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A B S T R A C T

Background

Percutaneous exposure injuries from devices used for blood collection or for injections expose healthcare workers to the risk of blood

borne infections such as hepatitis B and C, and human immunodeficiency virus (HIV). Safety features such as shields or retractable

needles can possibly contribute to the prevention of these injuries and it is important to evaluate their effectiveness.

Objectives

To determine the benefits and harms of safety medical devices aiming to prevent percutaneous exposure injuries caused by needles in

healthcare personnel versus no intervention or alternative interventions.

Search methods

We searched CENTRAL, MEDLINE, EMBASE, NHSEED, Science Citation Index Expanded, CINAHL, Nioshtic, CISdoc and

PsycINFO (until 11 November 2016).

Selection criteria

We included randomised controlled trials (RCT), controlled before and after studies (CBA) and interrupted time-series (ITS) designs

of the effect of safety engineered medical devices on percutaneous exposure injuries in healthcare staff.

Data collection and analysis

Two of the authors independently assessed study eligibility and risk of bias and extracted data. We synthesized study results with a

fixed-effect or random-effects model meta-analysis where appropriate.

Main results

We included six RCTs with 1838 participants, two cluster-RCTs with 795 participants and 73,454 patient days, five CBAs with

approximately 22,000 participants and eleven ITS with an average of 13.8 data points. These studies evaluated safe modifications

of blood collection systems, intravenous (IV) systems, injection systems, multiple devices, sharps containers and legislation on the

implementation of safe devices. We estimated the needlestick injury (NSI) rate in the control groups to be about one to five NSIs per

1000 person-years. There were only two studies from low- or middle-income countries. The risk of bias was high in 20 of 24 studies.

1Devices for preventing percutaneous exposure injuries caused by needles in healthcare personnel (Review)
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Safe blood collection systems:

We found one RCT that found a safety engineered blood gas syringe having no considerable effect on NSIs (Relative Risk (RR) 0.2,

95% Confidence Interval (95% CI) 0.01 to 4.14, 550 patients, very low quality evidence). In one ITS study, safe blood collection

systems decreased NSIs immediately after the introduction (effect size (ES) -6.9, 95% CI -9.5 to -4.2) but there was no further decrease

over time (ES -1.2, 95% CI -2.5 to 0.1, very low quality evidence). Another ITS study evaluated an outdated recapping shield, which

we did not consider further.

Safe Intravenous systems

There was very low quality evidence in two ITS studies that NSIs were reduced with the introduction of safe IV devices, whereas one

RCT and one CBA study provided very low quality evidence of no effect. However, there was moderate quality evidence produced by

four other RCT studies that these devices increased the number of blood splashes when the safety system had to be engaged actively

(relative risk (RR) 1.6, 95% CI 1.08 to 2.36). In contrast there was low quality evidence produced by two RCTs of passive systems

that showed no effect on blood splashes. Yet another RCT produced low quality evidence that a different safe active IV system also

decreased the incidence of blood leakages.

Safe injection devices

There was very low quality evidence provided by one RCT and one CBA study showing that introduction of safe injection devices

did not considerably change the NSI rate. One ITS study produced low quality evidence showing that the introduction of safe passive

injection systems had no effect on NSI rate when compared to safe active injection systems.

Multiple safe devices

There was very low quality evidence from one CBA study and two ITS studies. According to the CBA study, the introduction of

multiple safe devices resulted in a decrease in NSI,whereas the two ITS studies found no change.

Safety containers

One CBA study produced very low quality evidence showing that the introduction of safety containers decreased NSI. However, two

ITS studies evaluating the same intervention found inconsistent results.

Legislation

There was low to moderate quality evidence in two ITS studies that introduction of legislation on the use of safety-engineered devices

reduced the rate of NSIs among healthcare workers. There was also low quality evidence which showed a decrease in the trend over

time for NSI rates.

Twenty out of 24 studies had a high risk of bias and the lack of evidence of a beneficial effect could be due to both confounding and

bias. This does not mean that these devices are not effective.

Authors’ conclusions

For safe blood collection systems, we found very low quality evidence of inconsistent effects on NSIs. For safe passive intravenous

systems, we found very low quality evidence of a decrease in NSI and a reduction in the incidence of blood leakage events but moderate

quality evidence that active systems may increase exposure to blood. For safe injection needles, the introduction of multiple safety

devices or the introduction of sharps containers the evidence was inconsistent or there was no clear evidence of a benefit. There was

low to moderate quality evidence that introduction of legislation probably reduces NSI rates.

More high-quality cluster-randomised controlled studies that include cost-effectiveness measures are needed, especially in countries

where both NSIs and blood-borne infections are highly prevalent.

P L A I N L A N G U A G E S U M M A R Y

Devices with safety features for preventing percutaneous exposure injuries in healthcare staff

What is the aim of this review?

Healthcare workers use needles, syringes and other devices for collecting patients’ bood and to inject drugs that are in liquid form.

Sometimes healthcare workers come into contact with the sharp end of these devices by accident. Such instances are called needlestick

2Devices for preventing percutaneous exposure injuries caused by needles in healthcare personnel (Review)
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injuries (NSI) and they may expose healthcare workers to the risk of serious infections such as hepatitis or human immunodeficiency

virus (HIV). Safety features such as shields or retractable needles can help prevent these injuries. We searched in multiple databases for

randomised (RCTs) and non-randomised studies (NRS) that had evaluated these features.

Key messages

The evidence on safety devices preventing NSI is of low quality and inconsistent. The lack of a strong and consistent helpful effect

could be due to bias. This does not mean that these devices are not effective. The risk of blood contamination may be greater.

More high-quality experimental studies with groups of healthcare workers are needed to compare the effects and cost-effectiveness of

various types of safety devices on NSIs, especially in countries where both NSIs and blood-borne infections are common.

What was studied in the review?

We included eight RCTs and 16 NRS. These studies evaluated the safety of blood collection systems, intravenous (IV) systems, injection

systems, multiple devices, sharps containers and legislation. We estimated that one to five NSIs occur per 1000 workers every year

without intervention. The risk of bias was high in 20 out of 24 studies.

What are the main results of the review?

For safe blood collection systems, one RCT found very low quality evidence showing no considerable effect and one NRS produced

very low quality evidence showing a large reduction in NSI. Another NRS used an outdated cap shield.

For safe IV devices, there was very low-quality evidence that NSIs decreased in two NRS but not in one RCT and one other NRS.

However, four other RCT studies produced moderate quality evidence that the devices which had to be switched on increased the

number of blood splashes. In two RCT studies where the safety feature automatically switched on produced low quality evidence

showing no change in amount of blood splashes. Another RCT study found low quality evidence showing a decrease in the number of

blood leakage events with these devices.

For safe injection devices, there was very low quality evidence that these reduced the NSI rate in one RCT and in one NRS. However,

another NRS found low quality evidence no difference in NSI rate between active and passive safe injection devices.

For the introduction of several safety devices at once, there was very low quality evidence of inconsistent effects from three NRS. .One

NRS showed a decrease in NSI rate but the other two studies showed no difference.

For the use of safety containers, there was very low quality evidence of inconsistent effects from three NRS. . One NRS showed a

decrease in NSI but the other two studies showed inconsistent results.

For the introduction of legislation on safety-engineered devices, there was low to moderate quality evidence produced by two NRS

studies showing a reduction in NSIs.

How up-to-date is this review?

We searched for studies up until 11 November 2016.

3Devices for preventing percutaneous exposure injuries caused by needles in healthcare personnel (Review)
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Safe blood collection systems compared to regular systems for preventing percutaneous exposure injuries caused by needles in healthcare personnel (RCTs)

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel (RCTs)

Setting: emergency care department of hospital

Intervention: Safe blood collect ion systems

Comparison: regular systems

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with regular sys-

tems

Risk with Safe blood

collection systems

Needlest ick injuries im-

mediate follow up

Study populat ion RR 0.20

(0.01 to 4.15)

550

(1 RCT)

⊕©©©

VERY LOW 12

7 per 1 000 1 per 1 000

(0 to 30)

Blood splashes Study populat ion RR 0.14

(0.02 to 1.15)

550

(1 RCT)

⊕©©©

VERY LOW 134

25 per 1 000 4 per 1 000

(1 to 29)

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: Conf idence interval; RR: Risk rat io; OR: Odds rat io;

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by one level due to risk of bias (select ion bias, performance bias and detect ion bias).
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2 We downgraded the quality of evidence by two levels due to imprecision (wide conf idence interval and very few events).
3 We downgraded the quality of evidence by one level due to indirectness (blood splashes were actually visible blood

leakages).
4 We downgraded the quality of evidence by one level due to imprecision (conf idence interval crosses 1).

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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B A C K G R O U N D

Healthcare workers (HCWs) are exposed to several occupational

hazards, including biological agents. Percutaneous injury and oc-

cupational exposure to blood and body fluids increase the risk of

exposure of HCWs to blood borne pathogens such as hepatitis B

(HBV), hepatitis C (HCV) and human immunodeficiency virus

(HIV). These infections can lead to chronic and fatal diseases. In

the United States (US), the annual number of percutaneous in-

juries among hospital-based HCWs was estimated to be 384,325

in 1997 to 1998 (Panlilio 2004). Percutaneous injury incidence

rates have decreased since then. However, recently it was estimated

that still 300,000 HCWs sustain percutaneous injuries annually

in the US (Grimmond 2017). The World Health Organization

(WHO) estimates that 16,000 HCV, 66,000 HBV and 1000 HIV

infections may have occurred worldwide among HCWs in the year

2000 due to their occupational exposure to blood and body fluids

(Pruss-Ustun 2005). More recent information relating to recent

global trends of percutaneous exposure injuries is not available.

Nonetheless it is reasonable to assume that the trends are not con-

siderably different from the US.

Description of the condition

A HCW’s risk for acquiring infectious diseases at work is influ-

enced by a variety of environmental and social factors. The popu-

lation prevalence of specific diseases, percentage HBV vaccination

coverage in the population, availability of medical supplies, adher-

ence to standard precautions, accessibility and availability of post-

exposure prophylaxis, among others are important components

influencing the risk of HCWs becoming infected by blood borne

diseases. For HBV, the risk varies greatly based on the immuniza-

tion coverage among health workers and the served population.

For example, in 1990 the HBV infection rate among unvacci-

nated US healthcare personnel was three to five times greater than

in the US general population (MacCannell 2010). This number

decreased significantly due to the introduction of routine HBV

immunization and comprehensive occupational health and safety

policies. The prevalence of HBV among HCWs is now five times

less than in the US general population (MacCannell 2010).

Occupational transmission of infectious diseases has a significant

impact on the health of the workers and also on the healthcare

system as a whole. The transmission of occupational blood borne

infectious diseases leads to increased absenteeism and morbidity,

and in some cases to higher mortality rates, among HCWs. These

outcomes affect the delivery, provision, quality and safety of care.

HCWs may suffer from psychological stress due to the risk of ac-

quiring an infectious disease, which affects both their work and

personal life (Fisman 2002; Sohn 2006). There is also the financial

burden associated with occupational exposure to blood borne dis-

eases, which includes costs related to blood tests, treatment, out-

patient visits, and lost working hours (Jagger 1990; Leigh 2007).

Description of the intervention

Exposure to blood or body fluids is also called percutaneous expo-

sure and happens most often when HCWs are injured with sharp

needles or instruments, or when blood or body fluids are splashed

on mucous membranes or wounds during medical interventions

or accidents. These incidents are called percutaneous exposure in-

cidents. The majority of these incidents are percutaneous injuries

which include sharps injuries or needlestick injuries (NSIs). The

actual causes of a NSI are multifactorial and include elements such

as types of devices and procedures, lack of access to or availability

of personal protective equipment for the HCWs, suboptimal use

of personal protective equipment, lack of training and education

on infection control and occupational health principles, improper

management of needles, poor organisational climate, high work-

load and fatigue, working alternate shifts, high mental pressure

and subjective perception of risk (Akduman 1999; Ansa 2002;

Clarke 2002; Doebbeling 2003; Fisman 2007; Ilhan 2006; Ngatu

2011; Oh 2005; Orji 2002; Roberts 1999; Smith 2006; Smith

2006b; Wallis 2007). Most of these causes can be addressed by

specific interventions.

Several epidemiological studies have demonstrated that some

needlestick injuries are associated with specific actions and med-

ical equipment, such as recapping and sharp devices respectively

(De Carli 2003). The practice of recapping needles is a major fac-

tor contributing to needlestick injuries (Ngatu 2011) and specific

devices have also been associated with an increased risk of per-

cutaneous injuries. According to MacCannell 2010, needlestick

injuries occurred more frequently with hollow-bore needles com-

pared to solid sharps (54% versus 40%). It is estimated that up to

25% of reported hollow-bore needlestick injuries among nurses

and physicians could have been prevented by the use of safer de-

vices (MacCannell 2010). Almost two-thirds of all reported in-

juries occurred with devices without safety features (MacCannell

2010).

Engineered medical devices such as retractable needles can reduce

and eliminate the exposure to blood and body fluids. Even though

sometime ago legislation has been introduced in the US and Eu-

rope that mandates that safety-engineered devices should be used,

there is no generally agreed definition of what constitutes a sa-

fety-engineered device (OSHA 2001). Here, we define a safety-

engineered device as any medical device that purportedly protects

against percutaneous injuries.

How the intervention might work

There are several possibilities to prevent infection from needlestick

injuries. For hepatitis B, vaccination has been successful (Chen

2005). Vaccination is not yet possible for HCV or HIV (Mast

2004). Therefore, exposure elimination and reduction remain the

main preventive strategies.

Many hospitals are now using safe medical devices as an inter-
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vention to reduce the risk of percutaneous injuries. These devices

eliminate or encapsulate the needles. For example, needleless intra-

venous systems are defined as systems that administer medications

through an intravenous access device without using needle con-

nections. Some studies have noted a decrease in the risk of needle-

stick injuries following the introduction of safety medical devices

such as a needle free system for intravenous therapy (Mendelson

1998), meanwhile other studies have found inconclusive findings

for such systems (L’Ecuyer 1996 2wva).

Why it is important to do this review

There are several strategies available to abate percutaneous expo-

sure injuries among HCWs workers, and these are widely used.

Therefore, it is important to know if these preventive interven-

tions are effective. Retrospective studies indicate that percutaneous

exposure incidents would be reduced by more than 50% by be-

havioural interventions, either through education or adoption of

new techniques (Bryce 1999; Castella 2003). The use of safety

devices would probably also have a significant effect (Bryce 1999;

Castella 2003; Jagger 1988; Waclawski 2004). There have been

several reviews on the effectiveness of interventions (Hanrahan

1997; Hutin 2003; Rogers 2000; Trim 2004; Tuma 2006) but

none have used the systematic Cochrane methodology. This re-

view excluded studies where sharp suture needles were substituted

with blunted ones as another Cochrane review (Parantainen 2011)

has already addressed the effect of this intervention. Extra gloves

or special types of gloves could theoretically be considered a de-

vice to prevent needlestick injuries while handling needles, but we

excluded these studies because there is another Cochrane Review

that shows that extra gloves are effective to prevent needlestick

injuries (Mischke 2014).

Recently the WHO issued guidelines for the use of safety-engi-

neered devices in healthcare settings (WHO 2016). However, they

based their recommendations on a judgment of moderate quality

evidence which was different from the low quality evidence that

we found in the 2014 version of this review.

O B J E C T I V E S

To determine the benefits and harms of safety medical devices

aiming to prevent percutaneous exposure injuries caused by nee-

dles in healthcare personnel versus no intervention or alternative

interventions.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all randomised controlled trials (RCT), cluster-ran-

domised trials (cluster-RCT), interrupted time-series (ITS) and

controlled before and after studies (CBA) irrespective of language

of publication, publication status, or blinding.

We expected that the availability of RCTs would be limited for this

topic. Interventions for prevention are very different from clinical

interventions. Many of these interventions are not implemented

at the individual level. For example, new equipment is used by

a group of workers or safety engineering controls are applied to

the whole department simultaneously. This approach makes indi-

vidual randomisation impossible. In principle, this can be partly

overcome by randomisation at the department level as in a cluster-

RCT design. However, as the level of aggregation increases, the

more difficult this is to perform due to the level of recruitment

required. Therefore, we included the following non-randomised

study designs in our review: CBA studies with a concurrent con-

trol group, and ITS. CBA studies are also called prospective cohort

studies. They are easier to perform, taking into account that the

intervention is assigned at the group level, and still have reasonable

validity.

ITS designs are often based on routinely collected administrative

data from insurance or governmental sources, collected for injury

outcomes. In many cases the data are collected independently from

interventions and over long periods of time, offering reasonable

validity. If there are at least three data points before and three data

points after the intervention, we included these study designs as

ITS (EPOC 2006). Both ITS with and without a control group

were eligible for inclusion.

Types of participants

We included studies where participants were HCWs, including

dentists, which means all persons that are professionally involved

in providing health care to patients. The majority of study partic-

ipants had to fulfil this criterion.

Types of interventions

Inclusion criteria

We included studies examining any medical devices that aim to

prevent percutaneous exposure incidents and thus could reduce

the risk of exposure to blood or bodily fluids.

We categorised the interventions based on the type of device in

the following way.

- Safety engineered devices for blood collection.

- Safety engineered devices for Injecting fluids.

- Containers for collecting sharps.
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Because these categories did not cover all studies that we found,

we added two categories.

- The use of multiple safety devices in an intervention programme.

- Intravenous systems.

- The introduction of legislation

Exclusion criteria

We excluded studies where sharp suture needles were substituted

with blunted ones. Another Cochrane review (Parantainen 2011)

has addressed the effect of this intervention. We also excluded

studies on devices that eliminate the use of suture needles or that

encapsulate suture needles during surgery because the risk of a

NSI is different with suture needles in surgery. Extra gloves or

special types of gloves were also excluded because there is another

Cochrane review on the effect of gloves to prevent needlestick

injuries Mischke 2014.

Types of outcome measures

Primary outcomes

Our primary outcome measure was exposure of HCWs to poten-

tially contaminated blood or bodily fluids. Exposure can be re-

ported as self-reported NSI, sharps injury, blood stains on the skin,

or glove perforations. We considered all reports of such exposure

as valid measures of the outcome, such as self-reports, reports by

the employer, or observations of blood stains.

Secondary outcomes

We considered ease of use of the devices (including user satisfac-

tion) and information related to the cost of the intervention as

secondary outcomes.

Search methods for identification of studies

Electronic searches

First, we generated search terms for percutaneous exposure inci-

dents. We then combined these terms for percutaneous exposure

incidents with the recommended search strings for randomised tri-

als and for non-randomised studies. We used the Robinson 2002

search strategy for randomised clinical trials and controlled clini-

cal studies. For finding non-randomised studies, we used the sen-

sitive search strategy for occupational health intervention studies

(Verbeek 2005).

We used the strategy to search CENTRAL, MEDLINE, EM-

BASE, NHSEED, Science Citation Index Expanded, CINAHL,

OSH-update, and PsycINFO from the earliest record to 1 Novem-

ber 2016. We also searched LILACS but only until 2012.

We felt that the yield did not outweigh the efforts and de-

cided to stop searching LILACS. In addition, we searched the

databases of WHO, the UK National Health Service (NHS) and

www.med.virginia.edu/epinet (Royle 2003).

We present the original search strategies for the databases listed

above in Appendix 1.

In the first update of the original search that is common with

Parantainen 2011, we used recap* and device* as additional search

terms combined by OR and with the other terms as explained in

Appendix 2.

We present the most recent updated search strategies for the

databases listed above in Appendix 3.

Searching other resources

We screened the reference lists of all relevant studies for additional

studies.

Data collection and analysis

Selection of studies

Using the inclusion and exclusion criteria, the authors (M-CL, JV,

VR, MP) worked individually and independently to screen the

titles and abstracts of the references that were identified by the

search strategy as potential studies. Pairs of authors went through

the same references to increase the reliability of the results. We

obtained the full texts of those references that appeared to meet the

inclusion criteria. We did not blind ourselves regarding the trial

author details because we felt that it would not increase validity. We

solved disagreements between pairs by discussion. A pair consulted

a third author if disagreement persisted.

Data extraction and management

Review authors worked in pairs (VR and JV, M-CL and MP) but

independently to extract the data onto a form. The form included

the essential study characteristics about the participants, interven-

tions, outcomes and results. We also noted any adverse events and

the sponsorship of the study. Two pairs of authors (VR and JV, M-

CL and MP) independently assessed the risk of bias of the studies.

The pairs used a consensus method if disagreements occurred. The

pairs consulted a third author if disagreement persisted. Again, we

did not mask trial names because we believed that it would not

increase validity.

Assessment of risk of bias in included studies

For the assessment of risk of bias in RCTs we used the risk of

bias tool in RevMan 2014. For CBA studies, we used two items

additional to the Cochrane risk of bias tool from a validated in-

strument (Downs 1998): adjustment for baseline differences and

similar timing of recruitment of intervention group.
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For ITS studies we used the risk of bias criteria as presented by

Ramsay 2003.

Overall judgement of risk of bias at study level

For RCT studies we judged a study to be at a low risk of bias if at

least two of the following domains (random sequence generation,

allocation concealment and blinding) had a low risk of bias and the

remaining third domain had unclear risk of bias and none of the

other domains (attrition bias, reporting bias, similar recruitment

of groups, adjustment for baseline differences and other bias) had

a high risk of bias.

For CBA and ITS studies, we judged a study to be at a low risk of

bias if none of the domains were rated as high risk.

Measures of treatment effect

For RCTs and CBA studies with dichotomous outcomes, we used

relative risks or risk ratios (RR) as the measure of the treatment

effect. We did not use odds ratios because the incidence of most

outcomes was higher than 10% and then odds ratios give an in-

flated impression of the relative risk.

In studies where needlestick injuries or glove perforations were

reported more than once for an individual we used rates and rate

ratios as the treatment effect. We calculated the log rate ratio and

the standard error and used these data as the input for RevMan.

For ITS studies, we extracted and re-analysed the data from the

original papers according to the recommended methods for anal-

ysis of ITS designs for inclusion in systematic reviews (Ramsay

2003). These methods utilise a segmented time-series regression

analysis to estimate the effect of an intervention while taking into

account secular time trends and any autocorrelation between in-

dividual observations. For each study, we fitted a first order au-

toregressive time-series model to the data using a modification of

the parameterization of Ramsay 2003. Details of the mode speci-

fication are as follows:

Y = ß0 + ß1 time + ß2 (time - p) I (time > p) + ß3 I (time > p) +

E, E ~ N (0, s²).

For time = 1,...,T, where p is the time of the start of the interven-

tion, I (time ≥ p) is a function which takes the value 1 if time is

p or later and zero otherwise, and where the errors E are assumed

to follow a first order autoregressive process (AR1) and the errors

E are normally distributed with mean zero and variance s². The ß

parameters have the following interpretation:

ß1 is the pre-intervention slope;

ß2 is the difference between post- and pre-intervention slopes;

ß3 is the change in level at the beginning of the intervention

period, meaning that it is the difference between the observed level

at the first intervention time point and that predicted by the pre-

intervention time trend.

We used the change in slope and the change in level as two different

measures of treatment effect for ITS studies.

Unit of analysis issues

For studies that employed a cluster-randomised design but did not

make an allowance for the design effect, we intended to calculate

the design effect. If no intra-cluster coefficients were reported, al-

though they are needed to calculate the design effect, we would

have assumed a fairly large intra-cluster coefficient of 0.05 to en-

able the calculation of design effect. We intended to use the meth-

ods that are recommended in the Cochrane Handbook for System-
atic Reviews of Interventions (Higgins 2011) for the calculations.

However, the two studies that used a cluster-randomised design

either did not provide data on the size of the clusters (L’Ecuyer

1996 2wva) or had a loss to follow up of 50% (van der Molen

2011), which made the cluster calculations questionable. There-

fore, we did not perform these calculations.

For studies with multiple study arms that belonged to the same

comparison, we divided the number of events and participants in

the control group equally over the study arms to prevent double

counting of study participants in the meta-analysis (Asai 2002

active; Asai 2002 passive).

Dealing with missing data

We contacted the authors for additional information if the data

needed for meta-analysis were missing (Hotaling 2009; Sossai

2010). If data were presented in figures only and the authors could

not be reached, we extracted data from the figures presented in

the article (Chambers 2015 hospitals; Chambers 2015 long-term

nursing care; Goldwater 1989; Goris 2015; Phillips 2013; Whitby

2008). If data such as standard deviations had been missing and

they could be calculated from other data present in the article,

such as P values, we would have done so according to the recom-

mendations in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011), but there were no studies where this

was necessary.

Assessment of heterogeneity

Clinical homogeneity among studies was defined based on the

similarity of populations, interventions, and outcomes measured

at the same follow-up point. We regarded all healthcare profession-

als as sufficiently similar to assume a similar preventive effect from

the use of similar devices. We categorised safe devices as indicated

under types of interventions and assumed that different devices

would lead to different effects. We added three extra categories:

intravenous (IV) systems, the introduction of multiple safe devices

at the same time and legislation that mandates the use of safe de-

vices. We deemed the interventions contained within these cate-

gories to be conceptually similar and sufficiently homogeneous to

be combined in a meta-analysis.

We divided outcomes into a category of needlestick injuries and a

category of blood or bodily fluid splashes. Thus, we had two dif-

ferent outcome measures: needlestick injuries and blood splashes.
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Even though the denominator of the NSI rates differed from pa-

tients to devices to workers we felt that they were sufficiently sim-

ilar to be combined.

We did not combine various study designs as we assumed that there

were large differences in risk of bias between the different study

types. We have presented the results per comparison separately for

each design type.

We assessed statistical heterogeneity by means of the I² statistic.

We used the values of < 40%, between 30% and 60%, between

50% and 90%, and over 75% as indicating not important, mod-

erate, substantial, and considerable heterogeneity respectively, as

proposed in the Cochrane Handbook for Systematic Reviews of In-
terventions (Higgins 2011).

Assessment of reporting biases

We will assess for publication bias with a funnel plot in future

updates of this review if more than five studies are available in a

single comparison.

Data synthesis

We pooled studies that contained sufficient data and that we

judged to be clinically and statistically homogeneous with RevMan

5 software (RevMan 2014).

When studies were statistically heterogeneous we used a random-

effects model or we refrained from meta-analysis; otherwise we

used a fixed-effect model.

For ITS, we first standardised the data by dividing the outcome and

standard error by the pre-intervention standard deviation resulting

in an effect size, as recommended by Ramsay 2001. Then, we

entered the results into RevMan as the change in level and in

slope as two different outcomes using the general inverse variance

method.

Finally, we used the GRADE approach to assess the quality of

the evidence per comparison and per outcome as described in the

Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2011). For comparisons that only included RCTs, we started at

high quality evidence. Then, we reduced the quality of the evidence

by one or more levels if there were one or more limitations in

the following domains: risk of bias, consistency, directness of the

evidence, precision of the pooled estimate, and the possibility of

publication bias. When the comparison included non-randomised

studies we started at the low quality level and downgraded further

if there were limitations, or we would have upgraded the quality if

there were reasons to do so. We used the programme GRADEpro

2017 to generate summary of findings tables for the two most

important outcomes for all comparisons but separated by design.

Subgroup analysis and investigation of heterogeneity

We intended to re-analyse the results for studies with a high base-

line or control group exposure rate, and for studies from low- and

middle-income countries, but this was not possible due to the few

studies that we found per comparison and the lack of studies from

low- and middle-income countries.

Sensitivity analysis

We intended to re-analyse the results including only studies with

a low risk of bias in order to find out if risk of bias led to changes

in the findings but this was only possible for one comparison as

there weren’t enough low risk of bias studies to do so.

R E S U L T S

Description of studies

Results of the search

With the original search strategy described in Appendix 1 and

after removal of duplicates we had a total of 11,239 references.

Based on titles and abstracts, we selected 322 references for full-

text reading. Of these, we excluded those that did not fulfil our in-

clusion criteria. In cases where the article did not provide enough

data we contacted the authors and asked them to send the missing

information. If we did not receive sufficient information to judge

if the study should be included, we excluded the study. This re-

sulted in 84 full text articles on NSI prevention. Of these, 14 stud-

ies fulfilled the inclusion criteria for this review. We updated the

search by adding the strategy described in Appendix 2 in January

2012. This resulted in 167 additional references from which we

selected seven for full-text reading. Of these full-text studies, there

were three additional studies that fulfilled our inclusion criteria.

Another update of the whole search (Appendix 1 combined with

Appendix 2) in January 2014 yielded another 292 references of

which three could be potentially included but are awaiting classifi-

cation. Six are pending more information from the authors (Perry

2012; Phillips 2010; Phillips 2011; Phillips 2012; Phillips 2012a;

Uyen 2014) and one is pending translation from Italian (Ferrario

2012). In November 2016 we updated and reran the search strat-

egy again and it yielded an additional 1194 references (Appendix

3) out of which we screened 60 for full-text reading (see Figure

1). Out of these studies 7 studies fulfilled the inclusion criteria.

Altogether, this process led to a total of 24 studies that fulfilled

our inclusion criteria.
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Figure 1. Study flow diagram for 2017 update

Included studies

Interventions

We included a total of 24 studies, which contain three stud-

ies with two intervention arms (Asai 2002 active; Asai 2002

passive; Prunet 2008 active; Prunet 2008 passive; Chambers 2015

hospitals; Chambers 2015 long-term nursing care) and one study

with three intervention arms (L’Ecuyer 1996 2wva; L’Ecuyer 1996

mbc; L’Ecuyer 1996 pbc), corresponding to 29 different compar-

isons of safety medical devices that we named as different studies

to increase transparency of the meta-analyses. We elaborated on

the details of the devices in Table 1. Based on the information in

the articles, we checked on the Internet if the devices were still

for sale and if they still resembled the original description given

in the article. Even though we could not be sure that the devices

currently sold were exactly similar to those in the articles, we are

confident that the main safety features are still the same.

The types of devices used in the various studies were:

• safe blood collection devices (n = 3) (Baskin 2014;

Goldwater 1989; Rogues 2004);

• safe IV systems (n = 9) (Asai 1999 active; Asai 2002 active;

Asai 2002 passive; Azar-Cavanagh 2007; Cote 2003; L’Ecuyer

1996 2wva; L’Ecuyer 1996 mbc; L’Ecuyer 1996 pbc; Mendelson

1998; Prunet 2008 active; Prunet 2008 passive; Seiberlich 2016;

Sossai 2010);
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• safe injection device (n = 4) (Gaballah 2012; Goris 2015;

van der Molen 2011; Zakrzewska 2001);

• multiple safety devices interventions (n = 5) (Chambers

2015 hospitals; Chambers 2015 long-term nursing care; Phillips

2013; Reddy 2001; Valls 2007; Whitby 2008); and

• safe needle disposal boxes (n = 3) (Edmond 1988;

Grimmond 2010; Richard 2001).

Safety engineered devices can be divided into two broad categories,

passive and active devices. Passive devices have a safety function

that is automatically activated without the user’s interference. This

type of safety device is supposed to offer better protection because

the human factor is excluded. Active devices require one- or two-

handed activation by a health worker after use.

Four studies used a similar type of safe active IV system (Auto-

guard IV) (Asai 1999 active; Asai 2002 active; Cote 2003; Prunet

2008 active). The safety mechanism of this device is activated by

pushing a button which retracts the needle. Two studies evalu-

ated a passive and an active system (Asai 2002 active; Asai 2002

passive; Prunet 2008 active; Prunet 2008 passive). In addition to

the Autoguard IV, Asai 2002 passive and Prunet 2008 passive used

a passive device. Asai 2002 passive used the Protective Acuvance,

which consists of two needles (one inside the other) where the

tip of the needle is automatically changed to a blunt needle upon

withdrawing. Prunet 2008 passive used the Introcan safety, which

automatically shields the needle tip upon withdrawing. The In-

trocan safety IV system was also used by Sossai 2010. Whereas

Seiberlich 2016 used a safe active IV system (ViaValve), which

consisted of a valve to prevent blood flow back out of the catheter

hub on initial venipuncture.

A needleless system refers to a device that does not use needles

for the collection of body fluids or administration of medication

or fluid after initial IV access is established (Mendelson 1998).

L’Ecuyer 1996 2wva; L’Ecuyer 1996 mbc; L’Ecuyer 1996 pbc used

three needleless IV systems. One, the safety needleless IV tubing

system (blunt metal cannula), was replaced after four months by a

blunt plastic cannula due to dissatisfaction of employees with the

device. Mendelson 1998 evaluated a needleless IV system which is

incompatible with a needle. All other studies had employed either

a combination of the needleless system and insertion or evaluated

the effects of safe insertion only.

In the five studies involving multiple safety devices, one study

included safety-engineered needles and needleless devices that

were either passive or semi-automatic (Chambers 2015 hospitals;

Chambers 2015 long-term nursing care). The study by Phillips

2013 used safety-engineered sharps. Reddy 2001 used safety sy-

ringes and needleless IV systems. Valls 2007 used safety vacuum

phlebotomy systems, blood-gas syringes with a needle sheath,

lancets with retractable single-use puncture sticks, safe IV catheters

(passive and active), and safe injection devices. Whitby 2008 used

multiple passive safety-engineered devices including retractable sy-

ringes, needle-free IV systems and safety winged butterfly needles.

In the studies on safe disposal boxes, Edmond 1988 evaluated a

bedside needle disposal; Grimmond 2010 assessed a sharps con-

tainer with enhanced safety features such as automatic lock-out

when full; and Richard 2001 introduced small containers in all

patient areas combined with an educational program.

In studies focusing on safe blood collection, Rogues 2004 intro-

duced two devices: re-sheathable winged steel needles and Vacu-

tainer blood-collecting tubes with recapping sheaths. Goldwater

1989 used a shield on the needle cap to prevent the needle from

injuring the worker. Baskin 2014 used a safety-engineered blood

gas syringe in which the cannula protection shield is activated with

one hand after puncture and clicks irreversibly over the cannula.

Representing safe injection devices, Gaballah 2012 used safety

dental syringes that did not require re-sheating or removal of the

needle from its syringe. Goris 2015 used passive subcutaneous re-

tractable syringes that automatically and instantly retract the nee-

dle from the patient into the barrel of the syringe. van der Molen

2011 evaluated an injection needle with a safety feature shielding

the needle after the injection, and Zakrzewska 2001 assessed one

type of safety syringe for dentistry. The injection devices had an

active safety mechanism that had to be activated by the workers.

A total of 17 studies reported introducing the safety devices

together with training sessions (Azar-Cavanagh 2007; Baskin

2014; Edmond 1988; Gaballah 2012; Goldwater 1989; Goris

2015; L’Ecuyer 1996 mbc; L’Ecuyer 1996 pbc; L’Ecuyer 1996

2wva; Mendelson 1998; Prunet 2008 active; Prunet 2008 passive;

Richard 2001; Rogues 2004; Seiberlich 2016; Sossai 2010; Valls

2007; van der Molen 2011; Whitby 2008; Zakrzewska 2001).

Goldwater 1989 briefly stated that staff completed an educational

program. Two studies did not report on the integration of training

or education as part of the study (Grimmond 2010; Reddy 2001).

Types of study designs

Study designs used to assess the effect of the intervention were:

• six RCTs (Asai 1999 active; Asai 2002 active; Asai 2002

passive; Baskin 2014; Cote 2003; Prunet 2008 active; Prunet

2008 passive; Seiberlich 2016);

• two cluster-RCTs (L’Ecuyer 1996 2wva; L’Ecuyer 1996

mbc; L’Ecuyer 1996 pbc; van der Molen 2011);

• five CBAs (Gaballah 2012; Grimmond 2010; Mendelson

1998; Valls 2007; Zakrzewska 2001); and

• eleven ITS (Azar-Cavanagh 2007; Chambers 2015

hospitals; Chambers 2015 long-term nursing care; Edmond

1988; Goldwater 1989; Goris 2015; Phillips 2013; Reddy 2001;

Richard 2001; Rogues 2004; Sossai 2010; Whitby 2008).

Participants

There were slight differences across studies in terms of selected

participants for the study. In nine studies, researchers referred

to the broad term of healthcare personnel or hospital work-

ers as participants (Chambers 2015 hospitals; Chambers 2015
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long-term nursing care; Edmond 1988; Goris 2015; Grimmond

2010; Phillips 2013; Richard 2001; Rogues 2004; Sossai 2010; van

der Molen 2011). Reddy 2001 included health personnel with the

exception of physicians. Three studies included healthcare work-

ers explicitly at risk of blood borne pathogen exposure from con-

taminated needles, referred to as house staff, physicians, medi-

cal students, nurses, nursing assistants, emergency medical tech-

nicians and environmental service workers (Azar-Cavanagh 2007;

Mendelson 1998; Whitby 2008). Three studies included nursing

personnel only as participants (L’Ecuyer 1996 2wva; Seiberlich

2016; Valls 2007;). Two studies included anaesthesiologists (Cote

2003; Prunet 2008 active; Prunet 2008 passive). In two studies re-

searchers and assistants were the persons handling the needles (Asai

1999 active; Asai 1999 active; Asai 2002 active). Dental clinic staff

were the target group in one study (Zakrzewska 2001). One study

included dental and nursing students (Gaballah 2012). One study

included emergency department doctors (Baskin 2014). Another

study included only laboratory staff (Goldwater 1989)

In one RCT the number of participants were 50 each in the inter-

vention and control groups (Asai 1999 active; Asai 2002 active;

Asai 2002 passive). In another RCT there were 254 and 251 par-

ticipants in each of the intervention groups and 254 participants

in the control group (Prunet 2008 active; Prunet 2008 passive).

There were 119 participants in the control group and 211 in the in-

tervention group in (Cote 2003) and 275 in each group in (Baskin

2014). In (Seiberlich 2016) there were 79 in the control group

and 73 in the intervention group.

In the cluster-RCTs, van der Molen 2011 reported on eight wards

in each of the two intervention groups and the control group,

representing approximately 265 workers in each of the these three

groups during the initial phase. The authors adjusted for the clus-

ter effect by means of a GEE-analysis. L’Ecuyer 1996 2wva re-

ported 19,436 patient-days for the plastic two-way valves, 3840

patient-days for the metal blunt cannula (L’Ecuyer 1996 mbc) and

15,737 patient-days for the plastic blunt needle (L’Ecuyer 1996

pbc). However, the study did not mention the number of wards

that were randomised.

In the CBA studies, Grimmond 2010 recruited 14 hospitals in

both the control and the intervention groups, approximating over-

all 19,880 full-time equivalents (FTE) during the two-year study

period. Valls 2007 recruited seven wards for the intervention group

and five wards for the control group from a hospital with 1000

workers. Zakrzewska 2001 had approximately 300 workers in both

the intervention and control groups. Mendelson 1998 reported on

eight medical units in both the intervention and control groups,

corresponding to approximately 220 workers per group. Gaballah

2012 recruited three hospitals - one for the control group and two

for the intervention group. However, the authors did not report

data relating to the number of participants.

In the ITS studies, Azar-Cavanagh 2007 reported on 11,161

healthcare workers for the pre-intervention period (18 months)

and 12,851 healthcare workers for the post-intervention period

(18 months). Reddy 2001 reported on 3011 FTE for the pre-

intervention period (three years) and 3992 FTE for the post-in-

tervention period (three years). Rogues 2004 reported on 8500

FTE (2000 nurses) per year for the pre-intervention period (four

years) and post-intervention period (three years). Edmond 1988

followed 278 nurses for the pre-intervention period (eight months)

but provided no information to determine if this number remained

the same for the intervention period (four months). Richard 2001

did not report the number of participants in the one participating

hospital during the seven-year study period. Goldwater 1989 re-

ported 127,000 venipunctures for the pre-intervention period (six

months), and 483,000 venipunctures with the device and 232,348

without the device during the intervention period (33 months).

Sossai 2010 reported that the number of employees at the hospital

fluctuated between 4447 and 4636 throughout the study period

(two years pre-intervention and three years post-intervention).

Chambers 2015 hospitals reported on an average of 325 000 FTE

per year and included nine data points. Chambers 2015 long-term

nursing care also reported on an average of 325000 FTE per year

and included nine data points. Goris 2015 reported on 857 895

employee productive hours for the pre-intervention period and

237 202 employee productive hours for the post-intervention pe-

riod. Phillips 2013 reported on 184 years of cumulative data col-

lected from 85 hospitals in the pre-intervention period (six years)

and 150 years of cumulative data collected from 85 hospitals in

the post-intervention period (five years). Whitby 2008 reported

on 3053 FTE for the pre-intervention period (12 months) and

6506 FTE for the post-intervention period (24 months).

The average number of data points in the eleven ITS studies was

13.8 and ranged from six to 39.

Outcomes

Twenty-one studies included self-reported percutaneous injuries

as their main outcome (Asai 1999 active; Asai 2002 active; Asai

2002 passive; Azar-Cavanagh 2007; Chambers 2015 hospitals;

Chambers 2015 long-term nursing care; Cote 2003; Edmond

1988; Gaballah 2012; Goldwater 1989; Goris 2015; Grimmond

2010; L’Ecuyer 1996 2wva; L’Ecuyer 1996 mbc; L’Ecuyer 1996

pbc; Mendelson 1998; Phillips 2013; Reddy 2001; Richard 2001;

Rogues 2004; Sossai 2010; Valls 2007; van der Molen 2011;

Whitby 2008; Zakrzewska 2001). Seiberlich 2016 reported on

incidence of blood leakage and blood exposure risk reduction.

In two studies (Baskin 2014; Prunet 2008 active; Prunet 2008

passive) the main outcomes were both blood splashes and NSIs.

In three studies researchers reported only blood splashes (Asai

1999 active; Asai 2002 passive; Cote 2003; Prunet 2008 active;

Prunet 2008 passive). Three studies did not report NSIs as their

main outcome as no injury was reported during the study (Asai

1999 active; Asai 2002 passive; Prunet 2008 active; Prunet 2008

passive). Cote 2003 reported that the study was underpowered to

assess the difference in needlestick injuries between the groups.
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The denominators for the self-reported NSIs included: the num-

ber of procedures (Baskin 2014; Goldwater 1989; Rogues 2004),

medical devices (Prunet 2008 active; Prunet 2008 passive; Sossai

2010), FTE (Chambers 2015 hospitals; Chambers 2015 long-

term nursing care; Grimmond 2010; Phillips 2013; Reddy 2001;

Whitby 2008), health workers (Azar-Cavanagh 2007; Edmond

1988; van der Molen 2011), patient-days and productive hours

worked (L’Ecuyer 1996 2wva; L’Ecuyer 1996 mbc; L’Ecuyer 1996

pbc), study weeks (Mendelson 1998), hours worked (Zakrzewska

2001), patients-days and patients (Valls 2007), employee produc-

tive hours (Goris 2015). Richard 2001 reported the number of

percutaneous injuries and the proportion of injuries due to im-

proper disposal of sharps, which was defined by the authors as an

NSI to worker assisting with a procedure, or NSI located on the

non-dominant hand while removing the needle. The denomina-

tors for the blood splashes were patients (Asai 1999 active; Asai

2002 active; Asai 2002 passive; Prunet 2008 active; Prunet 2008

passive) and number of procedures (Baskin 2014; Cote 2003). In

one study the denominator for NSIs was not reported (Gaballah

2012).

Researchers reported the ease of use of the devices in six stud-

ies (Asai 1999 active; Asai 2002 active; Asai 2002 passive; Baskin

2014; Mendelson 1998; Prunet 2008 active; Prunet 2008 passive;

Seiberlich 2016). Five studies included a cost analysis of the inter-

vention (Goris 2015; Mendelson 1998; Valls 2007; Whitby 2008;

Zakrzewska 2001).

To be able to estimate the absolute effect of an intervention it

was important to know what the control group injury rate or

the baseline rate was. The NSI rate varied from 5.0 percutaneous

injuries (PIs) per 1000 person-years for Azar-Cavanagh 2007 to

1.03 per 1000 FTE-years for Reddy 2001. Rogues 2004 reported a

rate of 17.0 phlebotomy related PIs per 100,000 devices purchased.

Sossai 2010 had a baseline rate of 9.67 per 100,000 catheters used

per year. Goldwater 1989 reported a rate of about 49 per 100,000

venipuncture-years.

Geographical location

The included studies originated from nine different countries.

Nine studies were from the USA (Azar-Cavanagh 2007; Cote

2003; Edmond 1988; Goris 2015; Grimmond 2010; L’Ecuyer

1996 2wva; L’Ecuyer 1996 mbc; L’Ecuyer 1996 pbc; Mendelson

1998; Phillips 2013; Reddy 2001), two from Japan (Asai 1999

active; Asai 2002 active; Asai 2002 passive), two from France (

Prunet 2008 active; Prunet 2008 passive; Rogues 2004), two from

Canada (Chambers 2015 hospitals; Chambers 2015 long-term

nursing care; Seiberlich 2016), two from the UK (Gaballah 2012;

Zakrzewska 2001) and one each from New Zealand (Goldwater

1989), India (Richard 2001), Italy (Sossai 2010), Spain (Valls

2007), the Netherlands (van der Molen 2011), Turkey (Baskin

2014) and Australia (Whitby 2008).

Year of study

Of the 24 included studies, 19 had been published after the

year 2000 (Asai 2002 active; Asai 2002 passive; Azar-Cavanagh

2007; Baskin 2014; Chambers 2015 hospitals; Chambers 2015

long-term nursing care; Cote 2003; Gaballah 2012; Goris 2015;

Grimmond 2010; Phillips 2013; Prunet 2008 active; Prunet 2008

passive; Reddy 2001; Richard 2001; Rogues 2004; Seiberlich

2016; Sossai 2010; Valls 2007; van der Molen 2011; Whitby 2008;

Zakrzewska 2001), whereas three studies had been published in

the 1990s (Asai 1999 active; L’Ecuyer 1996 2wva; L’Ecuyer 1996

mbc; L’Ecuyer 1996 pbc; Mendelson 1998) and two studies in the

1980s (Edmond 1988; Goldwater 1989).

Excluded studies

The table Characteristics of excluded studies lists the reasons for

exclusion of 44 studies.

Risk of bias in included studies

Risk of bias varied considerably across studies (Figure 2; Figure 3).
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Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

Adequate sequence generation

We judged one of the six RCTs to have a low risk of bias for se-

quence generation because the researchers used a ballot box to ran-

domise patients (Prunet 2008 active; Prunet 2008 passive). One

RCT used randomisation by week (Cote 2003) and we judged it

to have a high risk of bias due to the predictability of the randomi-

sation. In one RCT (Seiberlich 2016) randomisation was done on

a 1:1 basis by the participating clinicians and hence we judged it

to have a high risk of bias. We judged three of the six RCTs to have

an unclear risk of bias because the authors did not report specific

information on the method used for randomisation (Asai 1999

active; Asai 2002 active; Asai 2002 passive; Baskin 2014).

Neither of the two cluster-RCTs provided sufficient information

about their randomisation process and therefore we judged them

to have an unclear risk of bias (L’Ecuyer 1996 2wva; L’Ecuyer 1996

mbc; L’Ecuyer 1996 pbc; van der Molen 2011).

Allocation concealment

We judged three of the six RCTs to have a low risk of bias for

allocation concealment because the researchers used sealed opaque

envelopes or a single-blinded envelope (Asai 2002 active; Asai 2002

passive; Baskin 2014; Prunet 2008 active; Prunet 2008 passive).

We judged three RCTs and two cluster-RCTs (Asai 1999 active;

Cote 2003; L’Ecuyer 1996 2wva; L’Ecuyer 1996 mbc; L’Ecuyer

1996 pbc; Seiberlich 2016; van der Molen 2011) to have an unclear

risk of bias because the authors reported no information about

allocation concealment.

Blinding

Among the RCTs, Asai 1999 active and Asai 2002 passive reported

that the presence or absence of blood on the tray was assessed

by blinded researchers. We judged these two studies to have a

low risk bias. Seiberlich 2016 reported it was not a double-blind

study which led to an inherent yet unavoidable clinician bias.

Hence we judged this study to have a high risk of bias. Cote 2003;

and Prunet 2008 active; Prunet 2008 passive also reported the

presence or absence of blood spills but they did not report if the

outcome assessors were blinded. Because of this we judged these

two studies to have an unclear risk of bias. We judged the remaining

19 included studies to have an unclear risk of performance and

detection bias as they provided no information on blinding.

One ITS study and another CBA study reported that healthcare

workers were unaware of the study (Edmond 1988; Grimmond

2010). In these two studies it is unlikely that the staff changed

their work practices or behaviours towards reporting NSIs due to

the acknowledgment of the study. However, health workers would

be aware of the change in the type of devices used. Consequently

we judged these two studies to have an unclear risk of bias.

Incomplete outcome data

Among the six RCTs and two cluster-RCTs, we judged six stud-

ies to have a low risk for incomplete outcome data because they

reported all outcome data for all participants (Asai 1999 active;

Asai 2002 active; Baskin 2014; Cote 2003; L’Ecuyer 1996 2wva;

van der Molen 2011). Outcome information was unclear for the

remaining two RCTs (Prunet 2008 active; Seiberlich 2016) and

therefore we judged them to have an unclear risk of bias in this

domain.

Among the five CBA studies, we judged three studies to have a

low risk of bias because there was complete outcome data avail-

able (Grimmond 2010; Mendelson 1998; Zakrzewska 2001). The

remaining two CBA studies reported outcome information un-

clearly and therefore we judged them to have an unclear risk of

attrition bias (Gaballah 2012; Valls 2007).

Selective reporting

Among the six RCTs and two cluster-RCTs, seven studies reported

all outcomes as described in the method section and therefore we

judged them to have a low risk of reporting bias (Asai 1999 active;

Asai 2002 active; Asai 2002 passive; Baskin 2014; Cote 2003;

Prunet 2008 active; Prunet 2008 passive; Seiberlich 2016; van der

Molen 2011). We judged L’Ecuyer 1996 2wva to have an unclear

risk of reporting bias as information that we expected based on the

described methods appeared to be missing in the results section.

Among the five CBA studies, two studies reported all outcomes as

described in the methods sections and therefore we judged them

to have a low risk of reporting bias (Grimmond 2010; Mendelson

1998). We judged Valls 2007 to be at high risk of reporting bias

because the authors did not fully report outcomes in the results

section and they did not consistently report the denominator used

for their analyses. We judged Gaballah 2012 to have a high risk

of reporting bias because the type of syringe system causing NSIs

among various departments was not mentioned in the results sec-

tion. We judged Zakrzewska 2001 to have an unclear risk of re-

porting bias because the authors did not specifically mention their

outcome measures in the methods section.

Similar recruitment of groups

Among the six RCTs and two cluster-RCTs, we judged Baskin

2014; Prunet 2008 passive and van der Molen 2011 to have a low

risk of recruitment bias. According to our judgment, four studies
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had an unclear risk of recruitment bias because they did not report

information related to the recruitment of study groups (Asai 1999

active; Asai 2002 active; Cote 2003; Seiberlich 2016). We judged

one study to be at high risk of recruitment bias due to a difference

in the recruitment process for the intervention and control groups

(L’Ecuyer 1996 2wva; L’Ecuyer 1996 mbc; L’Ecuyer 1996 pbc).

Among the five CBA studies, we judged two studies to have a

low risk of recruitment bias (Grimmond 2010; Mendelson 1998).

The study by Grimmond 2010 reported a small difference in staff

full-time equivalents (FTE) (< 1%) and the study by Mendelson

1998 was completed within a relatively short period of time (six

months). We judged one study to have an unclear risk of recruit-

ment bias due to the lack of information related to the recruit-

ment of groups (Zakrzewska 2001). We judged two studies to be

at high risk of recruitment bias because in one the researchers self-

assigned control and intervention hospital wards (Valls 2007) and

in the other study the authors recruited control and intervention

groups from different hospitals (Gaballah 2012).

Adjustment for baseline differences

For an RCT, any baseline difference should be due to chance if the

randomisation process was appropriately completed. According

to our judgment Asai 1999 active; Asai 2002 active; Asai 2002

passive; Cote 2003; L’Ecuyer 1996 2wva; L’Ecuyer 1996 mbc;

L’Ecuyer 1996 pbc and Seiberlich 2016 had an unclear risk of bias

due to baseline imbalance as they provided no information about

the participants in the intervention and control groups. We judged

Baskin 2014; Prunet 2008 active; Prunet 2008 passive and van

der Molen 2011 to have a low risk of bias as they had adequately

adjusted for baseline differences.

Among the five CBAs, we judged four studies to have an unclear

risk of bias due to baseline imbalance as they reported no infor-

mation regarding the adjustment for baseline difference (Gaballah

2012; Grimmond 2010; Mendelson 1998; Valls 2007). We judged

Zakrzewska 2001 to have a low risk of bias in this domain because

both groups were similar.

Risk of bias in ITS studies

See Table 2 for an overview of our judgment of all 11 included

studies’ risk of bias in all seven risk of bias domains relevant to

the ITS design, and the consequent level of evidence provided.

Among the 11 included ITS studies, five studies fulfilled the cri-

terion that the intervention was independent of other changes

(Azar-Cavanagh 2007; Chambers 2015 hospitals; Chambers 2015

long-term nursing care; Goris 2015; Phillips 2013; Rogues 2004).

None of the studies reported a repeated measures analysis nor

tested for trend, but this was overcome by our re-analysis of the

data. Six studies (Azar-Cavanagh 2007; Edmond 1988; Goldwater

1989; Reddy 2001; Rogues 2004; Whitby 2008) used a data col-

lection method which was sustained throughout the study and

thus was unlikely to have affected the data collection. Three stud-

ies reported information to help determine if blind outcome as-

sessment was used (Chambers 2015 hospitals; Chambers 2015

long-term nursing care; Phillips 2013; Goris 2015). For the cri-

terion of the completeness of the data set, five studies reported

outcome data adequately (Azar-Cavanagh 2007; Goldwater 1989;

Goris 2015; Sossai 2010; Whitby 2008). We assessed the outcome

measures of nine studies to be reliable because they used a con-

sistent reporting system for NSI throughout the study period or

they sourced data from a reliable source such as administrative

data (Azar-Cavanagh 2007; Chambers 2015 hospitals; Chambers

2015 long-term nursing care; Edmond 1988; Goris 2015; Phillips

2013; Reddy 2001; Rogues 2004; Sossai 2010; Whitby 2008).

One ITS study had an additional risk of bias due to participating

health workers having access to conventional needles during the

intervention period (Reddy 2001).

Other potential sources of bias

In two RCTs (Asai 1999 active; Asai 2002 active; Asai 2002

passive) the authors reported that the industry supplied the med-

ical safety devices, which could have potentially introduced bias.

Therefore we judged these studies to have a high risk of bias. In

one RCT (Seiberlich 2016) in addition to the study being funded

by the manufacturer of the devices being evaluated a co-author

was an employee of the study sponsor. Consequently we judged

the study to have a high risk of bias. In one study, health workers

had access to conventional needles during the intervention period

(L’Ecuyer 1996 2wva; L’Ecuyer 1996 mbc; L’Ecuyer 1996 pbc).

Injuries during this period were attributed to the new devices even

if they were caused by the conventional devices. Consequently we

judged the study to have high risk of bias.

Among the five CBA studies, Zakrzewska 2001 reported that the

industry supplied the medical safety devices, which could have po-

tentially introduced bias. We judged this study to have a high risk

of bias. In another study, the surveillance system for NSIs differed

between the pre- and post-intervention phases (Valls 2007). This

difference may imply a high risk of bias because a more active case

finding system was used during the intervention period. Finally,

one study introduced another device parallel to the main inter-

vention (Zakrzewska 2001).

The measurement of NSIs was a source of bias in all studies that

used this outcome. NSIs can be based on self-report or a proxy

measure of glove perforations. However, none of the included

studies used glove perforations as a measurement of NSIs. Like any

occupational injury, the reporting of NSIs increases when workers

are more aware of the problem, for example due to an awareness

campaign. Any intervention has the same effect as an awareness

campaign and will thus raise the number of reported injuries. This

will probably lead to an underestimation of the true intervention

effect.
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Effects of interventions

See: Summary of findings for the main comparison (RCT)

Safe blood collection systems compared to regular systems for

preventing percutaneous exposure injuries caused by needles in

healthcare personnel; Summary of findings 2 (ITS) Safe blood

collection systems compared to regular systems for preventing

percutaneous exposure injuries caused by needles in healthcare

personnel; Summary of findings 3 (RCT) Safe intravenous

systems compared to regular systems for preventing percutaneous

exposure injuries caused by needles in healthcare personnel;

Summary of findings 4 (CBA) Safe intravenous systems

compared to regular systems for preventing percutaneous exposure

injuries caused by needles in healthcare personnel; Summary of

findings 5 (ITS) Safe intravenous systems compared to regular

systems for preventing percutaneous exposure injuries caused

by needles in healthcare personnel; Summary of findings 6

(RCT) Safe injection systems compared to regular systems RCT

for preventing percutaneous exposure injuries caused by needles

in healthcare personnel; Summary of findings 7 (CBA) Safe

injection systems compared to regular systems for preventing

percutaneous exposure injuries caused by needles in healthcare

personnel; Summary of findings 8 (ITS) Safe passive injection

systems compared to safe active injection systems for preventing

percutaneous exposure injuries caused by needles in healthcare

personnel; Summary of findings 9 (ITS) Multiple safe devices

compared to regular devices for preventing percutaneous exposure

injuries caused by needles in healthcare personnel; Summary of

findings 10 (CBA) Multiple safe devices compared to regular

devices for preventing percutaneous exposure injuries caused by

needles in healthcare personnel; Summary of findings 11 (ITS)

Sharps containers compared to no containers for preventing

percutaneous exposure injuries caused by needles in healthcare

personnel; Summary of findings 12 (CBA) Sharps containers

compared to no containers for preventing percutaneous exposure

injuries caused by needles in healthcare personnel; Summary of

findings 13 (ITS) Legislation compared to no legislation for

preventing percutaneous exposure injuries caused by needles in

healthcare personnel

1. Safe blood collection systems versus regular systems

RCT

Outcome: needlestick injuries (NSIs)

One RCT (Baskin 2014) randomised patients to two types of

syringes and evaluated the effect of safety engineered blood gas

syringes on NSI compared to a conventional heparinised syringe

group in the physicians who drew the blood samples. Both in-

tervention (n = 275) and control groups (n = 275) included pa-

tients who visited the emergency department. After an immediate

follow up, there was a statistically non-significant decrease in the

NSI following the intervention (RR 0.20, 95% CI 0.01 to 4.15)

(Analysis 1.1).

Outcome: blood splashes

The same study (Baskin 2014) also examined contact with blood.

There was a statistically non-significant decrease in the incidence

of blood splashes (RR 0.14, 95% CI 0.02 to 1.15) (Analysis 1.2).

ITS

Outcome: needlestick injuries (NSIs)

The two included ITS studies evaluated very different interven-

tions. Therefore, we did not combine the studies in a meta-anal-

ysis. One study evaluated a shield on the needle cap that should

prevent the needle from injuring the worker when the cap is put

back on the needle (Goldwater 1989). There was a non-signifi-

cant trend towards a decrease of injuries in this study (Analysis

2.1). The other used a needle sheath (Rogues 2004). In this study

the level of injuries decreased substantially (effect size (ES) -6.88,

95% CI -9.53 to -4.23) but the trend over time showed a non-

significant decrease (Analysis 2.2).

2. Safe intravenous systems versus regular systems

RCT

Outcome: needlestick injuries (NSIs)

One trial evaluated the effect of three different safe IV systems

to prevent NSI, which resulted in a non-significant reduction of

reported NSIs with a RR of 0.62 (95% CI 0.27 to 1.41) (Analysis

3.1) (L’Ecuyer 1996 mbc; L’Ecuyer 1996 2wva; L’Ecuyer 1996

pbc).

Outcome: incidence of blood contamination

Seven trials with 1641 participants studied if safe IV systems re-

sulted in a change in blood contamination compared to the usual

systems. There was a statistically non-significant increased risk of

blood contamination with the safe systems with a RR of 1.38

(95% CI 1.00 to 1.92). Active systems, which had to be activated

by health workers, displayed a statistically significant increase in

blood splashes (RR 1.60, 95% CI 1.08 to 2.36). Passive systems,

which don’t have to be activated, displayed a similar incidence in

blood splashes in both the intervention and control groups (RR

0.94, 95% CI 0.50 to 1.75) (Analysis 3.2).
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Outcome: incidence of blood leakage

One RCT study (Seiberlich 2016) evaluated the effect of a passive

safe IV system on the reduction of blood leakage events during

insertion of the catheter, withdrawal of the needle and connection

of the luer. The study showed a significant reduction in the inci-

dence of blood leakage events with safe IV systems (RR 0.21, 95%

CI 0.11 to 0.37) (Analysis 3.3).

CBA

Outcome: needlestick injuries (NSIs)

One CBA study (Mendelson 1998) evaluated the effect of safe

IV systems to prevent NSI, which resulted in a non-significant

reduction of reported NSIs with a RR of 0.06 (95% CI 0.0 to

1.09) (Analysis 4.1).

ITS

Outcome: needlestick injuries (NSIs)

In two ITS studies (Azar-Cavanagh 2007; Sossai 2010) the results

were statistically very heterogenous (I² = 79% for level and I² =

99% for trend) and therefore we did not combine them in a meta-

analysis. The level in both studies decreased with a big effect size

(Analysis 5.1). The trend over time decreased substantially in one

study but not in the other (Analysis 5.2).

3. Safe injection systems versus regular systems

RCT

Outcome: needlestick injuries (NSIs)

One RCT (van der Molen 2011) evaluated the effect of a work-

shop on NSI combined with the introduction of safety engineered

injection needles in seven wards (n = 267) compared to a non-in-

tervention control group (eight wards, n = 266) and to a workshop

on the prevention of NSIs only control group in eight wards (n =

263). NSIs were measured by questionnaires and by the hospital

reporting system.

At six-months follow-up, there was a statistically non-significant

decrease in NSI based on the questionnaires (RR 0.49, 95% CI

0.16 to 1.56), but based on the hospital records there was a statis-

tically non-significant increase in NSI (RR 1.20, 95% CI 0.42 to

3.39) (Analysis 6.1; Analysis 6.2).

At 12-months follow-up, based on the questionnaire results there

was a statistically significant reduction of NSI with RR of 0.20

(95% CI 0.04 to 0.96), but based on the hospital recording system

there was a statistically non-significant reduction of NSI with RR

0.72 (95% CI 0.28 to 1.81) (Analysis 6.3; Analysis 6.4).

CBA

In one study among dentists (Zakrzewska 2001) the risk of NSI

was smaller with safe syringes compared to traditional ones but

the difference was not significant (RR 0.34, 95% CI 0.04 to 3.28)

(Analysis 7.1). Another study which was carried out among dental

students (Gaballah 2012) evaluated the risk of NSI with safety

dental syringes compared to conventional dental syringes. The

authors did not report complete data regarding the type of syringe

system causing NSIs for the departments in the intervention and

control groups and therefore we did not analyse the results.

ITS

Outcome: needlestick injuries (NSIs) change in level

One study among healthcare workers (Goris 2015) evaluated the

effect of a trial with passive safety-engineered injection systems

compared to active safety-engineered injection systems on the in-

cidence of NSI. There was no considerable effect on the level of

NSI following the introduction of the intervention (ES 0.23, 95%

CI -1.89 to 2.35) (Analysis 8.1).

Outcome: needlestick injuries (NSIs) change in slope

The same study showed a statistically non-significant long term

trend of a decrease in NSI (ES -0.74, 95% CI -1.66 to 0.18)

(Analysis 8.2).

4. Multiple safe devices versus regular devices

CBA

Outcome: needlestick injuries (NSIs)

One study that compared hospital level injury rates (Valls 2007)

found a decrease in NSI in the hospitals that introduced safety

devices compared to those that did not (RR 0.11, 95% CI 0.01

to 0.81) (Analysis 10.1).

ITS

Outcome: needlestick injuries (NSIs) change in level

In one ITS study (Reddy 2001) there was a statistically non-sig-

nificant increase in the level of injuries following the introduction

of the safety syringes and needleless IV system (ES 0.43, 95% CI

-0.30 to 1.16) (Analysis 9.1). Another ITS study (Whitby 2008)

showed a statistically non-significant decrease in the level of NSI

following the introduction of safety syringes, needless IV systems
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and safety-engineered needles (ES -1.04, 95% CI -2.20 to 0.12)

(Analysis 9.1).

Outcome: needlestick injuries (NSIs) change in slope

In the study by (Reddy 2001) the ES for the change in long-term

time trend showed an increase in the number of reported NSIs (ES

0.56, 95% CI 0.23 to 0.89) (Analysis 9.2). In the other ITS study

(Whitby 2008) there was a statistically non-significant decrease

in the trend of reported NSI (ES -0.01, 95% CI -0.15 to 0.13)

(Analysis 9.2).

5. Sharps containers versus no containers

CBA

Outcome: needlestick injuries (NSIs)

In one CBA study (Grimmond 2010), the NSI rate decreased fol-

lowing the introduction of sharps containers compared to depart-

ments where these were not introduced with a RR of 0.88 (95%

CI 0.78 to 0.99) (Analysis 12.1). This reduction was statistically

significant when only container-related NSIs were counted with a

RR of 0.22 (95% CI 0.11 to 0.41) (Analysis 12.2).

ITS

Two ITS studies (Edmond 1988; Richard 2001) showed an in-

creased level of NSI immediately after the introduction of sharps

containers and a contradictory effect in the long-term trend which

prevented the synthesis of these studies in a meta-analysis (Analysis

11.1; Analysis 11.2).

6. Legislation versus no legislation

ITS

Outcome: needlestick injuries (NSIs) change in level

One ITS study had two intervention arms. One arm comprised of

long-term nursing care (Chambers 2015 long-term nursing care)

and the other comprised of hospitals (Chambers 2015 hospitals).

According to the results the level of NSI decreased in long-term

nursing care after the introduction of legislation. However, the in-

tervention arm comprising of hospitals showed an increase in the

level of NSI. Another ITS study (Phillips 2013) also showed a de-

crease in the level of NSI following the introduction of legislation.

Since these results were very heterogenous we did not combine

them in a meta-analysis (Analysis 13.1).

Outcome: needlestick injuries (NSIs) change in slope

In one ITS study the NSI trend over time decreased in one of the in-

tervention arms comprising of long-term nursing care (Chambers

2015 long-term nursing care) and increased in the other arm

which included hospitals (Chambers 2015 hospitals). The other

ITS study (Phillips 2013) showed a decrease in the long term trend

of NSI (Analysis 13.2).

Secondary outcomes

1. Cost

A total of five studies reported information regarding the cost of

the intervention. Valls 2007 reported that the direct cost of the use

of safety devices was an additional USD 19,417 (USD 0.75 per

patient) for the emergency department and USD 16,336 (USD

0.56 per patient-day) for the hospital wards compared to the pre-

intervention period. Zakrzewska 2001 reported that the price of

the safety syringes was comparable to the non-disposable syringes,

approximately USD 0.33 per item. Mendelson 1998 reported that

the estimated incremental hospital-wide cost was USD 82,822 (in

1991) but the cost of injury prevented was USD 1593. Whitby

2008 reported that the overall increased cost for provision of safety-

engineered retractable syringes in the 800-bed hopsital was USD

46,000 per annum, USD 14 for each at-risk healthcare worker

per year or USD 2 per occupied bed-day per annum. Goris 2015

reported a net annual increase of USD 20,708.42 on conversion

of ASED to PSED at the Barnes-Jewish Hospital. The study also

reported that the total cost avoidance of a conversion from ASED

to PSED was USD 68,768.28.

2. Ease of use

Asai 1999 active reported no difference between the safety devices

and the conventional devices in terms of ease of insertion. How-

ever, the authors reported statistically higher ease of handling for

the safety device compared to the conventional one. Asai 1999

active, Asai 2002 active, and Asai 2002 passive reported that the

Autoguard IV was significantly easier to insert and handle com-

pared to the other safety device and the conventional catheter nee-

dle. Mendelson 1998 reported that 94% of the individuals who

completed the survey (approximately 52% response rate) were

comfortable using the safe IV system after five or less trials. Prunet

2008 active and Prunet 2008 passive reported that the Insyte Au-

toguard device was significantly more difficult to insert when com-

pared to conventional devices and the passive devices. With both

safety devices the needle was significantly more difficult to with-

draw in comparison to the conventional catheter. Baskin 2014 re-

ported that there was no significant difference between a conven-

tional heparinised insulin syringe and safety-engineered blood gas

syringe in terms of ease of use. Seiberlich 2016 reported that the

blood control PIVC and standard PIVC were similar in terms of

ease of use.

Grading of the evidence

We graded the quality of the evidence per intervention-outcome

combination (Table 3). Because we based our conclusions upon

results obtained with a range of study designs, we could not use
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the GRADEpro programme. We present our considerations in

Table 3. For all but one combination we assessed the quality of

the evidence as very low because of serious limitations in the study

design and the inconsistency of the results. Starting with a low level

of quality because of the non-randomised studies included, the

level goes down to very low quality. Only for the combination of

safe IV systems and blood contamination, we assessed the quality

of evidence as moderate because all included studies were RCTs

and they did not have limitations in their design or in the other

qualifiers.

Sensitivity analysis

We re-analysed the results comparing safe IV systems for blood

contamination leaving out the one study with a high risk of bias

(Cote 2003), but that did not substantially change the results.

Publication bias

We did not have enough studies in any one comparison to assess

the effect of publication bias with a funnel plot or a statistical

test. However, because we also found small studies with negative

results, we don’t think that publication bias has played a significant

role in the results of this review.

Subgroup analysis and exploration of heterogeneity

We intended to do a subgroup analysis based on the control group

or baseline exposure rate. Since the exposures were measured in

various ways and we had only a few studies in each comparison we

refrained from doing so. In some comparisons, such as multiple

safe devices and sharps containers, the results were inconsistent

and we could not see any other reasons than the high risk of bias

in the non-randomised studies. We also intended to re-analyse the

results according to the origin of the study as one could expect

low- and middle-income countries to have a higher infectious dis-

ease prevalence (UNAIDS 2009). However, we included only two

studies (Baskin 2014; Richard 2001) from low- or middle-income

countries (Turkey and India) that did not show a preventive effect

from the introduction of safety-engineered devices.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Safe blood collection systems compared to regular systems for preventing percutaneous exposure injuries caused by needles in healthcare personnel (ITS)

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel (ITS)

Setting: hospital

Intervention: Safe blood collect ion systems

Comparison: regular systems

Outcomes Impact of participants

(studies)

Quality of the evidence

(GRADE)

Number of reported sharps injuries, level -

reported seperately for needle sheath and

cap shield studies

Needle sheath study: ef fect size -6.88; con-

f idence interval -9.53 to -4.23. Cap shield

study: ef fect size -1.04; conf idence inter-

val -2.27 to 0.19

(2 observat ional studies) ⊕©©©

VERY LOW 123

Number of reported sharps injuries, slope -

reported seperately for needle sheath and

cap shield studies

Needle sheath study: ef fect size -1.19; con-

f idence interval -2.50 to 0.12. Cap shield

study: ef fect size -1.00; conf idence inter-

val -2.22 to -0.22

(2 observat ional studies) ⊕©©©

VERY LOW 23

Interpretat ion of ef fect size: small (0-0.2) medium (0.2-0.5) large (0.6 and above), an ef fect size with negat ive sign implies decrease and posit ive sign implies increase of

ef fect

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by two levels due to heterogeneity (I² = 93%).
2 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).
3 We downgraded the quality of evidence by one level due to risk of bias (incomplete data set in one study and use of SED in

the intervent ion period varied in another).
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Safe intravenous systems compared to regular systems RCT for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: hospital (general, medical, surgical and intensive care units)

Intervention: Safe intravenous systems

Comparison: regular systems RCT

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with regular sys-

tems RCT

Risk with Safe intra-

venous systems

Needlest ick injuries Study populat ion Rate rat io 0.62

(0.27 to 1.41)

(1 RCT, three arms) ⊕©©©

VERY LOW 12

Calculated based on

1000 pat ient days

0.71 per 1 000 0.44 per 1 000

(0.19 to 1.00)

Incidences of blood

contaminat ion - Act ive

systems

Study populat ion RR 1.60

(1.08 to 2.36)

961

(4 RCTs)

⊕⊕©©

LOW 34

92 per 1 000 148 per 1 000

(100 to 218)

Incidences of blood

contaminat ion - Pas-

sive systems

Study populat ion RR 0.94

(0.50 to 1.75)

528

(2 RCTs)

⊕⊕©©

LOW 34

79 per 1 000 74 per 1 000

(40 to 138)

Incidence of blood leak-

age - Act ive systems

Study populat ion RR 0.21

(0.11 to 0.37)

147

(1 RCT)

⊕⊕©©

LOW 5

684 per 1 000 144 per 1 000

(75 to 253)

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: Conf idence interval; RR: Risk rat io; OR: Odds rat io;2
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GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by two levels due to risk of bias (serious attrit ion).
2 We downgraded the quality of evidence by one level due to imprecision (conf idence interval includes 25%benef it and harm).
3 We downgraded the quality of evidence by one level due to risk of bias (studies with high risk of bias contribute most to

summary est imate).
4 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).
5 We downgraded the quality of evidence by two levels due to risk of bias (no random sequence generat ion, allocat ion

concealment or blinding).
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Safe intravenous systems compared to regular systems CBA for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: hospital

Intervention: Safe intravenous systems

Comparison: regular systems CBA

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with regular sys-

tems CBA

Risk with Safe intra-

venous systems

Number of needlest ick

injuries

Study populat ion Rate rat io 0.06

(0.00 to 1.09)

(1 observat ional study) ⊕©©©

VERY LOW 12

36.36 per 1 000 2.18 per 1 000

(0.00 to 39.63)

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: Conf idence interval; RR: Risk rat io; OR: Odds rat io;

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by two levels due to risk of bias (no random sequence generat ion or allocat ion

concealment).
2 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).
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Safe intravenous systems compared to regular systems ITS for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: healthcare

Intervention: Safe intravenous systems

Comparison: regular systems ITS

Outcomes Impact of participants

(studies)

Quality of the evidence

(GRADE)

Number of reported sharps injuries, level Study 1: ef fect size -5.20; conf idence in-

terval -7.98 to -2.42. Study 2: ef fect size -

1.78; conf idence interval -3.09 to -0.47

(2 observat ional studies) ⊕©©©

VERY LOW 123

Number of reported sharps injuries, slope Study 1: Ef fect size -7.86; conf idence in-

terval -9.13 to -6.59. Study 2: Ef fect size 0.

35; conf idence interval -0.20 to 0.90

(2 observat ional studies) ⊕©©©

VERY LOW 134

Interpretat ion of ef fect size: small (0-0.2) medium (0.2-0.5) large (0.6 and above), a ef fect size with negat ive sign implies decrease and posit ive sign implies increase of ef fect

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by one level due to risk of bias caused by lacking intervent ion f idelity (in the second

study convent ional devices were used during intervent ion period).
2 We downgraded the quality of evidence by one level due to heterogeneity (I² = 79%).
3 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).
4 We downgraded the quality of evidence by two levels due to heterogeneity (I² = 99%).
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Safe injection systems compared to regular systems RCT for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: hospital

Intervention: Safe inject ion systems

Comparison: regular systems RCT

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with regular sys-

tems RCT

Risk with Safe injection

systems

Quest ionnaire reported

Needlest ick injuries 6

mo follow up

Study populat ion RR 0.42

(0.14 to 1.25)

154

(1 RCT)

⊕©©©

VERY LOW 12

140 per 1 000 59 per 1 000

(20 to 174)

Quest ionnaire reported

Needlest ick injuries 12

mo follow up

Study populat ion OR 0.20

(0.04 to 0.96)

144

(1 RCT)

⊕©©©

VERY LOW 12

119 per 1 000 26 per 1 000

(5 to 115)

Hospital re-

ported Needlest ick in-

juries 6 mo follow up

Study populat ion OR 1.20

(0.51 to 2.84)

533

(1 RCT)

⊕©©©

VERY LOW 12

38 per 1 000 45 per 1 000

(20 to 100)

Hospital reported

Needlest ick injuries 12

mo follow up

Study populat ion OR 0.72

(0.28 to 1.81)

533

(1 RCT)

⊕©©©

VERY LOW 12

41 per 1 000 30 per 1 000

(12 to 72)

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: Conf idence interval; RR: Risk rat io; OR: Odds rat io;2
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GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by two levels due to risk of bias (high attrit ion).
2 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Safe injection systems compared to regular systems CBA for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: dental clinic

Intervention: Safe inject ion systems

Comparison: regular systems CBA

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with regular sys-

tems CBA

Risk with Safe injection

systems

Needlest ick injury rate Study populat ion Rate rat io 0.34

(0.04 to 3.28)

(1 observat ional study) ⊕©©©

VERY LOW 12

Calculated based on

1000 person years

236 per 1 000 80.24 per 1 000

(9.44 to 774)

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: Conf idence interval; RR: Risk rat io; OR: Odds rat io;

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by two levels due to risk of bias (no random sequence generat ion or allocat ion

concealment).
2 We downgraded the quality of evidence by two levels due to imprecision (wide conf idence interval).
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Safe passive injection systems compared to safe active injection systems ITS for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: hospital

Intervention: Safe passive inject ion systems

Comparison: safe act ive inject ion systems ITS

Outcomes Impact of participants

(studies)

Quality of the evidence

(GRADE)

Change in level of needlest ick injuries Ef fect size 0.23; conf idence interval -1.89

to 2.35.

(1 observat ional study) ⊕©©©

VERY LOW 1

Change in slope of needlest ick injuries Ef fect size -0.74; conf idence interval -1.66

to 0.18.

(1 observat ional study) ⊕⊕©©

LOW 1

Interpretat ion of ef fect size: small (0-0.2) medium (0.2-0.5) large (0.6 and above), a ef fect size with negat ive sign implies decrease and posit ive sign implies increase of ef fect

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).
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Multiple safe devices compared to regular devices ITS for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: healthcare

Intervention: Mult iple safe devices

Comparison: regular devices ITS

Outcomes Impact of participants

(studies)

Quality of the evidence

(GRADE)

Number of reported sharps injuries, level Study 1: ef fect size -1.04; conf idence in-

terval -2.20 to 0.12. Study 2: ef fect size 0.

43; conf idence interval -0.30 to 1.16

(2 observat ional studies) ⊕©©©

VERY LOW 123

Number of reported sharps injuries, slope Study 1: ef fect size -0.01; conf idence in-

terval -0.15 to 0.13. Study 2: ef fect size 0.

56; conf idence interval 0.23 to 0.89

(2 observat ional studies) ⊕©©©

VERY LOW 14

Interpretat ion of ef fect size: small (0-0.2) medium (0.2-0.5) large (0.6 and above), a ef fect size with negat ive sign implies decrease and posit ive sign implies increase of ef fect

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by one level due to risk of bias (One study had a low risk of bias but the other study

had a high risk as convent ional devices were st ill available af ter the intervent ion began).
2 We downgraded the quality of evidence by one level due to heterogeneity (I² = 78%).
3 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).
4 We downgraded the quality of evidence by one level due to heterogeneity (I² = 90%).
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Multiple safe devices compared to regular devices CBA for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: hospital

Intervention: Mult iple safe devices

Comparison: regular devices CBA

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with regular de-

vices CBA

Risk with Multiple safe

devices

Needle st ick injuries Study populat ion Rate rat io 0.11

(0.01 to 0.81)

(1 observat ional study) ⊕©©©

VERY LOW 12

Calculated based on

1000 pat ient days

0.44 per 1 000 0.052 per 1 000

(0.004 to 0.35)

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: Conf idence interval; RR: Risk rat io; OR: Odds rat io;

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by two levels due to risk of bias (no random sequence generat ion or allocat ion

concealment).
2 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).
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Sharps containers compared to no containers ITS for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: hospital

Intervention: Sharps containers

Comparison: no containers ITS

Outcomes Impact of participants

(studies)

Quality of the evidence

(GRADE)

Number of reported sharps injuries, level Study 1: ef fect size 3.29; conf idence inter-

val 0.68 to 5.90. Study 2: ef fect size 1.35;

conf idence interval -1.75 to 4.45

(2 observat ional studies) ⊕©©©

VERY LOW 12

Number of reported sharps injuries, slope Study 1: ef fect size 0.02; conf idence inter-

val -1.06 to 1.10. Study 2: ef fect size 2.55;

conf idence interval 1.20 to 3.90

(2 observat ional studies) ⊕©©©

VERY LOW 123

Interpretat ion of ef fect size: small (0-0.2) medium (0.2-0.5) large (0.6 and above), a ef fect size with negat ive sign implies decrease and posit ive sign implies increase of ef fect

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by one level due to inconsistency (study 2 showed an increase in report ing).
2 We downgraded the quality of evidence by two levels due to imprecision (wide conf idence interval).
3 We downgraded the quality of evidence by one level due to heterogeneity (I² = 88%).
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Sharps containers compared to no containers CBA for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: hospital

Intervention: Sharps containers

Comparison: no containers CBA

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with no containers

CBA

Risk with Sharps con-

tainers

Number of needlest ick

injuries

Study populat ion Rate rat io 0.88

(0.78 to 0.99)

(1 observat ional study) ⊕©©©

VERY LOW 12

28.3 per 1 000 24.9 per 1 000

(22 to 28)

Number of container

related needlest ick in-

juries

Study populat ion Rate rat io 0.22

(0.11 to 0.41)

(1 observat ional study) ⊕©©©

VERY LOW 12

2.6 per 1 000 0.6 per 1 000

(0.28 to 1.06)

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: Conf idence interval; RR: Risk rat io; OR: Odds rat io;

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by two levels due to risk of bias (no random sequence generat ion or allocat ion

concealment).
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2 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Legislation compared to no legislation ITS for preventing percutaneous exposure injuries caused by needles in healthcare personnel

Patient or population: prevent ing percutaneous exposure injuries caused by needles in healthcare personnel

Setting: healthcare

Intervention: Legislat ion

Comparison: no legislat ion ITS

Outcomes Impact of participants

(studies)

Quality of the evidence

(GRADE)

NSI- change in level - Interrupt ion Ef fect size -6.15; conf idence interval -7.76

to -4.54.

(2 observat ional studies) ⊕⊕⊕©

MODERATE 1

NSI- change in level - Gradual introduct ion Ef fect size 0.80; conf idence interval 0.41

to 1.19.

(1 observat ional study) ⊕⊕©©

LOW 1

NSI- Change in slope - Interrupt ion Ef fect size -0.94; conf idence interval -1.97

to 0.09

(2 observat ional studies) ⊕©©©

VERY LOW 12

NSI- Change in slope - Gradual introduct ion Ef fect size 0.50; conf idence interval 0.36

to 0.64

(1 observat ional study) ⊕⊕©©

LOW 1

Interpretat ion of ef fect size: small (0-0.2) medium (0.2-0.5) large (0.6 and above), a ef fect size with negat ive sign implies decrease and posit ive sign implies increase of ef fect

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 We downgraded the quality of evidence by one level due to risk of bias (dataset did not represent the whole sample).
2 We downgraded the quality of evidence by one level due to imprecision (wide conf idence interval).
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D I S C U S S I O N

Summary of main results

For safe blood collection systems, we found very low quality ev-

idence of no considerable effect on NSIs in one underpowered

RCT that introduced safe arterial blood gas collection systems.

In one ITS study we found very low quality evidence of a large

reduction in NSI following the use of a needle sheath on a winged

steel needle. Another ITS study used cap shields that are outdated.

There was very low quality evidence in two ITS studies that NSIs

were reduced with the introduction of safe IV devices. One RCT

and one CBA study found no difference in NSIs. However, there

was moderate quality evidence in four other RCTs that these de-

vices increased the number of blood splashes where the safety sys-

tem had to be engaged actively (relative risk (RR) 1.6, 95% CI

1.08 to 2.36) whereas two RCTs of passive systems produced low

quality evidence that showed no effect on blood splashes. Yet an-

other RCT produced low quality evidence that a different safe ac-

tive IV system also decreased the incidence of blood leakages.

According to very low quality evidence from one RCT and one

CBA study, the introduction of safe injection devices did not con-

siderably change the NSI rate. One ITS study found low qual-

ity evidence of no effect on NSI rate following the introduction

of safe passive injection systems compared to safe active injection

systems.

According to very low quality evidence from one CBA study the

introduction of multiple safety devices resulted in a decrease in

NSIs (RR 0.1, 95% CI 0.01 to 0.81), whereas two ITS studies

showed inconsistent results.

Similarly, the introduction of safety containers reduced NSIs in

one CBA study but not in the two ITS studies (very low quality

evidence).

Two ITS studies produced moderate quality evidence showing

that the introduction of legislation on safety-engineered devices

reduced NSI rate. However, another ITS study reported in the

same article that included hospitals the results showed the intro-

duction of legislation having no effect on NSI rate. The reason for

this could be that especially in this population safety-engineered

needles were available for early adoption already seven years prior

to the legislation which invalidates the assumption that there is an

interruption in the time-series.

Overall completeness and applicability of
evidence

The studies included in this review cover a time period from 1988

to 2016. With the exception of two studies, one from Turkey and

the other from India, all the remaining studies were from high-

income countries. Studies covered a wide range of devices used

for blood collection or injections. Some studies evaluated safety

devices that are not in use anymore such as the standard needled

IV system. This has been replaced by needleless IV systems. We

included studies examining safety devices regardless of whether

the devices were presently in use or not, as long as the studies

evaluating them met our original inclusion criteria.

It is difficult to randomise complex interventions and therefore

we also included non-randomised studies. This provides the best

avaliable evidence for these interventions. We felt that uncon-

trolled studies are at a too high risk of bias and therefore we did

not include them. By including ITS studies we were able to detect

both short-term and long-term effects on trends of injury rates.

Most studies could be named pragmatic trials because they were

either carried out by the healthcare staff who were themselves at

risk or they were based on routinely gathered data, such as NSI

reports. This increased the applicability of the evidence but proba-

bly at the same time has decreased the quality of the studies. Most

studies cover healthcare staff that are exposed to the risk of needle-

stick injuries, and as such the evidence is directly applicable to

nurses, physicians and laboratory staff. Of the 24 included studies

only two RCTs had researchers and assistants complete the proce-

dures. Consequently their findings may not apply to the general

population of healthcare workers. However, they completed the

procedures in ordinary healthcare conditions and we assumed that

they formed a part of the healthcare staff.

Among healthcare workers there is wide variation in skills, experi-

ence and working conditions that leads to a wide variation in NSI

risk. For example, phlebotomists spend nearly all of their working

hours drawing blood, and by repetition and practice will be more

adept at this procedure than the average physician. At the same

time their occupational exposure to needlestick injuries will also

be higher than that of physicians due to the nature of their work.

This variation can almost certainly lead to a difference in the rate

of percutaneous exposure injuries. However, there was not enough

variation in the included studies to assess this.

In the 2017 update of the review we found that there was low to

moderate quality evidence that introduction of legislation on the

use of safety-engineered devices reduced the level of NSIs among

healthcare workers.

Even though the number of studies increased from 17 to 24 in the

2017 update of this review, findings for various safety engineered

devices remained largely unchanged from the original version of

this review.

Quality of the evidence

We judged 20 of the 24 included studies to have a high risk of bias.

The fact that we did find RCTs shows that rigorously controlled

research methods can be used to evaluate the introduction of safety

devices, especially in a cluster-randomised design where hospital

departments are randomised to the introduction of safety devices.

Most of the often avoidable problems in study methodology like

38Devices for preventing percutaneous exposure injuries caused by needles in healthcare personnel (Review)
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lack of randomisation (Table 3) might have been caused by the

lack of involvement of professional research institutes.

With the exception of four studies, all included studies reported

NSIs as their outcome. This outcome is problematic because these

injuries are known to be under-reported and are likely to increase

with raised awareness, for example through an intervention study (

Ratner 1994). This might explain the lack of effect in many studies,

especially in the ITS studies. Nowadays, where the use of gloves

with procedures that involve blood has increased, it would also be

possible to use glove perforations as an outcome measure, which

is less subject to reporting bias. Another problem with the NSI

outcome is that the denominator varies across studies, with person-

years, employee productive hours, full time equivalents in some

studies and 100,000 devices in others. We judged these all to be

similar enough to be combined across studies because all these

denominators reflect the hazard of needlestick injuries in a similar

way, both in the intervention and the control group. There is most

likely no single valid denominator for different purposes. It has

been argued that for comparing hospitals the best denominator

would be patient-days, because of the accuracy and availability of

the figures (Chen 2005).

Potential biases in the review process

We did not exclude studies published in languages other than

English, but we found very few non-English studies. Therefore,

we are confident that there is no language bias in our review. We

carried out all selection and data-extraction processes in duplicate

and involved a third assessor if we could not reach consensus easily.

The inclusion of non-randomised studies further decreased the

likelihood that we excluded important evidence. Because we anal-

ysed the non-randomised studies separately, we believe that this

has not introduced bias.

It was difficult to ascertain the validity of the outcome measures.

Given the consistency of the results and the fact that the outcome

was measured similarly in the intervention and control groups,

we feel that this did not introduce bias. However, in some stud-

ies healthcare workers still had access to the conventional devices

during the intervention period. Needlestick injuries caused by the

conventional devices may have been misclassified as caused by sa-

fety devices, thus decreasing the effect of the intervention. The

rate of needlestick injuries is a problematic outcome as attention

to the problem has the potential to increase the rate of reporting

thus nullifying the effect of the intervention. It could be that non-

significant results are due to this effect.

Agreements and disagreements with other
studies or reviews

Several reviews have been published on prevention of percutaneous

exposure injuries in the past years. Compared to earlier reviews

(Hutin 2003; Rogers 2000), the number of studies has increased.

Tuma 2006 reviewed the effect of safety engineered devices on

percutaneous injuries, and reported that all 17 included studies

reported a substantial decrease in injury rates. However, only five

of these studies used a control group and the authors did not use

meta-analysis to combine results.

Harb 2015 reviewed the effect of safety-engineered injection de-

vices on the incidence of NSIs in healthcare delivery settings, and

reported that there was moderate quality evidence that syringes

with a sharps injury prevention feature reduced the incidence of

needlestick injuries. The authors included uncontrolled before-

after studies which would normally be judged as having a high risk

of bias. However, the authors arrived at the GRADE qualification

moderate quality evidence for evidence based on uncontrolled be-

fore-after studies. This is in disagreement with the GRADE guid-

ance and our judgment of the quality of the available evidence.

Ballout 2016 reviewed the effect of safety-engineered devices on

the incidence of needlestick injuries during intravenous and phle-

botomy procedures in healthcare settings. The authors included

21 NRS and one RCT and reported that there was moderate qual-

ity evidence that the use of safety-engineered devices reduced the

NSI rates of HCWs during phlebotomy and intravenous proce-

dures. Here too the authors rated the evidence from uncontrolled

before-after studies as moderate quality which is in disagreement

with the GRADE guidance and our judgment of the quality of

the available evidence.

The HSE 2012 review states that there was low quality (SIGN

level C) evidence that safety sharps devices lead to a reduction

in sharps injuries and blood exposure for HCWs. However, even

though the conclusion is more or less similar to our review, the

HSE review included fewer studies and combined different types

of interventions such as surgery needles and injection devices and

the authors did not perform a meta-analysis.

The review by Tarigan 2015 evaluated the effects of safety engi-

neered devices combined with training and concluded that this

intervention can substantially reduce the risk of NSIs. However,

the authors included different study designs in one meta-analysis

and moreover analysed ITS studies as a simple before-after com-

parison study which does not take into account trends over time.

Therefore we believe that the conclusions about the evidence put

forth in this review are more realistic than in the other reviews

mentioned above.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

We found very low quality evidence that safety features in blood

collection systems and intravenous access systems has inconsistent

effects on NSIs compared to systems without safety features. The

extent of the effect and which features are best remain unclear.
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Safety features on intravenous devices had inconsistent effects on

NSIs and when they have to be actively switched on may increase

the risk of blood exposure. Whereas devices that are automatically

switched have no effect on the risk of blood contamination. Safe

intravenous devices which have an active leakage control may de-

crease the incidence of blood leakages.

Studies found no difference in NSIs with the use of safe injection

needles, the introduction of multiple safety devices or the intro-

duction of sharps containers.

We found low to moderate quality evidence that the introduction

of legislation probably reduces NSIs.

The lack of evidence of beneficial effects of the safety engineered

devices could be due to bias in the included studies.

Implications for research

The term safety medical devices or safety engineered devices, com-

monly used for devices that include built-in safety features, could

be misleading as it may lead users to believe that these devices

are safer than conventional devices. However, to be able to call a

particular device safety engineered there is no specific requirement

to be proven effective in reducing needlestick injuries. Limitation

of the name ’safe device’ to devices that comply with minimum

quality requirements would be helpful in practice. In the US, it

has been estimated that there are over 300 sharps safety devices

for injection and blood drawing, among other procedures which

are in use nationwide (Jagger 2013).

Even though safety medical devices technically may reduce the risk

of a NSI, the risk will not be eliminated completely. Comparisons

of various types of safety engineered devices could show which

device works best. Since there are considerable costs related to

safety engineering, research is also needed on what are the most

cost-effective devices.

Studies that have a no-intervention control group should consider

integrating a pre-intervention period in which an awareness cam-

paign or training sessions, or both, are available to healthcare work-

ers about needlestick injuries and reporting procedures. Without

such a time period, an intervention may show no effect or an in-

crease in needlestick injuries due to the increase in reporting but

not in the actual number of needlestick injuries.

Since there are strict regulations on the use of safety-engineered

devices in practice, studies comparing safety-engineered devices

versus no safety devices are not feasible in Europe and North Amer-

ica. However, studies should focus on evaluating the most effective

type of device. A large cluster-randomised trial focused on NSI

reporting in both the intervention and the control group would be

the preferred research design. Because needlestick injuries are not

very frequent, a large sample size is needed, with at least several

large hospitals or groups of healthcare workers involved. There is

also a need for similar trials in low- and middle-income countries

with a high prevalence of HIV or hepatitis C to evaluate low-cost

safety devices against the current use of conventional devices.

Surveillance systems for NSI could also contribute to the evidence

base by collecting information on names of devices to identify

more precisely which particular devices are associated with injuries.

More evaluation studies need to be carried out in countries that

have newly adopted legislation regarding the use of safety-engi-

neered devices to prevent needlestick injuries.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Asai 1999 active

Methods Study design: Randomised Controlled Trial. Object of randomisation: patients

Participants Japan. Researchers and their assistants performing intravenous infusion on patients

scheduled for elective surgery. Number studied: 100 patients. Intervention group n =

50. Control group n = 50

Interventions Use of Insyte AutoGuard intravenous cannula where the needle can be retracted into a

safety barrel by actively pushing a button. The control group used conventional Insyte

intravenous cannula

Outcomes (1) Number of needlestick injuries per total number of procedures; (2) blood contam-

ination from either the inserted cannula or needle on researcher, assistant, patient or

equipment; (3) blood stains on the collection tray. Measurement: (1) self-reporting of

needlestick injuries; (2) number of incidents of blood contamination by visual assess-

ment; (3) number of blood stains with a maximum score of 10 if there were more than

10 stains

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “the patient was allocated to one of the two

groups by blocked randomisation (blocks

of 10). ” No additional information is avail-

able on the blocked randomisation

Allocation concealment (selection bias) Unclear risk Information about allocation concealment

is not available in the article

Blinding (performance bias and detection

bias)

All outcomes

Low risk “The presence or absence of blood on the

tray was assessed by a blinded researcher”

Healthcare workers could not have been

blinded as they were using the devices but

it is unlikely that this introduces bias

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing outcome data.

Selective reporting (reporting bias) Low risk Authors reported the outcomes mentioned

in the method section. Information is avail-

able for the two groups for the number of

attempts at insertion, ease of insertion, ease
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Asai 1999 active (Continued)

of handling needle, blood contamination,

and needlestick injuries

Similar recruitment of groups Unclear risk Patient characteristics were similar in terms

of sex, age, weight and height

No information available on the character-

istics of the researchers and assistants such

as years of experience, professions, differ-

ence between the intervention and control

groups in terms of staff

Adjustment for baseline differences Unclear risk No information related to adjustment for

baseline differences is reported

Other bias High risk “We thank Japan Becton for supplying the

Insyte and Autoguard cannulae.”

The involvement of a medical devices man-

ufacturing company may have potentially

introduced information bias

Asai 2002 active

Methods Study design: Randomised Controlled Trial with two intervention arms and one control

arm. Object of randomisation: patients

Participants Japan. Researchers and assistants performing intravenous (n = 150) and intra-arterial

cannulations (n = 150) in elective surgery. Number studied: 300 patients. Intervention

group one n = 100 (Insyte Autoguard cannula with a button for actively retracting the

needle. Control group n = 100 (divided over the two intervention arms)

Interventions Arm one: Use of safeguarded needles (Insyte Autoguard) in intravenous cannulations.

The control group used conventional Insyte catheter needles

Outcomes Needlestick injuries (none detected), median number of blood contamination from

inserted catheter or needles on staff, patients, equipment or tray

Notes We combined the results of the intravenous and intra-arterial cannulation when the same

devices were used

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk ”In each part of the study, patients were ran-

domly allocated intro three groups. Block

randomisation (in blocks of 15) was used

for the allocation. No additional informa-

tion available on randomisation process
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Asai 2002 active (Continued)

Allocation concealment (selection bias) Low risk “cards indicating allocations were placed in

a serially numbered, sealed opaque enve-

lope?”

Adequate allocation concealment.

Blinding (performance bias and detection

bias)

All outcomes

Low risk “The presence or absence of blood on a

tray was assessed by a researcher who was

blinded to the allocation”

Healthcare workers could not have been

blinded as they were using the devices but

bias seems unlikely here

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing outcome data.

Selective reporting (reporting bias) Low risk Authors reported the outcomes mentioned

in the method section: information is avail-

able for the three groups for the ease of in-

sertion, information on the backflow, ease

of handling needle, blood contamination,

needlestick injuries and problems at inser-

tion

Similar recruitment of groups Unclear risk Patients characteristics were similar in

terms of the age, weight and height. There

were differences between groups for sex

No information available on the character-

istics of the researchers and assistants such

as years of experience, professions, differ-

ence between the intervention and control

groups in terms of the staff

Adjustment for baseline differences Unclear risk No information related to adjustment for

baseline differences is reported

Other bias High risk “We thank Japan Becton for supplying In-

syte and Insyte Autoguards and Johnson &

Johnson Medical for supplying protective

acuvance needles.”

The involvement of a medical devices man-

ufacturing company may have potentially

introduced information bias
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Asai 2002 passive

Methods Study design: Randomised Controlled Trial with two intervention arms and one control

arm. Object of randomisation: patients

Participants Japan. Researchers and assistants performing intravenous (n = 150) and intra-arterial

cannulations (n = 150) in elective surgery. Number studied: 300 patients. Intervention

group two n = 100 (Protective Acuvance) cannula with a passive mechanism that retracts

the needle, Control group n = 100 (divided over the two intervention arms)

Interventions Arm two: Use of safeguarded needles (Protective Acuvance) in intravenous and intra-

arterial cannulations. The control group used conventional Insyte catheter needles

Outcomes Needlestick injuries (none detected), median number of blood contamination from

inserted catheter or needles on staff, patients, equipment or tray, and median number of

blood stains on tray

Notes We combined the results of the intravenous and intra-arterial cannulation when the same

devices were used

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “In each part of the study, patients were ran-

domly allocated intro three groups. Block

randomisation (in block of 15) was used

for the allocation and cards indicating al-

locations we placed in a serially numbered,

sealed opaque envelope”

Allocation concealment (selection bias) Low risk “cards indicating allocations were placed in

a serially numbered, sealed opaque enve-

lope”

Blinding (performance bias and detection

bias)

All outcomes

Low risk “The presence or absence of blood on a

tray was assessed by a researcher who was

blinded to the allocation”

Healthcare workers could not been blinded

as they were using the devices but bias is

unlikely here

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing outcome data.

Selective reporting (reporting bias) Low risk Authors reported on outcomes mentioned

in the method section:information is avail-

able for the three groups for the ease of in-

sertion, information on the backflow, ease

of handling needle, blood contamination,

needlestick injuries and problem at inser-
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Asai 2002 passive (Continued)

tion

Similar recruitment of groups Unclear risk Patients characteristics were similar in

terms of the age, weight and height. There

were differences in between groups for sex

No information available on the character-

istics of the researchers and assistants such

as years of experience, professions, differ-

ence between the intervention and control

groups in terms of the staff

Adjustment for baseline differences Unclear risk No information related to adjustment for

baseline differences is reported

Other bias High risk “We thank Japan Becton for supplying In-

syte and Insyte Autoguards and Johnson &

Johnson Medical fro supplying protective

acuvance needles.”

The involvement of a medical devices man-

ufacturing company may have potentially

introduced information bias

Azar-Cavanagh 2007

Methods Study design: Interrupted Time-Series Study

Participants USA. Healthcare workers handling needles and thus with potential exposure to blood borne pathogens

Number studied: 11,161 healthcare workers for the pre-intervention period (18 months) and 12,851 healthcare

workers for the post-intervention period (18 months)

Interventions Introduction of an intravenous catheter stylet with a safety engineered feature (a retractable protection shield). The

mechanism has to be activated by the worker. Suture needles were not replaced by safety engineered needles and were

thus used as control group

Outcomes Number of percutaneous injuries per 1000 healthcare workers.

Notes Pre-intervention rate (PI per 1000 health workers) IV catheter needle (2.5; 2.3, 2.5 for each six-month period

respectively)

Total data points (n = 6).

Baskin 2014

Methods Study design: Randomised Controlled Trial. Object of randomisation: patients

Participants Turkey. Doctors who collected ABG samples from patients in the emergency care de-

partment. Number studied: 550 patients. Intervention group n = 275. Control group n

= 275
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Baskin 2014 (Continued)

Interventions Use of safety-engineered blood gas syringes which once in the artery filled automatically

as a result of arterial pulse pressure. The control group used conventional heparinised

syringes

Outcomes (1) Number of needlestick injuries (2) Number of events of blood splashes (3) Number of

attempts (4)The degree of difficulty of ABG extraction procedure according to physicians

Notes Includes information about cost analysis.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk The method of randomization carried out

was not mentioned.

Allocation concealment (selection bias) Low risk Sealed envelopes were used.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information available.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing outcome data. Data available

includes all physicians who performed ar-

terial blood gas extraction procedures (n =

27)

Selective reporting (reporting bias) Low risk Pre-specified outcomes were reported ac-

cordingly.

Similar recruitment of groups Low risk The study included patients who visited the

ED during the period of May 1, 2012 to

June 30, 2012

Adjustment for baseline differences Low risk There was no significant difference be-

tween groups in terms of age, weight, sex,

height, wrist circumference and BMI

Other bias Low risk The study appears to be free of other types

of bias.
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Chambers 2015 hospitals

Methods Study design: Interrupted Time-Series Study

Participants Canada (Ontario). Healthcare workers registered with Work place Safety and Insurance Board (a workers’ compensa-

tion claims organization). Number studied 16,364 in the period (2004-2012). The study included two intervention

arms, one comprising of long-term nursing care and the other one comprising of hospitals

Interventions Introduction of a legislation between, 2008-2009 for the use of safety engineered needles which includes the use of

needleless devices. Individual hospital had the discretion to choose the type of safety engineered needle either passive

or semi-automatic. In the pre-intervention period there was no use of safety engineered needles

Outcomes Rate of needlestick injuries per 10,000 full time equivalents as reported by healthcare workers to Work place Safety

and Insurance board

Notes Total number of data points long-term nursing care (n = 9).

Total number of data points hospitals (n = 9).

Chambers 2015 long-term nursing care

Methods Study design: Interrupted Time-Series Study

Participants Canada (Ontario). Healthcare workers registered with Work place Safety and Insurance Board (a workers’ compensa-

tion claims organization). Number studied 16,364 in the period (2004-2012). The study included two intervention

arms, one comprising of long-term nursing care and the other one comprising of hospitals

Interventions Introduction of a legislation between, 2008-2009 for the use of safety engineered needles which includes the use of

needleless devices. Individual hospital had the discretion to choose the type of safety engineered needle either passive

or semi-automatic. In the pre-intervention period there was no use of safety engineered needles

Outcomes Rate of needlestick injuries per 10,000 full time equivalents as reported by healthcare workers to Work place Safety

and Insurance board

Notes Total number of data points long-term nursing care (n = 9).

Total number of data points hospitals (n = 9).

Cote 2003

Methods Study design: Randomised Controlled Trial. Object of randomisation: patients by cal-

endar week

Participants USA. Staff of the operating theatre. Participation by attending anaesthesiologists was

voluntary. Number randomised: 330 patients receiving IV catheter insertions. Interven-

tion group n = 211. Control group n = 119

Interventions The intervention group used Angiocath Autoguard IV catheters with retractable needles

where retraction has to be activated with a button. The control group used traditional

JELCO IV catheters
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Cote 2003 (Continued)

Outcomes Number of spills and splatters of blood on linen, table, floor, skin or clothing per total

number of procedures. Measurement: visual observations by the operating staff

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk “Assignment of catheter type was ran-

domised by week”

Allocation concealment (selection bias) Unclear risk Researchers do not provide information on

allocation concealment

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information available.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing outcome data. Data available

includes all participants (n = 330)

Selective reporting (reporting bias) Low risk Pre-specified outcomes were reported ac-

cordingly.

Similar recruitment of groups Unclear risk The intervention and control groups were

recruited from the same hospital. The study

was completed over 20 days, 11 days for

intervention and 9 days for the control. It

is unclear if patients recruited to the study

differed based on the week the person was

selected to participate into the study

Adjustment for baseline differences Unclear risk No information on the adjustment for

baseline difference reported

Other bias Low risk The study appears to be free of other types

of bias.

Edmond 1988

Methods Study design: Interrupted Time-Series Study

Participants USA. Registered nurses on medical and surgical wards, emergency department, intensive care unit and in the operating

room performing tasks which require handling of needles. Number studied: 278 registered nurses with outcomes

reported over 12 months
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Edmond 1988 (Continued)

Interventions Introduction of bedside needle disposal units. In the pre-intervention period the disposal units were located in

medication rooms and on medication carts

Outcomes Number of reported needlestick per total number of healthcare personnel. Secondary outcome: recapping rate

Notes Total number of data points (n = 12).

Gaballah 2012

Methods Study design: Controlled Before and After Study

Participants UK (London). Bachelor of dental surgery students (3rd, 4th, 5th year) and dental nursing

students from three hospitals in London

Interventions Use of dental syringe that does not require re-sheathing or removal of needle from the

syringe. Control group used conventional metallic dental syringe

Outcomes Outcome: incident reports of NSI sustained by dental students and nurse students over

the period 1.2007 to 12.2008. The type of syringe system causing NSIs was not reported

for the departments in the intervention and control groups. Unit: not specified

Notes We contacted the authors but they did not respond.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Not an RCT.

Allocation concealment (selection bias) High risk Not an RCT.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk Not reported.

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Not reported.

Selective reporting (reporting bias) High risk Type of syringe system causing NSIs among

various departments was not mentioned in

the outcome

Similar recruitment of groups High risk Same time period of recruitment but dif-

ferent groups recruited from different hos-

pitals
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Gaballah 2012 (Continued)

Adjustment for baseline differences Unclear risk No information regarding adjustment for

baseline differences

Other bias Unclear risk The study appears to be free of other types

of bias.

Goldwater 1989

Methods Study design: Interrupted Time-Series Study surrounding two interventions

Participants New Zealand. Laboratory staff performing venipunctures. Number studied: 644,000 venipunctures during a four-

year period

Interventions 1. Adaption of Centers for Disease Control (CDC) guidelines on non-recapping of needles. 2. Introduction of

recapping injury prevention device Needle Guard and training on its use. In this review we only used the part on

the introduction of the injury prevention device Needle Guard. The needle guard consists of a shield at the bottom

of the protective cap that covers the needle. The shield should prevent a needle stick injury while the cap is placed

beside the needle. Passive device because no worker intervention required

Outcomes Number of needlestick injuries per total number of venipunctures performed

Notes Not recapping prevention but prevention of PEI while recapping

During pre-intervention, baseline rate estimated at 0.63 NSI per 1000 venipuncture-years

Total number of data points (n = 39).

Goris 2015

Methods Study design: Interrupted Time-Series Study

Participants USA (Missouri). Healthcare workers from four medical nursing divisions and one intensive care unit approximating

overall 1,095,097 employee productive hours during the 30-month pre-trial and nine-month trial period . Demo-

graphics and working experience of staff not reported

Interventions 1. Introduction of passive safety engineered device for insulin and tuberculin injections 2. Extensive training and

education during pre and post intervention periods

Outcomes NSI rate per 100,000 employee productive hours.

Notes
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Grimmond 2010

Methods Study design: Controlled Before and After Study

Participants USA. Staff from non-profit hospitals. Demographics and working experience of staff

not reported. Number studied: 14 hospitals (control) and 14 hospitals (interventions).

Approximating overall 19,880 FTE during the two-year study period

Interventions 1. Engineered safety features of a sharps container

Outcomes Sharp injury (a) during procedure; b) after procedure but before disposal; c) container-

associated (CASI); d) inappropriate disposal. We used the total number and the con-

tainer-related injuries to calculate intervention effects

Notes We calculated the RR of NSI after the introduction of containers and the SE. These

were put into RevMan data tables. We did not adjust for baseline difference nor for a

clustering effect

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Not an RCT.

Allocation concealment (selection bias) High risk Not an RCT.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information on blinding.

“Staff who suffered sharp injuries were not

aware of the study at the time of their injury

report”. However, health workers would be

aware of the change in the type of devices

used

Incomplete outcome data (attrition bias)

All outcomes

Low risk Authors reported that data on the outcome

was obtained for the pre- and post-inter-

vention periods for the 14 participating

hospitals. Authors do not include hospital-

level information

Selective reporting (reporting bias) Low risk The pre-specified outcomes are reported.

Similar recruitment of groups Low risk This study includes the same 14 hospitals

for before and after intervention. There was

minimum change in the number of FTE

(0.6%) during the study period

Adjustment for baseline differences Unclear risk Not reported in the analysis.
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Grimmond 2010 (Continued)

Other bias Low risk The study appears to be free of other types

of bias.

L’Ecuyer 1996 2wva

Methods Study design: Cluster Randomised Controlled Trial. Object of randomisation: nursing

divisions. Three-armed trial with separate control groups

Participants USA. Nursing personnel from general, medical, surgical and intensive-care units per-

forming intravenous therapy. Number studied: 73,454 patient days (980,392 productive

hours worked). Intervention three n = 19,436. Control n = 19,550

Interventions Use of needleless intravenous device 2-way valve. Passive system no need for activation.

Control groups used standard IV needle systems

Outcomes Reported needlestick injures per 1000 patient-days and 1000 productive hours worked

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Four groups of nursing divisions were

prospectively randomised to use one of the

two safety devices”

Allocation concealment (selection bias) Unclear risk No information about allocation conceal-

ment is available.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information available on blinding.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Selected nursing division were assigned to

either the intervention (MBC then re-

placed by PBC, and 2-way). The MBC was

replaced after four months due to staff dis-

satisfaction. Authors reported all outcomes

data for the intervention and control group

Selective reporting (reporting bias) Unclear risk “Intravenenous-therapy related injuries

were categorized further as follows: low-

risk injuries involved needles without di-

rect blood contact; intermediate risk in-

juries involved needles likely to have oc-

cult blood present and high risk injuries in-

volved needles in direct contact with blood.
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L’Ecuyer 1996 2wva (Continued)

” However, there is no information avail-

able based on this categorization stipulated

in the method section

Similar recruitment of groups High risk The nursing divisions selected to partici-

pate to the study were from the same hospi-

tal. The recruitment time period of 2-way

device differed from the PBC. The PBC

was selected to replace the MBC (after four

months) due to staff dissatisfaction

Adjustment for baseline differences Unclear risk The demographics of the workers (age, sex,

years of experience) are not reported. The

adjustment for baseline differences is not

reported in the analysis

Other bias High risk “Study participants generally have ready ac-

cess to the traditional devices, which may

contaminate the evaluation, so much atten-

tion must be focused on appropriate exper-

imental device distributions and traditional

device removal prior to study initiation.”

NSI reported in the study group may have

been caused by the use of the traditional

device. Based on the information available,

it is not possible to separate NSI caused by

the new devices or traditional ones

L’Ecuyer 1996 mbc

Methods Study design: Cluster Randomised Controlled Trial. Object of randomisation: nursing

divisions. Three-armed trial with separate control groups

Participants USA. Nursing personnel from general, medical, surgical and intensive-care units per-

forming intravenous therapy. Number studied: 73,454 patient-days (980,392 produc-

tive hours worked). Intervention two n = 3840. Control n = 2487 patient-days

Interventions Use of needleless intravenous device metal blunt cannula. Passive system no need for

activation. Control groups used standard IV needle systems

Outcomes Reported needlestick injures per 1000 patient-days and 1000 productive hours worked

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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L’Ecuyer 1996 mbc (Continued)

Random sequence generation (selection

bias)

Unclear risk “Four groups of nursing divisions were

prospectively randomised to use one of the

two safety devices”

Allocation concealment (selection bias) Unclear risk No information about allocation conceal-

ment is available.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information available on blinding.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Selected nursing division were assigned to

either the intervention (MBC then re-

placed by PBC, and 2-way). The MBC was

replaced after four months due to staff dis-

satisfaction. Authors reported all outcomes

data for the intervention and control group

Selective reporting (reporting bias) Unclear risk “Intravenenous-therapy related injuries

were categorized further as follows: low-

risk injuries involved needles without di-

rect blood contact; intermediate risk in-

juries involved needles likely to have oc-

cult blood present and high risk injuries in-

volved needles in direct contact with blood.

” However, there is no information avail-

able based on this categorization stipulated

in the method section

Similar recruitment of groups High risk The nursing divisions selected to partici-

pate to the study were from the same hospi-

tal. The recruitment time period of 2-way

device differed from the PBC. The PBC

was selected to replace the MBC (after four

months) due to staff dissatisfaction

Adjustment for baseline differences Unclear risk The demographics of the workers (age, sex,

years of experience) are not reported. The

adjustment for baseline differences is not

reported in the analysis

Other bias High risk “Study participants generally have ready ac-

cess to the traditional devices, which may

contaminate the evaluation, so much atten-

tion must be focused on appropriate exper-

imental device distributions and traditional

device removal prior to study initiation.”

NSI reported in the study group may have

been caused by the use of the traditional
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L’Ecuyer 1996 mbc (Continued)

device. Based on the information available,

it is not possible to separate NSI caused by

the new devices or traditional ones

L’Ecuyer 1996 pbc

Methods Study design: Cluster Randomised Controlled Trial. Object of randomisation: Nursing

divisions. Three-armed trial with separate control groups

Participants USA. Nursing personnel from general, medical, surgical and intensive-care units per-

forming intravenous therapy. Number studied: 73,454 patient days (980,392 productive

hours worked). Intervention one n = 15,737. Control n = 12,404

Interventions Use of needleless intravenous device: plastic blunt cannula. Passive system no need for

activation. Control groups used standard IV needle systems

Outcomes Reported needlestick injures per 1000 patient-days and 1000 productive hours worked

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Four groups of nursing divisions were

prospectively randomised to use one of the

two safety devices”

Allocation concealment (selection bias) Unclear risk No information about allocation conceal-

ment is available.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information available on blinding.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Selected nursing division were assigned to

either the intervention (MBC then re-

placed by PBC, and 2-way). The MBC was

replaced after four months due to staff dis-

satisfaction. Authors reported all outcomes

data for the intervention and control group

Selective reporting (reporting bias) Unclear risk “Intravenenous-therapy related injuries

were categorized further as follows: low-

risk injuries involved needles without di-

rect blood contact; intermediate risk in-

juries involved needles likely to have oc-

cult blood present and high risk injuries in-
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L’Ecuyer 1996 pbc (Continued)

volved needles in direct contact with blood.

” However, there is no information avail-

able based on this categorization stipulated

in the method section

Similar recruitment of groups High risk The nursing divisions selected to partici-

pate to the study were from the same hospi-

tal. The recruitment time period of 2-way

device differed from the PBC. The PBC

was selected to replace the MBC (after four

months) due to staff dissatisfaction

Adjustment for baseline differences Unclear risk The demographics of the workers (age, sex,

years of experience) are not reported. The

adjustment for baseline differences is not

reported in the analysis

Other bias High risk “Study participants generally have ready ac-

cess to the traditional devices, which may

contaminate the evaluation, so much atten-

tion must be focused on appropriate exper-

imental device distributions and traditional

device removal prior to study initiation.”

NSI reported in the study group may have

been caused by the use of the traditional

device. Based on the information available,

it is not possible to separate NSI caused by

the new devices or traditional ones

Mendelson 1998

Methods Study design: Controlled Before-After Study with Cross-Over

Participants USA. Health care workers in sixteen nursing units excluding pediatrics, obstetrics-gy-

naecology and intensive care, performing procedures which required the use of IV sys-

tems. We estimated that the number of workers in each groups was around 220. All IV

insertions in the selected units during a period of six months. Eight units belonged to

the intervention group and eight units to the control group, and the roles were switched

in the middle of the study period

Interventions Use of a needleless intermittent intravenous access system with a reflux valve. Control

group used a conventional heparin lock

Outcomes Number of reported percutaneous injuries per study week. Secondary outcomes: Local

complications at insertion site, bacteraemia of patients, device-related complications,

staff satisfaction and cost analysis
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Mendelson 1998 (Continued)

Notes Study includes information about costs; We calculated the RR (SE) for needlestick

injuries of the intervention and the control group based on our estimates of the number

of persons and the number of needlestick injuries reported by the authors. We added 0.

5 to fill empty cells

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk No randomisation.

Allocation concealment (selection bias) High risk No randomisation.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information about blinding.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Authors indicated that study was com-

pleted in 16 medical and surgical units. The

outcome data appears to be reported for the

16 units. No outcome data at the unit level

Selective reporting (reporting bias) Low risk All expected outcomes are reported and

correspond to the ones mentioned in the

method section

Similar recruitment of groups Low risk The intervention and control groups were

from the same hospital. There is no infor-

mation about the FTE change during study

period. The study was completed within a

short period of time (25 weeks), staff differ-

ence between before and after intervention

is unlikely to be different

Adjustment for baseline differences Unclear risk Authors specified that the wards for the

control and intervention were similar in

terms of staff-to-patient ratio and the type

of illness of the patients. The units were

different in terms of speciality for the con-

trol and intervention group. No informa-

tion is available to compare the control and

intervention groups for the number of staff,

working experience, age and sex. Adjust-

ment for baseline differences is not reported

in the analysis
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Mendelson 1998 (Continued)

Other bias High risk The outcome, NSI, is reported by study

weeks. There is no information about num-

ber of FTE or number of devices used. Al-

though the staff-to-patient ratios were sim-

ilar, we do not know if the number or type

of procedures were similar in both groups

Phillips 2013

Methods Study design: Interrupted Time-Series Study

Participants USA. Hospitals that used Exposure Prevention Information Network (a multi hospital sharps injury database). A

total of 85 hospitals were selected of which 30 were removed. Numbers studied: during the pre-NPSA period (1995-

2000) data representing to 13,377 per-cutaneous injuries and for the post-NPSA period (2001-2005) a total of 5,

379 per-cutaneous injuries

Interventions Introduction of a legislation on November 6, 2000 and as mandated, OSHA revised the standard in 2001 which

required the provision of safety-engineered sharps, evaluation of devices, maintenance of sharps injury logs and annual

review of the facility’s exposure control plan

Outcomes Percutaneous injury rates per 100 FTEs.

Notes Total number of data points (n = 11).

Prunet 2008 active

Methods Study design: Randomised Controlled Trial. Object of randomisation: procedures. Two

intervention arms and one control arm

Participants France. Anaesthetist physicians and anaesthetist nurses in the operating room and emer-

gency performing IV infusion. Number studied: 759 procedures. Intervention group

two n = 254. Control group n = 254 (divided over the two arms)

Interventions Arm 2: use of active safety catheter (Insyte Autoguard). Control group used the Vialon

traditional non-safety catheter. We divided the control group over the two intervention

arms

Outcomes 1. Number of cases in which the patient’s blood stained the operator’s skin, gloves,

mask, or any other clothing; 2. Number of cases in which the patient’s blood stained the

stretcher or floor. Secondary outcome: Ease of use and sense of protection

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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Prunet 2008 active (Continued)

Random sequence generation (selection

bias)

Low risk “the type of venous catheter to use was de-

termined randomly in a three ball ballot

box.”

Allocation concealment (selection bias) Low risk “The choice of the catheter was randomised

by using a single blinded envelope method”

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information on blinding available.

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk No information reported about the num-

ber of excluded patients

Selective reporting (reporting bias) Low risk Expected outcomes reported in introduc-

tion correspond to the ones mentioned in

the method section

Similar recruitment of groups Low risk Study uses randomisation.

Adjustment for baseline differences Low risk Adequate randomisation, no additional ad-

justment needed in the analysis

Other bias Low risk The study appears to be free of other types

of bias.

Prunet 2008 passive

Methods Study design: Randomised Controlled Trial. Object of randomisation: procedures. Two

intervention arms and one control arm

Participants France. Anaesthetist physicians and anaesthetist nurses in the operating room and emer-

gency performing IV infusion. Number studied: 759 procedures. Intervention group

one n = 251, Control group n = 254 (divided over the two arms)

Interventions Arm 1: use of passive safety catheter (Introcan Safety). Intervention 2: use of active safety

catheter (Insyte Autoguard). Control group used the Vialon non-safety catheter. We

divided the control group over the two intervention arms

Outcomes 1. Number of cases in which the patient’s blood stained the operator’s skin, gloves,

mask, or any other clothing; 2. Number of cases in which the patient’s blood stained the

stretcher or floor. Secondary outcome: Ease of use and sense of protection

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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Prunet 2008 passive (Continued)

Random sequence generation (selection

bias)

Low risk “the type of venous catheter to use was de-

termined randomly in a three ball ballot

box.”

Allocation concealment (selection bias) Low risk “The choice of the catheter was randomised

by using a single blinded envelope method”

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information on blinding available.

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk No information reported about the num-

ber of excluded patients

Selective reporting (reporting bias) Low risk “If the operator considered the patient’s

vein unsuitable for placing an 18 G

catheter, the patient was excluded from the

protocol”

Similar recruitment of groups Low risk Not reported but adequate randomisation

to the control or intervention group

Adjustment for baseline differences Low risk Adequate randomisation, no additional ad-

justment needed in the analysis

Other bias Low risk The study appears to be free of other types

of bias.

Reddy 2001

Methods Study design: Interrupted Time-Series Study

Participants USA. Healthcare workers with direct patient contact, excluding physicians, or ancillary workers who may have been

in areas where medical procedures had taken place during a six-year period

Number studied: 3011 FTE for the pre-intervention period (three years) and 3992 FTE for the post-intervention

period (three years)

Interventions Implementation of safety syringes and needleless intravenous systems. It was unclear if these were active or passive.

Co-intervention: Educational in services attended by some or all healthcare workers

Outcomes Reported needlestick injuries per 100 full time employees.

Notes Baseline incidence rate by 100 FTE per year

Year Incidence rate

1994 10.6%

1995 10.3%

1996 6.4%

Total number of data points (n = 6)
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Richard 2001

Methods Study design: Interrupted Time-Series Study

Participants India. Hospital healthcare workers during a seven-year period. Number studied: Not reported

Interventions 1. Introduction of sharps containers; 2. Education on blood borne pathogens and the importance of safe sharps

disposal

Outcomes Number of reported needlestick injuries due to improper disposal per total number of reported needlestick injuries

Notes Total number of data points (n = 7).

Rogues 2004

Methods Study design: Interrupted Time-Series

Participants France. 3600 bed university hospital, sharp injuries reported on an annual of 8500 FTE (2900 nurses)

Number of phlebotomist nurses, not reported.

Interventions 1. re-sheathable winged steel needles and Vacutainer blood collecting tube and 2. vacutainer blood collecting tubes

with recapping sheaths. Each product required the healthcare worker to activate the safety feature immediately

after phlebotomy. We regarded both devices as one intervention. The two safety mechanisms required two-handed

activation and were thus active

Pre-intervention period (four years) and post-intervention period (three years)

Outcomes Phlebotomy-related PIs (vacuum-tube + winged steel needle) per 100 devices purchased

Notes Baseline rate: Number of phlebotomy PI reported for first two years but no denominator available

For third year of baseline, rate was 18.8 phlebotomy PI related per 100,000 purchased devices

Total number of data points (n = 7).

Seiberlich 2016

Methods Study design: Randomised Controlled Trial. Object of randomisation: patients

Participants Canada (Alberta). Clinicians who carried out PIVC insertions in emergency department

patients. Number studied: 150 patients. Number of study insertions: 152. Intervention

group n = 73. Control group n = 79

Interventions Use of blood control catheter (via valve safety IV catheter) which was an active safety

device that includes a valve that is designed to restrict blood flow back out of the catheter

hub upon initial venipuncture. It also contains a window within the introducer needle

for easy confirmation of vessel entry. Control group used the straight hub version of

standard device which also has to be actively switched on (ProtectIV safety IV catheter)
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Seiberlich 2016 (Continued)

Outcomes (1) Number of blood leakage events (2) Number of blood exposure risk reduction events

(we could not understand what the authors meant by this outcome measure and we

decided to exclude this outcome measure

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Insertions were randomised 1:1 by partici-

pating clinicians.

Allocation concealment (selection bias) Unclear risk Researchers do not provide information on

allocation concealment

Blinding (performance bias and detection

bias)

All outcomes

High risk Not a blinded study, the fact that the study

could not be carried out as a double blind

investigation lent some inherent, albeit un-

avoidable, clinician bias to the results

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Not reported.

Selective reporting (reporting bias) Low risk Authors reported the outcomes mentioned

in the method section: information is avail-

able for clinical acceptability, incidence of

blood leakage, risk of blood exposure, need

for digital compression, insertion success

and clinical usability

Similar recruitment of groups Unclear risk Incomplete information on recruitment of

groups.

Adjustment for baseline differences Unclear risk No information related to adjustment for

baseline differences is reported

Other bias High risk Clinicians were able to contribute to the

endpoint multiple times, number of inser-

tions performed by clinicians varied from

nurse to nurse. This study was funded

by Smiths Medical, the manufacturer of

both the blood control and standard PIVCs

that were evaluvated. The co-author, Laura

Seiberlich, is an employee of the study

sponsor
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Sossai 2010

Methods Study design: Interrupted Time-Series

Participants Healthcare workers from a hospital in Italy. The overall number of employees varied from 4447 and 4636 individuals

from 2003 to 2007

Interventions Sharps awareness program and passively activated Introcan safety IV catheter system. This has a self-activating safety

clip that automatically shields the needle’s sharp bevel during retraction of the needle after cannula insertion. With

regard to design and handling, this safety catheter is identical to the conventional catheter

Outcomes NSI with catheters and sharps.

Notes Total number of data points (n = 7)

Valls 2007

Methods Study design: Controlled Before-After Study

Participants Spain 350 bed general hospital. 1000 workers, seven wards assigned to intervention and

five wards assigned as a control group

Interventions 1. Educational session which included a three-hour presentation and two hours of hands-

on training. 2. Safety devices which included blood-culture collection tubes with a needle

sheath, blood-gas syringes with needle sheath, lancets with retractable single use puncture

sticks, safety devices catheter and blunt needles. It was unclear if these devices were

active or passive. Vacuum phlebotomy systems without needle sheaths were used prior

the beginning of the study

Outcomes Number of percutaneous injuries per 100,000 patient-days. With the exception of the

emergency department, NSI injuries per 100,000 patients

Notes Information available on the cost of safety engineered devices. We used the rate ratios as

reported by the authors

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Not randomised.

Allocation concealment (selection bias) High risk Not randomised.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information is provided about blind-

ing.
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Valls 2007 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk The intervention includes several wards.

For the baseline, authors reported NSI rate

for the different wards. This level of infor-

mation is not available for the intervention

as authors grouped the different medical

wards into one category

Selective reporting (reporting bias) High risk Figure 1: only absolute number is reported,

no information available on the denomina-

tor for the study period

Similar recruitment of groups High risk Researchers selected the wards for the in-

tervention group, potentially introducing

selection bias. The study was completed at

the hospital at different times. Authors do

not specify if the staff FTE and character-

istics remain similar before and during in-

tervention

Adjustment for baseline differences Unclear risk The demographics of the workers (age, sex,

years of experience) are not reported. Ad-

justment for baseline differences is not re-

ported in the analysis

Other bias High risk “injury reporting was voluntary during the

pre intervention and intervention periods.

However, the nurses in charge of the study

carried out active surveillance reporting of

injuries during the intervention period.”

This might have increased the number of

cases reported

van der Molen 2011

Methods Study design: Cluster-RCT

Participants Netherlands. Workers of voluntarily participating hospital wards (academic hospital).

Demographics and working experience of staff included. Number studied: 796 partic-

ipants. Intervention one (safety device + workshop) = 267 participants (seven wards),

intervention two (workshop only) = 263 (eight wards), control group = 266 (eight wards)

Interventions 1. (NW): one-hour PowerPoint workshop about NSIs, introduction/demonstration by

supplier of new device, plus replacement of existing injection needles on the ward with

injection needle with safety device. The safety device had to be activated by the workers

2. (W) only received workshop, no new needle device)

Outcomes Self-reported number of NSIs within six-month period and official hospital database

registered NSIs
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van der Molen 2011 (Continued)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk No information on randomisation process.

Allocation concealment (selection bias) Unclear risk No information on allocation concealment.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information available on blinding.

Incomplete outcome data (attrition bias)

All outcomes

High risk A. Questionnaire-based NSI

1. Baseline:

Workshop + device group: Data missing on 99/267 (37%)

Workshop group: Data missing on 102/263 (39%)

Control group: Data missing on 100/266 (38%)

2. At six months:

Workshop + device group: Data missing on 197/267

(74%)

Workshop group: Data missing on 179/263 (68%)

Control group: Data missing on 180/266 (68%)

3. 12 months:

Workshop + device group: Data missing on 187/267

(70%)

Workshop group: Data missing on 160/263 (60%)

Control group: Data missing on 192/266 (74%)

B. Hospital registry NSI

No missing outcome data

Selective reporting (reporting bias) Low risk All outcomes stated in the methods section reported.

Similar recruitment of groups Low risk Participants were randomised within the same hospital.

Adjustment for baseline differences Low risk There is difference among the groups in regards to sex

and working experience. These differences may have in-

fluenced the results. For example, there are 17% appren-

tice nurse in the intervention group compared to 7% in

the control group. “the differences in individual and job

characteristics between the intervention groups and the

control group at baseline were examined using generalized

estimated equations (GEE) correcting for wards.”

Other bias Low risk The study appears to be free of other types of bias.
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Whitby 2008

Methods Study design: Interrupted Time-Series Study

Participants Australia (Brisbane). All occupational groups with clinical exposure within the hospital whose FTE were avaliable

(medical, nursing, allied health and housekeeping) in the period 2000-2006

Interventions 1. Introduction of safety engineered retractable syringes and needle-free IV systems 2. Extensive education program

at the commencement of the intervention in 2005

Outcomes Reported needlestick injuries per 10,000 FTEs.

Notes Information available on the cost of safety engineered devices

Total number of data points (n = 36).

Zakrzewska 2001

Methods Study design: Controlled Before-After Study

Participants UK. Staff of a dental clinic dealing exclusively with patients with blood-borne viruses

during a five-year period. Number studied: approximately 600 workers. Intervention

group n = approximately 300. Control group n = approximately 300

Interventions Introduction of a safety syringe and training on its use by the manufacturer. The safety

device had to be activated by the worker. Control group continued using non-disposable

metal syringes after having received education on safety issues. Co-interventions: Testing

of safety devices, ensuring adequate supplies and means of disposal, involvement of key

partners, protocol for the changeover

Outcomes Number of reported sharps injuries per 1000,000 hours worked; number of sharps

injuries related to syringes per total number of sharps injuries

Notes Includes information about cost.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Not an RCT.

Allocation concealment (selection bias) High risk Not an RCT.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No information on blinding.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing outcome data.
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Zakrzewska 2001 (Continued)

Selective reporting (reporting bias) Unclear risk In the method section, authors do not pre-

specify their outcome measures concretely

Similar recruitment of groups Unclear risk The number of students and qualified staff

remains constant throughout the pre-in-

tervention period and during intervention

over the five-year study period. It is un-

clear if pre- and post-intervention group are

composed of students with similar years of

experience

For the concurrent control group, re-

searchers provided limited information. It

is unclear if the individuals in this group

performed similar tasks as the pre- and

post-intervention group. Authors just indi-

cated that a busy surgical unit was used as

the control

Adjustment for baseline differences Low risk Authors reported the participant’s profes-

sion and working experience. The interven-

tion and control groups appear compara-

ble in terms of working experience. No in-

formation to enable comparing the control

and intervention unit to assess homogene-

ity of the two groups

Other bias High risk 1. “In view of the increased bulk of the

safety syringes new waste disposal bins had

to be ordered and distributed round the

clinics.”

This co-intervention may have affected the

number of NSI but it is not possible to

determine

2. Possible conflict of interest: “We are

indebted to Septodont for their supplies,

training and help.”

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Beynon 2015 The study was an ITS design but had insufficient data points

Bowden 1993 The study design did not match our inclusion criteria (not an intervention study)
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(Continued)

Buswell 2014 The study design did not match our inclusion criteria (not an intervention study), The study group did not

match our inclusion criteria (livestock workers)

Carvalho 2016 The study was an ITS design but had insufficient data points

Chaillol 2010 The study design did not match our inclusion criteria (surveillance data)

Chakravarthy 2014 The study was an ITS design but had insufficient data points

Cleveland 2007 The study design did not match our inclusion criteria (surveillance data)

Cullen 2006 The study design did not match our inclusion criteria (surveillance study follow up by expert analysis stating

which NSI could have been prevented)

Di Bari 2015 The study design did not match our inclusion criteria (assesment study)

Floret 2015 The study design did not match our inclusion criteria (surveillance data)

Ford 2011 The main outcome of the study does not include NSI. “The aim of the evaluation was to assess the range of sharp
safety hypodermic needle devices available in the UK, in terms of device performance and user acceptability. The
evaluation was not designed to assess reductions in needlestick injury rates.”

Fukuda 2016 The study design was a CBA but the before data was missing.

Goossens 2011 The study design did not match our inclusion criteria (no comparison group)

Gramling 2013 The study design did not match our inclusion criteria (descriptive study)

Grimmond 2014 The study design did not match our inclusion criteria (not an intervention study)

Guerlain 2010 The study design did not match our inclusion criteria (no comparison group)

Hotaling 2009 The study was an ITS design but had insufficient data points

Iinuma 2005 The study design did not match our inclusion criteria (surveillance data)

Jagger 2010 The study was an ITS design but had insufficient data points

Kanamori 2016 The study was an ITS design but had insufficient data points

Kim 2015 The study design did not match our inclusion criteria (compliance study)

Lamontagne 2007 The study design did not match our inclusion criteria (surveillance data)

Laramie 2011 The study design did not match our inclusion criteria (surveillance data)

Lauer 2014 The study was an ITS design but had insufficient data points
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(Continued)

Lipscomb 2010 The study design did not match our inclusion criteria (descriptive study)

Lu 2015 The study was an ITS design but had insufficient data points

Markkanen 2015 The study design did not match our inclusion criteria (qualitative study)

Massachusetts 2011 The study design did not match our inclusion criteria (surveillance study)

McAllister 2014 The main outcome of the study does not include NSI (study evaluvated patient safety)

Menezes 2014 The study was an ITS design but had insufficient data points

Montella 2014 The study design did not match our inclusion criteria.

Neo 2016 The study design did not match our inclusion criteria (not about safety-engineered devices)

Perry 2012a The study was an ITS design but had insufficient data points

Pigman 1993 The study was not a field study.

Rajkumari 2015 The study intervention does not match our inclusion criteria (the paper describes effectiveness of interactive

classes)

Roff 2014 The paper describes spatter contamintaion by active SED but it is not a controlled study

Shimatani 2011 The study design did not match our inclusion criteria (CBA but no comparison group)

Sibbitt 2011 The study design did not match our inclusion criteria (no comparison group)

Skolnick 1993 The study was an ITS design but had insufficient data points

Smith 2013 The main outcome of the study does not include NSI.

Sossai 2016 The study design did not match our inclusion criteria.

Steuten 2010 The study design did not match our inclusion criteria (literature review - not original research)

Tosini 2010 The study design did not match our inclusion criteria (surveillance data)

Unahalekhaka 2015 The study design did not match our inclusion criteria (descriptive study)
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Characteristics of studies awaiting assessment [ordered by study ID]

Ferrario 2012

Methods Time-series

Participants Healthcare workers

Interventions Devices ?

Outcomes Needlestick injuries ?

Notes

Perry 2012

Methods Time-series

Participants Healthcare workers

Interventions Regulations

Outcomes Sharps injuries

Notes

Phillips 2010

Methods Time-series

Participants Healthcare workers

Interventions Legislation

Outcomes Needlestick injuries

Notes

Phillips 2011

Methods Time-series

Participants Healthcare workers

Interventions Legislation

Outcomes Needlestick injuries

Notes
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Phillips 2012

Methods Time-series

Participants Healthcare workers

Interventions Legislation

Outcomes Needlestick injuries

Notes

Phillips 2012a

Methods Time-series

Participants Hospital workers

Interventions Legislation

Outcomes Needlestick injuries

Notes

Uyen 2014

Methods Time-series

Participants Healthcare workers

Interventions Legislation

Outcomes Needlestick injuries

Notes
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D A T A A N D A N A L Y S E S

Comparison 1. Safe blood collection systems versus regular systems RCT

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Needlestick injuries immediate

follow up

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

2 Blood splashes 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

Comparison 2. Safe blood collection systems versus regular systems ITS

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Number of reported sharps

injuries, level

2 Effect Size (Random, 95% CI) -3.84 [-9.56, 1.88]

1.1 Cap shield 1 Effect Size (Random, 95% CI) -1.04 [-2.27, 0.19]

1.2 Needle sheath 1 Effect Size (Random, 95% CI) -6.88 [-9.53, -4.23]

2 Number of reported sharps

injuries, slope

2 Effect Size (Fixed, 95% CI) Totals not selected

2.1 Cap shield 1 Effect Size (Fixed, 95% CI) 0.0 [0.0, 0.0]

2.2 Needle sheath 1 Effect Size (Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 3. Safe intravenous systems versus regular systems RCT

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Needlestick injuries 3 Rate Ratio (Fixed, 95% CI) 0.62 [0.27, 1.41]

2 Incidences of blood

contamination

6 1489 Risk Ratio (M-H, Fixed, 95% CI) 1.38 [1.00, 1.92]

2.1 Active systems 4 961 Risk Ratio (M-H, Fixed, 95% CI) 1.60 [1.08, 2.36]

2.2 Passive systems 2 528 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.50, 1.75]

3 Incidence of blood leakage 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

3.1 Active systems 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Comparison 4. Safe intravenous systems versus regular systems CBA

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Number of needlestick injuries 1 Rate Ratio (Fixed, 95% CI) Totals not selected

Comparison 5. Safe intravenous systems versus regular systems ITS

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Number of reported sharps

injuries, level

2 Effect Size (Random, 95% CI) Totals not selected

2 Number of reported sharps

injuries, slope

2 Effect Size (Random, 95% CI) Totals not selected

Comparison 6. Safe injection systems versus regular systems RCT

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Questionnaire reported

Needlestick injuries 6 mo

follow up

1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

2 Hospital reported Needlestick

injuries 6 mo follow up

1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

3 Questionnaire reported

Needlestick injuries 12 mo

follow up

1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

4 Hospital reported Needlestick

injuries 12 mo follow up

1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

Comparison 7. Safe injection systems versus regular systems CBA

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Needlestick injury rate 1 Rate Ratio (Fixed, 95% CI) Totals not selected
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Comparison 8. Safe passive injection systems versus safe active injection systems ITS

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 change in level of needlestick

injuries

1 Effect size (Random, 95% CI) Totals not selected

2 Change in slope of needlestick

injuries

1 Effect Size (Random, 95% CI) Totals not selected

Comparison 9. Multiple safe devices versus regular devices ITS

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Number of reported sharps

injuries, level

2 Effect Size (Random, 95% CI) Totals not selected

2 Number of reported sharps

injuries, slope

2 Effect Size (Random, 95% CI) 0.25 [-0.30, 0.81]

Comparison 10. Multiple safe devices versus regular devices CBA

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Needlestick injuries 1 Rate Ratio (Fixed, 95% CI) Totals not selected

Comparison 11. Sharps containers versus no containers ITS

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Number of reported sharps

injuries, level

2 Effect Size (Random, 95% CI) 2.49 [0.49, 4.48]

2 Number of reported sharps

injuries, slope

2 Effect Size (Random, 95% CI) Totals not selected
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