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Abstract

Introduction

The prevalence of catheter-associated bloodstream infections (CLABSI) is high and is a

severe health problem associated with an increase in mortality and elevated economic

costs. There are discrepancies related to the risk factors of CLABSI since the results pub-

lished are very heterogeneous and there is no synthesis in the description of all the predis-

posing factors.

Objective

We aimed to perform a systematic review and meta-analysis to synthesize and establish the

risk factors predisposing to CLABSI reported in the literature.

Method

This is a systematic review of observational studies following the PRISMA recommenda-

tions. MEDLINE and CINAHL databases were searched for primary studies from 2007 to

2021. The protocol was registered in PROSPERO CRD42018083564.

Results

A total of 654 studies were identified, 23 of which were included in this systematic review.

The meta-analysis included 17 studies and 9 risk factors were analyzed (total parenteral

nutrition (TPN), chemotherapy, monolumen and bilumen catheters, days of catheterization,

immunosuppression, kidney disease and diabetes mellitus) due to the homogeneity of their

definitions and measurements. The risk factors found to increase the probability of
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developing CLABSI were TPN, multilumen devices, chemotherapy treatment, immunosup-

pression and the number of days of catheterization. On the other hand, monolumen devices

presented a lower likelihood of triggering this infection.

1. Introduction

The use of central venous catheters (CVCs) has increased in current medical practice and is

widely used in hospitalized patients [1, 2]. Safe administration of different medications and

use by nursing teams is ensured by advances in the technology of these devices and insertion

techniques, among others. However, despite the multiple benefits, CVCs are also associated

with (central line)-associated bloodstream infections (CLABSI) [3–6].

In the United States 80,000 episodes of CLABSI are diagnosed annually and are associated

with increased mortality and elevated economic costs (39,000 US dollars per episode) [7].

Despite including CLABSI in the Bacteremia 0 program and in nosocomial infection surveil-

lance programs in Catalonia (VINCAT) or the Study of the Prevalence of Nosocomial Infections

in Spain (EPINE), the rates of CLABSI remain elevated in our country [8]. According to EPINE,

45.80% of nosocomial bacteremias are secondary to a vascular device, with central venous access

devices and peripherally inserted central catheters (PICC) being the cause in 34.39% and

11.42% of the cases, respectively [1]. The Spanish Society of Infectious Diseases and Clinical

Microbiology (SEIMC) reports that the rates of CLABSI range between 15% and 30% in Spain

[3]. Other international studies have reported catheter-associated infection rates of 6.3% to 23%

of all nosocomial bacteremias and others describe 15.2% [9, 10]. Moreover, the high prevalence

of this complication has led to it becoming one of the major causes of morbidity and mortality

in hospitalized patients [5, 11]. According to SEIMC, the direct mortality attributable to bacter-

emia is between 12% and 25% [3, 12], with a repercussion on the health care system of a mean

cost of 18,000 euros per episode, depending on the causative microorganism [13].

In addition to the high rates and severity of outcomes, many studies have described a multi-

tude of risk factors. In 2007, one systematic review studied the risk of CLABSI based on the

venous device implanted and the time in place [14]. However, this study did not evaluate other

related risk factors that could increase the risk of CLABSI, such as those related to some treat-

ments [4, 5, 15, 16], pathological history [5, 17–21] and clinical status [5, 18, 20, 22]. Thus, the

results obtained in the different studies are very heterogeneous, and do not synthesize and

identify all the factors that favor the appearance of CLABSI. Therefore, here we provide a sys-

tematic review and meta-analysis that synthesizes and establishes the risk factors predisposing

central venous catheter-associated bacteremia described in the literature.

2. Method

2.1 Design

In accordance with the prevailing guidelines, our systematic review protocol was registered

with the International Prospective Register of Systematic Reviews (PROSPERO, registration

number CRD42018083564). This systematic review followed the guidelines of the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [23].

2.2 Search strategy

We performed serial literature searches for articles published in MEDLINE (via PubMed) and

CINAHL, from 2007 to February 25, 2021, using the following keywords: “CLABSI”, “CRBSI”
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“Catheter” and “Risk factor”. Boolean operators were used to enhance electronic searches. All

human studies published in full-text form were eligible for inclusion, with no language restric-

tion in the searches. Additional studies of interest were identified by hand searches of bibliog-

raphies of expert authors (Pittiruti, M and Maki, D) (S1 Text).

2.3 Study eligibility and selection criteria

Three authors (EL, AT and CE) independently determined study eligibility. Any difference in

opinion regarding eligibility was resolved through consensus.

Studies were included if they: involved participants 18 years of age or older; mentioned the

risk factors associated with central venous devices, whether centrally or peripherally inserted

(CICC/PICC, respectively); definition of catheter- associated bacteremia according to the cri-

teria of the Centers for Disease Control (CDC)/National Healthcare Safety Network (NHSN);

studies published in the last 14 years; and the study design was randomized control trials,

cohort or case-control studies. We excluded studies with patients not hospitalized during the

whole study.

2.4 Definition of variables and outcomes

The primary outcome of this study was the presence of CLABSIs or (central line)-related

bloodstream infection (CRBSI) in patients with CICC or PICC.

A CICC was defined as any central venous access device inserted into the internal jugular

or subclavian vein. PICCs were defined as catheters inserted in the basilic, axillar, cephalic, or

brachial veins of the upper extremities with tips terminating in the cavoatrial junction. CLABSI

or CRBSI was defined as the occurrence of bacteremia in patients with PICCs or CICCs

according to CDC /NHSN criteria [7]

2.5 Data abstraction and validity assessment

Data were extracted from the studies included with use of a standardized template designed by

our group. The following information was collected from all studies: study characteristics

(author, year of publication, country, study design and patient population), variables related to

vascular access/device (vascular access device, CLABSI ratio), variables and potential risk fac-

tors evaluated in each study and results of multivariate analysis.

2.6 Study selection

All the studies containing abstracts and title were imported to Mendeley (version 1.19.3; Men-

deley LDT, m Elsevier, London, United Kingdom). After excluding duplicate papers, three

investigators (EL, AT and CE) independently screened the title and the abstract according to

the inclusion and exclusion criteria. If the selection of the literature could be determined based

on the criteria, the full text was further evaluated. Three investigators (EL, AT and CE) inde-

pendently assessed the quality of the papers included. The grade of evidence and grade of rec-

ommendation were established according to the proposal of the Centre for Evidence-Based

Medicine of Oxford [24]

2.7 Range of bias among the studies

The three authors (EL, AT and CE) independently evaluated the risk of bias.

To analyze the quality of potentially eligible articles the Strengthening the Reporting of

Observational studies in Epidemiology (STROBE) [25] statement for cohort, case and control

studies was followed.
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2.8 Inclusion in the meta-analysis, data extraction and statistical methods

A meta-analysis was performed using the most prevalent risk factors for the presence of

CLABSI included in the quantitative review (total parenteral nutrition [TPN], number of

lumens, days of catheter placement, chemotherapy, immunosuppression, kidney disease and

diabetes).

For the data analysis in the case of days of catheterization, mean values and their standard

deviations of each study were extracted and weighted mean differences and 95% confidence

intervals (CI) were used. In the case of qualitative factors, odds ratios (OR) and 95% CI were

calculated for each study. The Cochrane-Q test was performed to assess the degree of heteroge-

neity among studies, and the I2 index (Higgins et al. 2003) [26] was used to describe the per-

centage of variation across studies due to heterogeneity (I2 = 25%: low; I2 = 50%: moderate;

I2 = 75%: high heterogeneity). Study-specific estimates were pooled using both the fixed effect

model (Mantel–Haenzel–Peto test) and the random effect model (Dersimonian-Laird test). If

significant heterogeneity was found, the random effect model results were shown. To the con-

trary, the fixed-effect model was presented. Forest Plots were created to describe the pooled

analysis. Statistical significance was defined as a P value< 0.05. All of the statistical analyses

were conducted using R Studio.

3. Results

3.1 Search results

After removal of duplicates, 533 articles were identified by our electronic search. Of these, 417

were excluded on the basis of abstract information, and an additional 93 studies were dis-

carded after full text review. Therefore, 23 studies reporting CLABSI in patients with PICCs or

CICCs were included in the present systematic review. (Fig 1).

3.2 Characteristics of the studies included

Table 1 provides a detailed description of the studies analyzed. The 23 studies included were

published between 2007 and 2021. Eight studies were undertaken in the United States, [4,

16,17, 20, 21, 27–29], three in Australia [30–32], two in India [18, 33], two in China [34, 35],

and one in each of the following countries: Spain [36], Tunisia [19], Japan [15], France [37],

Cyprus [38], Germany [22], Korea [39], and Turkey [40]. Among the studies eligible, 22

(95.65%) were cohort follow-up studies [4, 15, 17–22, 27–40] and 1 was a case-control study

(4.34%) [16]. Of the studies included, 9 were performed in the Intensive Care Unit (ICU)

(39.13%) [17–19, 27, 28, 30, 31, 33, 36], 10 in conventional hospitalization wards (43.47%) [4,

15, 16, 20, 21, 29, 35, 37, 38, 40] and 4 in the Oncology Department (17.39%) [22, 32, 34, 39].

All the studies specified the type of catheter used; in 9 the type of venous device used was

CICC (39.13%) [17–19, 21, 28, 30, 33, 35, 40], in 5 PICC (21.73%) [4, 20, 37–39], and in 9 stud-

ies both types of devices were included (39.13%) [15, 16, 22, 27, 29, 31, 32, 34, 36].

The sample size of the studies evaluated established the catheter as the unit of analysis. In

the cohort follow-up studies, the sample size ranged between 115 and 85,849 catheters, except

in one study [30], which did not report the number of catheters but described rates of days of

catheter placement. The only case-control study evaluated [16] included a sample of 197 cases

and 207 controls.

3.3 Quality of the studies included

Analysis of the quality of the studies included was performed according to the STROBE state-

ment [25]. The quality of the studies included was 3a and 3b. Eighteen studies obtained a
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Fig 1. Flow diagram of study selection.

https://doi.org/10.1371/journal.pone.0282290.g001
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grade 3a recommendation (78.26%) while 6 were 3b (21.74%). Of the latter 6 studies, one had

a case-control design [16] and the 5 remaining studies [18, 19, 33, 35, 39] had a reduced sample

size and did not achieve sufficient statistical power. Thus, the quality of the studies included in

the review was good-regular.

3.4 Description of the risk factors

3.4.1 Demographic characteristics. Gender was analyzed in 20 articles (89.95%),

although male sex was identified as having a greater probability of CLABSI in only 1 study [27]

(odds ratio [OR] 1.93; 95% confidence interval [CI] 1.02–3.68). Age was evaluated as a risk fac-

tor in 18 studies (78.26%). One study independently related age to the risk of CLABSI (OR

1.02; 95% CI 1.00–1.04) [50]. On the other hand, another study [30] demonstrated that age

was a protective factor for CLABSI (relative risk [RR] = 0.94; 95% CI 0.90–0.99).

3.4.2 Pharmacotherapy administered. Nine (39.13%) articles included the type of phar-

macotherapy administered through both an inserted catheter and other administration

routes as a study variable. In regard to the treatment administered through the endovenous

device, one study related preventive administration of antibiotics prior to catheter insertion

to the appearance of infection (OR 4.46; 95% CI 2.08–10.1) [19]. Another study related the

administration of antibiotics through the endovenous device to the risk of infection (hazard

ratio [HR] 2.854; 95% CI 1.082–7.530) [39]. Specifically, the administration of other drugs,

such as carbapenems, was shown to be a risk factor for CRSBI (OR 6.02; 95% CI 2.29–15.83)

[22]. To the contrary, the administration of glycopeptides and blood transfusions reduced

the probability of catheter-associated infection (OR 0.10; 95% CI 0.03–0.34) and (OR 0.04;

95%CI 0.02–0.08), respectively [22]. The administration of chemotherapy was identified as a

risk factor in different studies [4, 16, 37–39] (HR 2.39; 95% CI 1.59–3.59), (OR 7.2; 95% CI

1.8–29.6), (OR 3.36; 95%CI 1.15–9.78), (OR 8.2; 95% CI 3.4–19.9), (HR 11.421; 95% CI

2.434–53.594), respectively. Likewise, TPN was also shown to be a factor related to CLABSI

in 4 articles [4, 15, 16, 21] (HR 1.82; 95% CI 1.21–2.73), (OR 12.75; 95% CI 2.48–62.26), (OR

4.33; 95% CI 2.50–7.48), (OR 2.2; 95% CI 1.2–4.0), respectively. Other factors related to

CLABSI [28,37] were the administration of anticoagulants, beta-blockers and diuretics (OR

4.1; 95% CI 1.4–12.0) and (OR 1.85; 95% CI 1.04–3.29), respectively. Finally, cholesterol-

reducing drugs (oral statins) were described as protective factors (OR 0.39; 95% CI 0.17–

0.89) (28).

3.4.3 Interventions and care in critical patients. One of the studies related ICU stay

greater than 20 days as a factor which increased the probability of CLABSI (OR 4.80; 95% CI

1.69–13.62) [33]. Another article described the relation which both invasive mechanical venti-

lation (IMV) and non-invasive mechanical ventilation have with CLABSI (RR 1.14; 95% CI 1.

08–1.21) and (RR 1.01; 95% CI 1.01–1.02), respectively [30]. However, in the same study, IMV

during the first 24 hours reduced the probability of developing CLABSI (RR 0.85; 95% CI

0.77–0.94). Only one study identified tracheostomy as a risk factor for CLABSI (OR 2.3; 95%

CI 1.17–4.54) [36]. In the critical surgical setting, two studies reported that emergency surgery

by laparotomy increased the probability of presenting CLABSI (OR 1.92; CI 95% 1.02–3.61)

[27] and (OR 3.96; 95% CI 1.01–15.51) [35], and reopening was also considered a risk factor

(OR 2.08; 95% CI 1.10–3.94) [27].

3.4.4 Analytical indicators. Four studies evaluated the presence of immunological factors

related to the risk of CLABSI, with two studies [18, 20] identifying immunosuppression as a

risk factor (OR 10.5; 95% CI 1.58–70.02) and (OR 2.60; 95% CI 1.45–4.67), respectively. A

third study related immunodeficiency to the appearance of CLABSI (OR 2.26; 95% CI 1.70–

3.00) [21].
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Autologous/allogenic hematopoietic stem cell transplantation showed a relationship with

catheter-related infection (OR 6.0; 95% CI 1.2–29.3) [37]. Likewise, leucopenia also demon-

strated a relationship with CLABSI (OR 69.77; 95% CI 15.76–308.86) [22].

On the other hand, three studies [4, 33, 38] reported that the presence of some microorgan-

isms in different contexts increased the likelihood of developing CLABSI. Colonization-infec-

tion by Clostridium difficile (OR 2.25; 95% CI 1.17–4.33) [38], a history of CLABSI during the

three months prior to new device placement (HR 2.84; 95% CI 1.68–4.80) [4] and sepsis of the

exit-site (OR 4.61; 95% CI 1.43–14.78) and (OR 3.80; 95% CI 1.91–7.87) [19, 33] were indepen-

dently related to CLABSI.

3.4.5 Comorbidities. A higher score in the Acute Physiology and Chronic Health Disease

Classification System (APACHE III) scale increased the probability of catheter-related sepsis

(RR 1.03; 95% CI 1.01–1.06) [30], and coagulopathy was independently related to the appear-

ance of CLABSI (HR 1.65; 95% CI 1.17–2.30) [17]. In addition, in the latter study other factors

related to infection were identified: paralysis of the extremity carrying the device (HR 1.76;

95% CI 1.06–2.93) and weight loss (HR 1.56; 95% CI 1.12–2.19). Acute myocardial infarction

was also found to be related to CLABSI (OR 0.28; 95% CI 0.1–0.76) [28].

Kidney disease was independently related to CRSBI in three studies (HR 1.59; 95% CI 1.13–

2.22) [17], (OR 1.88; 95% CI 1.16–3.05) [28] and (OR 2.79; 95% CI 2.00–3.88) [21]. Pulmonary

disease and acute myeloid leukemia were also related to the appearance of CLABSI in one

study (OR 3.17; 95% CI 1.32–7.62) (OR 2.72; 95% CI 1.43–5.17), respectively [22]. In addition,

two publications identified the presence of hematologic neoplastic disease as a risk factor (HR

3.07; 95% CI 1.18–8.03) [32] and (HR 3.77; 95% CI 2.75–5.16) [4]. In the case of diabetes, on

one hand, in one study it was described as a risk factor (OR 2.43; 95% CI 1.09–5.7) [19] while

in another study diabetes had a protector effect (OR 0.63; 95% CI 0.45–0.88) [21].

3.4.6 Catheter. With regard to catheter-related variables, one study showed that replacing

the catheter through a guideline increased the probability of developing catheter infection (OR

4.59; 95% CI 2.28–9.3) [36]. The number of lumens was also related to the appearance of

CLABSI in five studies [4, 20, 29, 38, 39], showing that the greater the number of lumens the

greater the likelihood of developing infection (HR 2.09; 95% CI 1.49–2.92), (OR 3.26; 95% CI

1.09–9.72), (OR 2.87; 95% CI 1.39–5.92) (HR 8.52; 95% CI 2.55–28.49), and (HR 5.466; 95%

CI 1.257–23.773), respectively. The synchronic presence of other venous devices also influ-

enced the appearance of infection (HR 1.98; 95% CI 1.40–2.80) [4] and (OR 3.4; 95% CI 1.7–

6.9) [16], (OR 7.08; 95% CI 2.95–17) [22]. On the other hand, the latter study also demon-

strated that insertion into the subclavian vein had a protective effect (OR 0.32; 95% CI 0.14–

0.77) [22]. Other protective factors reported included ultrasound-guided insertion (RR 0.47;

95% CI 0.34–0.64) [30], correct positioning of the distal point in the lower third of the superior

vena cava (OR 0.34; 95% CI 0.2–0.51) [34] and an adhesive fixation system (OR 0.55; 95% CI

0.32–0.94) [34].

3.4.7 Temporality. According to the results of four studies, the duration of device implan-

tation had an impact on the appearance of catheter-related bacteremia, being one of the vari-

ables most frequently studied and showing the greatest number of significant results (OR

1.028; 95% CI 1.0009–1.048) [36], (OR 1.04; 95% CI 1.03–1.06) [28], (OR 5.52; 95% CI 1.8–

16.1) [18], (OR 1.95; 95% CI 1.21–2.13) [19], (OR 1.08; 95% CI 1.04–1.13) [35], (OR 1.02; 95%

CI 1.00–1.04) [40]. Two studies related the length of ICU stay to the appearance of CLABSI,

with one showing that a stay longer than 7 days increased the probability of the infection and

the second determined that a stay greater than 20 days was a factor related to infection (OR

4.80; 95% CI 1.69–13.62) [33] and (OR 2.07; 95% CI 1.06–4.04) [31].

3.4.8 Microbiology. Microbiological results were reported in 14 (60.8%) of the studies

included in this systematic review. In 11 studies Gram-positive microorganisms were isolated:
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in 9 studies [20, 22, 29, 32,34–36, 38, 40] coagulase-negative Staphylococci were described as

the most prevalent, with 4 identifying S. epidermidis [22, 32, 34, 38]. In another study, the most

prevalent microorganism was S. aureus [33] and lastly, Enterobacter spp. [31]. In 4 studies [18,

19, 31, 39] Gram-negative bacilli were described as the most prevalent (Enterobacter spp.,

Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa). Finally, Candida spp. was

also isolated [31, 35, 39]. Some studies were cited twice because both microorganisms were iso-

lated with the same prevalence.

3.5 Synthesis of the results

Among the 23 studies included, 17 were included in the meta-analysis [4, 15, 16–21, 28, 29, 33,

35–40]. The reasons for excluding six articles were: 1) the remaining risk factors were not

defined or measured in the same way and did not allow for conclusive statistical tests, 2) they

had not been analyzed in more than one study, and 3) the results of the studies did not show

significance in the analyses performed. A total of 9 risk factors were identified and included in

the meta-analysis due to the homogeneity of the definitions and measurements: administra-

tion of TPN, single, bilumen, or multilumen catheters (including trilumen, tetralumen and

pentalumen catheters in the latter group), days of catheterization, chemotherapy, immunosup-

pression, kidney disease and diabetes mellitus.

The results showed that patients not receiving TPN had a lower probability of having

CLABSI (OR = 0.48; 95% CI: 0.35–0.65, p<0.001, heterogeneity I2 = 47%) [4, 15, 16, 19, 21,

29, 36, 37, 39, 40] (Fig 2).

Likewise, patients who did not undergo chemotherapy presented a lower probability of

developing this complication (OR 0.33; 95% CI: 0.20–0.54, p<0.0001 heterogeneity I2 = 68%)

[4, 16, 20, 29, 37–39] (Fig 3).

Absence of immune system compromise secondary to treatment or some type of disease

was also related to being a protector factor against CLABSI (OR 0.44; 95% CI: 0.24–0.82,

p = 0.01, heterogeneity I2 = 66%) [18, 20, 21, 36] (Fig 4).

Being a carrier of a CVC with more than one lumen implied a greater risk of CLABSI

(OR = 2.74; 95% CI: 1.84–4.07, p = 0.02, heterogeneity I2 = 60%) [4, 20, 29, 36–39] (Fig 5).

On the other hand, bilumen devices analyzed in 7 articles [20, 29, 36–40] were not related

to the appearance of CLABSI (OR 0.78; 95% CI: 0.51–1.19, p = 0.25, heterogeneity I2 = 67%)

(Fig 6).

Fig 2. Forest plot of total parenteral nutrition (TPN) and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g002
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Fig 3. Forest plot of chemotherapy treatment and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g003

Fig 4. Forest Plot of immune system ompromiso and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g004

Fig 5. Forest Plot of unilumen catheter and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g005

Fig 6. Forest plot of bilumen catheter and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g006
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Lastly, it was observed that not having a multilumen catheter reduced the probability of

CLABSI (OR 0.45; 95% CI: 0.37–0.55, p<0.001, heterogeneity I2 = 0%) [(4, 20, 29, 33, 36–38,

40] (Fig 7).

With regard to the number of days with a catheter, it was found that patients catheterized

for a greater number of days had a higher likelihood of developing CLABSI (OR 6.43; 95% CI:

10.75–2.12, p = 0.003, heterogeneity I2 = 89%) [15, 19, 21, 29] (Fig 8).

Lastly, kidney disease was included in a total of 6 articles [4, 17, 21, 29, 33, 38] and showed

no relationship with CLABSI (OR 0.63; 95% CI: 0.35–1.12, p = 0.12, heterogeneity I2 = 90%)

(Fig 9).

Likewise, neither was diabetes related to infection [4,17–21, 29, 33, 36, 38, 40] (OR 1.08;

95% CI: 0.94–1.25, p = 0.27 heterogeneity I2 = 41%) (Fig 10).

Fig 7. Forest plot of multilumen catheter and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g007

Fig 8. Forest plot of catheter days and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g008

Fig 9. Forest plot of kidney disease and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g009
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3.6 Individual biases

3.6.1. The biases of publication and measurement were cited in 1 or the 23 studied

included [31]. The variability in the insertion, management and treatment of CRSBI related to

the bias of classification was observed in 3 of the 23 studies evaluated [31, 32, 36]. A bias of

detection related to the variability in the definition and measurement of CLABSI was observed

in 7 studies [4, 17, 19, 22, 32, 33, 38], and selection bias was detected in 12 studies [4, 16, 18–

20, 22, 28–30, 34, 38, 39]. A bias of notification due to missing data during the data collection

process was recognized in 12 studies [16, 17, 38, 39, 19–22, 28, 29, 36, 37]. Some studies had a

reduced sample size implying a low statistical power in the analysis of some of the risk factors

[16, 18, 28, 33]. Finally, 4 studies did not report any limitation [15, 27, 35, 40].

3.6.2. This review has several limitations which are implicit in the studies included in the

meta-analysis. Specifically, there was significant heterogeneity in the general results mainly

derived from the data belonging to the risk factors of TPN, unilumen and bilumen catheters,

days of catheterization, chemotherapy, kidney disease, diabetes and immunosuppression,

which were attributed a high-moderate heterogeneity >25%. This heterogeneity could be

related to the clinical diversity, sample size and variability of the results since they are very

important variables which could explain the heterogeneity of the data as a whole. However,

one of the variables studied presented a low heterogeneity < 25% (multilumen catheter) and,

thus, may be attributed to very solid results with excellent homogeneity.

4. Discussion

The prevention of CLABSI is problematic, with severe clinical repercussions at an individual

and organizational level, since the use of venous devices in the hospital setting is a transversal

intervention that affects hospitalized, critical, and oncological patients alike. The different

studies published show contradictory results and, therefore, the present review has focused on

identifying and synthesizing the variables related to the appearance of CLABSI. The results

indicate that TPN, multilumen devices, chemotherapy treatment, immune system compro-

mise and the length of catheterization are risk factors for CLABSI. On the other hand, monolu-

men devices present a lower probability of triggering this infection.

Multiple studies established TPN as a risk factor of CLABSI. The guidelines of the American

Society for Parenteral and Enteral Nutrition (ASPEN) and CDC relate TPN with the risk of

CLABSI due to the preference of the microorganisms for dextrose [7, 41]. However, ASPEN

Fig 10. Forest plot of diabetes mellitus and CLABSI.

https://doi.org/10.1371/journal.pone.0282290.g010
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related other nutritional factors, such as a deficient nutritional status conditioning immune

response to the risk of infection. Along the same line, another study corroborated that a state

of malnutrition and hypoalbuminemia was associated with CLABSI (OR 3.13; 95% CI 1.38–

5.24, p<0.05) [42]. Other studies determined that the risk of CLABSI is dependent on the

duration of catheterization and the length of TPN [43, 44]. In addition, it has been shown that

manipulation of venous devices and TPN by health care professionals may condition the

appearance of CLABSI and should be manipulated with maximum precaution of sterile barri-

ers [7]. Nonetheless, the studies included in this review coincide in establishing TPN as a risk

factor, but it should be noted that one study [29] found no association between these two fac-

tors, perhaps secondary to the creation of a strategy of bundle manipulation/care/approaches

that reduce the appearance of the problem. Therefore, the result of TPN as a risk factor should

be interpreted with caution since the factors described could be factors independently related

to CLABSI.

Chemotherapy has shown to be an independent factor of CLABSI, but as described in the

literature, the cause of this association could be because of the vulnerability of developing any

infectious process due to the neutropenia induced by cytostatic drugs [45, 46]. In addition, this

study shows that a state of immunosuppression is an independent factor of CLABSI due to

immune system dysfunction [13, 47, 48]. However, the studies included in this review did not

report whether the cause of the immunosuppression was secondary to a hematological disease,

organ transplantation, autoimmune disease or acquired immunodeficiency, and thus, it is not

possible to stratify the results based on the causative disease. On the other hand, the results of

the meta-analysis identified immunosuppression as an independent risk factor, except in one

study due to the reduced sample size [18].

In relation to the number of lumens of the venous devices, multilumen catheters were

found to be an individual risk factor of CLABSI. These results coincide with the CDC recom-

mendation (category IB) of implanting devices with the least number of lumens, since the

microorganisms reach the catheter through the connections and with these devices the risk is

higher due to the greater number of entries [7]. In addition, these devices are susceptible to

greater manipulation, hindering adequate disinfection and device maintenance. However,

multilumen catheters are indicated in patients with high pharmacologic requirements in

whom it is not considered safe to reduce the number of lumens because of the risk of pharma-

cological interaction [49]. In these cases, the importance of the management and maintenance

of these devices is important to note. Along this line, it has been demonstrated that the impreg-

nation of lumens with antimicrobial substances reduces the risk of CLABSI [50].

The present review established that monolumen venous devices are a protective factor;

however, a meta-analysis determined that there are no differences when high quality studies

with homogeneous samples are analyzed [51]. Therefore, this contradiction among studies

could also be related to the quality of management, care and adherence to guidelines by the

professionals manipulating these devices [52].

In the case of days of catheterization, the studies included showed elevated heterogeneity in

the results. Taking into account that the CDC has established that routine replacement of cen-

tral devices is not necessary (category IB) [45], it seems that the real reason for the develop-

ment of infection may be the deterioration and dysfunctionality which venous devices acquire

by multiple manipulations over time. Previous studies have shown that the quality of catheter

care and management is key in the colonization of these devices [52], with thrombosis and

intraluminal and extraluminal fibrin favoring the growth of microorganisms [53].

Infection is the second cause of death in patients with kidney disease receiving hemodialysis

therapy [54]. These patients live with precursor risk factors of CLABSI of different causes, such

as immune compromise, being carriers of a vascular access for renal replacement therapies,
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resistance to antibiotics, comorbidities such as diabetes, and colonization by nasal Staphylococ-
cus aureus which promote the risk of this infection [55]. However, there are discrepancies

among the results obtained in the literature, and our study did not describe any association

with catheter-related infection and kidney disease. This may be justified in that the concept of

kidney disease is very wide, and all the patients with this disease present very different charac-

teristics which may generate very heterogeneous and inconclusive results. In addition, the

CDC states that correct manipulation of a vascular device and correct monitoring by profes-

sionals is the main intervention for the prevention of CLABSI [56]. This indicates that depend-

ing on the preventive measures applied at an institutional level, having kidney disease is a

precursor risk factor for the development of CLABSI.

In our meta-analysis, diabetes was not determined to be an independent risk factor of

CLABSI. However, in the literature a relationship has been described between this disease and

compromise of immune response [57], which would explain the results of some studies which

establish diabetes as a related factor [55]. The discordance of our results with others may be

due to the fact that most of the studies included did not take into account the type of diabetes,

the complexity of this disease, the treatment or the years of evolution, which could justify the

heterogeneity in the results obtained.

In relation to the microbiological results, the most frequent microorganisms isolated were

Gram-positive cocci, the most prevalent being coagulase-negative Staphylococci, thereby indi-

cating a possible colonization by skin flora of the patient or secondary to manipulation of the

device by different health care professionals. Other series of CLABSI in our setting showed the

same trend [58, 59]. However, one study performed in the United States described Enterobacter
spp. and Candida spp. as the most prevalent and concluded that more evidence is necessary to

establish why the patients are at risk of presenting CLABSI by these microorganisms to thereby

develop preventive measures aimed at these microorganisms [60]. Despite the improvements

implemented in recent years, the results demonstrate that studies should be focused not only

on strategies of insertion but also on the management and maintenance of venous catheters.

The main limitation of this review is the long interval of time in the inclusion of the articles

which may increase the heterogeneity of some of the variables (days of catheterization).

Another limitation is that the quality of the studies was good-regular, despite not including

any randomized study, and this did not allow the establishment of cause-effect relationship.

One other limitation is that the quality of the maintenance of venous devices is a very impor-

tant factor for the appearance of CLABSI, and its evaluation is difficult to measure and may

induce overestimation of the effect of other variables of catheter-related infection. Another

aspect to take into account is the elevated heterogeneity based on the variable analyzed. In

addition, the large number of variables that can be analyzed as potential related factors are

always subject to changes, modifications and extensions of risk factors predisposing to

CLABSI, since there are other risk factors not considered in the articles included for analysis

that may be related to the appearance of CLABSI. Finally, the last limitation is related to the

microbiological results since we were unable to synthetize the results reported in these studies

because some are described in real numbers while others are indicated in percentages, and

some studies report the species and others the genus.

Despite these limitations, this review also has great strengths such as the meta-analysis

which provided a synthesis of the results obtained to date and their clinical applicability.

Robust identification of risk factors may be useful for their inclusion in algorithms for

deciding the most adequate venous device, in addition to the variables of pharmacotherapy

and venous accesses available. It also allows including therapeutic strategies based on rigorous

measures of asepsis with the aim of preventing and reducing the incidence of CLABSI, espe-

cially in patients with some of the present risk factors.
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5. Conclusions

The decision to insert a venous device should be made based on individual evaluation of risk

factors for the development of CLABSI since this complication can involve very severe clinical

repercussions with very elevated health care costs. Well-designed studies with homogeneous

patient samples are needed to increase the quality of the results and help evaluate the efficacy

of these devices as well as the clinical benefits and profitability of the therapeutic strategies

implemented.
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References
1. Sociedad Española de Medicina Preventiva, Salud Pública Higiene [Sede Web]. Estudio de Prevalen-

cia de las infecciones Nosocomiales en España. EPINE-EPPS 2017 [Acceso: 1/1/ 2020]; Disponible

en: http://hws.vhebron.net/epine/Global/EPINE%20EPPS%202017%20Informe%20Global%20de%

20Espa%C3%B1a%20Resumen.pdf

2. Climo M, Diekema D, Warren DK, Herwaldt LA, Perl TM, Peterson L, et al. Prevalence of the use of cen-

tral venous access devices within and outside of the intensive care unit: results of a survey among hos-

pitals in the prevention epicenter program of the Centers for Disease Control and Prevention. Infect

Control Hosp Epidemiol. 2003 Dec; 24(12):942–5. https://doi.org/10.1086/502163 PMID: 14700410

3. Chaves F, Garnacho-Montero J, Del Pozo JL, Bouza E, Capdevila JA, de Cueto M, et al. Diagnosis and

treatment of catheter-related bloodstream infection: Clinical guidelines of the Spanish Society of Infec-

tious Diseases and Clinical Microbiology and (SEIMC) and the Spanish Society of Spanish Society of

Intensive and Critical Care Medicine. Med intensiva. 2018; 42(1):5–36.

4. Herc E, Patel P, Washer LL, Conlon A, Flanders SA, Chopra V. A Model to Predict Central-Line-Associ-

ated Bloodstream Infection Among Patients With Peripherally Inserted Central Catheters: The MPC

Score. Infect Control Hosp Epidemiol. 2017 Oct; 38(10):1155–66. https://doi.org/10.1017/ice.2017.167

PMID: 28807074

5. Buetti N, Marschall J, Drees M, Fakih MG, Hadaway L, Maragakis LL, et al. Strategies to prevent central

line-associated bloodstream infections in acute-care hospitals: 2022 Update. Infect Control Hosp

PLOS ONE Risk factors of catheter- associated bloodstream infection: Systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0282290 March 23, 2023 20 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282290.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282290.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282290.s003
http://hws.vhebron.net/epine/Global/EPINE%20EPPS%202017%20Informe%20Global%20de%20Espa%C3%B1a%20Resumen.pdf
http://hws.vhebron.net/epine/Global/EPINE%20EPPS%202017%20Informe%20Global%20de%20Espa%C3%B1a%20Resumen.pdf
https://doi.org/10.1086/502163
http://www.ncbi.nlm.nih.gov/pubmed/14700410
https://doi.org/10.1017/ice.2017.167
http://www.ncbi.nlm.nih.gov/pubmed/28807074
https://doi.org/10.1371/journal.pone.0282290


Epidemiol [Internet]. 2022 May 19 [cited 2022 Oct 28]; 43(5):553–69. Available from: https://pubmed.

ncbi.nlm.nih.gov/35437133/ https://doi.org/10.1017/ice.2022.87

6. Crnich CJ MD. Infections of vascular devices [Internet]. Cohen J PW, editor. Infectiuos Diseases. Edin-

burgh: Mosby; 2004 [cited 2022 Oct 28]. 629–39 p. https://books.google.com/books/about/Infectious_

Diseases.html?hl=es&id=AoDAngEACAAJ

7. O’Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J, Heard SO, et al. Guidelines for the pre-

vention of intravascular catheter-related infections. Clin Infect Dis an Off Publ Infect Dis Soc Am. 2011

May; 52(9):e162–93.
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