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Abstract

Background
A central venous catheter (CVC) is an important medical device, but it could be preceding infection and
the risk of central line-associated bloodstream infection (CLABSI). CLABSI is a common healthcare-
associated infection but results in high cost and mortality; therefore, various efforts to reduce CLABSI
have been attempted.

Methods
We reviewed and analysed the data of CLABSI rates and days from the insertion to the removal of the
temporary central venous catheter between January 2018 and June 2021 in the intensive care unit (ICU)
of a single tertiary care hospital. Sequentially, all patients with the CVC in the ICU underwent the following
interventions: maximal barrier precaution, automatic noti�cation of catheter days and 2% chlorhexidine
gluconate bathing. An independent sample t-test was used to compare the CLABSI rates, which were
shown using time-series design. In the pre-intervention period, the risk factors for CLABSI in patients with
short-term CVC were evaluated using multivariate logistic regression analyses.

Results
A total of 101342 patient-days, 6378 catheter days and 86 CLABSI cases were reviewed in ICU-
hospitalised patients. As additional interventions, the CLABSI rate declined from 3.1 per 1000 CVC days
to 1.2 per 1000 CVC days in post-interventions. Of 5275 ICU-hospitalised patients, 2229 in the pre-
intervention period had one more short-term CVC. Medical ICU, the number of indwelling CVCs and the
indwelling time of the central catheter beyond 10 days were the risk factors for CLABSI in short-term CVC
(odds ratio (OR), 2.56 [95% con�dence interval {CI}, 1.32–4.88]; OR, 1.32 [95% CI, 1.07–1.59]; and OR, 8.21
[95% CI, 3.90–18.88], respectively). Of the three interventions, the automatic noti�cation of catheter days
was associated with decreased median monthly total central catheter days and duration of CVC days per
patient.

Conclusions
Our study suggests that multidisciplinary and evidence-based interventions rather than one effort are
associated with a prominent reduction in the CLABSI rates. Moreover, the automatic noti�cation of
catheter days of the electronic medical healthcare system has shortened the time of indwelling central
catheter.

Background
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Central line-associated bloodstream infection (CLABSI) is a leading serious hospital-acquired infection
(HAI) with increasing numbers of immunocompromised patients and invasive procedures and broad
antibiotic usage. CLABSI was associated with the increased medical cost, prolonged hospital stay and
high mortality of up to 25% [1]. Compared with inpatients without CLABSI, inpatients with CLABSI paid an
extra average of 32000 dollars, and they had a 2.27-fold higher mortality rate [2]. According to the Centers
for Disease Control and Prevention (CDC), 25000 reductions of CLABSIs contributed to saving 414 million
excess healthcare costs and 60000 lives [1]. Fortunately, CLABSIs were preventable HAI with proper
aseptic techniques and active surveillance.

Several studies achieved to have zero preventable CLABSI rate after introducing from CLABSI bundle to
multifaceted implementations, such as education, surveillance and feedback on results [3–6]. In the
meta-analysis involving 2216 adult intensive care units (ICUs), the CLABSI incidence decreased from 5.7
per 1000 catheter days to 2.0 per 1000 catheter days after the implementation of the bundle [6]. The
CLABSI bundles were evidence-based and concise interventions to prevent and reduce the CLABSI rates in
the ICU [7–9]. Guidelines from the CDC for the prevention of CLABSI emphasised the following �ve
strategies of the CLABSI bundle: hand hygiene; maximal barrier precautions (MBPs) during central
venous catheter (CVC) insertion; chlorhexidine antisepsis, excluding the femoral insertion site as possible;
and prompt and timely removal of unnecessary CVC [7, 10].

Because the duration of catheterisation is a major extrinsic risk factor associated with the development
of CLABSI, efforts to immediately remove a catheter could result in the reduction in the CLABSI rates.
Although the prevalence of unnecessary CVC insertion widely ranges from 18–39% in a diverse study
setting [11], in a hospital-wide survey with 575 admitted patients with one more vascular catheter in a
single centre, 21.9% of those had an inappropriate one more vascular catheter [12]. In a multicentre
observational study, clinicians described that the unawareness of the presence of a CVC was a major
barrier to timely remove it [13]. Therefore, noticing the presence of a CVC to clinicians was likely to be
signi�cant to prevent catheter-related infection.

In response, we introduced an automatic noti�cation of catheter days to notify the presence of the CVC
and re-evaluate the maintenance of the CVC. This retrospective study aimed to assess the effect of
stepwise interventions to the CLABSI rates and analyse the effect of the automatic noti�cation of
catheter days. During the study periods, the MBP and 2% chlorhexidine gluconate (CHG) bathing were
introduced, and the effect of the stepwise intervention on the CLABSI rates was assessed.

Methods
Data collection and study setting

We reviewed and analysed the retrospective data of ICU-hospitalised patients with CVC between January
2018 and June 2021 in the ICUs of a single tertiary care hospital. There were a total of 7 adult
ICUs with 111, including the medical ICUs, surgical ICUs, stroke units, neurosurgical ICUs,
coronary/cardiac care unit, cardiac ICUs and emergency ICUs. We obtained the performance compliance
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of the CVC checklist, monthly CLABSI cases and monthly CVC days. If a patient had two or more
central catheters, each CVC was calculated in the CVC days separately. For analysing the risk factors
for CLABSI, we selected the patients with short-term CVC and obtained data that included the age, sex,
comorbidities, ICU type, CVC type, time from admission to insertion of CVC and indwelling time of CVC.

Intervention

The study was performed in four periods: pre-intervention period, from January 2018 to May 2019; period
1, from June 2019 to September 2019; period 2, from October 2019 to March 2020; and period 3, from
April 2020 to June 2021. During whole periods, the principal management for reducing CLABSI
followed the guidelines for the prevention of intravascular catheter-related infections [7]. The nurse-to-
patient ratio was 1:2 to 1:4 in each ICU. Nursing staff and doctors were trained regarding the proper
insertion and maintenance of central intravascular catheters. Before CVC insertion or access,
healthcare staff washed their hands with soap and rubbed them with alcohol, and then, they performed
the procedures aseptically. All patients excluding infants aged <2 months had their skin cleaned with
0.5% chlorhexidine with alcohol. Two nursing staff belonging to the infection control o�ce monitored the
performance compliance of the CVC checklist every 3 months. The CVC checklists consisted of hand
hygiene, maximal precaution barrier, antisepsis with disinfectant and CVC catheter site. Doctors inserted
a blind CVC without ultrasound guidance.

During period 1, doctors performed the procedures with the MBPs, including the use of sterile full body
drape, mask, cap, sterile gloves and sterile gown. During period 2, we introduced the automatic
noti�cation of catheter days, which showed the CVC indwelling days in the prescription section
of the electronic healthcare system. Medical staff evaluated the need for a CVC every day. Until the
assessment of CVC maintenance, the automatic noti�cation of catheter days continued. During period 3,
all body surfaces were bathed with nonwoven fabric soaked in 2% CHG once daily.

De�nition

Central catheters involved the short- and long-term central catheters. The short-term central catheters
were the non-cuffed short-term CVCs, dual-lumen haemodialysis catheters and Swan sheath catheters.
The long-term central catheters were the balloon-tipped pulmonary artery central catheters (Swan–Ganz),
cuffed and tunnelled catheters (Hickman), implanted central catheters and peripherally inserted
central catheters (PICCs).

Laboratory-con�rmed bloodstream infection (LCBI) was the condition in which patients had a recognised
pathogen culture from one or more blood cultures or patients had common skin contaminants
from two or more blood cultures on separate sites with clinical symptoms, including fever, chills or
hypotension. For these situations, there should not be apparent other sources
for bacteraemia [14]. CLABSI is a primary LCBI without another infection in a patient who had central line
within 48 h before infection [14]. The CLABSI incidence rate was the number of BSI in patients with an
indwelling central catheter per 1000 CVC days.
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Statistical analysis

Categorical variables are expressed as numbers and percentages. Comparisons of each period were
performed for categorical variables using the chi-square test or Fisher’s exact test. Continuous variables
are expressed as mean ± standard deviations or median with interquartile ranges (IQRs) and were
compared using Student’s t-test or the Mann–Whitney U test. Poisson regression analysis was used to
con�rm the incidence rate ratio (IRR) and compare the post-intervention CLABSI rate with the pre-
intervention CLABSI rate. The Kaplan–Meier analysis for CVC early removal was performed using the log-
rank test, coding CVC removal within 10 days as a censored event. After excluding patients
with the Hickman catheter, implanted port and PICC that typically have long-term indications,
we employed multivariate logistic regression analyses to evaluate the risk factor associated with CLABSI
in patients with short-term CVCs. A P value of <0.05 was considered statistically signi�cant. All statistical
analyses were performed using R statistics ver. 3.1.

Ethics Statement

The institutional review board of Kyungpook National University Hospital reviewed and approved our
study protocol (approval numbers: KNUH-202202038). Considering the retrospective nature of the study
and the use of anonymous clinical data for the analysis, the requirement for informed consent was
waived.

Results
Trend of the CLABSI rates according to each intervention

Between January 2018 and June 2021, there were 101,342 total patient-days in ICU and 6,378
catheter days in ICU-hospitalised patients. The overall demographic data and CLABSI rates are presented
in Table 1. A total of 86 CLABSI cases occurred during the entire study periods (46 in the pre-intervention
period, 7 in period 1, 13 in period 2 and 20 in period 3). The CLABSI rate declined from 3.1 (IQR, 2.3–3.9)
in the pre-intervention period to 0.7 (IQR, 0.0–4.0) in period 1 and 1.8 (IQR, 0.0–4.5) in period 2, but this
did not show the signi�cant reduction in the CLABSI rate. Compared with the CLABSI rate in the pre-
intervention period, the CLABSI rate in period 3 was 1.2 (IQR, 1.1–2.5) per 1000 CVC days with an IRR of
0.597 (95% con�dence interval [CI], 0.359–0.993; P=0.047) (Table 1). Figure 1 demonstrated the
decreasing trends in the CLABSI rates by step-wide interventions.

Study population with indwelling short-term CVCs in the pre-intervention period

Table 2 shows the demographic and clinical data in 2229 ICU-hospitalised patients with short-
term CVCs in the pre-intervention period. Among a total of 86 CLABSI cases, 46 occurred during pre-
intervention. ICU-hospitalised patients with short-term CVCs were grouped according to CLABSI
occurrence. A total of 845 patients (37.9%) were women, and the median age was 64.0 (52.0–75.0) years.
Among 2229 enrolled patients, surgical ICU (70.5%) was the most common ICU, followed by medical ICU
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and emergency ICU. The jugular vein (44.7%) was the most common insertion site, followed by
the subclavian vein (39.9%) and femoral vein (15.4%). In enrolled patients, the median indwelling time
of the central catheter was 5.0 (3.0–9.0) days.

Risk factors for CLABSI in an short-term CVC

In Table 2, there were no signi�cant differences in age, sex, duration from admission to insertion of CVC,
diabetes, malignancy and steroid use between the no CLABSI group and CLABSI group. Medical ICU
admission was associated with a higher risk of CLABSI, especially in comparison with surgical intensive
unit admission. The numbers of indwelling CVC and indwelling time of central catheter were also
associated with a higher risk of CLABSI.

The multivariate logistic analysis showed that three factors increased CLABSI occurrence, including the
medical ICU (odds ratio [OR], 2.56; 95% CI, 1.32–4.88; P=0.004), number of indwelling central catheter
(OR, 1.32; 95% CI, 1.07–1.59; P=0.006) and indwelling time of central catheter beyond 10 days
(OR, 8.21; 95% CI, 3.90–18.88; P < 0.001) (Table 3).

Effect of the automatic noti�cation of catheter days on CVC days

The median monthly total central catheter days were signi�cantly different between the before and after
automatic noti�cation of catheter days (median, 956.0 [IQR, 856.0–1024.0] vs. 819.0 [IQR, 782.0–
896.0]; P< 0.001) (Figure 2). The duration of short-term central venous catheterisation per patient was
signi�cantly different between the before (n = 2680) and after (n = 2595) automatic noti�cation of
catheter days (7.53 ± 7.14 vs. 6.74 ± 6.00 days, P < 0.001). Time to short-term CVC removal per patient
was also decreased after automatic noti�cation of catheter days (Figure 3) (P= 0.035).

Discussion
This study showed that the total patient-days in ICU (n = 101342) and catheter days (n = 6378) and
CLABSI rates declined with multifaceted interventions, including MBP, automatic noti�cation of catheter
days and 2% CHG bathing. Compared with 3.9 cases per 1000 catheter days in the pre-intervention period,
the CLABSI rates decreased by 1.2 cases per 1000 catheter days after the introduction of three
interventions, which were lower than 1.83 cases per 1000 catheter days, the �fth percentile of the CLABSI
rates through the Korean National Healthcare-associated Infections Surveillance System program in 2015
[15].

To determine how additional interventions directly affected the CLABSI occurrence would be challenging.
As such, we introduced the evidence-based tools on the CDC guidelines, which were known to prevent
CVC-related infection [7, 16]. In a meta-analysis study, daily 2% CHG bathing was identi�ed to be
associated with the reduction in CLABSI by eradication of especially Gram-positive skin coloniser (OR,
0.50; 95% CI, 0.35–0.71; P < 0.001) [17].
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In this study, the number of indwelling central catheter and indwelling time of short-term CVC beyond 10
days were identi�ed to be risk factors for CLABSI, which is consistent with the �ndings of the previous
study [18–20]. A previous study with 5.6 cases per 1000 catheter days in 896 patients at a single hospital
demonstrated that the indwelling time beyond 10 days signi�cantly increased CLABSI cases (OR, 2.867;
95% CI, 1.823–4.507) [18]. Wu et al. showed that the central catheter maintenance duration of more than
14 days signi�cantly increased catheter-related bloodstream infection compared with the duration of
lower than 14 days (OR, 1.08; 95% CI, 1.04–1.13) [20]. Although Fong et al. suggested that disease
severity was related to increased catheter line and loss of opportunity for catheter removal [21], 50% of
340 patients had at least 1 idle CVC day on discharge from ICUs to general wards [22]. In a previous study
in non-ICU cases, 89 patients with temporary and non-implanted CVC had idle CVC for a mean of 4.1 days
[23]. We continued efforts to reduce the duration of unnecessary central line use with the automatic
noti�cation of catheter days and focused on the relationship between the automatic noti�cation of
catheter days and duration of indwelling CVC use. This study demonstrated that the introduction of the
automatic noti�cation of catheter days in the electronic healthcare system was associated with a
reduction in the indwelling time of short-term CVC per patient and reduction in total central line days. This
automatic noti�cation of catheter days contributed to decreased short-term CVC indwelling time per
patient.

To date, there is no clear and standardised system for unnecessary catheter removal, and the most
recommended practices are responsible for combining a CLABSI bundle with multifaceted interventions,
including education and feedback [24–26]. Ilan et al. suggested that the removal of non-essential CVCs
could be achieved by multidisciplinary team rounding with a checklist including reminders of central
catheter removal [25]. However, each institution may have different capabilities to team up with
committed multidisciplinary experts, including clinicians, infection surveillance nurses and educating
clinicians. A multicentre survey-based study in Michigan described that 16.3–31.1% of 1,881 clinicians
were unaware of the presence of a CVC, including the medical residents and hospitalists (13.8% vs.
27.3%, respectively) [13]. Because catheter removal is usually at the discretion of the clinicians, the
awareness of the presence of a catheter and attending doctor’s decision to remove a catheter may be key
point. A previous study in two 26-bed internal medicine clinical teaching units reviewed that the online
tool for physician audits of CVC was associated with a signi�cant reduction in catheter days by checking
the number of central venous access and reasons for access [27]. Grady found that online tools for CVC
management could be an attractive method requiring minimal effort but showing maximal effect [27].
Similarly, the automatic noti�cation of catheter days in our electronic healthcare system simply reminded
about the catheter necessity and the catheter indwelling time until the physicians decided on catheter
removal. Given that the catheters’ indwelling times were longer in patients outside the ICU than inside the
ICU, the daily noti�cation of the presence of a CVC may also elicit the zero CLABSI cases in medical
wards [28].

Our study has several limitations. First, we did not consider patient severity and comorbidity, which could
be risk factors for CLABSI. Nevertheless, given that PICC would be placed in patients who required venous
access for long days, severity and disease could not affect the indwelling time of short-term CVC. Thus,
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after adjustment for patient’s characteristics, simple sensitisation to clinicians could decrease the
duration of catheterisation and CVC infection. Second, we did not collect the prior antibiotic use and
number of indwelling central catheter for each patient. Moreover, we did not discriminate which catheters
caused CLABSI when there were more than two central catheters during CLABSI. However, we counted
each central catheter for the same patient within the catheter days, and our CLABSI rates would be
unlikely to be underestimated. Third, because this was a single-centre retrospective study, our results were
di�cult to generalise, and each intervention period had different observation times. Nevertheless, these
interventions including the automatic noti�cation of catheter days were principal methods and were
easily carried out.

Conclusion
In summary, the proportion of CLABSI in patients inside an ICU decreased substantially after efforts to
reduce contamination, skin coloniser and unnecessary CVCs. Especially, the duration of short-term CVC
used decreased after the introduction of the automatic noti�cation of catheter days. To reach the zero
CLABSI cases, this study provides the evidence that simple sensitisation of the presence of CVC to
physician is attractive for the removal of unnecessary CVCs.

Abbreviations
CLABSI: central line-associated bloodstream infection; HAI: hospital-acquired infection; CDC: Centers for
Disease Control and Prevention; MBP: maximal barrier precautions; CHG: chlorhexidine gluconate; ICU:
intensive care unit; CVC: central venous catheter; PICC: peripherally inserted central catheter; LCBI:
laboratory-con�rmed bloodstream infection; IQR: interquartile range; IRR: incidence rate ratio; OR: odds
ratio; CI: con�dence interval

Declarations
Ethics approval and consent to participate

This study was carried out in accordance with the guidelines of the Declaration of Helsinki. The study
was approved by the Institutional Review Board of Kyungpook National University Hospital (approval
numbers: KNUH-202202038), and a written informed consent was waived due to the retrospective chart
review. The data in this study were anonymised before use.

Consent for publication

Not applicable.

Availability of data and materials



Page 10/17

The datasets used during the current study are available from the corresponding author on reasonable
request. The data are not publicly available due to their containing information that could compromise
the privacy of research participants.

Competing interests

No competing interests to declare.

Funding

This study was conducted with no external funding.

Author contributions

Conceptualisation: Bae SH, Kim SW

Methodology: Chang HH, Kim YJ

Formal analysis and data curation: Bae SH, Chang HH, Kim SW

Validation: Kim SJ, Kim HJ, Lee JY, Han GM

Investigation: Jeon HY, Cho JH, Chae HJ

Writing – original draft preparation: Bae SH

Writing – review and editing: Kim SW

Approval of �nal manuscript: all authors

Acknowledgements

Part of these data was presented in KJM 2021 Fall Conference (S626).

ORCID

Sohyun Bae: https://orcid.org/0000-0002-0206-7108

Yoonjung Kim: https://orcid.org/0000-0002-7454-4014

Hyun-Ha Chang: http://orcid.org/0000-0002-9405-2121

Sungjin Kim: https://orcid.org/0000-0002-2228-5727 

Hyun-Ji Kim: https://orcid.org/0000-0002-4539-7318 

Hyeyoung Jeon: https://orcid.org/0000-0002-1744-7525

https://orcid.org/0000-0002-0206-7108
https://orcid.org/0000-0002-7454-4014
http://orcid.org/0000-0001-7568-3211


Page 11/17

Juhee Cho: https://orcid.org/0000-0001-9850-0676

Juyoung Lee: https://orcid.org/0000-0002-8146-6552          

Hwajin Chae: https://orcid.org/0000-0003-4233-7712 

Gyeongmin Han: https://orcid.org/0000-0003-1826-7072

Shin-Woo Kim: http://orcid.org/0000-0002-3755-8249

References
1. Vital signs: central line-associated blood stream infections–United States, 2001, 2008, and 2009.

MMWR Morb Mortal Wkly Rep 2011, 60(8):243–248.

2. Stevens V, Geiger K, Concannon C, Nelson RE, Brown J, Dumyati G: Inpatient costs, mortality and 30-
day re-admission in patients with central-line-associated bloodstream infections. Clin Microbiol
Infect 2014, 20(5):O318-324.

3. Yaseen M, Al-Hameed F, Osman K, Al-Janadi M, Al-Shamrani M, Al-Saedi A, Al-Thaqa� A: A project to
reduce the rate of central line associated bloodstream infection in ICU patients to a target of zero.
BMJ Qual Improv Rep 2016, 5(1).

4. Sagana R, Hyzy RC: Achieving zero central line-associated bloodstream infection rates in your
intensive care unit. Crit Care Clin 2013, 29(1):1–9.

5. Perin DC, Erdmann AL, Higashi GD, Sasso GT: Evidence-based measures to prevent central line-
associated bloodstream infections: a systematic review. Rev Lat Am Enfermagem 2016, 24:e2787.

�. Ista E, van der Hoven B, Kornelisse RF, van der Starre C, Vos MC, Boersma E, Helder OK: Effectiveness
of insertion and maintenance bundles to prevent central-line-associated bloodstream infections in
critically ill patients of all ages: a systematic review and meta-analysis. Lancet Infect Dis 2016,
16(6):724–734.

7. O'Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J, Heard SO, Lipsett PA, Masur H, Mermel
LA, Pearson ML et al: Guidelines for the prevention of intravascular catheter-related infections. Clin
Infect Dis 2011, 52(9):e162-193.

�. Lin WP, Chang YC, Wu UI, Hung MC, Chuang PY, Wang JT, Sheng WH, Chen YC, Chang SC:
Multimodal interventions for bundle implementation to decrease central line-associated bloodstream
infections in adult intensive care units in a teaching hospital in Taiwan, 2009–2013. J Microbiol
Immunol Infect 2018, 51(5):644–651.

9. Jeong IS, Park SM, Lee JM, Song JY, Lee SJ: Effect of central line bundle on central line-associated
bloodstream infections in intensive care units. Am J Infect Control 2013, 41(8):710–716.

10. Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S, Sexton B, Hyzy R, Welsh R,
Roth G et al: An intervention to decrease catheter-related bloodstream infections in the ICU. N Engl J
Med 2006, 355(26):2725–2732.

https://orcid.org/0000-0003-1826-7072
http://orcid.org/0000-0002-3755-8249


Page 12/17

11. Becerra MB, Shirley D, Safdar N: Prevalence, risk factors, and outcomes of idle intravenous catheters:
An integrative review. Am J Infect Control 2016, 44(10):e167-e172.

12. Fernández-Ruiz M, Carretero A, Díaz D, Fuentes C, González JI, García-Reyne A, Aguado JM, López-
Medrano F: Hospital-wide survey of the adequacy in the number of vascular catheters and catheter
lumens. J Hosp Med 2014, 9(1):35–41.

13. Chopra V, Govindan S, Kuhn L, Ratz D, Sweis RF, Melin N, Thompson R, Tolan A, Barron J, Saint S: Do
clinicians know which of their patients have central venous catheters?: a multicenter observational
study. Ann Intern Med 2014, 161(8):562–567.

14. Horan TC, Andrus M, Dudeck MA: CDC/NHSN surveillance de�nition of health care-associated
infection and criteria for speci�c types of infections in the acute care setting. Am J Infect Control
2008, 36(5):309–332.

15. Kim EJ, Kang SY, Kwak YG, Kim SR, Shin MJ, Yoo HM, Han SH, Kim DW, Choi YH: Ten-year
surveillance of central line-associated bloodstream infections in South Korea: Surveillance not
enough, action needed. Am J Infect Control 2020, 48(3):285–289.

1�. Raad, II, Hohn DC, Gilbreath BJ, Suleiman N, Hill LA, Bruso PA, Marts K, Mans�eld PF, Bodey GP:
Prevention of central venous catheter-related infections by using maximal sterile barrier precautions
during insertion. Infect Control Hosp Epidemiol 1994, 15(4 Pt 1):231–238.

17. Afonso E, Blot K, Blot S: Prevention of hospital-acquired bloodstream infections through
chlorhexidine gluconate-impregnated washcloth bathing in intensive care units: a systematic review
and meta-analysis of randomised crossover trials. Euro Surveill 2016, 21(46).

1�. Yoshida J, Ishimaru T, Kikuchi T, Matsubara N, Asano I: Association between risk of bloodstream
infection and duration of use of totally implantable access ports and central lines: a 24-month study.
Am J Infect Control 2011, 39(7):e39-43.

19. Chen HS, Wang FD, Lin M, Lin YC, Huang LJ, Liu CY: Risk factors for central venous catheter-related
infections in general surgery. J Microbiol Immunol Infect 2006, 39(3):231–236.

20. Wu S, Ren S, Zhao H, Jin H, Xv L, Qian S, Wang S: Risk factors for central venous catheter-related
bloodstream infections after gastrointestinal surgery. Am J Infect Control 2017, 45(5):549–550.

21. Fong KS, Banks M, Benish R, Fatica C, Triche M, Smith N, Butler R, Gordon SM, Fraser TG: Intensity of
vascular catheter use in critical care: impact on catheter-associated bloodstream infection rates and
association with severity of illness. Infect Control Hosp Epidemiol 2012, 33(12):1268–1270.

22. Burdeu G, Currey J, Pilcher D: Idle central venous catheter-days pose infection risk for patients after
discharge from intensive care. Am J Infect Control 2014, 42(4):453–455.

23. Tejedor SC, Tong D, Stein J, Payne C, Dressler D, Xue W, Steinberg JP: Temporary central venous
catheter utilization patterns in a large tertiary care center: tracking the "idle central venous catheter".
Infect Control Hosp Epidemiol 2012, 33(1):50–57.

24. Weeks KR, Hsu YJ, Yang T, Sawyer M, Marsteller JA: In�uence of a multifaceted intervention on
central line days in intensive care units: results of a national multisite study. Am J Infect Control
2014, 42(10 Suppl):S197-202.



Page 13/17

25. Ilan R, Doan J, Cload B, Squires M, Day A: Removing nonessential central venous catheters:
evaluation of a quality improvement intervention. Can J Anaesth 2012, 59(12):1102–1110.

2�. Longmate AG, Ellis KS, Boyle L, Maher S, Cairns CJ, Lloyd SM, Lang C: Elimination of central-venous-
catheter-related bloodstream infections from the intensive care unit. BMJ Qual Saf 2011, 20(2):174–
180.

27. Grady D: A simple approach to reducing inappropriate use of central venous catheters. JAMA Intern
Med 2015, 175(7):1234.

2�. Kallen AJ, Patel PR, O'Grady NP: Preventing catheter-related bloodstream infections outside the
intensive care unit: expanding prevention to new settings. Clin Infect Dis 2010, 51(3):335–341.

Tables
Table 1. Overall demographic data and CLABSI rates for each period

Period CLABSI
cases (N)

Total central line
days, median (IQR)

Total patient
days,

median (IQR)

CLABSI
ratea,

median
(IQR)

IRRb

mean,
(95% CI)

P
valuec

Pre-
intervention
period

46 956.0 (856.0–
1024.0)

2,526.0
(2,342.0–
2,686.0)

3.1
(2.3-
3.9)

   

Period 1 7 792.5 (715.5–
882.5)

2,475.5
(2,420.0–
2,571.0)

0.7
(0.0-
4.0)

0.749
(0.338-
1.658)

0.475

Period 2 13 814.0 (782.0–
849.0)

2,539.0
(2,224.0–
2,606.0)

1.8
(0.0-
4.5)

0.772
(0.400-
1.490)

0.441

Period 3 20 819.0 (802.5–
898.5)

2,247.0
(2,186.0–
2,375.5)

1.2
(1.1-
2.5)

0.597
(0.359-
0.993)

0.047

a CLABSI cases per 1000 catheter days.

b Incidence rate ratio for CLABSI cases per 1000 catheter days.

c Compared with the pre-intervention period.

Abbreviations: CLABSI, central line-associated bloodstream infection; IQR, interquartile range; CI,
con�dence interval; IRR, incidence rate ratio

Table 2. Demographic and clinical features of enrolled patients in the pre-intervention period
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  Total

(n = 2229)

No CLABSI

(n = 2188)

CLABSI

(n = 46)

P
value

Age, median [IQR], y 64.0
[52.0–
75.0]

64.0
[52.0–
75.0]

64.0
[53.0–
70.0]

0.441

Female, n (%) 845
(37.9%)

831
(38.0%)

14 (34.1%) 0.735

Time from admission to insertion of central
catheter, median [IQR], d

1.0 [0.0–
 4.0]

1.0 [0.0–
4.0]

0.0 [ 0.0–
3.0]

0.079

Intensive care unit type, n (%)        

 Medical 387 (17.4
%)

369
(16.9%)

18 (43.9%) <0.001

 Surgical 1542 (70.5
%)

1542
(70.5%)

22 (53.7%) 0.031

 Emergency 277 (12.7
%)

277
(12.7%)

1 (2.4%) 0.085

Diabetes mellitus, n (%) 577
(25.9%)

564
(25.8%)

13 (31.7%) 0.684

Malignancy, n (%) 357
(16.0%)

349
(16.0%)

8 (19.5%) 0.688

Steroid use during the indwelling time, n (%) 937
(42.0%)

916
(41.9%)

21 (51.2%) 0.297

Insertion site        

 Subclavian 889
(39.9%)

867
(39.6%)

22 (53.7%) 0.097

 Jugular 996
(44.7%)

991
(45.3%)

5 (12.2%) <0.001

 Femoral  344
(15.4%)

 

330
(15.1%)

14 (34.1%) 0.002

Number of indwelling central catheter, n (%)  1.0 [1.0–
2.0]

1.0 [1.0–
2.0]

2.0 [2.0–
3.0]

<0.001

Total indwelling time of central catheter,
median [IQR], d

5.0 [3.0–
9.0]

5.0 [ 3.0–
9.0]

14.0
[10.0–
22.0]

<0.001

Indwelling time of central catheter beyond 10
days, n (%)

541
(24.3%)

509
(23.3%)

32 (78.0%) <0.001
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Abbreviations: CLABSI, central line-associated bloodstream infection; IQR, interquartile range.

Table 3. Risk factors for central line-associated bloodstream infection in the intensive care unit

Variable Univariate logistic

regression analysis

Multivariate logistic
regression analysis

OR (95% CI) P
value

OR (95% CI) P value

Duration of hospitalisation 1.00 (0.99–
1.01)

0.007 - -

Medical intensive care unit 6.87 (1.36–
125.25)

<0.001 2.56 (1.32–4.88) 0.004

Surgical intensive care unit 3.59 (0.70–
66.09)

0.022 - -

Femoral catheter 1.56 (0.69–
3.45)

0.001 - -

Number of indwelling central catheter 1.30 (1.05–
1.58)

<
0.001

1.32 (1.07–1.59) 0.006

Indwelling time of central catheter
beyond 10 days

8.24 (3.84–
19.32)

<
0.001

8.21 (3.90–18.88) < 0.001

Abbreviations: OR, odds ratio; CI, con�dence interval.

Figures

Figure 1
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Trend of central line-associated bloodstream infection according to the interventions.

Closed diamonds indicate monthly CLABSI rates during each period. The three interventions were
performed during the study. The pre-intervention period began in January 2018 and ended in May 2019.
During period 1, from June 2019 to September 2019, infection control with MBP was performed. During
period 2, from October 2019 to March 2020, procedures with MBP and automated noti�cation of central
catheter days were performed. During period 3, from April 2020 to June 2021, three interventions with
MBP, automated noti�cation of central catheter days and 2% chlorhexidine bathing were performed

Abbreviations: CLABSI, central line-associated bloodstream infection; MBP, maximal barrier precaution.

Figure 2

The effect of the automatic noti�cation of catheter days on CVC days

Abbreviation: CVC, central venous catheter.
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Figure 3

Time-to-event analysis for central venous catheter removal


