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Abstract

Background Retained surgical items (RSI) are preventable error events. Interest in reducing RSI is increasing

globally because of increasing demand for safe surgery. While research of interventions to prevent RSI have been

reported, no rigorous analysis of the type and effectiveness of interventions exists. This systematic review examines

(1) what types of intervention have been implemented to prevent RSI; and (2) what is the effectiveness of those

interventions.

Methods We performed a systematic review of PubMed, Embase, CINAHL, Cochrane Library, Scopus, Clini-

calTrials.gov, Mednar, and OpenGrey databases. Two reviewers independently screened a total of 1,792 titles and

abstracts, and reviewed 87 full-text articles, resulting in 17 articles in the final analysis. Study characteristics included

qualitative and quantitative studies that examined the effectiveness of RSI prevention interventions for adult patients

who undergo open surgery. The primary outcome was RSI and related error events.

Results Four studies and 13 quality improvement projects described RSI interventions categorized into four groups:

(1) technology-based, (2) communication-based, (3) practice- or guideline-based, (4) interventions that fell into more

than one category. Following guidance in the Quality Improvement minimum quality criteria set, the quality of all

studies ranged from poor to fair. Heterogeneity in the interventions used and variable study quality limit our

confidence in the interventions’ ability to reduce RSI.

Conclusion Since technology-based interventions may not be financially feasible in low and middle-income coun-

tries (LMIC), in those settings interventions that target the social system may be more appropriate. Rigorous methods

to investigate local contexts and build knowledge are needed so that interventions to prevent RSI have a greater

likelihood of success.
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Introduction

Retained surgical items (RSI) are serious adverse events in

Operating Room (OR) settings around the world. RSI are

items unintentionally left in a patient after surgery; some

discovered long after the postoperative period [1]. Risk

factors associated with RSI as reported in the literature are

identified in Table 1. Surgical counting is a manual process

to count the materials used in the sterile field to prevent

retained surgical items in patients during surgery [2].

Manual counts do not always guarantee that a count is

correct. For example, one study found 61 cases of RSI in

operations where counts were performed, and 88 percent

involved a final count that was in error yet thought to be

correct [3]. The consequences of RSI affect patients and

may include infection, pain and suffering, readmission,

reoperation, sepsis, abscess, and death [3–5]. The incidence

of RSI has ranged in studies from a rate of 1 in 5,500 to 1 in

7,000 operations [5]. However, the studies did not report

the timeframe during which RSI were measured, so it is

difficult to compare RSI incidence rates. RSI incidence

may also affect the reputation of health care organizations.

For example, a recent news story reported surgical sponges

left inside a woman for one month, and this report had an

impact on the perception of patient safety in that organi-

zation [6].

RSI are considered to be avoidable. Surprisingly, RSI

continue to occur despite prevention strategies recom-

mended by several organizations such as the World Health

Organization (WHO) and the Association of periOperative

Registered Nurses (AORN) [1, 7]. Hospital settings either

adopted recommendations by one or the other organization,

or developed safety practice guidelines of their own to

address RSI. As a result, a variety of prevention strategies

have been implemented. However, the effectiveness of

those guidelines or developed practices is unclear because

the results of studies aiming to understand guideline or

practice effectiveness have been mixed.

In this systematic review we examine the available

published evidence regarding the type and effectiveness of

interventions that have been shown to prevent RSI in the

OR.

Objectives

Our overall objective was divided into two research

questions:

1) What types of intervention have been implemented to

prevent retained surgical items?

2) What is the effectiveness of those interventions?

Methods

Protocol and registration

Reporting of this systematic review complied with pre-

ferred reporting items for systematic reviews (PRISMA)

guidelines [17]. The protocol for conducting this review

was developed a priori and deposited in the University of

Michigan’s institutional repository, Deep Blue. It is avail-

able at https://doi.org/10.7302/n909-mt98.

Eligibility criteria

We included studies that evaluated interventions to prevent

or reduce RSIs in the OR during general surgery. We

included all study types, both quantitative and qualitative,

and also included quality improvement (QI) projects. We

limited our review to studies focusing on adult patients

undergoing surgery within the hospital setting. Our primary

outcome was RSI but we also included near misses,

recounts, miscounts, and count discrepancies as these

events are also associated with RSI and thus pose a risk to

patient safety [1, 3, 4, 18, 19]. We included studies

reported in both peer-reviewed and the gray literatures. We

excluded studies conducted in minimal invasive, laparo-

scopic, or robotics surgery. We excluded conference

abstracts, editorials, letters, or opinions, as typically there

is insufficient detail in these article types to assess inter-

vention quality. Similarly, we excluded audit or review

articles.

Table 1 Risk factors associated with retained surgical items

•The nature of the intra-operative procedure [8, 9]

•Noncompliance with protocols [10–12]

•lack of conducting a surgical count [8]

•Incorrect surgical counts [4, 13, 14]

•Higher body mass index [3]

•More than one sub-procedure [4, 8]

•More than one surgical team [8]

•Longer duration of surgery [13]

•Emergencies with unplanned changes in [2, 3, 13]

•Equipment failure [15]

•Elements of teamwork including leadership, human factors, and

communication [12, 14, 16]

•Distraction, multitasking, and time pressure [9–11]

•An increased number of perioperative personnel and specialty

teams involved [2]
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Search methodology

Comprehensive searches were developed by an informa-

tionist (K.M.S.) from inception to November 10, 2020 in

PubMed, Embase (Elsevier), CINAHL Complete Plus

(EBSCO), Cochrane Library (Wiley), and Scopus (Else-

vier). The authors supplemented the comprehensive data-

base searches with ClinicalTrials.gov, Mednar, and

OpenGrey to identify the relevant gray literature. We did

not include non-indexed journals because the majority of

these do not publish rigorous studies. To minimize the

possibility of missing relevant studies, references for all

included studies were reviewed. The resulting citations

were moved to the citation manager Endnote X9 (Clarivate

Analytics) for multi-pass duplicate detection and removal.

The searches were built around three main concepts:

surgical objects, surgical procedures, and counting inter-

ventions. Each search consisted of a combination of con-

trolled terms appropriate for the selected databases and

keywords. An English language limit was applied across all

databases, and a human limit and source type limit were

applied in a few of the included databases. The repro-

ducible searches for all databases and associated search

files are available at Deep Blue Repositories University of

Michigan https://doi.org/10.7302/n909-mt98. Unique cita-

tion records were uploaded to Rayyan QCRI (rhttps://

www.rayyan.ai/) for screening. Two authors (M.M. and

R.S.) independently reviewed citations following the

inclusion/exclusion criteria outlined in the protocol. The

two screeners resolved conflicts by discussion and con-

sensus between themselves.

Data collection process

We developed a data extraction table. One reviewer

extracted the data from the included studies and the other

reviewer checked the extracted data. There was no need to

contact authors for further information.

Data items

Information was extracted from each included study on: (1)

study characteristics (including author/year/title, objec-

tives, study design, setting and country, sample size); (2)

type of intervention (including intervention characteristics,

procedure phase, effectiveness/results, duration of the

study, and health care professional focus); (3) and type of

outcome measure (including RSI, near misses, recounts,

miscounts, and count discrepancies).

Data sources and search strategy

The search yielded 1,792 articles, of which 1,790 were

found through database searching and an additional two

through forward citation tracking. We also searched for

sources published in professional conferences, but these

were excluded because they did not meet inclusion criteria.

We removed 569 duplicates via the deduplication process

in EndNote X9. For the remaining 1,223 articles, we

assessed title and abstracts and excluded 1,136 articles that

did not meet inclusion criteria. Two reviewers indepen-

dently reviewed the full text of 87 articles for potential

eligibility. Disagreements were resolved in discussion and

clarification so that seventeen articles were selected by

both reviewers for inclusion in our final analysis. (Fig. 1).

Study characteristics

Table 2 summarizes the 17 studies that were included: one

randomized control trial (RCT), two observational studies,

one case control study, and 13 QI projects. The included

studies represented four countries, with 14 studies con-

ducted in the USA. Other represented countries include

Brazil [20], the UK [21], and Australia [22]. Most studies

were performed in academic medical centers; one study

took place at the USA Department of Veterans Affairs

Hospital [23] and one study in a community hospital [24].

There were two multicenter studies, and 15 single-site

studies. Collectively, the 17 studies examined general

surgery, labor, gynecology, urology, orthopedic, plastic

surgery, bariatric, ear nose throat surgery (ENT), and

vascular surgical procedures.

The majority of the studies delivered interventions in the

intra-operative period during the counting process; five

studies [20, 21, 25–27] targeted interventions during other

activities such as handover, timeout, and patient identifi-

cation. Two studies targeted the postoperative period

[28, 29]. Studies mostly delivered interventions to multi-

disciplinary OR staff. One study targeted radiologists [30],

three studies did not identify the targeted population

[23, 31, 32] for intervention, and three studies [22, 24, 33]

targeted only OR nurses as shown in Table 3.

Interventions

Interventions fell into four broad categories: (a) technol-

ogy-based interventions (n = 6), (b) communication-based

interventions (n = 2), (c) practice or guideline interven-

tions (n = 5), and (d) interventions in more than one cat-

egory (n = 4).
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Technology-based interventions

Technology-based interventions were the most common,

with six studies employing technology interventions to

reduce the incidence of RSI. The intervention strategies

included radio frequency (RF) with wand, radio frequency

detector (RFD), data-matrix-coded sponges (DMS), and

bar coding. One study [34] reported a statistically signifi-

cant reduction in the frequency of RSI events, and RSI

rates. In contrast, two other studies reported negative

results [23, 35], finding significantly higher RSI rates in

settings that implemented a surgical count technology

system. Also team performance and the counting process

were rated lower in operations randomized to bar coded

sponges, due to technology malfunction and failure to use

technology when it was available. While two studies

[32, 34] reported a reduced incidence of RSI, the additional

cost of using technology intervention ranged from $0.17 to

$11.63 per case. The DMS intervention cost more than the

RFD intervention.

Interventions based on practice or guideline

changes.

The second most common type of intervention involved

making changes to practice or guidelines, and these were

the focus in five studies. Intervention strategies included

developing a new practice, using a new tracing sheet for

additional items that were not typically included in the

routine sheet, or using a timeout board to identify items

that were packed inside patients. Four studies targeted only

the surgical count process and one study [20] sought to

change both counting and hand-off practices by imple-

menting an audit and feedback tool. These studies also

measured a variety of outcomes. Two studies [20, 22]

measured compliance with best practice, and one study

[26] reported an increased ability to locate missing items

by implementing a practice intervention that included a

timeout board and timely X-ray. Only two studies [33, 36]

focused on RSI as an outcome, and neither of these studies

reported a statistically significant reduction in RSI inci-

dence, instead reporting a decrease in RSI frequency.

Communication-based interventions

Two studies implemented communication-based interven-

tions [21, 25]. In one study, researchers developed an

intervention to improve communication during verbal

handovers from the delivery room to the postpartum unit

after vaginal birth by including information on retained

vaginal swabs. This study included as outcomes a measure

of the incidence of RSI, incidence of near misses, and staff
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Table 2 Characteristics of included articles

Author/Year/Title Objectives Study design Setting and country Sample size Quality

assessment

Gunnar [23]

‘‘The Impact of Surgical Count

Technology on Retained Surgical

Items Rates in the Veterans

Health Administration’’

To compare retained surgical item

rates for 137 VHA program with

and without surgical count

technology

QI project Veterans Health

Administration

Surgery

Programs/USA

N = 137 VHA

programs

Fair

Primiano [29]

‘‘Using Radiofrequency

Technology to Prevent Retained

Sponges and Improve Patient

Outcomes’’

To determine whether the use of

RF technology may be

associated with fewer retained

sponges, improved patient

outcomes, and decreased

hospital costs

QI project Main OR /northeast

Ohio USA

N = 38,485

cases

Good

Gomes [20]

‘‘Surgical counts in open

abdominal and pelvic surgeries in

a university hospital: a best

practice implementation project’’

To contribute to promoting

evidence-based practice in

surgical counts in open

abdominal and pelvic surgeries

and improve outcomes

QI project Hospital of the

University of Sao

Paulo/

Brazil

N = 30

surgeries

Poor

Grant [24]

‘‘Reducing the risk of unintended

retained surgical sponges: A

quality improvement project’’

To reduce the occurrence of

URSSs

QI Project A community

hospital in the

Southern United

States/USA

N = 27

participants

Fair

Lean [21]

‘‘Improving communication at

handover and transfer reduces

retained swabs in maternity

services’’

To reduce the incidence of retained

vaginal swabs and near misses

Pre-post study Large maternity

unit (13 birth

room)/ UK

Pre-

intervention

N = 45

Post

intervention:

N = 291

Good

Duggan [33]

‘‘1,300 days and counting: a risk

model approach to preventing

retained foreign objects (RFOs)’’

To reduce the frequency of RFO

incidents

QI Project MSKCC, New

York/USA

Sample: n.s Fair

Rhee [25]

‘‘Team Training in the

Perioperative Arena: A

Methodology for Implementation

and Auditing Behavior’’

To improve communication and

team dynamics in the OR

environment

QI project Urban academic

medical center/

USA

N = 1,610

observations

Poor

Inaba [32]

‘‘The Role of Radio Frequency

Detection System Embedded

Surgical Sponges in Preventing

Retained Surgical Sponges: A

Prospective Evaluation in

Patients Undergoing Emergency

Surgery’’

To prospectively evaluate the

ability of RFD system-

embedded sponges to mitigate

the incidence of RSS after

emergency surgery

Observational

study

Los Angeles county

and University of

Southern

California

Medical Center/

USA

N = 2051

patient’s

trauma and

nontrauma

cavity

operations

Good

Sigakis [30]

‘‘Sometimes It Takes a Village—

Reducing Retained Surgical

Items Through Multidisciplinary

Collaboration’’

To describe experience

investigating the incidents and

redefining, clarifying and

updating the hospital policy and

procedure concerning RSIs

QI Project High Volume

academic

surgical center/

USA

N = 4,206

Surgery

Poor

Thomas [22]

‘‘A review of existing count

practice in the operating suite to

achieve best practice and safe

patient care’’

To evaluate existing count

processes, identify areas of high

risk and implement practice

changes

QI project Epworth Eastern

operating theater

(Level 3 OR)/

Australia

N = 200 intra-

operative

count

records

Poor
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compliance. The communication-based intervention was

found to significantly decrease near misses and improve

handovers, and decrease RSI incidence from two to none.

Although the RSI incidence decreased, we cannot tell

whether it came from the intervention or previous errors in

reporting. The other study measured TeamSTEPPS skills

[25] (e.g., brief and debriefing performance), but not RSI.

Multiple interventions

Four studies [24, 27, 30, 37] implemented multiple inter-

ventions, including various combinations of technology

(RFD and DMS), standardized practices and changes to

communication. All of these studies reported a decrease in

RSI, although none were statistically significant. Besides

reducing RSI, two studies reported other outcomes such as

improved staff performance [37], knowledge of regarding

prevention RSI, and compliance with the safety sponge

technology system [24].

Intervention effectiveness

Studies reporting the effectiveness of interventions are

shown in Table 2. The outcome that demonstrated inter-

vention effectiveness was a decrease in RSI [21]. Other

outcomes were reported in seven studies including other

error events such as a decrease in surgical count discrep-

ancies, the ability to locate missing items, or miscount rates

[25, 26, 29, 30, 33, 34, 36]. A majority of the studies

reported the frequency or rate of RSI, near misses, or

Table 2 continued

Author/Year/Title Objectives Study design Setting and country Sample size Quality

assessment

Rupp [31]

‘‘Effectiveness of a radiofrequency

detection system as an adjunct to

manual counting protocols for

tracking surgical sponges: a

prospective trial of 2,285

patients’’

To evaluate the incorporation of

RFDS for detecting RSIs and

define associated risk factors

Observational

Study

University of North

Carolina

hospitals/USA

N = 2,285

patients

Fair

Lutgendorf [36]

‘‘Implementation of protocol to

reduce occurrence of retained

sponges after vaginal delivery’’

n.s QI project Naval Medical

Center

Portsmouth

(Labor and

Delivery Unit)/

USA

N = 10,500

deliveries

Fair

Cima [34]

‘‘Using a data-matrix-coded sponge

counting system across a surgical

practice: impact after 18 months’’

To describe the technology

assessment of a data-matrix-

coded sponge (DMS) system

QI project Mayo Clinic

Rochester

(MCR)/USA

N = 87,404

operations

Good

Chagolla [37]

‘‘A system-wide initiative to

prevent retained vaginal

sponges’’

To describes the Sponge

ACCOUNTing process and

lessons learned

QI project 32 Hospitals in

California,

Arizona, Nevada/

USA

N = n.s Poor

Edel [26]

‘‘Increasing patient safety and

surgical team communication by

using a count/time out board’’

To coordinate information,

improve communication and

reduce RSI

QI project St Luke’s Episcopal

Hospital,

Houston, Texas/

USA

n.s Poor

Cima [27]

‘‘A multidisciplinary team

approach to retained foreign

objects’’

To reduce the incidence of surgical

RFOs

QI project Mayo Clinic

Rochester

(MCR)/USA

n.s Fair

Greenberg [35]

‘‘Bar-coding surgical sponges to

improve safety: a randomized

controlled trial’’

To evaluate a computer-assisted

method for counting sponges

using a bar code system

RCT Brigham and

Women’s

Hospital Boston/

USA

N = 300

general

surgeries

Fair
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Table 3 Features of interventions in included studies, grouped by intervention type

Reference Intervention characteristics Procedure phase Outcomes Effectiveness/results

Group 1: Technology intervention (RF and Radiography)

Primiano

[29]

Intervention component: RF technology

with wand

Duration: January 2016—December 2017

Health care Professional Focus:

-Perioperative team

-Surgeon

End of the

surgical

procedure

-Incidence of RSIs

before/after

-Near miss

-Patient outcomes

-Hospital costs

- Use of RF tech was associated with 68%

fewer reports of near misses and

unresolved miscounts

-Cost saving of labor-intensive count

resolution process $39,508 (34 fewer)

- Cost of saving radiography use $6,554

(29 fewer)

-Total saving $424,292

Inaba [32] Intervention component: RFD-embedded

sponges

Duration: 5-year study (January 2010–

December 2014)

Health care Professional Focus: n.s

Patient was

scanned with

a wand before

closure

-Incidence of RSIs -11 near miss events identified

-NO RSS occurred

-Additional cost of using RFD-embedded

was 0.17$

Rupp [31] Intervention component: Use of RFD along

with manual counting

Duration: September 2009–August 2010

Health care Professional Focus: n.s

Count process:

-First count

-Second count

-RSIs

-Miscounts rate

-RFDS detected one near missed and 35

miscounts for a rate of 1.53%(35 of

2285)

-Corporate of an RFDS into existing

counts enhanced the identification of

misplaced surgical sponges and near

miss events

Cima [34] Intervention component: Data-Matrix Coded

Sponge (DMS) System

Duration: 18 months (February 2009–July

2010)

Health care Professional Focus: All staff

members

Sponge

Counting

process

-Incidence of

retained sponge

-staff satisfaction

-staff performance

-Event frequency represents a significant

reduction (P\ .001)

-Increase cost $11.63 per case using DMS

system

- Staff satisfaction was acceptable with

high degree of trust of the system

Gunnar

[23]

Intervention component: Surgical count

technology system (bar coded items,

RFD-tagged items, RF-tagged surgical

items)

Duration: 7 years (October 2009–December

2016)

Health care Professional Focus: Not

specified

Surgical count

process

RSIs rate - RSI rates for VHA without surgical

counts technology were significant

lower than with technology programs.

(1/30,593 versus 1/18,221,P = 0.0026)

Greenberg

[35]

Intervention component: Bar coding

Surgical Sponges

Duration: n.s

Health care Professional Focus: surgeons

and OR staff

Each Counting

activities

-incidents of

miscounted or

misplaced

sponges

-time spent

counting

-Staff survey

-The bar code system detected

significantly more counting

discrepancies than the traditional

protocol (32 vs.13 discrepancies,

P = 0.007)

- no difference in surgical teams’

confidence that all sponges were

accounted for, but they rated the

counting process and team performance

lower in operations randomized to the

bar code arm

Group 2: Communication-based intervention

Lean [21] Intervention component: Swab handover and

Improving communication during transfer

when a vaginal pack is in situ

Duration: 2-month

Health care Professional Focus:

multidisciplinary team

Swab counting

procedures

Swab count

documentation

handover

-Incidence of

retained swab

never events

-Incidence of near

misses

-Compliance with

verbal/written

handover

-Decrease in RSIs

-Verbal handover significantly increased

from 28.8% to 75.6% (P\ 0.0001),

written handover significantly increased

from 4.4% to 62.9% (P\ 0.0001)

-Significantly reduction in near misses

from 33.3% to 1.1% (P\ 0.0001)

-No retained swab
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Table 3 continued

Reference Intervention characteristics Procedure phase Outcomes Effectiveness/results

Rhee [25] Intervention component: TeamSTEPPS

Duration: over 6 months

Health care Professional Focus: Chief

medical office, the chief of general

surgery, surgeon, RN.

-Time outs

-Debriefing

Evaluation of

TeamSTEPPS

skills

-Timeout performance significantly

improved by 34%(P\ .001) esp. in

team member introductions (P = .027),

discussion of patient medical status

(p = .025)

-Debrief performance significantly

improved especially discussion of what

went well and what need to

improvement (P = .031) and use of the

check back tool (P = .027)

-67% reduction in unintentionally

retained foreign body and wrong site

surgery procedure

Group 3: Practice/guideline interventions

Thomas

[22]

Intervention component: bagged off

Duration: Audit June 2012–October 2012

Health care Professional Focus: circulating

nurse

Count practice Compliance rate to

the protocol

-89% of staff had adopted the changes to

count practice

-Results 100% staff felt implementation

new count reducing the potential risk

Edel [26] Intervention component: Using a Count/

Time Out Board

Duration: n.s

Health care Professional Focus: Scrub /OR

team

Count/time out n.s Ability to locate missing items has

significantly increased

Lutgendorf

[36]

Intervention component: Sponge counting

protocol (change type of sponge to

radiopaque)

Duration: timing is unclear

Health care Professional Focus: providers

and nurse

Vaginal

delivery

sponge

counting

occurrence

retained vaginal

sponges

-Protocol is effective in reducing the RSI

(No statistical data)

-No RSS

-Protocol was sustained for[ 2 years and

widely adopted by the US Navy

Duggan

[33]

Intervention component: new tracking sheet/

reclassified items at risk

Duration: July 2013–December2015

Health care Professional Focus:

scrub/circulating nurse

Count process RFOs incident rate -RFO incident frequency was reduced

from 1.69 per year to 1 in 22 years

-Training staff ( behavioral changes) and

improved organizational culture is

needed

Gomes [20] Intervention component: JBI Practical

Application of Clinical Evidence

System(PACES) and Getting Research

into Practice(GRiP) audit and feedback

tool

Duration: 6month August2017–March 2018

Health care Professional Focus:

multidisciplinary

-Count process

-Hand-off

Compliance with

best practice

audit criteria (8

criteria)

- Deficits between old and best practice in

all 8 criteria

-Increased compliance with the best

practice in six of the audit criteria,

except two with a multidisciplinary

team and hand-off

Group 4: Multiple interventions

Chagolla

[37]

Intervention component: Sponge

ACCOUNTing System. Implemented a

sponge accounting system (training for

4 months, then 6 months–1 year later

audit was done to evaluate program

compliance)

Duration: 4 months

Health care Professional Focus: Key

stakeholders

Vaginal

delivery

Table set up

During birth

After birth

-Staff performance

-Program

compliance

-88% of hospitals had the correct

equipment present in all birthing rooms

-50% of hospitals staff who correctly

described the process of incorrect count

-100% staff complete competence skills
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miscounts as a health outcome, however, seven studies

[20–22, 24, 25, 34, 37] reported other outcomes related to

staff performance such as compliance or satisfaction. Three

studies [29, 32, 34] attempted to estimate hospital costs

related to an RSI intervention. Only two studies reported a

statistically significant reduction in RSI and near miss

events. Of these, one study used a DMS counting system as

the intervention (p\ 0.001) [34] while the other study

used a communication-based intervention to improve the

swab handover process (p\ 0.0001) [21]. A majority of

the studies did not report comparator or pre-intervention

event rates.

Quality of included studies and risk for bias

Two authors judged the quality of studies independently

and any disagreements were resolved by discussion. We

used criteria described by the National Institutes of Health

(NIH) for the four research studies and the Quality

Improvement minimum quality criteria set for the QI pro-

jects (QI-MQCS) [38]. The ratings on the different items

were used by the reviewers to assess the risk of bias in the

study due to flaws in study design or implementation. A

score was given to classify the quality of each paper as

poor (0–6), fair (7–11), or good (12–16). In general terms,

a ‘‘poor’’ rating indicated significant risk of bias, a ‘‘fair’’

study indicated some bias deemed not sufficient to invali-

date its results, and a ‘‘good’’ study had the least risk of

bias, so that the results were considered to be valid.

Overall, study quality was poor to fair, with only four

studies achieving scores categorized as good on the quality

assessment tools. The majority of studies were identified as

having insufficient information to assess quality because of

a lack of information about study design, comparators,

adherence and fidelity, or lack of health outcomes. Nearly

all of the studies had low external validity.

Risk of bias ranged from moderate to high. Of the four

research studies, the RCT [35] had a moderate risk of bias

because randomization was performed at the patient level,

not the provider level where the intervention was targeted.

Although several studies targeted multidisciplinary mem-

bers’ behaviors, none reported staff member characteristics

before and after the interventions, which both lowered

study quality and increased the risk of bias.

Table 3 continued

Reference Intervention characteristics Procedure phase Outcomes Effectiveness/results

Grant [24] Intervention component:

-staff education

-standardized manual counting protocol

-implementation of new technology

Duration: 7 months (January 2018–July

2018)

Health care Professional Focus: RNs and

surgical technicians

Manual Count

in/out process

-Staff knowledge

-integrated

technology to

supplement

manual surgical

counts

-staff use of

technology rate

- Staff knowledge significantly improved

(p\ 0.001)

-Compliance with the safety sponge

technology system was 99.4% incorrect

surgical counts went from 4% to 0.8%,

and the URSS = 0

Cima [27] Intervention component: 3 interventions

phase

- defect analysis and policy review

- awareness and communication

-monitoring and control

(Decision tree, education campaign, white

board, red rules poster)

Duration:2005—2008, for all phases

Health care Professional Focus: A

multidisciplinary, multiphase approach

Counting

process

Patient

identification

-RFOs rate

-Frequency of

surgical RFOs

-Average surgical RFO increased from 16

to 69 days and sustained for 2 years

Sigakis

[30]

Intervention component: Policy revised and

education module

Duration: n.s

Health care Professional Focus: OR team

member and radiology

Surgical count

process

RSIs -No RSI

-The policy was revised to reflect the roles

and responsibilities of each team

member
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Discussion

Interest in RSI has been increasing internationally, rising to

the level of a global patient safety issue because of adverse

patient outcomes that result from RSI [5]. The findings

from our review highlight current trends in the types of

interventions being used to prevent RSI, and also point out

the effectiveness of each intervention.

There were four types of interventions used to reduce

RSI: technology, changes to practice or guidelines, com-

munication, or some combination of these three types. A

majority of the studies implemented technology interven-

tions. Heterogeneity in the interventions used and variable

study quality limit our confidence in the interventions’

ability to reduce RSI. None of the studies that deployed

multiple interventions tested the effectiveness of each type

of intervention separately. Such approaches make it diffi-

cult to assess the cumulative effectiveness of multiple

interventions, or the relative value of each intervention, and

contribute to ongoing confusion in our understanding of

how best to prevent RSI. Moreover, most studies did not

report the statistical results, therefore conclusions cannot

be drawn about the significance of the findings.

The vast majority of the studies included in this review

employed interventions that involved multidisciplinary

teams, with only a small number of studies including only

OR nurses. We found two studies that included all stake-

holders and leadership involvement in policy development

and reported a reduced RSI incidence and an improvement

in staff performance [34, 37]. An analysis of scrub nurses’

perspectives on teamwork found that teamwork played a

significant role in preventing retained swabs [39].

Remarkably, only one study includes radiologists, despite

the important role radiologists can play in identifying RSI

[30]. A recent review of RSI prevention also emphasized

that when team members cooperated with evidence-based

standards surgical counting improved [40]. Teamwork in

the OR is important for patient safety [41]; however, the

majority of studies did not report important details about

team performance either before or after the intervention. Of

the 13 QI projects, only one [25] reported an improvement

in team performance, but the primary outcome was com-

pliance with audits of a surgical safety checklist in the OR,

rather than RSI.

We found a lack of consistent and rigorous study

designs. The majority of articles in our review were QI

projects rather than research studies. Of the four research

studies, only one used a RCT design. The other three

studies may have been constrained by feasibility issues or

ethical concerns. The study in our review that used a RCT

design reported negative conclusions on team performance

during the counting process, suggesting that a RCT study

design in and of itself does not guarantee positive out-

comes. The RCT was unable to determine whether the

intervention (bar code system) decreased the rate of RSI

because of the large sample required to show statistical

significance [35].

There may be several reasons why our review yielded

mostly QI projects. Although cluster RCT study designs

can minimize bias, not all investigators have the funding or

resources to conduct such studies. Most of the guidelines

and recommendations were developed for use in high

income countries, yet they may not be practical in LMIC.

Cultural differences and hierarchical relationships may be

major barriers in successfully implementing practice

guidelines [42, 43]. For example, ‘‘speak up’’ recommen-

dations from AORN may not be practical in countries that

have a hierarchy and male-dominated culture in the

workplace.

Several articles reported error events such as miscounts,

or count discrepancies rather than RSI events. An inte-

grative review showed that error events were a risk factor

for RSI [44]. Several factors contribute to the challenges in

measuring RSI. It might be that RSI events may not be

detected immediately after surgery (which is when

researchers were investigating). Since RSI are rare events,

measuring them takes a long time, so researchers likely

chose the outcomes that they could measure during the

research timeframe.

The effectiveness of interventions may depend on the

context of the place in which it is applied. For example, the

same type of intervention yielded different results in two

studies. One study using DMS technology to prevent RSI

was able to reduce the frequency of retained sponges [34],

unlike the other study using RFD-tagged items which

demonstrated that the technology was not successful in

preventing RSI because either the surgical count technol-

ogy malfunctioned or was not used [23].

Our findings can provide guidance on how to move

forward with efforts to reduce RSI globally. Context, cul-

ture, and workflow differences exist in every OR, therefore

guidelines and standardized practices may not be general-

izable across settings. By learning about the unique char-

acteristics in each setting, resulting interventions will be

more likely to succeed. Learning about the unique char-

acteristics of a setting may require that context, culture,

and workflow differences be measured using either quan-

titative or qualitative methods as part of developing an RSI

prevention intervention. Second, each OR has their own

error events and different types of RSI and ways to report

this event, therefore RSI prevention strategies need to

reflect the true situation in each setting. Third, more

attention is needed on the costs of interventions. Two

studies reported extra costs from technology-based inter-

ventions [32, 34]. Given the high costs of adopting
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technology-based interventions, these may not be feasible

in LMIC, so that interventions targeting social systems may

be more appropriate in LMIC.

Our review has several limitations. First, we restricted

our search to English and Thai language literatures (i.e.,

using the ThaiJO database); however, we did not find any

studies in Thai. Although we wanted to capture a global

picture of the types of interventions to prevent RSI and

their effectiveness, the majority of studies were conducted

in the USA or Australia, with only one study being con-

ducted in a less wealthy country, Brazil. Second, a majority

of the studies that we included had methodological prob-

lems, were of poor to fair quality, lacked comparator data,

or had insufficient sample sizes. These methodological

limitations constrain us from making a conclusion on the

best intervention to reduce RSI.

Conclusion

In conclusion, we found that interventions to reduce RSI

fell into two broad categories: those that targeted either the

social system through education and/or policy changes, or

those that targeted the technical system through the adop-

tion of new technology. In LMIC technology-based inter-

ventions may not be financially feasible, so in those

contexts interventions that target the social system may be

more appropriate. However, none of the interventions were

especially effective leaving the larger question of how to

prevent RSI unanswered. A fresh approach may be needed,

one that uses rigorous methods to investigate local contexts

and build knowledge so that interventions to prevent RSI

have a greater likelihood of success.
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