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Abstract

Objective: To identify, describe, and evaluate interventions to reduce unnecessary central venous catheter (CVC) use to prevent central-line—
associated bloodstream infections (CLABSIs) in adults.

Design: Systematic review.

Methods: The review has been registered in PROSPERO, an international prospective register of systematic reviews. We searched PubMed,
EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL), and the Cumulative Index to Nursing and Allied Health
(CINAHL) from inception until August 28, 2018, to collect experimental and observational studies. We included all studies that
implemented interventions to reduce unnecessary CVC use, defined as interventions aimed at improving appropriateness, awareness of
device presence, or prompt removal of devices.

Results: In total, 1,892 unique citations were identified. Among them, 1 study (7.1%) was a randomized controlled trial, 9 studies (64.3%)
were quasi-experimental studies, and 4 studies (28.6%) were cohort studies. Furthermore, 13 studies (92.9%) demonstrated a decrease in
CVC use after intervention despite different reporting methods, and the reduction rate varied from 6.8% to 85%. Also, 7 studies (50.0%)
that reported the incidence of CLABSI described a reduction in CLABSIs ranging from 24.4% to 100.0%. Data on secondary outcomes were
limited, and results of the descriptive analysis showed 70%-84% compliance with these interventions, less catheter occlusion, shorter
duration of hospitalization, and cost savings.

Conclusions: Interventions to reduce unnecessary CVC use significantly decrease the rate of CLABSI. Healthcare providers should strongly

consider implementing these interventions for prevention of CLABSI in adults.

(Received 14 June 2018; accepted 5 September 2018; electronically published October 11, 2018)

Central-line-associated bloodstream infections (CLABSIs) have long
been among the most common forms of healthcare-associated
infections (HAIs). They are associated with increased morbidity,
mortality, length of stay (LOS), and healthcare costs.!™ The
estimated increased LOS for 10-19 days is US$32,000-$45,814
per CLABSI episode.” ® The development of CLABSIs is directly
related to the use of central venous catheters (CVCs), and the
CLABSI rate increases with the prolonged catheter dwell time.”
However, in recent studies, CVCs were frequently retained
unnecessarily because of inappropriate placement, or they were not
removed promptly.®>® Thus, interventions that reduce unnecessary
CVC use may enhance the comfort and safety of patients.
Notable efforts have been devoted to reducing the national
incidence of CLABSI, and recent data from Centers for Disease
Control and Prevention (CDC) indicated a 50% decrease in the
CLABSI rate occurred between 2008 and 2014 among national
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acute-care hospitals,"® usually by implementing a bundle of measures.
However, little attention has been given to strategies that reduce
unnecessary CVC use, and no evidence-based articles have explored
the effectiveness of these strategies. Thus, we performed a systematic
review to identify, describe and evaluate interventions to reduce
unnecessary CVCs use for preventing CLABSIs in adults.

Methods

This review was conducted following the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA) statement’
and the recommendations in the Cochrane Handbook for Systematic
Reviews of Interventions version 5.1.0."* This review has been
registered with PROSPERO (registration no. CRD42018086680).

Criteria for study selection

We considered experimental and observational studies with or without
a control group that evaluated any intervention to reduce unnecessary
CVC use. We defined CVC interventions as interventions aimed
at improving appropriateness, awareness of device presence,
or prompt removal of devices in adult patients (age > 18 years).
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The primary outcomes were CVC use and CLABSI rate. Measure-
ments of CVC use vary, including the percentage of patients with
(unnecessary) CVCs before and after the intervention versus the
total (or mean) number of days of CVC use before and after the
intervention. CLABSI rates are mainly reported as the proportion
of patients who developed CLABSIs or as CLABSI episodes per
1,000 CVC days before and after the intervention. The secondary
outcomes of interest include compliance with the intervention,
catheter-related noninfectious complications, hospital-related out-
comes (LOS and mortality of patients), and cost.

Data sources and searches

Four electronic databases were searched from inception until
August 28, 2018: PubMed, EMBASE, The Cochrane Central
Register of Controlled Trials (CENTRAL), and the Cumulative
Index to Nursing and Allied Health (CINAHL). We also scanned
the reference lists of all included articles and relevant reviews
identified through the search. We did not apply a language
restriction. The search strategy included terms relating to or
describing the population, intervention, and outcomes. Further
details of the search strategies are available in the Supplementary
Materials online.

Data extraction and analysis

Titles, abstracts, and full-text screening, as well as data extraction,
were performed independently by the 2 review authors (Xiong,
Chen). Any disagreement was settled by discussion. A standardized,
pilot-tested form was utilized to extract data from the included
studies for assessment of study quality and key characteristics of the
identified studies. Extracted information included author, publica-
tion year, country, study design, characteristics of participants, follow
time, details of the intervention, and information for assessment of
the risk of bias. The methodological quality of the studies was
evaluated using various methods depending on the study design.

The quality of randomized controlled trials (RCTs) was
assessed using the Cochrane Review Manager (Revman) version
5.3 ‘Risk of bias’ table software.'* The following 7 standard criteria
were used to assess the methodological quality of RCTs: (1) sequence
generation, (2) allocation concealment, (3) blinding of participants
and researchers/healthcare providers, (4) blinding of outcome
assessors, (5) methods of addressing incomplete outcome data,
(6) selective reporting of outcomes, and (7) other possible sources
of bias. For each quality criterion, we assessed and graded the
study as low risk, high risk, or unclear risk according to recom-
mendations for judging the risk of bias provided in chapter 8 of
the Cochrane Handbook for Systematic Reviews of Interventions.">

The quality of quasi-experimental studies (QESs) was assessed
using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist
for Quasi-Experimental Studies (nonrandomized experimental
studies).® The checklist included 9 items: (1) clear cause and effect,
(2) similar participants, (3) similar treatment, (4) whether there
is a control group, (5) multiple measurements of the outcome
both before and after the intervention, (6) complete follow-up,
(7) outcomes measured in the same way, (8) outcomes measured in
a reliable way, and (9) appropriate statistical analysis. Each criterion
was graded as yes, no, unclear, or not applicable according to the
explanation for the critical appraisal tool for QESs."

The quality of observational studies was assessed using the
Newcastle-Ottawa Scale (NOS),'* which has been used by review
groups at the Cochrane Collaboration to evaluate the quality of
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observational analytical studies. This 8-item tool uses a star system to
assess methodological quality across 3 categories: the methods for
selecting the study groups; their comparability at baseline; and the
ascertainment of the outcome of interest. Scores range from 0 to
9 stars.

Data verification and analysis were conducted by one author
(Xiong), and a descriptive analysis was performed.

Results
Search results

In total, 1,892 unique citations were retrieved through the literature
search; of these, 14 studies were included in this review (Fig. 1).
The study selection procedure is described below.

Characteristics of included studies

A comprehensive description of the studies is summarized in
Table 1. The 14 included studies were published between 2010 and
2018 and were performed in the United States,'>>* Canada,*>**
France,” and Thailand.*® Of the eligible studies, 1 (7.1%) was a
cluster RCT,*® 4 (28.6%) were cohort studies,”*>**° and 9 (64.3%)
were QESs, including 5 before-and-after QESs,1>1618:2527 3 inter-
rupted time-series studies,'” > and 1 pilot study.'” These studies
were all conducted in adult departments; all patients were >18
years old. Only 2 studies included all inpatients and observation
patients.'®'® Most studies included only a specific department:
5 studies implemented the intervention in the medical and/or
surgical wards,'>*****>® 2 studies were performed in the emergency
departments,”>** and 5 studies focused on patients in intensive care
units Only.15,17,21,26,27

Only 4 studies (28.6%) specified the type of CVC used.'® ">
Morata,'® Swaminathan,*® and Reeves' included only peripherally
inserted central venous catheters (PICCs). Grady27 defined the
CVCs as nontunneled; nondialysis catheters in jugular, subclavian,
or femoral veins; or PICCs. Only 5 studies (35.7%) mentioned the
definition of CLABSL'>'****"** and they all used the Centers
for Disease Control and Prevention/National Healthcare Safety
Network (CDC/NHSN) criteria.

The sample size of included studies varied. Most studies
reported sample size in terms of number of patients, ranging from

Records through database searching (n=2785)
PubMed(n=813) CENTRAL(n=118)
EMBASE(n=1500) CINAHL(n=354)

l ,]| Duplicates (n=893)

| Records screened on title and abstract (n=1892) |

Records excluded (n=1850)
(Wrong population or

intervention or outcome or
Y design)

‘ Full text assessed for inclusion (n=42) |

Records excluded (n=31)
Wrong design: 6

> Wrong topic: 4
Conference abstract: 21
3 addifional records
through““Snowball”

| Studies included (n=14) ‘

Fig. 1. Flow chart of study selection procedure. Note. CENTRAL: The Cochrane
Central Register of Controlled Trials; CINAHL: Cumulative Index to Nursing and Allied
Health.



Table 1. Characteristics of Included Studies

Data
Source (Country) Design Participants, No. COLLECTION Interventions Outcome measures
Rattanaumpawan, 2016 RCT General medicine ward patients 2013.2-7 CARE program: Daily reminders from nurses to Compliance, mean duration of CVC days,

(Thailand)

(N=2874)

physicians to document an appropriate indication
for CVC use

LOS, mortality, CLABSI rate

Arora, 2014 (USA) QES (Pre-Post)

Adult ICU patients (N =3,302)

2008.10-2012.1

IDT Rounds: Daily discussion for the presence or
absence of CVCs

Total CVC days, CLABSI rate

Chandramohan, 2018 (USA) QES (Pre-Post)

All patients in a LTACH (N =32,099

patient days)

2015.1-2017.3

A MIPT made weekly recommendations to remove
unnecessary CVCs

CVC utilization rate, CLABSI rate

Deutsch, 20137 (USA) QES

SICU patients (N =31)

2011.6-12

USGPIVs program: use of USGPIVs in patients with
DIVA to prevent unnecessary CVCs

CVC days avoided, Cost analysis

Grady, 2015%" (Canada) QES (Pre-Post)

Medical inpatients (N=2,782 patient

days)

2013.1-2014.12

Reminders: Online tool used for physician audits of
CVCs

Compliance, CVC use

Morata, 2017*® (USA) QES (Pre-Post)

All inpatient and observation patients

2014.10-2016.6

USGPIVs; CVC approval: requiring manager approval
for placement of CVCs

PICC reduction rate, cost analysis

Reeves, 2017 (USA) QES (ITS)

Patients in the medical-surgical and

step-down units

2012-2015

USGPIV program

PICC reduction rate, inappropriate PICC
reduction rate

Seguin, 2010%" (France) QES (Pre-Post)

SICU patients (N=1,271)

2005.8-2007.4

Reminders: Daily use of red square added to the
patient’s daily care sheet, questioned the
physician about the utility of the CVCs.

Mean duration of CVC days, CLABSI rate

Swaminathan, 2018%° (USA) QES (ITS) General medicine ward or ICU 2014.8-2016.7 MAGIC-based appropriateness tool of PICC LOS, PICC use, inappropriate PICC
patients who receive a PICC placement; dedicated training on peripheral reduction rate, PICC-related
(N=7,576) venous access alternatives; EMR incorporated complications, CLABSI rate
MAGIC; provider education
Weeks, 2014% (USA) QES (ITS) Adult ICUs (N =792 hospitals) 2008.5-2012.9 Use of a daily goals instrument to set daily goals of ~ Total CVC days, CLABSI rate

care for each patient. One question on the daily
goals form is, “Can catheters/tubes be removed?”

AU, 2012%* (USA) Cohort study

EM patients with DIVA (N =100)

2010.11-2011.6

USGPIV program

CVC use, cost analysis

Galen, 2018% (USA) Cohort study

Adult medical patients

2011.6-12

USGPIV program

Newly placed central venous catheters
per day

Ilan, 2012%° (Canada) Cohort study

Adult ICU patients (N=191)

2010.4-5 (28d)

Reminders: Daily use of a checklist by the IDT to
remove any CVC if it is no longer necessary.

Inappropriate CVC reduction rate, CLABSI
rate

Mccarthy, 2013 (USA) Cohort study

ED patients (N =401,532)

2006-2011

USGPIV program

CVC use

NOTE. RCT, randomized controlled trial; QES, quasi-experimental study; ITS, interrupted time series; ICU, intensive care units; LTACH, long-term acute-care hospital; SICU, surgical intensive care units; PICC, peripherally inserted central venous catheters;
EM, emergency department; DIVA, difficult intravenous access; CVC, central venous catheter; CARE, the catheter reminder and evaluation; MIPT, multidisciplinary infection prevention team; IDT, interdisciplinary team; USGPIV, ultrasound-guided
peripheral intravenous catheter; MAGIC: Michigan Appropriateness Guide for Intravenous Catheters; EMR, electronic medical record; LOS, length of stay; CLABSI, central-line-associated bloodstream infection.
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31 to 401,532 patients.'>'”?*?>2%2628 QOther studies reported only
the patient days'®*> or number of studied hospitals.>' Another 3
studies did not specify the sample size."®'*?** The duration of data
collection was variable from 1 month to 60 months, and some
studies collected >1 set of preintervention or/and postinterven-
tion data. For our analysis, we used only the first preintervention
and the final postintervention data.

Description of interventions

The types of interventions reported varied across studies. We
classified all interventions into 2 categories. First, we considered
interventions that sought to avoid unnecessary CVC placement
(ie, patients without CVCs do not develop CLABSIs). Accord-
ingly, 7 studies (50.0%) examined the effect of interventions to
avoid unnecessary CVC placement. Among them, 1 study (7.1%)
implemented institutional restrictions on CVCs, which used the
Michigan Appropriateness Guide for Intravenous Catheters
(MAGIC) to improve PICC use.”® Another 6 studies (42.9%) used
ultrasound-guided peripheral intravenous catheters (USGPIVs) as
an alternative to CVCs.'”'®*** Especially for patients with
difficult vascular access, USGPIVs may reduce the need for CVCs.

Second, we considered interventions to prompt the removal of
unnecessary CVCs. Although guidelines strongly recommend
prompt removal of CVCs, many CVCs are left in place when they are
no longer needed. Chopra et al*” reported that 21.2% of clinicians
were unaware of the presence of a CVC, and only a few hospitals had
a written policy to evaluate CVC necessity or appropriateness.”® The
most common strategy is to maintain physician or nurse awareness
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of the CVC’s existence, which occurs with reminder-system
interventions. The remaining 7 studies (50.0%) all implemented
reminder interventions.'>'®?"**~2* Reminder formats included verbal
reminders, written or printed reminders, and online reminders.

Quality of included studies

The quality analysis of the included studies is presented in the
Supplementary Materials online. The only RCT included had a
medium risk of bias due to random sequence generation and
blinding of outcome assessment, but it did not include allocation
concealment or blinding of participants.”® Among the 9 QESs, 8
reported clear cause and effect,'>'”'*>"*>%” 5 included similar
participants in comparisons,''”'**! and all 9 reported participants
that received similar treatments. However, only 1 study had a control
group,” and 4 studies had multiple measurements of outcomes both
before and after the intervention.'®' The remaining 4 cohort
studies all reported a low risk of bias in the selection of participants,
comparability of cohorts, and outcome measures.”*>**® Overall,
the quality of studies included was moderate to high.

Primary outcomes

CVC use. All included studies reported the outcomes of CVC use
despite diverse measurements and reporting methods (Table 2).
Overall, 7 studies reported the number of CVCs used,'® %%
with different reporting methods. Moreover, 2 studies reported the
number of CVCs used per 1,000 patient days. Compared with
nonintervention groups, CVC use in the intervention groups sig-
nificantly decreased by 46.6% and 33.6%, respectively (P <.01).>%*

Table 2. Details of Central Venous Catheter (CVC) Use Outcomes Reported in Studies

No. of CVCs /1,000 patient days Swaminathan 2017%° 9.51 6.31 33.6°
Grady 2015%° 130.8 69.8 46.6°
No. of newly placed CVCs/day Galen 2018% 0.67 0.47 29.9
Patients with CVCs, % Morata 201718 Not reported Not reported 46.7
Reeves 2017*° Not reported Not reported 24.0
AU 2012% Not reported Not reported 85.0
Mccarthy 2013 0.81 0.16 80.2
Patients with inappropriate CVCs, no. (%) Reeves 2017*° 26/60 (43.3) 17/64 (26.6) 38.7%
Swaminathan 2017%° 472/517 (91.3) 291/446 (65.3) 28.5°
Ilan 2012% 41/81 (50.6) 29/110 (26.4) 47.8°
Total CVC days, mean (SD) Arora 2014 3,986 (199.3) 4,305 (215.2) -8.0°
Weeks 2014 516(403) 481(420) 6.8°
CVC days avoided Deutsc 20137 283 central-line days avoided
Mean duration of CVC days, median (IQR) Seguin 2010%" 5 (3-9) 4 (3-7) 20.0°
Mean duration of CVC days, mean (SD) Rattanaumpawan 2016 2.7+14.6 1.9+8.8 29.6%
Total catheter days/total patient days, % Chandramohan 2018° 46 39 15.2

Note. CVC, central venous catheter; SD, standard deviation; IQR, interquartile range; Pre (Con), preintervention or control group; Post (Exp), postintervention or experimental group;

Reduction rate, (pre-post)/pre x 100%.
2P < .05, statistically significant.
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Galen et al** described the number of newly placed CVCs per day
and found a 29.9% decrease, but the difference was not significant
(P=.08). The other 4 studies simply reported the reduction in the
rate of patients with CVCs, ranging from 24.0% to 85.0%.'>'>*>**

The rate of inappropriate CVC placement was reported in
3 studies, including 2 QESs'>*® and 1 cohort study,”® but the
definitions of inappropriate CVCs were quite different among the
3 studies. Reeves et al'” referred to PICCs inserted only because of
an inability to obtain PIV access; Swaminathan et al*® defined it
in accordance with MAGIC; and Ilan et al*® referred to no
apparent indication for CVC placement. In all 3 studies, however, a
significant decrease in the percentage of patients with inappropriate
CVCs after an intervention was reported (P <.05).

Moreover, 6 studies reported the CVC use in terms of CVC
days,'>"'72227 and they all described a decrease of CVC days at
the intervention site compared to the nonintervention site, except
one. Aora et al'® found a statistically significant increase in the
number of CVC days, which may have been related to more
CVCs being captured through the implementation of a reminder
intervention. Deutsch et al'’ reported a total of 283 central-line
days avoided during the study period by using USGPIVs. Weeks
et al*' showed significant decreases in total line days and 4%
fewer central-line catheter days. The other 2 studies reported that
a reminder intervention significantly reduced the mean duration
of CVC days per patient (P<.01).””*® Chandramohan et al'®
mentioned that the CVC utilization ratio, calculated by dividing
the number of total catheter days by the number of patient days,
nonsignificantly decreased from 46% to 39%.

CLABSI rate

Overall, 7 studies reported the incidence of CLABSIs; they all
described a trend toward a reduction in CLABSI ranging from
24.4% to 100.0% (Table 3). Another 4 studies reported the CLABSI
rate as a percentage of patients who developed CLABSIs.'>?%*72
Only Rattanaumpawan et al*® and Seguin et al*” found a statistically
significant reduction (P < .05). Moreover, 5 studies reported CLABSI
episodes per 1,000 CVC days,'>'®*'*** the preferred reporting
method requested by the CDC/NHSN, and 3 studies reached a
statistically significant reduction in the CLABSI rate (P < .05).>"**

Zhaoyu Xiong and Haiyan Chen

Secondary outcomes

Only 2 studies mentioned compliance with the intervention.
Rattanaumpawan et al*® reported that nurse compliance was 83%,
whereas responsible physician compliance was only 74%. Grady et al*®
reported an overall auditing adherence rate of 70%.

Only 1 study provided data on catheter-related noninfectious
complications.”” They observed a significant decrease of 6.4% in
the proportion of patients with catheter occlusion after inter-
vention and no significant change in the proportion of patients
with venous thrombus embolism.

The single cluster RCT reported hospital-related outcomes.”®
In this study, the reminder group had a significantly shorter LOS,
but hospital mortality was comparable between the 2 groups.

Two studies analyzed the cost-effectiveness of implementing
USGPIV to replace CVCs. Deutsch et al'” reported an estimated
cost savings of $13,614 were avoied during the study period.
Morata et al'® observed a cost savings of ~ $1,545,600.

Discussion

In this review, we identified a decrease in CVC use after inter-
ventions, despite nonuniform reporting methods. The reduction
in CVC use varied from 6.8% to 85%. Such a wide range in the
reduction rate is likely related to several factors: diverse study
designs, different settings, variable analysis units, and differing
definitions. Half of the included studies indicated that the
CLABSI rate decreased by 24.4%-100.0% after the intervention.
Also, CVCs were inserted in ~30% of hospitalized patients,’" and
CVC use has inherent risks, most notably CLABSI. However,
many CVCs are now inserted inappropriately or are not promptly
removed, resulting in CVCs being unnecessarily retained in
patients.> Our literature review revealed that the prevalence of
unnecessary CVC use ranges between 4.6% to 32.7%.°>>* Pre-
vious studies have described a strong link between unnecessary
CVC use and adverse device-related local and systemic compli-
cations.”® These reports are consistent with our findings that
interventions for the prevention of unnecessary CVC use are
effective in decreasing CLABSIs.

Table 3. Details of Central-Line-Associated Bloodstream Infection (CLABSI) Rate Outcomes Reported in Studies

Patients who developed CLABSIs, no. (%) Rattanaumpawan, 2016 13/441 (29.5) 9/433 (20.3) 31.22
Seguin, 2010%" 12/676 (1.8) 2/595 (0.3) 83.3°
Swaminathan, 2017%° 126/3,083 (4.1) 14/446 (3.1) 24.4
Arora, 2014* 14/1,776 (0.8) 7/1,526 (0.5) 37.5
CLABSI episodes/1,000 CVC days Arora, 2014%° 35 1.6 54.3
Weeks, 20142 1.96 1.15 41.32
Seguin, 2010%" 2.8 0.7 75.0°
llan, 2012%° 0.5 0 100.0°
Chandramohan, 2018'° 1.45 0.39 73.1

Note. CLABSIs, central-line-associated bloodstream infections; pre (Con), preintervention or control group; post (Exp), postintervention or experimental group; reduction rate = (pre-post)/

pre x100%.
?P < .05, statistically significant.
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Data regarding our secondary outcomes were limited. Only 2
studies reported compliance with interventions, and these rates
varied from 70% to 84%, which were comparably high, based on
previously reported rates of compliance to CLABSI bundles of
53.7%-80%.>>>% Similarly, few studies have focused on non-
infectious complications and hospital-related outcomes; more
studies are needed to assess these outcomes. Regarding cost, 2
studies employing the USGPIVs program both reported a lower
cost compared with CVC use: 2 other kinds of intervention (ie,
restriction of CVCs insertion and reminders) are essentially
simple and low-cost approaches.

In 2014, Meddings et al®® published a narrative review to
summarize interventions to reduce catheter-associated urinary
tract infection (CAUTI) by reducing unnecessary urinary catheter
use. Urinary catheter reminders and stop orders significantly
reduced CAUTI rates in this study. To our knowledge, no
evidence-based studies have assessed the efficacy of reducing
CLABSI using interventions that avoid unnecessary CVC use.
Our review provides the first evidence that interventions to
reduce unnecessary CVC use are effective in preventing CLABSI
in adults. Furthermore, these interventions appear to be con-
venient, low risk, low cost, effective, and sustainable.

Our study has several limitations. First and most importantly,
the included studies varied significantly in methodology. The
studies varied in terms of study design; details of the interven-
tions; definitions of CLABSI, CVC, and unnecessary CVC; and
outcome reporting methods. Because of the substantial metho-
dological differences, we did not perform a meta-analysis of the
results of the studies. Second, only 1 of the included studies was
a cluster RCT; the remaining 13 studies were either QESs or
cohort studies. Because RCTs are more methodologically rig-
orous than other study designs, factors inherent in the studies
included may limit the generalizability of our review. Third, only
2 studies mentioned compliance with these interventions. Osorio
et al’® suggested that compliance with a CLABSI bundle was a
protective factor against the development of CLABSI, so com-
pliance may impact CLABSI rate. Fourth, we did not assess the
efficacy of these interventions on noninfectious complications
and health-related outcomes because the information provided
was insufficient to do so. Finally, data on the insertion condi-
tions of interventions implementing USGPIVs were insufficient.
However, previous studies have demonstrated a significantly
higher success rate, shorter time to successful cannulation, and
fewer attempts for USGPIVs compared with the traditional
method.*’

In summary, interventions to reduce unnecessary CVC use
significantly decreases the rate of CLABSIs. Healthcare providers
should strongly consider implementing interventions to avoid
CVC use (eg, alternatives to CVCs or restriction of CVC inser-
tion) and/or to ensure prompt removal of unnecessary CVCs (eg,
reminders). More RCTs with uniform definitions and outcome
measures regarding CVC use and CLABSI rates are needed to
comprehensively assess the effectiveness and safety of these
interventions.
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