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Objectives: To evaluate the evidence concerning the effectiveness of antiseptic barrier caps vs. manual disin-
fection in preventing central line-associated bloodstream infection (CLABSI).

Methods: The protocol of this systematic review and meta-analysis was pre-registered in PROSPERO
(CRD42021259582). PubMed, Cochrane Library and Web of Science databases were searched from 2011 to
2021. Randomized-controlled trials (RCT) and observational studies on hospitalized patients of any age were
included.

Results: Fourteen studies were included. Compared with manual disinfection, antiseptic barrier caps significantly
reduced CLABSI rate per 1000 line-days (Standardized Mean Difference [SMD]: -0.02; 95%CI: -0.03 to -0.01) and
number of CLABSI per patient (RR: 0.60; 95%CI: 0.41-0.89). Subgroup analysis showed that antiseptic barrier
caps were more effective in reducing CLABSI rate per 1000 line-days in ICU (SMD: -0.02; 95%CI: -0.03 to -0.01)
and non-ICU patients (SMD: -0.03; 95%CI: -0.05 to -0.01), adults (SMD: -0.02; 95%CI: -0.04 to -0.01), as in
observational studies (SMD: -0.02; 95%CI: -0.02 to -0.01). Antiseptic barrier caps also significantly reduce
CLABSI risk in ICU patients (RR: 0.65, 95%CI: 0.42-1.00), adults (RR: 0.50, 95%CI: 0.29-0.86), and observa-
tional studies (RR: 0.54; 95%CI: 0.32-0.91). No differences were found when only children or RCTs were taken
into account. Median cost savings amongst studies were $21,890 [IQR 16,350-45,000] per CLABSI.
Conclusions: Antiseptic barrier caps appear to be effective in reducing CLABSI. The real-world impact needs to be
confirmed by RCTs.

1. Introduction

Central venous access devices are indispensable in modern health-
care but their use come with an inherent patient safety risk [1,2].
Catheter-associated bloodstream infections represent 10%-20% of all
nosocomial infections [3], and central line-associated bloodstream in-
fections (CLABSI) are associated with both over-hospitalization and
additional costs [4]. Microorganisms can intraluminally access a central
venous catheter via its hub, particularly in those containing propofol

and parenteral nutrition [5]. Effective prevention should focus on
aseptic technique during insertion and hub manipulation.

Since 1997, studies have addressed the need for a disinfection hub,
initially with a needle system [6,7]. Needleless connectors were intro-
duced to reduce the risk of needlestick injuries to healthcare workers.
However, some designs increase the risk of catheter-associated blood-
stream infections [8] and CLABSI [9] in patients. Recommended prod-
ucts for needleless connectors decontamination include wipes that
contain either chlorhexidine gluconate in 70% isopropyl alcohol or 70%
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isopropyl alcohol alone[10].

To protect the hub from contamination an antiseptic barrier cap was
developed. This device optimizes needleless connectors disinfection
through continuous contact with the disinfectant, avoiding the need for
cleaning the catheter hub with active scrubbing [11]. Currently, central
line maintenance bundles only recommend manual disinfection,
although some briefly mention the potential benefit of antiseptic barrier
cap use [10,12,13].

Our hypothesis was that antiseptic barrier cap use reduce CLABSI
compared to manual disinfection and hence the necessity to include the
antiseptic barrier cap to central line maintenance bundles. The study’s
main aim was to perform a systematic review and meta-analysis (SRMA)
to evaluate the value of antiseptic barrier cap effectiveness in the pre-
vention of CLABSI, compared with manual disinfection of needleless
connectors. Secondarily, we aimed to evaluate differences between
intensive care unit (ICU) vs. non-ICU settings, adult vs. children pop-
ulations, as well as randomized-controlled trials (RCT) vs. observational
studies.

2. Methods
2.1. Registration and protocol

We performed a SRMA according to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) recommendations

[14]. The PRISMA checklist is detailed in supplemental e-table 1. The
review protocol was registered in PROSPERO (CRD42021259582).

2.2. Data sources and search strategy

Two reviewers (ML and ST) performed the search through PubMed,
Cochrane Library Database and Web of Science database from 2011 to
2021. Also searched the ClinicalTrials.gov and clinicaltrialsregister.eu

Table 1
Main characteristics of included studies.
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registers were to identify ongoing trials. Further details of the search
strategy can be found in supplemental e-Table 2. No restriction on lan-
guage of publication was applied. First search was performed in June
2021.

2.3. Selection criteria

The clinical question under the PICO format (Population-Interven-
tion-Comparison-Outcome) was: Do antiseptic caps, in comparison with
traditional manual disinfection, prevent central line-associated blood-
stream infections?

We used the following inclusion criteria: (i) study design of RCTs and
observational studies; (ii) hospitalized patients of any age; (iii) anti-
septic barrier cap in preventing CLABSI as intervention; (iv) manual
disinfection as comparator. There was no restriction on cap device, both
Curos® (3 M, St. Paul, MN) and SwabCap® (Excelsior Medical, Neptune
City, NJ) were included. Primary outcomes were CLABSI rate per 1000
line-days and number of CLABSI per patient; secondary outcomes were
compliance with antiseptic cap use, total length of stay, and reported
economic differences.

CLABSI is a primary bloodstream infection in a patient that had a
central line within the 48-hour period before the development of the
primary bloodstream infection and it does not have to be related to an
infection at another site [10]. Post-intervention was defined as inter-
vention or antiseptic barrier cap. Pre-intervention was defined as control
or manual disinfection. Definitions of studies’ type and catheter’s type
inclusion are detailed in supplemental e-Table 3.

2.4. Data extraction and study selection process

Two authors (ML and ST) analysed independently all the articles that
were retrieved by reading and assessing titles, abstracts, and full text. If a
consensus between the two reviewers could not be reached for articles, a

Study Location Type of study Control Intervention Type of Line
Length, Type Length, Type
months months
Inchingolo 2018 Italy RCT 9 2% CHG wipe 9 Alcohol impregnated cap ~ CVAD and PICC
[21] (Curos)
Rickard 2021 [30] Australia RCT 1 70% alcohol wipe + 2% 1 Alcohol impregnated cap ~ CVAD
CHG in 70% IPA (SwabCap)
Wright 2013 [29] USA Non-RCT 3-6 70% alcohol wipe 6 Alcohol impregnated cap CVAD and PICC
(SwabCap)
Ramirez 2012 [26] USA Pre/post 12 70% alcohol wipe 12 Alcohol impregnated cap ~ CVAD
interventional study (Curos)
Sweet 2012 [28] USA Pre/post 12 70% alcohol wipe 6 Alcohol impregnated cap ~ CVAD and PICC
interventional study (Curos)
DeVries 2014 [19] USA Pre/post 21 70% alcohol wipe 21 Alcohol impregnated cap CVAD and PICC
interventional study (SwabCap)
Merrill 2014 [24] USA Pre/post 12 70% alcohol wipe 12 Alcohol impregnated cap ~ CVAD
interventional study (Curos)
Stango 2014 [27] USA Pre/post 21 70% alcohol wipe 21 Alcohol impregnated cap CVAD and PICC
interventional study (SwabCap)
Kamboj 2015 [22] USA Pre/post 16 70% alcohol wipe 16 Alcohol impregnated cap ~ CVAD
interventional study
Cameron-Watson UK Pre/post 6 70% alcohol wipe 6 Alcohol impregnated cap ~ CVAD, PICC, PIV,
2016 [17] interventional study (Curos) arterial catheter!
Pavia and Mazza USA Pre/post 18 70% alcohol wipe 3 Alcohol impregnated cap ~ CVAD
2016 [25] interventional study
Martino 2017 [23] USA Pre/post 6 70% alcohol wipe 24 Alcohol impregnated cap ~ CVAD
interventional study (Curos)
Cooney 2020 [18] USA Pre/post 60 CHG or 70% alcohol wipe 60 Alcohol impregnated cap CVAD
interventional study
Helder 2020 [20] Netherlands  Pre/post 24 70% alcohol + 10% IPA 12 Alcohol impregnated cap ~ CVAD, PICC and PIV?

interventional study

wipes

(Curos)

Inumber of arterial catheters was not reported. 2 PIV results were excluded as it did not constitute a central venous access device

CHG: chlorhexidine gluconate; CVAD: central venous access device; IPA: isopropyl alcohol; PICC: peripherally inserted central catheter; PIV: peripheral intravenous

access; RCT: Randomized controlled trial.
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Table 2
Characteristics of included population.
Study Population’ Sex (male %) Mean age” Hospital description Departments
ICU
Ramirez 2012 [26]  Adults NR NR 214-bed community hospital Only ICU
Wright 2013 [29] Adults Phase 1: 46 Phase 1: 67.5 931-bed hospital Only ICU
Phase 2: 43.7 Phase 2: 65.5
Phase 3: 41 Phase 3: 61.8
Stango 2014 [27] Adults NR NR 520-bed acute care institution First ICU and later extended to hospital wide
Helder 2020 [20] Children NICU NICU (weeks) 200-bed paediatric hospital NICU and PICU
Control: 55.7 Control: 30.3
Intervention: Intervention:
56.8 29.3
PICU PICU (months)
Control: 56.2 Control: 10
Intervention: Intervention: 8
56.7
Non-ICU
Inchingolo 2018 Adults Control: 51.2 Control: 68 1575-bed hospital Respiratory semi-ICU
[211° Intervention 1: Intervention 1:
84 75
Intervention 2: Intervention 2:
42.9 72
DeVries 2014 [19]  Adults NR NR 634-bed hospital Hospital wide
Merrill 2014 [24] Adults and NR NR 430-bed trauma centre Hospital wide. Excluded ED, ambulatory care, surgical,
children labour and delivery, and well-baby nursery and postpartum
Pavia and Mazza Children NR 3y/o 97-bed paediatric hospital, short Hospital wide
2016 [25] bowel syndrome specialised
Martino 2017 [23] Adults NR Control: 42 + 450-bed hospital, burn specialised ~ Hospital wide
16
Time 1: 44 £ 1
8
Time 2: 46 +19
Time 3: 45+ 19
Rickard 2021 [30] Adults Control: 61.4 Control: 61 929-bed women’s hospital and Hospital wide
Intervention: Intervention: 750-bed hospital
38.5 63
Sweet 2012 [28] Adults Control: 48.9 Control: 56.3 690-bed hospital Oncology and haematology units
Intervention: 49 Intervention:
56.4
Kamboj 2015 [22] Adults NR NR 470-bed cancer centre High risk units and secondarily general oncology
Cameron-Watson Adults NR NR 1084-bed hospital Oncology ward, acute care of the elderly, critical care, and
2016 [17] surgical ward.
Cooney 2020 [18] Adults NR NR 665-bed hospital Dialysis floor

! Year range not reported
2 Years unless otherwise stated
3 RCT

ED: emergency department; ICU: intensive care unit; NICU: neonatal intensive care unit; NR: Not reported; PICU: paediatric intensive care unit

third reviewer (EA) was consulted to resolve differences. For each in-
dividual study, the data extracted consisted of: study design, number,
and type of patients, setting, and length of pre- (manual disinfection)
and post- (antiseptic barrier cap) intervention phases, sample size, types
of lines, CLABSI rates and infection reduction rates. Population size and
line-days were retrieved when available.

2.5. Quality assessment

The quality assessment was performed for each included study
independently by two reviewers (ML and ST), with a third author (YP)
consulted for consensus.

The quality of observational and non-RCT studies were assessed
using the Newecastle Ottawa Scale [15]. It score ranges from low to
high-quality. The scale evaluates 3 domains of study methodology: the
selection of study groups, the comparability of study groups, and the
quality of determining the outcomes of interest. The three domains
include nine questions: representativeness of the exposed cohort; se-
lection of the non-exposed cohort; ascertainment of exposure; demon-
stration that outcome of interest was not present at start of study;
comparability of cohorts based on the design or analysis; assessment of
outcome; adequacy of cohorts follow-up and its duration for outcomes to
occur.

72

The quality of RCTs were assessed using the Cochrane Handbook of
SR of Interventions [16], and using the Cochrane Review Manager 5.3
risk of bias tool which takes account of allocation sequence generation,
concealment of allocation, masking of participants and investigators,
incomplete outcome reporting, selective outcome reporting, or other
sources of bias. Each potential source of bias was graded to determine
whether studies were considered at high, low, or moderate risk of bias.

2.6. Statistical analysis

The meta-analysis was performed when sufficient data for each
outcome was reported. All statistical analyses were performed using
Review Manager (RevMan) version 5.3 (Cochrane Collaboration, Lon-
don, UK). Dichotomous outcomes were presented as risk ratios (RR). For
ease of interpretation, continuous outcomes were computed as Stan-
dardized Mean Differences (SMD) and then translated into original
variable units. All statistical measures were calculated with 95% confi-
dence interval (CI). Results were presented in a forest plot. A rate per
event of CLABSI analysis was planned; however, it could not be con-
ducted because the required information was not available in the papers
selected. Results were analysed by random-effects model and presented
in a forest plot.

The Higgins 12 statistics, representing the percentage of variation
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Table 3
Results of eligible studies.
Study Population CLABSI rate Intervention Control
and setting reduction Cases, Patients, Line- CLABSI Compliance, Cases, Patients, Line- CLABSI Compliance,
(%) n n days rate' % n n days rate’ %
Pre/post interventional study
Sweet 2012 Adults 85.8 1 282 3005 0.33 NR 16 472 6851 2.33 NR
[28] Non-ICU
Ramirez Adults 73.7 NR NR NR 0.5 73 NR NR NR 1.9 NR
2012 [26] ICU
Cameron- Adults 69 8 1094 5333 1.5 80 26 NR NR 4.3 27
Watson Non-ICU
2016 [17]
Martino Adults 68 3 153 1272 2.36 NR 5 107 673 7.43 NR
2017 [23] Non-ICU
Cooney 2020  Adults 65 5 NR 9787 0.5 NR 11 NR 7568 1.45 NR
[18] Non-ICU
Pavia and Children 54.7 NR 25 NR 3.89 NR NR 25 NR 8.59 NR
Mazza Non-ICU
2016 [25]
Stango 2014 Adults 50 19 NR 22,891 Total: ICU: 60 38 NR 25,000 Total: NR
[27] ICU 0.83 Other units: 1.52
ICU: 1.11 85 ICU: 2.22
Other Other
Units: Units:
0.64 1.09
DeVries 2014 Adults 49.3 NR NR NR 0.038/ NR NR NR NR 0.075/ NR
[19] Non-ICU 100 100
patient patient
days days
Merrill 2014 Adults and > 40 NR NR NR 0. 88 NR NR NR NR 1.5 NR
[24] children
Non-ICU
Kamboj 2015 Adults 34 83 2 34,630  Phase 3: NR 124 2 43,716 Phase 1: NR
[22] Non-ICU (combined) 86 49,029 2.40 100 40,711 2.84
Phase 4: Phase 2:
1.75 2.46
Helder 2020 Children 22 18 766 7366 Total: 2.4 NICU: 95.2 48 1482 15,225 Total: 3.2 NR
[20] ICU NICU: 2.1 PICU: 89 NICU: 3.1
PICU: 2.6 PICU: 3.2
Randomized controlled trials
Inchingolo Adults 83 4 46 2857 1.4 NR 10 86 1162 8.6 NR
2018 [21] Non-ICU
Rickard 2021  Adults -23 1 57 588 1.70 NR 1 66 724 1.38 NR
[30] Non-ICU
Non randomized controlled trials
Wright 2013 Adults 49 9 364 12,221 Phase 2: NR 14 435 9677 Phase 1: NR
[29] ICU 0.74 7 5354 1.45
Phase 3:
1.31

CLABSTI: Central line-associated bloodstream infection; ICU: intensive care unit; NICU: neonatal intensive care unit; NR: Not reported; PICU: paediatric intensive care

unit
! presented in CLABSI per 1000 line-days, unless otherwise stated
2 total patients=691

across studies due to heterogeneity rather than chance, was used to
describe heterogeneity between studies and was calculated as previously
described [16]. Results were categorized as low (0%-25%), moderate
(25%-50%), and high (50%-100%) as recommended by the Cochrane
handbook. Publication bias was assessed with Egger’s test and funnel
plot, if existing. Planned subgroup analyses were ICU vs. non-ICU, adults
vs. children, and RCT vs. observational studies.

3. Results

A total of 566 studies were identified: 94 studies in PubMed, 451 in
Web of Science and 21 in Cochrane Library databases. Two additional
articles were identified through a Pubmed alert. Fourteen studies
[17-30] in the qualitative synthesis were included. The PRISMA flow
diagram is showed in Fig. 1.

73

3.1. Eligible studies and characteristics

Amongst fourteen studies included, two were RCTs [21,30], one was
non-RCT [29], and eleven were prospective observational studies
[17-20,22-28] designed as manual disinfection and antiseptic barrier
cap. Length periods varied widely, ranging from 1 month to 5 years. All
studies included central venous access devices. Seven studies concomi-
tantly included peripherally inserted central catheter. Two studies [17,
20] also included peripheral intravenous access and, one [17] of them
included arterial catheters. Only data relating to central venous access
devices was used. Antiseptic barrier cap was detailed in eleven studies
(79%), four of them used SwabCap® and seven used Curos®. Manual
disinfection was a 70% alcohol wipe in ten studies, chlorhexidine glu-
conate or alcohol wipe in one study, 70% alcohol wipes plus 10% iso-
propyl alcoholwipes in one study, and 2% chlorhexidine gluconate
wipes in one study. One study did not specify the comparator. Study
characteristics are detailed in Table 1.

Eleven studies involved adult patients [17-19,21-23,26-30], whereas
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Records identified in databases
c n= 566
= ( )
e
B - MEDLINE (PubMed), n= 94
=
g - Web of Science, n=451 Additional records identified
= - The Cochrane Library, n=21 (n=2)
Records after duplicates removed
(n=490)
an
=
c
(]
()
P
A
v
Records screened by Records excluded
title and abstract (n=458)
(n=490)
A 4
g Full-text articles Full-texts articles excluded
o assessed for eligibility |———» (n=18)
[ -
o (n=32) -Different population: 3
-Different intervention: 5
-In vitro: 1
- Other: 9
v
Studies included in
qualitative synthesis
o (n=14)
Q
o
S
-
(%]
o
9]
o
S
o
s \ 4
Studies included in
quantitative synthesis
(n=9)
Fig. 1. Flow diagram of study selection (PRISMA).
the remaining two studies involved children [20,25], or both [24]. Four departments, two were made in haematology/oncology units [22,28],
studies were conducted in the ICU [20,26,27,29], and one of them was one in a dialysis ward [18], and one in a respiratory semi-ICU [21]. None
conducted in a neonatal and paediatric ICU. Ten more studies were of the studies detailed if they had a previous protocol regarding the
conducted in non-ICU settings: six included a wider population [17,19, change of needleless connectors. Population characteristics are detailed

2.3-25,30], either by reporting hospital wide results or including distinct in Table 2.
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Distribution of CLABSI rate reduction by average catheterization
(days) is detailed in supplemental e-Fig. 1.

3.2. Effect of intervention
Results of eligible studies are detailed in Table 3 and Fig. 2.

3.2.1. Primary outcomes

Nine studies reported CLABSI rate per 1000 line-days [18,20-23,
27-30]. The overall mean difference of CLABSI rate per 1000 line-days
was significantly reduced (SMD: -0.02; 95%CIL: -0.03 to -0.01;
12=42%) with antiseptic barrier caps compared with manual disinfec-
tion (Fig. 3). Egger’s test suggested that publication bias existed (sup-
plement e-Fig. 2). In subgroup analysis, ICU patients (SMD: -0.02; 95%
CI: -0.03 to -0.01; 1°=0%) and non-ICU patients (SMD: -0.03; 95%CI:
-0.05 to -0.01; I,=61%) have a significantly reduced CLABSI rate per
1000 line-days, both in favour of antiseptic barrier caps (Fig. 3A).
Antiseptic barrier caps reduced the CLABSI rate per 1000 line-days in
adult patients (SMD: -0.02; 95%CI: -0.04 to -0.01; 12=48%), and in
observational studies (SMD: -0.02; 95%CI: -0.02 to -0.01; I>=0%). When
exclusively, paediatric studies or RCTs were taken into account in the
subgroups analyses, no difference in CLABSI rate was observed (Fig. 3B
and 3G, respectively). Six studies reported the number of patients with
CLABSI [20,21,23,28-30]. Pooled results showed a significant reduction
in number of CLABSI when using antiseptic barrier caps (RR: 0.60, 95%
CI: 0.41-0.89; 2=0%) compared with manual disinfection (Fig. 4).
Egger’s test suggested that publication bias existed (supplement
e-Fig. 3). Subgroup analysis showed that antiseptic barrier caps were
more effective than manual disinfection in reducing the number of
CLABSI in ICU (RR: 0.65, 95%CI: 0.42-1.00; 12:0%; Fig. 4A), but not in
non-ICU patients. Although CLABSI rates were low across all studies
(1.9% (18/902) amongst adults and 2.3% (18/766) amongst children),
the value of antiseptic barrier caps was only observed amongst adults
(RR: 0.50, 95%CI: 0.29-0.86; 12:0%; Fig. 4B). Furthermore antiseptic
barriers caps proved to reduce CLABSI risk in observational studies (RR:
0.54; 95%CI: 0.32-0.91; 1°=23%), but not when only RCTs were
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considered (Fig. 4C).

3.2.2. Secondary outcomes

Reduction in the length of hospital stay, as well as cost savings, were
assessed in various forms depending on population size. The calculations
were made using estimates from secondary literature. Nevertheless,
three studies showed reduction in the length of hospital stay [17,24,29]
(not showed) and six [17,22,24,26,27,29] provided the estimated sav-
ings made by antiseptic barrier cap use. Results of costs savings are
summarized in Table 4.

3.3. Quality assessment

Risk of bias of eleven observational studies and one non-RCT were
assessed by the Newcastle Ottawa Scale tool (supplemental e-Table 4A).
Eight studies showed moderate quality and four studies were low
quality. Mainly the shortage wuality was due to issues in selection with
inability to show ascertainment of exposure and lack of demonstration
that outcome of interest was not present at start of study.

The risk of bias of the two RCTs was assessed by the Cochrane risk of
bias tool (supplemental e-table 4B), resulting in high risk mainly due to
comparability and outcome reporting.

4. Discussion

Our results showed that the use of antiseptic barrier caps may be
associated with lower risk of CLABSI and a lower CLABSI rate per 1000
line-days compared with manual disinfection. Furthermore, the
compliance with antiseptic barrier cap use was high and the costs were
lower. Our findings suggest that adults and ICU patients are the popu-
lation to obtain greater benefit. However, the evidence is weak because
it is based mainly on observational studies.

Differences between CLABSI reduction rates in the paediatric popu-
lation could be misleading, since only two studies [20,25] were
included. Both studies comprised neonatal and paediatric patients and
the critically and non-critically ill patients. A systematic review [31]

O Control

] EIntervention

Kamboj 2015
Martino 2017
Cooney 2020
Helder 2020

Pavia and Mazza 2016

Cameron-Watson 2016

Observational studies

Fig. 2. Graphic of CLABSI rate per 1000 line-days for control and intervention groups
Devries 2014 did not report CLABSI rate per 1000 line-days. The study only reported 0.075/100 patient days (control) and 0.038/100 patient days (intervention).
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A)
Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.11CU
Helder 2020 2.4 48.93 7366 3.2 56.48 15225 10.6% -0.01 [-0.04, 0.01] -
Stango 2014 0.83 288 22891 1.52 38.96 25000 16.9% -0.02 [-0.04, -0.00] =
Wright 2013 0.74 27.19 12221 1.45 3805 9677 11.2% -0.02 [-0.05, 0.00] -
Subtotal (95% Cl) 42478 49902 38.7% -0.02 [-0.03, -0.01] <
Heterogeneity: Tau? = 0.00; Chi? = 0.14, df = 2 (P = 0.93); I = 0%
Test for overall effect: Z = 2.88 (P = 0.004)
1.2.2 non-ICU
Cooney 2020 0.5 22.36 9787 1.45 38.05 7568  9.6% -0.03 [-0.06, -0.00] -
Inchingolo 2018 14 37.39 2857 8.6 92.34 1162 2.5% -0.12 [-0.19, -0.05] I —
Kamboj 2015 (1) 2.4 48.93 34630 2.84 5322 43716 20.1% -0.01 [-0.02, 0.01] =T
Kamboj 2015 (2) 175 41.8 49029 2.46 49.54 40711 20.9% -0.02 [-0.03, -0.00] =
Martino 2017 2.36 48.52 1272 7.43 85.88 673  1.4% -0.08 [-0.17, 0.01] —
Rickard 2021 1.7 41.2 588 1.38 37.12 724 1.1% 0.01[-0.10, 0.12]
Sweet 2012 0.33 18.16 3005 2.33 48.21 6851 5.7% -0.05 [-0.09, -0.01] -
Subtotal (95% CI) 101168 101405 61.3% -0.03 [-0.05, -0.01] ‘
Heterogeneity: Tau? = 0.00; Chiz = 15.39, df =6 (P = 0.02); 2 =61%
Test for overall effect: Z = 2.96 (P = 0.003)
Total (95% CI) 143646 151307 100.0% -0.02 [-0.03, -0.01] ‘
Heterogeneity: Tau? = 0.00; Chi? = 15.57, df = 9 (P = 0.08); |2 = 42% f t t f
Test for overall effect: Z = 3.84 (P = 0.0001) 02 -0 0 01 02
Favours [intervention] Favours [control]
Test for subgroup differences: Chi* = 0.69, df = 1 (P = 0.40), I = 0%
B)
Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Fig. 3. Forest plot of CLABSI rate per 1000 line-days: A) ICU vs. non-ICU patients; B) adults vs. children; C) Randomized-controlled trials vs. observational studies.
Mean refers to mean CLABSI rate. Total refers to number of line-days. I=Heterogeneity index; CI= Confidence Interval.

about paediatric population reported a disparity of CLABSI rates be-
tween the different studies. This is frequently explained by the variation
of patient’s condition, the indication for the central line insertion and
the catheter dwell-time, more than age per se. Preventive measures
implemented amongst adult patients have been also successfully adop-
ted in paediatric and neonatal settings [31]. Therefore, the effect of
antiseptic barrier caps do not necessarily have to differ from adults,
especially when there is no difference in pathogenic mechanism leading
to CLABSL The Ista et al. [31] study demonstrated that the prompt
removal of the central venous catheters in the paediatric ICU population
could have limited the protective effect of antiseptic barrier caps,
because they have reduced risk of infection due to shorter period of
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catheterization. Distribution of studies is detailed in supplemental
e-Fig. 1. Therefore we cautiously assume a similar beneficial effect of
antiseptic barrier caps amongst neonates and children, as in adult pa-
tients. The Helder et al. [20] study reported a combined neonatal and
paediatric ICU setting population. In the pre-intervention period, nurses
disinfected the needleless connectors by short rubbing with gauze
impregnated with antiseptic. During the intervention period, an anti-
septic barrier cap was introduced. The use of an antiseptic barrier cap
did not reduce the CLABSI rate per 1000 line-days when compared with
the pre-intervention period. Therefore, providing CLABSI rates dis-
aggregated by gestational age or weight at birth would be preferred in
further studies. Heterogeneity did not change when subgroup analyses
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Fig. 3. (continued).

were performed (see Figs. 3B and 4B).

The most important difference between the studies was that Pavia y
Mazza et al. [25] focuses on chronically ill patients with long term
central venous access devices. Simultaneously, they have shown sig-
nificant heterogeneity regarding setting (neonatal ICU/paediatric ICU
vs. short bowel syndromehospital), type of line (central venous access
devices vs. central venous access devices/peripherally inserted central
catheter) and underlying diseases. Those included in the neonatal
ICU/paediatric ICU study [20] often had a cardiac surgery background
and ventilatory support, especially in the intervention group; while in
the short bowel syndrome study [25], because of higher contamination
risk, antiseptic barrier cap’s disinfection capacity-plus its ability to
protect catheters from touch-airborne-droplet contamination-appears to
have made an important contribution. In the study conducted in the
paediatric ICU [20], the median [IQR] duration of central venous access
devices (in days) was very short (3 days [IQR 2-8]), while it was longer
for neonatal ICU patients (8 days [IQR 5-14]). In contrast, the median
time from the central venous access devices insertion to CLABSI was 13
days [IQR 4-19] and 9 days [IQR 6-12], respectively. In this study the
prompt removal of the central venous access devices could have been
important to decrease CLABSI in these units. Additionally, there could
be underreporting and difficulty in identifying primary bloodstream
infection in infants under 1 year-old since the definition used was that of
CDC [20].

We noticed a decrease in the CLABSI reduction rates when analysing
the studies chronologically. Inchingolo et al. [21] goes against this
trend, its design might account for this difference. Moreover, higher
CLABSI reduction rates in older studies [26,28] may be due to recent
years’ focus on CLABSI prevention even without use of antiseptic barrier
caps, with increase in bundle implementation and compliance. The
study of Rickard et al. [30] show a non-significant increase in the
CLABSI rate. Its design may also account for this difference, since pilot
RCTs are not designed to test statistical differences in outcomes or for
the effect of potential confounders or covariates such as the type of
needleless connector catheter type, or patient factors.

The results of the meta-analyses show a decrease in CLABSI rate per
1000 line-days and in the number of CLABSI per patient in ICU patients.
This could be due, along with cap use itself, to the staff’s distinct
knowledge of catheter maintenance guidelines and subsequent ease to
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implement changes. Nevertheless, although prior efforts have focused
on the identification and prevention of CLABSI in the ICU setting, the
importance of CLABSI in non-ICU departments is increasingly recog-
nized [32]. Furthermore, CLABSI rate per line-days also decrease in
non-ICU patient. Despite lower device utilization rates, studies have
demonstrated greater prevalence of central venous catheter and equiv-
alent rates of CLABSI in non-ICU departments compared with ICU set-
tings [33].

Antiseptic barrier cap use compliance rates were considerably high.
However, for most studies, how this was assessed and for how long, was
unclear. Additionally, comparison with manual disinfection rates of
compliance was only available in one study [17] which raises the po-
tential bias of a high baseline CLABSI rate or seasonal variation, as
demonstrated in previous epidemiological studies [34]. Nevertheless,
given the mean compliance rate for cap use of 80%, it seems feasible to
have it implemented in daily practice.

A previous meta-analysis [11] of nine studies, comparing manual
disinfection to antiseptic barrier cap, in patients with central venous
catheter, showed that antiseptic barrier caps were effective in reducing
CLABSIs (p<0.001). They only have reported one study conducted in an
ICU setting [26] and one in a paediatric population [25]. The study by
Flynn et al. [9] compared the effectiveness of connector decontamina-
tion with 70% alcohol wipes, alcoholic chlorhexidine gluconate wipes,
or alcohol impregnated caps to prevent CLABSI in ten studies. Five
studies [23,28,29,35,36] were analysed in the SRMA reporting that
alcohol impregnated caps (RR: 0.43; 95%CI 0.28-0.65) and alcoholic
chlorhexidine gluconate wipes (RR: 0.28; 95%CI: 0.20-0.39) were
associated with significantly less catheter-associated bloodstream in-
fections than 70% alcohol wipes. Both reviews [9,11] concluded that the
cost of antiseptic barrier cap use is surpassed by the costs associated with
CLABSI management and allows savings.

This SRMA shows that, despite differences in cost estimation, there
are sustained savings amongst the studies that performed an economic
evaluation [17,22,24,26,27,29]. However, as stated above, this must be
interpreted with caution [11]. The most noticeable differences are in
two studies that report significantly lower ($39,050) [26] and higher
($3268,990) cost estimated savings with cap use [22].Overall, median
cost savings amongst studies were $21,890 [IQR 16,350-45,000] per
CLABSI. Indeed, population size was not reported which could relate to
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Fig. 4. Forest plot of number of patients with CLABSI: A) ICU vs. non-ICU patients; B) adults vs. children; C) Randomized-controlled trials vs. observational studies.
Mean refers to events in number of CLABSI. Total refers to number of patients. I=Heterogeneity index; CI= Confidence Interval.

low estimated savings, and besides, the study was conducted in high-risk
units at a cancer centre, hence additional cost could have played a part.
Ideally, the total CLABSI cost should be evaluated over the total unit per
year. Several potential reasons could account for variability amongst
studies including small sample sizes with resultant imprecise estimates,
differences in patient populations and foci of infection studied. Perhaps
more important is how costs and cost variation are actually determined,
for comparable services, internationally and between regions within the
same country [11,37]. The Mastrogianni et al. study [38] concludes that
it is necessary to improve standardised costing methods in order to make
comparisons and succeed in cost-effective management.

Our study differs from previous reviews in several aspects

(supplement e-Table 5). We have included 14 studies (2 of these were
RCTs) over the last decade (2011-2021) to gather the latest data. Unlike
the two previous SR, our study included individual CLABSI reduction
rates, demonstrating a median reduction of 50% with antiseptic barrier
cap use. Moreover, we have compared the CLABSI rates in ICU and non-
ICU settings, as well as in the adult and paediatric populations. Our
findings highlight the need for further development of high quality
randomised controlled trials.

Though antiseptic barrier caps have been under discussion for
several years and SRMAs date back to 2012, they are still not widely
used nor recommended. Currently, all clinical guidelines [10,12,13,39,
39-47] recommend manual disinfection in central line maintenance.
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Fig. 4. (continued).

Table 4
Reported results of cost evaluation.
Study Country  Length Estimated cost considered Cost of Estimated Reduction in Details
considered Per Per length intervention savings with length of
CLABSI considered cap use hospital stay
Ramirez USA Annually 16.350 NR 10.000 ($) 39.050 ($) NR Additional morbidities associated with CLABSI
2012 [26] (€3] not included
Cameron- UK Six months 21.890 18.450.786 9.383 ($) 385.698 ($) 198 bed-days Savings from not having to treat avoidable
Watson €))] [€3) infections and the cost of the product for
2016 [17] disinfecting needle-free devices on the four
wards
Stango 2014 USA Annually 45.000 486.000 ($) 21.560 ($) 464.440 ($) NR Considers 10.8 avoided infections per year
[27] (€3]
Wright 2013 USA Annually 30.000 NR 60.233 ($) 390.617 ($) 56.7 bed-days Considers cost per catheterized patient-day of
[29] % $2.07, 21 infections and 4 deaths, and the
hospital’s ability to increase admissions by 13
per year
Merrill 2014 USA Annually NR 575.000 ($) 192.160 ($) 282.840 ($) 1 day/week Before intervention estimated cost of CLABSI
[24] was 1 050 000 ($)
Kamboj 2015  USA Annually 20.754 NR 202.706 ($) 3.268.990 ($) NR Cost savings were calculated by subtracting the
[22] (€3] annual cost of hospital-wide implementation of

disinfection caps from the gross savings
associated with CLABSI reduction

CLABSI: Central line-associated bloodstream infection; NR: Not reported

Eventhough two of them [10,39] mention the device, they merely state
the potential benefit and the lack of substantial data for definite
recommendation. The device has shown promise in terms of efficacy and
cost savings in current clinical guidelines. In addition, our results show a
reduction in the rate of CLABSI. Therefore, introduction of the device
deserves to be considered.

There are limitations to this SRMA. Firstly, there are only two RCTs.
Twelve out of fourteen eligible studies were observational/non-RCT,
with its inherent lower quality and, given their design, the true effect
of the interventions may be either overestimate, or underestimated. In
fact, when quality assessment was applied nearly all studies show high
risk of bias, especially in comparability and outcome reporting. Addi-
tionally, none of the observational/non-RCT showed high quality (eight
studies showed moderate quality and four studies were low quality).
These assessments were mainly due to issues in selection, inability to
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show ascertainment of exposure and demonstration that outcome of
interest was not present at the beginning of the intervention. Five studies
were not used in quantitative synthesis, because despite detailing results
in CLABSI by catheter days, the number of patients included was not
reported (Table 3). Heterogeneity can affect the intervention outcomes
and make the results difficult to compare. Across the studies variables
leading to substantial heterogeneity between the studies include: pop-
ulation, sample size, type of catheter, study length and compliance
assessment, differences in standard of care (compliance to infection
prevention), and the fact that the introduction of caps often goes along
with the implementation of other interventions. Furthermore, two
studies of paediatric population were included. Thirdly, future trials
examining these interventions should report catheter days, total length
of stay both in hospital and in ICU, and time from catheter insertion to
CLABSI to enable a more reliable analysis.
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Amongst the strengths, our study was based on the latest evidence
regarding the topic while highlighting, yet again, the need for a suitably
large RCT to provide evidence for the best approach for the disinfection
on needleless connectors. Moreover, our review may help to update
clinical practice guidelines.

5. Conclusion

Antiseptic barrier cap use appears to be effective and cost saving. Our
findings suggest that adults and ICU patients are the population to
obtain greater benefit. Antiseptic barrier caps need robust data to
confirm the device’s efficacy and should be addressed promptly to
consider a possible inclusion in CLABSI prevention guidelines. Our
findings suggest that RCTs in various patient settings are urgently
needed to definitely confirm the device’s potential benefits.
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