasing the success of metallic
RSI recovery.

Conclusion: The entire healthcare system is negatively impacted by a RSI event. A proactive multimodal approach that
focuses on improving team communication and institutional support system, standardizing reports and implementing
new technologies is the most effective way to improve the management and prevention of RSI events.
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Background
The occurrence of a retained surgical item (RSI), also
commonly known as the unintended retention of a foreign
object (UFRO), is a rare but potentially serious event that
has significant patient, physician, and hospital implications
[1]. Intraoperative RSIs can be categorized as either soft
(e.g. sponges, gauze, packing, towels) or hard (e.g. needles,
blades, instruments, guidewires, or fragments) [1]. RSI
events are believed to occur once in every 1000 to 18,000
surgeries [2—6], however this is likely an underestimation
due to presumed underreporting and the exclusion of
“near miss” events [5, 7-9]. In the general population, the
rates of RSIs are highest in abdominal, gynecologic, vascu-
lar, and urologic procedures [2, 3, 10, 11] and have a var-
iety of associated risks and clinical presentations. In the
pediatric population, interventional radiology and neck
procedures have the highest rates of RSI events [2]. RSIs
continue to be the most frequently reported sentinel event
to the Joint Commission (JC) since it started publishing
data in 2012 [12, 13].

In the last two decades, many landmark reports and
population-based studies have brought increased atten-
tion to patient safety as a national health care priority,
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acting as a stimulus for policy change [1]. In the operat-
ing room, increased vigilance has been directed towards
prevention of near miss and never events with improved
protocols and introduction of new technology to de-
crease the incidence of RSI events [14]. Despite new pol-
icies and procedures, incidents continue to occur and
RSI events remain the number one sentinel event in
2019 with a relative rise in the incidence of hard foreign
bodies compared to soft foreign bodies [13, 15].

Here we present a systematic review of the current lit-
erature on risk factors, prevention, clinical and economic
impact, and detection of RSIs with a focus on the manage-
ment and specific challenges related to hard RSI events.

Materials and methods

Multiple literature searches were performed according
to the PRISMA methodology (Fig. 1). The International
Prospective Register of Systematic Review (PROSPERO)
protocol number is CRD42020218848. The objective was
to assess incidences, challenges, risk factors, and strat-
egies for prevention and management of hard RSI
events, as well as the impact created by metallic RSIs
(e.g. needles, blades, instruments, wires and fragments),
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more commonly referred to as “surgical sharps” on pa-
tients, providers, and health systems. All searches were
restricted to the last 10 years and excluded ingested
sharps, non-thoracic and abdominal sharps (e.g. ocular
sharps) and retained foreign bodies from non-iatrogenic
causes (e.g. trauma). Initial screening was conducted by
article title and abstract. After identification of the rele-
vant studies, full text review was performed. The re-
viewers then applied the principles of refutational
synthesis and reciprocal translation analysis for conduct-
ing a qualitative meta-narrative review of the current
literature.

Results

A total of 72 articles were included in this qualitative
synthesis. The true incidence of hard RSIs is difficult to
ascertain, representing a significant challenge towards
RSI incident reduction. Reporting is voluntary at many
institutions, and physicians commonly forgo reporting
RSI events either intentionally (due to fear of litigation)
or inadvertently (because of a different interpretation of
the incident) [14].

This is especially true for “near miss” events, where a
significant amount of time is spent searching for a surgi-
cal item that is ultimately recovered or when a post-
operative x-ray leads to the removal of a RSI. Near miss
events are evaluated as a marker for patient safety and
can offer valuable information not captured by adverse
event reports [16]. In a large-scale institutional study
reporting 191,000 operations over 4 years, an equal
number of RSI events and near miss events were re-
ported, with 76% of these near misses being attributed
to a miscounted needle [17]. Due to the difficulty of de-
tecting missing needles in the patient, these near miss
events could very well represent an actual retained item
[18]. Yet, despite their high incidence and marker status
for patient safety, there remains a paucity of literature
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discussing operative near miss events — undoubtedly a
missed opportunity for improvement of patient safety.

Risk factors

Reports that discuss risk factors for RSI events rarely
categorize by the type of retained foreign object. A pre-
vious meta-analysis of three retrospective case control
studies found upon pooled analysis that there were seven
factors significantly associated with an increased risk for
an RSI event including blood loss greater than 500 cc,
prolonged operative time, more than one sub-procedure,
more than one surgical team, unexpected intra-operative
findings, lack of surgical counts, and incorrect counts
[19]. BMI was also found to be significantly associated
with RSI risk, although this association varied amongst
existing literature [19-27].

Most of risk factors identified for RSIs are dependent on
how well the members of the surgical team work together
(Fig. 2) [28]. The importance of teamwork (and related
factors such as “communication failure”, “distractibility”
and the lack of “adaptability”) was highlighted in one study
where approximately 90% of RSI events were found to be
secondary to team or system failures (as opposed to an
error by an individual) [29]. Communication failures, oc-
curring between surgical teams, surgeons and OR staff,
surgeons and radiologists - are due to a wide variety of
factors including issues with hierarchal communication,
intimidation, and lack of closed loop communication and
were all found to be associated with a high risk of a RSI.

Distractions frequently occur in the operating theater
and come in many forms. Teams that use behavioral
modification strategies, such as reducing multi-tasking
amongst different operating room members, and using
closed loop communication, can minimize distractions
and thereby reduce RSI risk. The ability of operative
teams to adapt to novel situations and rapidly change
operative plans is intricately linked with improved
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Fig. 2 The importance of teamwork in RSI prevention(Figures can be printed in grayscale)Provenance and peer review not commissioned,
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communication and reduced distractions and therefore
critical in reducing RSI events [28].

Although the literature varies, most agree that emer-
gency operations and surgeries that require unexpected
changes during the procedure are nine times more likely
to result in a RSI event [30]. This is potentially explained
by emergent situations occasionally necessitating devi-
ation from safety protocols to save time.

Unexpected changes in surgical items and surgical
team members make accurate counting and documenta-
tion more challenging and increase chances for commu-
nication failure between team members [2, 3, 9, 17, 20,
22, 24, 26, 30—32]. The JC has identified failure of com-
munication, absence/non-compliance with RSI policies
and intimidation resulting from hierarchal concerns
amongst the surgical team as the main contributing fac-
tors for RSI events [12, 24, 29, 33, 34].

With the increasing use of minimally invasive surgical
(MIS) techniques, there has been an expected increase
in RSIs associated with MIS as compared to open proce-
dures [12]. Risk factors associated with MIS include a
limited field of view and the lack of tactile feedback for
the operator [12, 17, 22] which make it more difficult to
locate a lost object and therefore increase the risk of an
RSI event [35, 36].

Strategies for prevention and management
Different strategies and methodologies have been inves-
tigated for hard RSIs (Table 1).

Counting

Manual counting has been the mainstay for prevention
of hard RSIs, however, even with development of new
counting techniques and protocols, counting discrepan-
cies remain a common event [12, 39, 40, 55]. Studies re-
port counting discrepancies occurring as often as 1 in
every 8 cases, with sharps (typically needles) being the
most miscounted item [7, 12, 30], followed by instru-
ments and instrument fragments [17, 18, 55]. Incorrect
manual counts are responsible for RSIs in approximately
62 to 88% of RSI events, and in approximately 20-50%
of RSI events the surgeon proceeded with closing the pa-
tient even though at least one person was aware of a
count discrepancy [3, 7, 56].

The time intensive nature of manual counting often
leads to the manual counts being skipped [6, 22, 30, 41,
45, 56]. Interventions aimed at reducing distraction such
as ensuring that the OR is quiet and the involved team
members are not being asked to perform multiple tasks
during counts could improve accuracy [50, 55].

Additionally, specific protocols for early recognition of
damaged surgical instruments based on visual inspection
before, during, and after each case have been shown to
limit the risk of a RSI [37].
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Recent advancements, such as barcoded counting sys-
tems and data-matrix labeled or RFID tagged instru-
ments, have also been implemented to improve accuracy
of manual counting [38, 52]. Unfortunately, each of
these advancements are limited in their ability to count
the most frequently miscounted surgical sharp — a nee-
dle. This problem could be addressed by the use of
fluorescence needles. In one study, using UV fluoroscopy
for retrieval, incorporation of fluorescent coated needles
was shown to significantly improve the time it takes sur-
geons to recover lost needles compared to uncoated
control needles in both laparoscopic and open proce-
dures [42].

Radiography

Intraoperative radiography is the most frequently imple-
mented technology to assist in the discovery of lost sur-
gical sharps. Plain film radiography is the initial imaging
modality of choice to detect most foreign bodies quickly
and cheaply with relatively low radiation exposure [33,
51]. A recommendation from the JC that healthcare sys-
tems have a standard policy in place to prevent RSIs
after a miscount has led to many centers creating proto-
cols to establish when an intraoperative radiography is
needed [43]. Some common criteria include emergency
procedures, procedures that change from the scheduled
procedure, surgery performed on obese patients, count
discrepancy, or inability to verify the count [38, 43].

Intraoperative radiography has a reported false nega-
tive rate that ranges from 10 to 30%, which increases as
the size of the RSI decreases [24, 53]. Furthermore, the
likelihood of the radiologist successfully identifying the
missing item on imaging is highly dependent on them
knowing the detailed information about the type, ex-
pected appearance, and likely location of the missing ob-
ject [24, 41]. This requires accurate and detailed bi-
directional communication between the surgical team
and the radiologist [21, 24, 43, 44, 54].

Several studies have shown that the ability to detect
surgical needles is highly dependent on needle size. De-
tection is greatly reduced when needles are smaller than
17 mm, and unable to be identified on radiography if less
than 13 mm [23, 35, 47].

A comprehensive quality assessment study comparing
various radiographic techniques on minimal detectable
needle size demonstrated that use of a mobile image in-
tensifier is the most effective at detecting lost needles as
compared to departmental radiography equipment and
portable radiography machines [7].Another study evalu-
ated whether CT was superior to radiography for detec-
tion of needles ranging in size from 4mm to 90mm®.
The authors found that both methods were comparable
as far as identification of an RSI, however, CT was able
to provide exact localization of the RSI with more
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Table 1 Strategies for prevention and management
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METHOD TO PREV PROS

ENT AND/OR
MANAGE RSI

CONS

WAYS TO IMPROVE METHOD

Manual
counting

Intraoperative
Radiography

Computer-aided
Detection (CAD)

Magnetic
Retrievers

Sharps Finder
Device

METHOD TO PREV

ENT AND/OR
MANAGE RSI

Manual
counting

Intraoperative
Radiography

Computer-aided
Detection (CAD)

Magnetic
Retrievers

Sharps Finder
Device

RSI 100 times more likely if there is a
count discrepancy [17]

When combined with technological
advancements, this can improve its

accuracy [37, 38]

Quick and cheap [32, 42]

Low radiation dose [32, 42]

CT does not appear to be superior to
intraoperative X-ray [4]

Automatic detection rate as high as
86% [33, 46]

Potential of faster and more cost-
efficient solution than radiography
[33, 46]

Allows surgeon to follow metallic
objects in real time, thereby
expediting their removal [48]
Reduces search time for small and
medium sized needles [48]

Able to detect needles not visualized
by x-ray [49]

May act as a rule out mechanism
preventing unnecessary radiation
exposure.

Expedites the identification of
surgical sharps [49]

PROS

RSI 100 times more likely if there is a
count discrepancy [17]

When combined with technological
advancements, this can improve its

accuracy [44, 45]

Quick and cheap [32, 47]

Low radiation dose [32, 47]

CT does not appear to be superior to
intraoperative X-ray [4]

Automatic detection rate as high as
86% [33, 51]

Potential of faster and more cost-
efficient solution than radiography
[33,51]

Allows surgeon to follow metallic
objects in real time, thereby
expediting their removal [53]
Reduces search time for small and
medium sized needles [53]

Able to detect needles not visualized
by x-ray [54]

May act as a rule out mechanism
preventing unnecessary radiation
exposure.

Expedites the identification of
surgical sharps [54]

RSI can still occur with a correct count [39]

False negative rate increases as needle size becomes
smaller [23, 43] needles smaller than 13 mm are not

detectable [22, 34, 44]

Dependent on radiologist’s knowledge of the lost

needle and its last location [23, 45]

Currently in developmental phase [36]
Unable to identify small needles [36]

Relies on large dataset of needles and images to

train the system [33, 36]

Requires confirmation of results by surgeon and/or

radiologist [6, 47]

Risk of injury to organs during retrieval [16, 48]

Not FDA approved for sharps retrieval

Only used to identify the location of a surgical sharp

[49]

CONS

RSI can still occur with a correct count [39]

False negative rate increases as needle size becomes
smaller [23, 49] needles smaller than 13 mm are not

detectable [22, 34, 50]

Dependent on radiologist’s knowledge of the lost

needle and its last location [23, 41]

Currently in developmental phase [36]
Unable to identify small needles [36]

Relies on large dataset of needles and images to

train the system [33, 36]

Requires confirmation of results by surgeon and/or

radiologist [6, 52]

Risk of injury to organs during retrieval [16, 53]

Not FDA approved for sharps retrieval

Only used to identify the location of a surgical sharp

[54]

Quiet OR and reduce multi-tasking during
count [40, 41]

Change focus of count to RSI prevention
rather than checklist [41]

Development of standard policy of
indications for radiography

Education for all members of the team to
improve communication between
radiology and surgical team [31]

Continued development of database and
system

Continued development to ensure patient
safety.

More clinical trials needed to determine
degree of efficacy

WAYS TO IMPROVE METHOD

Quiet OR and reduce multi-tasking during
count [37, 42]

Change focus of count to RSI prevention
rather than checklist [42]

Development of standard policy of
indications for radiography

Education for all members of the team to
improve communication between
radiology and surgical team [31]

Continued development of database and
system

Continued development to ensure patient
safety.

Need clinical trials to determine degree of
efficacy

specific landmarks to guide the search, while radiog-
raphy was only able to give a general location [5]. Over-
all, it appears that there is no significant benefit in using

CT over radiography, and that in the case of difficulties
with localization, it can be solved with the use of other
radiopaque structures to guide the search.
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Computer-aided detection (CAD)

CAD software utilizes artificial intelligence with a modi-
fied map seeking circuit algorithms to identify RSIs auto-
matically and is currently being developed to identify
retained surgical needles with greater accuracy [53]. Using
a CAD system while operating in high specific mode may
allow surgeons to immediately identify and remove RSIs,
offering a potentially faster, less susceptible to human
error, and more cost-efficient solution than having a radi-
ologist on call for the OR [7, 46]. Studies have shown great
success with detecting micro-tagged sponges and to a
lesser, but still significant extent, medium sized needles,
with automatic detection rates reported as high as 86%
[34, 48]. However, CAD systems are still in the early stages
of development, and current CAD technology is unable to
identify small retained needles [40]. The major limitations
of the CAD system lie in the need to have a large dataset
of reference image data for its training and that the results
still require to be confirmed by the surgeon and/or a radi-
ologist [34, 40].

Magnetic retrievers

In the event that a missing surgical item is identified on
radiography, the challenge of locating and successfully
removing the item must still be overcome. Needles and
small instrument fragments are particularly difficult, as
they can easily become buried in and around organs.
The use of magnetic retrievers have been discussed to
help expedite the removal of metallic surgical items, es-
pecially in minimally invasive procedures [17, 49]. Use of
a magnetic retriever in a porcine model showed that
both experienced and inexperienced surgeons were 11
times more likely to find a lost needle in less than 15
min when compared to a standard visual search, espe-
cially for small to medium sized needles [49]. While dif-
ferent magnetic retrieval devices are commercially
available, widespread adoption remains a challenge due
to limited availability [17, 49].

Sharps detector

To increase the ability to find surgical sharps not detect-
able via x-ray, new technologies have been developed.
One example, the Melzi Sharps Finder®, exploits the
small changes in the magnetic field associated with the
presence of a surgical sharp to aid in identification [57].
The detector can be used laparoscopically or during an
open procedure in a systematic search for a lost metallic
sharp [10]. Unlike a magnetic retriever, however, the
goal of this device is only to focus on identification ra-
ther than retrieval. At the time of this publication, the
Melzi Sharps Finder® is registered with the FDA and
undergoing clinical trials.
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Systematic search

The Veterans Health Administration as well as the
American College of Surgeons (ACS) have both recom-
mended a thorough search of the body cavity or wound
if there is a miscount of a surgical sharps [24]. In the
setting of open surgery this is more straightforward
when compared to minimally invasive surgery where the
camera has limited visual scope and therefore a limited
search area [49].

In a study based off a 15-question survey completed
by 305 minimally invasive surgeons, Medina et al. pro-
posed a systematic search protocol based on a primary
visual search without the use of other instruments to re-
duce needle migration, which includes inspection of the
port, the use of a magnetic retrieval device if available
and intraoperative fluoroscopy, followed by a quadrant
based systematic search with instruments, and inspec-
tion of the OR table, drapes, and floor [17]. These sug-
gestions are supported by responses stating that the
most common situations of needle loss are during inser-
tion or removal of a needle through a port as well as lap-
aroscopic suturing [29, 34, 53].

Unsuccessful search for RSI

In the event where the lost item cannot be located using
the previously discussed methods, surgical teams are
faced with the difficult decision of when to stop search-
ing. They must balance the possibility of a retained item
remaining inside the patient with the risks of the search.
For instance, during minimally invasive procedures,
searching for and retrieving missing surgical items often
leads to a conversion to an open procedure. However,
some studies suggest that retrieval rates are not im-
proved by conversion to an open procedure [58, 59].
Moreover, regardless of whether it is a minimally inva-
sive procedure or an open procedure, the surgical team
would be exposing the patient to increased time under
anesthesia as well as the increased chances of injury to
surrounding structures [58].

Impact of RSIs

RSIs and near misses create the potential for a signifi-
cant physical, psychological, and economic impact on
the patient, physician, and hospital.

The patient

Searching for lost surgical items results in prolonged op-
erative time, prolonged anesthesia, as well as increased
risk of iatrogenic damage associated with the search and
the use of intraoperative radiography [30, 60]. Patient’s
response to RSIs depends on many factors, including the
type and size of the retained item, duration in-situ, as
well as the immune status and co-morbidities of the pa-
tient. Retained metallic items tend to be associated with
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an acute clinical presentation, while sterile sponges are
more commonly associated with an insidious presenta-
tion [22, 29]. Local reactions to RSIs can be inflamma-
tory and exudative resulting in abscesses, fistulas,
obstructions, or erosions into nearby structures [24, 30,
46, 61-63]. Reactions can also be aseptic, forming stable
granulomas, the progression of which can bring to com-
pression on nearby structures, causing chronic pain and
irritation or other more significant symptoms [10, 21,
22, 30, 35, 44, 61]. Complications of RSIs have been de-
scribed in a variety of case reports, and it has been
shown that patients with known RSIs are twice as likely
to have at least one post-operative complication, with
morbidity of approximately 50% [2, 30] and an extension
of hospital stay in 59% up to 8 days [38].

In the case of an asymptomatic patient or an inciden-
tally found RSI, one may decide to leave the foreign
body in place and carefully observe for any potential
complications. However, even in the best-case scenario
when no medical complication arise, an RSI can still take
a significant emotional toll on the patient, sometimes
mandating psychotherapy for anxiety, and negatively
affect the relationship with the surgeon and/or health-
care system [6, 22].

The physician
There is a growing awareness of the negative effect phy-
sicians experience from adverse surgical events, which
has been termed the “second victim syndrome” [6, 64,
65].Because RSIs are considered never events according
to the National Quality Forum, physicians can face sig-
nificant professional reputation damage and even the
risk of indefensible litigation [2, 36, 66]. This poses a
psychological and emotional burden on the surgeon and
contributes to reluctance to disclose RSI events [30].
The duration of the search for an RSI is also linked to
physician harm. The longer it takes to search for a lost
surgical item, the more stress a physician incurs which
in turn impacts surgical team communication and is
known to increase the likelihood of mistakes [12, 36,
67]. A recent cross-sectional survey of surgeons at mul-
tiple teaching hospitals in Boston revealed that intraop-
erative adverse events cause serious emotional distress
in the 84% of the respondents. Anxiety, guilt, sadness,
shame/embarrassment, and anger were the most fre-
quently reported emotions, independent of the years of
experience [64]. Yet, another survey demonstrated that
residents have a greater risk of adverse consequences
from their emotional distress, partly due to greater self-
perceived responsibility and risk of repercussions [65].
When a lost surgical item is not retrieved at the time
of the surgery, but identified later, surgeons face the
challenging decision of whether to perform a repeat sur-
gery to remove the RSI or observe. The data regarding
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the benefits of removing RSIs is limited, thus surgeons
must carefully evaluate each incidence on a case-by-case
basis. Intraoperative consults can be valuable to the op-
erative surgeon, but the decision to ask for assistance is
hindered by the reluctance to publicize their medical
error. In a recent survey of minimally invasive surgeons,
64% noted experiencing at least one lost needle incident
but only 14% reported their missing needle incidents, re-
gardless of the outcome; furthermore, only 90% of health
care professionals believe surgeons are always obligated
to inform patients of missing and potentially retained
surgical items [10].

In addition to concerns about their professional repu-
tation, many surgeons are unmotivated to report surgical
errors due to the risk of litigation exposure [68]. Physi-
cians incur significant expenses with the cost of legal
representation averaging approximately $30,000 in 2013,
in addition to malpractice insurance ranging from $150,
000 to $500,000. Malpractice suits vary, with a minimum
of roughly $150,000 per patient in 2013 but can cost up-
wards of $5 million in certain cases [7, 12, 59].

The hospital

The costs associated with RSIs are vast and are not re-
imbursed by the Centers for Medicare and Medicaid
Services. Hospitals absorb these additional costs in the
form of extended length of hospital stays, prolonged op-
erative time, use of x-rays, as well as repeat operations
to remove RSIs. The addition of an RSI has been shown
to nearly double the average cost of hospitalization and
can prolong the operative time by as much as 1 hr. [3,
20, 36]

According to a publication by the JC in 2013, add-
itional medical care due to an RSI is estimated to be ap-
proximately $70,000 per patient, and other studies have
cited costs up to $200,000 [12, 24, 33, 59]. Various re-
ports estimated medicolegal costs to be nearly $100,000
with a large settlement between $2 million to $5 million,
regardless of the patient outcome [10, 17, 24, 69].

The second victim syndrome also carries potential fi-
nancial consequences for the hospital systems; according
to a 2004 review of physician turnover, replacing a phys-
ician that has left the surgical field due to burn out can
cost hospital nearly $125,000 to recruit a prospective
hire and $2,000,000 in lost revenue [65].

The significant liability for hospitals is further demon-
strated by the lack of large RSI studies, especially ones
that are not compiled from malpractice lawsuits’ data
[20]. In one case-control study of multiple teaching hos-
pitals, more than one institution refused to participate
due to fear of exposing themselves to the risk of litiga-
tion, despite participation agreements guaranteeing ab-
solute anonymity [3].
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Future directions

A cultural shift

Accurate reporting of all RSI events and near miss
events is a critical step in determining ways to prevent
RSI events and would allow for assessment of the effi-
cacy of new technologies in identifying RSIs. The current
lawsuit-motivated environment has created a barrier to
transparency, which highlights the necessity for major
systematic changes in the way that RSI events are han-
dled [64]. Traditionally the blame of an RSI has been
placed on the individual surgeon, however, over 90% of
RSI events are the result of a team/system error [6, 29].
A proactive system’s approach to prevention of RSI
should be adopted through continuous quality improve-
ment with interprofessional teams participating in an in-
depth review and careful scrutiny of the event without
attributing blame [41, 70, 71]. By shifting the focus from
assignment of blame towards identification of prevention
strategies, a more transparent environment can be cre-
ated [54]. Standardized protocols that involve the entire
OR team will improve outcomes and encourage a shift
towards a team-based mindset [6, 12, 54].

In addition, the surgical community needs increased
awareness of second victim syndrome and its impact on
the surgeon and hospital, with improvement in institu-
tional support systems to help surgeons cope with RSI
events. Programs such as confidential 24/7 physician
counseling services, without disciplinary consequences,
would be one strategy to improve the mental health of
affected physicians.

Standardized reporting

The second greatest barrier to transparency that has
been identified was the lack of standardization in report-
ing [64]. The implementation of a standardized report-
ing system must be done carefully to encourage
reporting. Reporting systems must have a greater focus
on fostering a supportive learning environment and solv-
ing safety issues, rather than being accusatory and hos-
tile. This is especially important as medical errors are
more often multifactorial rather than due to one individ-
ual’s failures, negligence, or incompetence [9, 64, 72, 73].
Disclosure of RSI to the patient’s is also critical to en-
sure that they are aware of possible sequalae which may
require intervention in the future.

New technologies

The addition of new technologies, such as RFID sponge
detection, has already proven beneficial in improving pa-
tient safety, patient outcomes, and reducing costs associ-
ated with retained sponges. Given the shift in the
predominant type of RSIs from soft objects to hard [13,
15], new technologies that address hard retained foreign
bodies must be explored to further reduce the total
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incidence of RSI events. Various identification and re-
trieval devices seem to be promising with increasing the
success of metallic RSI retrieval [35, 59].

Conclusions

The healthcare system is shifting towards a proactive ra-
ther than a reactive approach to medical errors. Contin-
ual reduction in the incidence of all RSI events will
require improved preventative strategies as well as im-
proved recovery strategies. RSI events are classified as
“never events”, which suggests that they are completely
preventable. However, their continued occurrence des-
pite the development of many new protocols and regula-
tions proves how complex and multifactorial the
problem is. The current literature has a heavy focus on
improving vigilance as well as historical methods of pre-
vention. However, RSI event prevention requires a
system-based solution that relies on the entire surgical
team. Even then, human error and imperfections will al-
ways be present, which necessitates the implementation
of technological support.

While technologies have proven beneficial for retained
soft items thereby decreasing their rate of presentation,
such successes have also exposed a gap in advancements
regarding lost and retained hard items. This delay in the
development of methodologies targeting metallic foreign
bodies has contributed to their relative increase in the
types of RSI events reported. Focus should be placed on
developing technologies that improve detection of hard
retained surgical items. By increasing the armamentar-
ium used to identify and retrieve RSIs we can reduce the
overall incidence of RSI events as opposed to changing
the type of RSI that we see.

Abbreviations
RSS: Retained surgical sharp; NM: Near-miss sharp; PSC: Patient Safety Culture;
OR: Operating Room; JC: Joint Commission

Acknowledgements
Not applicable

Authors’ contributions

Samuel Weprin: Conceptualization, Methodology, Formal analysis, Writing -
Original Draft, Writing - Review & Editing. Fabio Crocerossa:
Conceptualization, Methodology, Visualization, Writing - Original Draft,
Writing - Review & Editing, Dielle Meyer: Conceptualization, Methodology,
Writing - Original Draft, Writing - Review & Editing Kaitlyn Maddra:
Conceptualization, Methodology, Original Draft. David Valancy: Writing -
Original Draft, Writing - Review & Editing Reginald Osardu: Writing - Original
Draft, Writing - Review & Editing Hae Sung Kang: Writing - Original Draft,
Writing - Review & Editing. Robert H. Moore: Conceptualization,
Methodology. Umberto Carbonara: Visualization, Writing - Original Draft,
Writing - Review & Editing. Riccardo Autorino: Conceptualization, Writing -
Original Draft, Writing - Review & Editing, Supervision. Fernando Kim —
Review & Editing, Supervision. All authors read and approved the final
manuscript.

Funding
Not applicable.



Weprin et al. Patient Safety in Surgery

(2021) 15:24

Availability of data and materials
Not applicatble.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

SW sits on the Board of Directors for a medical device corporation that
focuses on retained foreign bodies. The remaining authors declare that they
have no competing interests.

Author details

'Division of Urology, Department of Surgery, VCU Health, Richmond, VA
23298-0118, USA. “Division of Urology, Magna Graecia University of
Catanzaro, Catanzaro, Italy. *Dept of Urology, Andrology and Kidney
Transplantation Unit, University of Bari, Bari, Italy. *Division of Urology Denver
Health Medical Center and University of Colorado Anschutz Medical Center,
Colorado, Denver, USA.

Received: 30 March 2021 Accepted: 13 May 2021
Published online: 12 July 2021

References

1.

Pennsylvania Patient Safety Authority. (n.d.). Retained surgical items: events
and guidelines revisited advisory. Retrieved April 25, 2021, from Patientsa
fety.pa.gov website: http://patientsafety.pa.gov/ADVISORIES/Pages/201703_
RSLaspx

Al-Qurayshi ZH, Hauch AT, Slakey DP, Kandil E. Retained Foreign Bodies: Risk and
Outcomes at the National Level. J Am Coll Surg. 2015220(4).749-59 12 015.
Stawicki SPA, Moffatt-Bruce SD, Ahmed HM. Retained Surgical ltems: A
Problem Yet to Be Solved. J Am Coll Surg. 2013;216(1):15-22 08 026.
Lovrec VG, Cokan A, Lukman L, Arko D, Takac I. Retained surgical needle
and gauze after cesarean section and adnexectomy: a case report and
literature review. J Int Med Res [Internet]. 2018;46(11):4775-80 Available
from: http://dx.doi.org/10.

Hacivelioglu S, Karatag O, Gungor AC. Is there an advantage of three
dimensional computed tomography scanning over plain abdominal
radiograph in the detection of retained needles in the abdomen? Int J Surg.
2013;11(3):278-81 009.

Corrigan S, Kay A, O'Byrne K, Slattery D, Sheehan S, McDonald N, et al. A
Socio-technical exploration for reducing & mitigating the risk of retained
foreign objects. Int J Environ Res Public Health [Internet]. 2018;15(4)
Available from:. https://doi.org/10.3390/ijerph15040714.

Williams TL, Tung DK, Steelman VM, Chang PK, Szekendi MK. Retained
Surgical Sponges: Findings from Incident Reports and a Cost-Benefit
Analysis of Radiofrequency Technology. J Am Coll Surg. 2014;219(3):354-64
03 052.

Stawicki SP, Evans DC, Cipolla J. Retained Surgical Foreign Bodies: A
Comprehensive Review of Risks and Preventive Strategies. Scand J Surg
[Internet]. 2009;98(1):8-17 Available from: http://dx.doi.org/10.

Birolini DV, Rasslan S, Utiyama EM. Unintentionally retained foreign bodies
after surgical procedures. Analysis of 4547 cases. Rev Col Bras Cir. 2016;43(1):
12-7. https://doi.org/10.1590/0100-69912016001004.

Jayadevan R, Stensland K, Small A, Hall S, Palese M. A Protocol to Recover
Needles Lost During Minimally Invasive Surgery. JSLS J Soc Laparoendosc
Surg. 2014;18(4):e2014-00165.

Wang B, Tashiro J, Perez EA, Lasko DS, Sola JE. Hospital and procedure
incidence of pediatric retained surgical items. J Surg Res. 2015;198(2):400-5
03 054.

Steelman VM, Alasagheirin MH. Assessment of Radiofrequency Device
Sensitivity for the Detection of Retained Surgical Sponges in Patients With
Morbid Obesity. Arch Surg. 2012;147(10):955-1556.

Sentinel Event [Internet]. Jointcommission.org. [cited 2021 Mar 26]. Available
from: https://www jointcommission.org/resources/patient-safety-topics/
sentinel-event/.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

Page 9 of 10

Kaafarani HMA, Velmahos GC. Intraoperative adverse events: The neglected
quality indicator of surgical care? Surgery. 2015;157(1):6-7 001.

Weprin SA, Moore RH, Meyer D, Autorino R. Retained surgical items: a
changing landscape: a changing landscape. J Patient Saf. 2021;17(1):e41-1.
https://doi.org/10.1097/PTS.0000000000000777.

Sheikhtaheri A. Near misses and their importance for improving patient
safety. Iran J Public Health. 2014;43(6):853-4.

Medina LG, Martin O, Cacciamani GE, Ahmadi N, Castro JC, Sotelo R. Needle
lost in minimally invasive surgery: management proposal and literature
review. J Robot Surg. 2018;12(3):391-5. https://doi.org/10.1007/511701-018-
0802-9.

Cima RR, Kollengode A, Garnatz J, Storsveen A, Weisbrod C, Deschamps C.
Incidence and Characteristics of Potential and Actual Retained Foreign
Object Events in Surgical Patients. J Am Coll Surg. 2008;207(1):80-7 12 047.
Moffatt-Bruce SD, Cook C, Steinberg S, Stawicki SP. Risk Factors for Retained
Surgical Items: A Meta-analysis and Proposed Risk Stratification System. J
Surg Res. 2014;186(2):531-11 387.

Gawande AA, Studdert DM, Orav EJ, Brennan TA, Zinner MJ. Risk Factors for
Retained Instruments and Sponges after Surgery. N Engl J Med [Internet].
2003;348(3):229-35 Available from: http://dx.doi.org/10.

Gibbs VC. Retained surgical items and minimally invasive surgery. World J
Surg. 2011;35(7):1532-9. https.//doi.org/10.1007/500268-011-1060-4.
Berkowitz S, Marshall H, Charles A. Retained intra-abdominal surgical
instruments: time to use nascent technology? Am Surg [Internet]. 2007;
73(11):1083-5 Available from: http://dx.doi.org/10.

Macilquham MD, Riley RG, Grossberg P. Identifying lost surgical needles
using radiographic techniques. AORN J. 2003;78(1):73-8. https://doi.org/10.1
016/50001-2092(06)61347-1.

Feldman DL. Prevention of retained surgical items. Mt Sinai J Med. 2011;
78(6):865-71. https://doi.org/10.1002/msj.20299.

Massimiliano PA, Massimo PS. Retained intra-abdominal surgical instrument: a
rare condition of acute abdomen. ANZ J Surg. 2010;80(10):758-8 1445-2197.
OBrien L, Eyster KM, Hansen KA. Retained Foreign Body. J Patient Saf. 2015;
11(4):228-9 0000000000000078.

Freitas PS, Cp SRC, Clark AM, Galvdo CM. Surgical count process for
prevention of retained surgical items: an integrative review. J Clin Nurs.
2016;25(13-14):1835-47 13216.

Thiels CA, Lal TM, Nienow JM. Surgical never events and contributing
human factors. Surgery. 2015;158(2):515-21 03 053.

Stawicki SP, Cook CH, Anderson HL. Natural history of retained surgical
items supports the need for team training, early recognition, and prompt
retrieval. Am J Surg. 2014;208(1):65-72 09 029.

Mahran MA, Toeima E, Morris EP. The recurring problem of retained swabs and
instruments. Best Pract Res Clin Obstet Gynaecol. 2013;27(4):489-95 03 001.
Schwartz AL, Nourian MM, Bucher BT. Retained foreign bodies and
associated risk factors and outcomes in pediatric surgical patients. J Pediatr
Surg. 2019;54(4):640-4 004.

Porter KK, Bailey PD, Woods R, Scott WW Jr, Johnson PT. Retained surgical
item identification on imaging studies: a training module for radiology
residents. Int J Comput Assist Radiol Surg. 2015;10(11):1803-9. https://doi.
0rg/10.1007/511548-015-1154-9.

Action urged to prevent retained surgical items. Bull Am Coll Surg. 2014;
99(1):53-4.

Asiyanbola B, Etienne-Cummings R, Lewi JS. Prevention and diagnosis of
retained foreign bodies through the years: past, present, and future
technologies. Technol Health Care. 2012;20(5):379-86. https://doi.org/1
0.3233/THC-2012-0687.

Zaman S, Clarke R, Schofield A. Intraoperative Loss of a Surgical Needle: A
Laparoscopic Dilemma. JSLS J Soc Laparoendosc Surg. 2015;19(2):€2013-
00401.

Parelkar SV, Sanghvi BY, Shetty SR, Athawale H, Oak SN. Needle in a
haystack: intraoperative breakage of pediatric minimal access surgery
instruments. J Postgrad Med. 2014;60(3):324-6. https.//doi.org/10.4103/
0022-3859.138823.

Reece M, Troeleman ND, McGowan JE, Furuno JP. Reducing the Incidence of
Retained Surgical Instrument Fragments. AORN J. 2011;94(3):301-4 05 014.
Norton EK, Martin C, Micheli AJ. Patients Count on It: An Initiative to Reduce
Incorrect Counts and Prevent Retained Surgical Items. AORN J. 2012,95(1):
109-21 007.

Hempel S, Maggard-Gibbons M, Nguyen DK. Wrong-Site Surgery, Retained
Surgical Items, and Surgical Fires. JAMA Surg. 2015;150(8):796-0301.


http://patientsafety.pa.gov
http://patientsafety.pa.gov
http://patientsafety.pa.gov/ADVISORIES/Pages/201703_RSI.aspx
http://patientsafety.pa.gov/ADVISORIES/Pages/201703_RSI.aspx
http://dx.doi.org/10
https://doi.org/10.3390/ijerph15040714
http://dx.doi.org/10
https://doi.org/10.1590/0100-69912016001004
http://jointcommission.org
https://www.jointcommission.org/resources/patient-safety-topics/sentinel-event/
https://www.jointcommission.org/resources/patient-safety-topics/sentinel-event/
https://doi.org/10.1097/PTS.0000000000000777
https://doi.org/10.1007/s11701-018-0802-9
https://doi.org/10.1007/s11701-018-0802-9
http://dx.doi.org/10
https://doi.org/10.1007/s00268-011-1060-4
http://dx.doi.org/10
https://doi.org/10.1016/S0001-2092(06)61347-1
https://doi.org/10.1016/S0001-2092(06)61347-1
https://doi.org/10.1002/msj.20299
https://doi.org/10.1007/s11548-015-1154-9
https://doi.org/10.1007/s11548-015-1154-9
https://doi.org/10.3233/THC-2012-0687
https://doi.org/10.3233/THC-2012-0687
https://doi.org/10.4103/0022-3859.138823
https://doi.org/10.4103/0022-3859.138823

Weprin et al. Patient Safety in Surgery

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.

(2021) 15:24

Sengupta A, Hadjiiski L, Chan H-P, Cha K, Chronis N, Marentis TC. Computer-
aided detection of retained surgical needles from postoperative
radiographs. Med Phys. 2017;44(1):180-91. https://doi.org/10.1002/mp.12011.
Fencl JL. Guideline Implementation: Prevention of Retained Surgical Items,
AORN J. 2016;104(1):37-48 05 005.

Ward EP, Yang J, Delong JC. Identifying lost surgical needles with visible
and near infrared fluorescent light emitting microscale coating. Surgery.
2018;163(4):883-8 025.

Hunter TB, Gimber LH. Identification of Retained Surgical Foreign Objects:
Policy at a University Medical Center. J Am Coll Radiol. 2010;7(9):736-8 01 013.
Gayer G, Lubner MG, Bhalla S, Pickhardt PJ. Imaging of Abdominal and
Pelvic Surgical and Postprocedural Foreign Bodies. Radiol Clin N Am. 2014;
52,991(5):-1027 05 006.

Steelman V. Retained surgical sponges, needles and instruments. Ann R Coll
Surg Engl. 2014,96(2):174-5 174.

Gadelkareem RA. Experience of a Tertiary-Level Urology Center in the
Clinical Urological Events of Rare and Very Rare Incidence. I. Surgical Never
Events: 2. Intracorporeally-Retained Urological Surgical ltems. Curr Urol
[Internet]. 2017;11(3):151-6 Available from: http://dx.doi.org/10.

Walter WR, Amis ES, Sprayregen S, Haramati LB. Intraoperative Radiography for
Evaluation of Surgical Miscounts. J Am Coll Radiol. 2015;12(8):824-9 03 005.
Marentis TC, Davenport MS, Dillman JR, Sanchez R, Kelly AM, Cronin P, et al.
Interrater agreement and diagnostic accuracy of a novel computer-aided
detection process for the detection and prevention of retained surgical
instruments. AJR Am J Roentgenol. 2018;210(4):709-14. https://doi.org/1
0.2214/AJR17.18576.

Small AC, Gainsburg DM, Mercado MA, Link RE, Hedican SP, Palese MA.
Laparoscopic Needle-Retrieval Device for Improving Quality of Care in
Minimally Invasive Surgery. J Am Coll Surg. 2013;217(3):400-] 02 035.
Putnam K. Guideline for prevention of retained surgical items. AORN J. 2015;
102(6):P11-3. https;//doi.org/10.1016/50001-2092(15)01014-5.

Campbell EA, Wilbert CD. Treasure Island. In FL: Faber and Faber; 2014. p.
5040 9780571352654 00000004.

Reformat DD, David JA, Diaz-Siso. How many people work in your operating
room? An assessment of factors associated with instrument recounts within
plastic surgery. J Plast Reconstr Aesthetic Surg. 2017,70(9):1285-91 028.
Asiyanbola B, Cheng-Wu C, Lewin JS, Etienne-Cummings R. Modified Map-
Seeking Circuit: Use of Computer-Aided Detection in Locating Postoperative
Retained Foreign Bodies. J Surg Res. 2012;175(2):e47-52 11.

Goldberg JL, Feldman DL. Implementing AORN Recommended Practices for
Prevention of Retained Surgical Items. AORN J. 2012;95(2):205-19 11 010.
Edel EM. Surgical Count Practice Variability and the Potential for Retained
Surgical Items. AORN J. 2012,95(2):228-38 02 014.

Inaba K, Okoye O, Aksoy H, Skiada D, Ault G, Sener S, et al. The role of radio
frequency detection system embedded surgical sponges in preventing
retained surgical sponges: a prospective evaluation in patients undergoing
emergency surgery. Ann Surg. 2016;,264(4):599-604. https://doi.org/10.1097/
SLA.0000000000001872.

Sharps finder - melzi surgical [Internet]. Melzisurgical.com. 2020 [cited 2021
Mar 26]. Available from: https://melzisurgical.com/surgical-sharps-finder
Ruscher KA, Modeste KA, Staff |, Papasavas PK, Tishler DS. Retained needles
in laparoscopic surgery: open or observe? Conn Med. 2014;78(4):197-202.
Barto W, Yazbek C, Bell S. Finding a lost needle in laparoscopic surgery. Surg
Laparosc Endosc Percutan Tech. 2011;21(4):.e163-5. https//doi.org/10.1097/
SLE.0b013e3182203b49.

Porter KK, Woods RW, Bailey PD, Scott WW, Johnson PT. Positive Control
Radiographs for Identifying a Suspected Retained Surgical Item. J Am Coll
Radiol. 2015;12(8):830-2 03 043.

Szymocha M, Pacan M, Anufrowicz M, Jurek T, Rorat M. Leaving a foreign
object in the body of a patient during abdominal surgery: still a current
problem. Pol Przegl Chir. 2019;91(6):35-40. https://doi.org/10.5604/01.3001.
0013.2024.

Gayer G, Petrovitch |, Jeffrey RB. Foreign objects encountered in the
abdominal cavity at CT. Radiographics. 2011,31(2):409-28. https://doi.org/1
0.1148/rg.312105123.

Kumar GVS, Ramani S, Mahajan A, Jain N, Sequeira R, Thakur M. Imaging of
retained surgical items: A pictorial review including new innovations. Indian
J Radiol Imaging [Internet]. 27(3) Available from: http://dx.doi.org/10.

Han K, Bohnen JD, Peponis T. The Surgeon as the Second Victim? Results of
the Boston Intraoperative Adverse Events Surgeons’ Attitude (BISA) Study. J
Am Coll Surg. 2017;224(6):1048-56 12 039.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 10 of 10

Marmon LM, Heiss K. Improving surgeon wellness: The second victim
syndrome and quality of care. Semin Pediatr Surg. 2015;24(6):315-8 08 011.
Balcdzar-Rincon LE, Gordillo Gdmez EA, Ramirez-Alcantara YL. Oclusion
intestinal secundaria a oblito quirdrgico. Cir Cir. 2016;84(6):503-8 035.
Steelman VM, Shaw C, Shine L, Hardy-Fairbanks AJ. Retained surgical
sponges: a descriptive study of 319 occurrences and contributing factors
from 2012 to 2017. Patient Saf Surg. 2018;(12, 1):1186-13037 018-0166-0.
Luu S, Leung SOA, Moulton C. When Bad Things Happen to Good
Surgeons: Reactions to Adverse Events. Surg Clin North Am. 2012,92(1):153-
61 12 002.

Hariharan D, Lobo D. Retained surgical sponges, needles and instruments.
Ann R Coll Surg Engl [Internet]. 2013;95(2):87-92 Available from: http://dx.
doi.org/10.

American College of Surgeons (ACS) Committee on Perioperative Care.
Revised statement on the prevention of unintentionally retained surgical
items after surgery. Bull Am Coll Surg. 2016;101(10):50-1.

Moynihan M, Moinzadeh A. Retained Needle in the AirSeal Trocar During
Robot-Assisted Laparoscopic Radical Prostatectomy: Lessons Learned. J
Endourol Case Rep. 2018:4(1):105-7 0034.

Zejnullahu VA, Bicaj BX, Zejnullahu VA, Hamza AR. Retained surgical foreign
bodies after surgery. Open Access Maced J Med Sci. 2017;5(1):97-100.
https://doi.org/10.3889/0amjms.2017.005.

Sigakis C, Lantow B, Windham K, Meddings K, Lind KE, Suby-Long T.
Sometimes it takes a village-reducing retained surgical items through
multidisciplinary collaboration. J Am Coll Radiol. 2016;13(6):709-12. https://
doi.org/10.1016/}jacr.2015.10.022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1002/mp.12011
http://dx.doi.org/10
https://doi.org/10.2214/AJR.17.18576
https://doi.org/10.2214/AJR.17.18576
https://doi.org/10.1016/s0001-2092(15)01014-5
https://doi.org/10.1097/SLA.0000000000001872
https://doi.org/10.1097/SLA.0000000000001872
http://melzisurgical.com
https://melzisurgical.com/surgical-sharps-finder
https://doi.org/10.1097/SLE.0b013e3182203b49
https://doi.org/10.1097/SLE.0b013e3182203b49
https://doi.org/10.5604/01.3001.0013.2024
https://doi.org/10.5604/01.3001.0013.2024
https://doi.org/10.1148/rg.312105123
https://doi.org/10.1148/rg.312105123
http://dx.doi.org/10
http://dx.doi.org/10
http://dx.doi.org/10
https://doi.org/10.3889/oamjms.2017.005
https://doi.org/10.1016/j.jacr.2015.10.022
https://doi.org/10.1016/j.jacr.2015.10.022

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Results
	Risk factors
	Strategies for prevention and management
	Counting
	Radiography
	Computer-aided detection (CAD)
	Magnetic retrievers
	Sharps detector
	Systematic search

	Unsuccessful search for RSI
	Impact of RSIs
	The patient
	The physician
	The hospital

	Future directions
	A cultural shift
	Standardized reporting
	New technologies


	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

