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Abstract

We have implemented several preventive measures to reduce central line-associated bloodstream infection (CLABSI) inQ
general intensive care unit (ICU) of a university hospital in Japan. Here, we analyzed the factors associated with CLABSI in patients
with central venous catheter (CVC) insertions and evaluated the effects of our implemented preventive measures. From July 2013
to June 2018, data was collected from the medical records of 1472 patients with 1635 CVC insertions, including age, sex, Acute
Physiology and Chronic Health Evaluation Il (APACHE Il) score, duration of ICU stay, duration of catheter insertion, insertion site,
and mechanical ventilation status. During weekly conferences, a surveillance team comprising intensive care and infection control
doctors and nurses determined the patients’ CLABSI status. The analyzed factors were compared between CLABSI and central
line patients without bloodstream infection. Multivariate analysis revealed three factors associated with CLABSI. Adjusted odds
ratios with 95% confidence intervals were as follows: duration of ICU stay, 1.032 (1.019-1.044); duration of catheter insertion,
1.041 (1.015-1.066); and APACHE Il score, 1.051 (1.000-1.105). The prominent risk factors were associated with the severity
of the initial condition and exacerbation of the clinical condition of the patients during their stays in the ICU. Further strategies to
reduce CLABSI must be developed.

Abbreviations: APACHE Il = Acute Physiology and Chronic Health Evaluation Il, Cl = confidence interval, CLABSI = central
line-associated bloodstream infections, CVC = central venous catheter, ICU = intensive care unit, NHSN = National Healthcare

Safety Network, OR = odds ratio.
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1. Introduction

The Centers for Disease Control and Prevention claim that
although central line-associated bloodstream infections (CLABSI)
are preventable, they are responsible for thousands of deaths each
year, and billions of dollars in added costs to the U.S. healthcare
system.!!l In 2008, the Japanese Healthcare Associated Infection
Surveillance system began nationwide device-related infection
surveillance according to the National Healthcare Safety Network
(NHSN) guidelines in Japan.??! Krein et al®®! reported that nearly
all hospitals in Thailand and the United States monitor CLABSI,
ventilator-associated pneumonia, and catheter-associated urinary
tract infection rates. However, only CLABSI rates were moni-
tored by the majority of hospitals in Japan between 2012 and
2014. In addition, the authors reported that the use of generally
established recommendations, regardless of the type of infection,
seemed to be lower among hospitals in Japan.

To reduce CLABSI, it is important to measure the effects
of preventive efforts using data derived from evidence-based
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surveillance.”! Sakamoto et al®! reported that in Japan, the use
of chlorhexidine gluconate for insertion site antisepsis, antimi-
crobial dressings with chlorhexidine, and central line insertion
bundles for CLABSI have increased from 2012 to 2017. In addi-
tion, Greene et al’® reported that although several recommended
practices for ventilator-associated pneumonia, CLABSI, and
catheter-associated urinary tract infection were implemented,
established surveillance systems were lacking in Dutch, Swiss,
and Japanese hospitals.

Our institution has implemented several CLABSI preventive
measures since July 2013, when we began CLABSI monitoring
with the Japanese Healthcare-Associated Infection Surveillance.
Here, we analyzed the factors associated with CLABSI in
patients with central venous catheter (CVC) insertions in a
single-center general intensive care unit (ICU) in Japan and
evaluated the effects of our implemented preventive measures.
Because there are few detailed reports on CLABSI in Japan, we
compiled our accumulated data over five years to elucidate the
risk factors of CLABSIL.
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2. Materials and Methods

2.1. Study design and data collection

This observational study was approved by the Kyorin University
Ethical Committee (approval no. 382-01). Obtaining informed
consent was waived because of the study’s retrospective
nature and the study complied with the ethical standards of
the Declaration of Helsinki. The observation period was from
July 2013 to June 2018. All patients with CVC insertions were
enrolled for surveillance in an 18-bed general ICU of the 1058-
bed Kyorin University Hospital in Japan. Peripherally inserted
central catheters and cases with unknown insertion sites were
excluded from the analysis. The initial CLABSI preventive
bundles and other preventive measures we have implemented
are summarized in Table 1. At weekly conferences, a surveil-
lance team, including intensivists, infection control doctors,
and infection control nurses, determined the patients’ CLABSI
status.

2.2. Definition of CLABSI

Our surveillance team used the criteria of the Patient Safety
Component Manual of the NHSN. Briefly, laboratory-con-
firmed bloodstream infection must meet one of the following
criteria when an organism(s) identified in the blood is not related
to an infection at another site; patient of any age has a recog-
nized bacterial or fungal pathogen, not included on the NHSN
common commensal list, identified from one or more blood
specimens obtained by a culture or identified to the genus or
species level by non-culture based microbiologic testing meth-
ods. Patient of any age has at least one of the following signs
or symptoms: fever (>38.0 °C), chills, or hypotension and the
same NHSN common commensal is identified by culture from
two or more blood specimens collected on separate occasions.
Patient <1 year of age has at least one of the following signs or
symptoms: fever (>38.0 °C), hypothermia (<36.0 °C), apnea, or
bradycardia and the same NHSN common commensal is identi-
fied by culture from two or more blood specimens collected on
separate occasions.

2.3. Statistical analyses

To statistically determine factors associated with CLABSI,
data were collected from patient medical records, including:
age, sex, Acute Physiology and Chronic Health Evaluation
II (APACHE 1I) score, duration of ICU stay, duration of
catheter insertion, insertion site, and mechanical ventilation
status.

Interventions to prevent CLABSI.

Initial CLABSI preventive bundles

e Hand hygiene with rubbing alcohol for sterilization

e Maximal barrier precautions

® 1% chlorhexidine alcohol skin antisepsis

e Femoral insertion or not (checked by nurses)

The preventive measures added to our protocol

1) The skin cover sheets are changed to gauze if an impermeable sheet is soaked with
sweat (from November 2014).

2) The side tubes of three-way stopcocks in the central venous infusion tubes are
wiped twice with alcohol before and after an injection (from April 2015).

3) Infection control nurses carry out regular inspections of the condition of the cover
sheet fixations and change dressings at regular intervals, and use protective gloves
when changing the infusion tubes (from September 2015).

4) Drug preparation area is fixed to a clean bench (from July 2017).

5) Skin cover sheets must be soaked in chlorhexidine (from Jan 2018).

CLABSI = central line-associated bloodstream infections.
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Data are presented as means = standard deviations and medi-
ans = interquartile ranges for normally and non-normally dis-
tributed continuous variables, respectively. Unpaired #-tests and
Wilcoxon rank-sum tests were used for normally and non-nor-
mally distributed continuous variables, respectively.

Mann-Whitney U and chi-square tests were used to analyze
the differences between CLABSI and non-CLABSI cases, where
appropriate. For the multivariate analysis of factors associated
with CLABSI, logistic regression analysis with a backward-step-
wise procedure was used. Covariates were selected based on
clinical knowledge and previous studies and were used in the
multivariate analysis if P <.l was observed in the univariate
analysis. During multivariate analysis, covariates were retained
if they were found to change the model significantly (P < .05).
The statistical output is reported as an odds ratio (OR) and
a 95% confidence interval (CI). All statistical analyses were
done with IBM SPSS Statistics version 24 (IBM statistics, IBM
Corporation, Chicago, IL). Significance was set at P < .03.

3. Results

A total of 1472 patients with 1635 CVCs were analyzed.
Figure 1 shows the rate of CLABSI assessed once every 3
months from July 2013 to June 2016 and once every 6 months
from July 2016 to June 2018 in accordance with the preven-
tive measures added to our protocol. Although we gradually
added preventive measures, the rate of CLABSI fluctuated, and
no added preventive measures seemed to decrease the rate of
CLABSIL

All patients with CVCs were enrolled for surveillance. The
rates of CLABSI were assessed once every 3 months from July
2013 to June 2016, and once every 6 months from July 2016
to June 2018. The initial CLABSI preventive bundles and other
preventive measures we have implemented are summarized in
Table 1.

Baseline characteristics of the CLABSI (+/-) patients are sum-
marized in Table 2, in accordance with the results of the uni-
variate analysis. Patients with CLABSI had higher APACHE II
scores, longer ICU stays, and longer durations of catheter inser-
tion than those without CLABSI. The rates of mechanical venti-
lation were greater in CLABSI cases.

Table 3 shows the results of the multivariate analysis of fac-
tors associated with CLABSI. Adjusted ORs with 95% CIs were
as follows: duration of ICU stay, 1.032 (1.019-1.044); dura-
tion of catheter insertion, 1.041 (1.015-1.066); and APACHE
II score, 1.051 (1.000-1.105). Multivariate analysis showed
that severely ill patients with longer stays in the ICU and longer
durations of CVC insertion tended to have CLABSI at higher
rates.

Table 4 shows the causative bacterial agents of CLABSI
at our institution. Most of the causative bacterial agents
were not skin-indigenous microorganisms but bacteria of the
Enterobacteriaceae family.

4. Discussion
4.1. Key findings

In this observational study, we evaluated the effects of our addi-
tional preventive measures in reducing the rates of CLABSI in our
general ICU and analyzed the factors associated with CLABSI
over S-years. We found that the rate of CLABSI fluctuated every
3 months, and therefore did not reduce as we expected with our
CVC bundles and additional preventative measures. Statistical
analysis showed that the severity of illness in patients seemed
to have affected the CLABSI rate, as logistic regression analysis
revealed that the factors associated with CLABSI were higher
APACHE 1I scores, longer stays in the ICU, and longer duration
of catheter insertion. These results suggest that CLABSI is highly
associated with a patient’s severity of illness.
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Figure 1. The rates of CLABSI assessed weekly and summarized every 3-6 months, in accordance with the preventive measures added. A surveillance team
comprising intensivists, infection control doctors, and infection control nurses determined the patients’” CLABSI status at weekly conferences. CLABSI = central

line-associated bloodstream infections.

Baseline characteristics of 1472 patients, and results of univariate analysis of factors associated with CLABSI.

CLABSI (+) CLABSI (-) Pvalue

Number of catheters 63 1479
Age (years) Mean (SD) 709 +13.0 67.8+15.8 n/a
Male/female sex 40/23 929/535 n/a
Height Mean (SD) 159.6 + 14.9 159.8 +13.3 n/a
Weight Mean (SD) 58.0 +13.8 56.3 +26.3 n/a
Apache Il score Mean (SD) 221 +8.1 16.5+7.4 P< .01
Duration of hospital stay (days) Mean (SD) 1123+ 720 63.9+799 P< .01
Duration of ICU stay (days) Mean (SD) 62.4 +58.0 13.0+21.2 P<.01
Duration of catheter insertion (days) Mean (SD) 299+ 456 7.8+80 P< .01
Mechanical ventilation no. (%) 57/63 (90.5%) 832/1409 (59.0%) P<.01
Insertion site no. (%) n/a

IV 46 (74.2%) 1205 (83.1%)

Subclavian 2(3.2%) 28 (1.9%)

Femoral 14 (22.6%) 217 (15.0%)

The student’s ¢-test, Mann—Whitney U test, and Chi-square test were used to analyze the differences between patients with and without CLABSI. Peripherally inserted central catheters and cases with
unknown insertion sites were excluded from the analysis. A P value of <.05 was considered statistically significant.
Apache Il = Acute Physiology and Chronic Health Evaluation Il, CLABSI = central line-associated blood stream infection, ICU = intensive care unit, IJV = internal jugular vein, SD = standard deviation.

4.2. Relationship to previous studies

The risk of CLABSI in ICU patients is high,/”! because of the
frequent insertion of multiple or specific types of catheters
(e.g., pulmonary artery catheters) and because catheters are
frequently placed in emergency circumstances, repeatedly
accessed each day, and often needed for extended periods. We

showed that risk factors of CLABSI were higher APACHE II
scores, longer ICU stays, and longer duration of catheter inser-
tion. We interpreted that these factors were associated with the
severity of the patient’s illness, which is consistent with previ-
ous findings.®! Meyer et al® found that males and advanced
acute myeloid leukaemia were the risk factors for blood-
stream infections in neutropenic patients who have undergone
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Multivariate analysis of four factors associated with catheter-
related blood stream infection.

Adjusted OR (95% CI) Pvalue
Duration of ICU stay (days) 1.032 (1.019-1.044) <.001
Duration of catheter insertion (days) 1.041 (1.015-1.066) .001
Apache Il score 1.051 (1.000-1.105) .048

Apache Il = Acute Physiology and Chronic Health Evaluation Il, Cl = confidence interval, ICU =
intensive care unit, OR = odds ratio.

Remarkable causative bacterial agents of CLABSI.

Pseudomonas aeruginosa 11% Klebsiella pneumoniae 10%
Escherichia coli 8% Enterobacter cloacae 7%
Serratia marcescens 7% Staphylococcus aureus (MRS) 6%
Staphylococcus epidermidis 6% Klebsiella oxytoca 5%
Candida albicans 4% coagulase (-) Staphylococcus 4%
Enterobacter aerogenes 4% Enterococcus faecalis 4%

CLABSI = central line-associated blood stream infection.

peripheral blood stem cell transplantation. Lipitz-Snyderman
et al’ found that long-term CVC use increases the likelihood
of bloodstream infections in older adults with cancer. These
results suggest that prominent risk factors were associated
with the severity of the initial condition and exacerbation of
the patient’s clinical condition during their ICU stay.

4.3. Significance and implications

In our study, we found that the insertion site did not increase
the incidence of CLABSI, and infectious disease-causing bac-
teria were not skin-indigenous microorganisms, but bacteria
of the Enterobacteriaceae family. In accordance with the fact
that the mean duration of catheter insertion was 29.9 days, we
speculate that the initial preventive bundles did play a minor
role in reducing the incidence of CLABSI in its early stages,
because our initial bundles included preventive measures at
insertion. In addition, the fact that insertion sites were not
related to the infection rates might be due to our thorough care
for femoral insertion sites. However, although we implemented
several preventive measures for CLABSI, the rates remained
unchanged.

4.4. Strengths and limitations

Several limitations should be mentioned. First, although we
monitored CLABSI, we did not monitor catheter-related
bloodstream infections, as we do not routinely monitor blood-
stream infections related to peripherally insert central cathe-
ters or peripheral intravenous catheters. However, there are
certain risks of bloodstream infection for any intravascular
device," and the risks of catheter-related infection of arterial
catheters may be similar to the short-term risks of CVCs.!'?!
Because we monitored only CLABSI, catheter-related infec-
tion of arterial or venous catheters could have increased
the incidence of CLABSI when a patient has a CVC and an
arterial and venous catheter. Although point incidence rates
of bloodstream infections with arterial catheters seem to be
lower than infection with CVCs, infection from these devices
might have increased the rates of catheter-related bloodstream
infections in our study. Unlike CVCs, routine replacement of
peripheral intravenous catheters decreased catheter-related
bloodstream infections."3 As Mermel suggests,''*! we may
need to include not only CVCs but also arterial catheters and
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peripheral venous catheters as concurrent catheters in future
surveillance.

Second, the mean duration of catheter insertion of 29.9 days
in patients with CLABSI was relatively long, and this result
may suggest that we had unnecessary catheter use. Because
routine replacement of CVC is not recommended,® we do
not routinely replace CVCs. Routine changing of catheters
can decrease the number of infections per catheter but does
not modify the number of infections per day of catheter inser-
tion,"land may even increase the risk of mechanical complica-
tions. In addition, temporary vascular catheters were frequently
inserted in CLABSI (+) patients. Syed-Ahmed et al!'¥ suggested
that chronic kidney disease is associated with a proinflamma-
tory milieu and immune dysfunction encompassing all aspects
of innate and acquired immunity. A stronger effort is needed
to avoid unnecessary catheterization and to encourage prompt
removal of CVCs that are no longer required, particularly for
longer-dwelling catheters.!®!

5. Conclusion

We found that the factors associated with CLABSI were higher
APACHE 1I scores, longer ICU stays, and longer durations of
catheter insertion. The results of our study suggest the need
to avoid unnecessary catheterization and encourage timely
removal.

Author contributions

Conceptualization: Tomoko Yorozu.

Data curation: Kiyoshi Moriyama, Mariko Kotani, Tadao Ando.

Formal analysis: Tomoko Yorozu.

Funding acquisition: Tomoko Yorozu.

Supervision: Tomoko Yorozu.

Writing — original draft: Kiyoshi Moriyama.

Writing — review &amp; editing: Akira Motoyasu, Joho
Tokumine, Harumasa Nakazawa, Mariko Kotani, Tomoko
Yorozu.

References

[1] Centers for Disease Control and Prevention (CDC). Vital signs: central
line-associated blood stream infections — United States, 2001, 2008,
and 2009. MMWR Morb Mortal Wkly Rep. 2011;60:243-8.
Kajihara T, Yahara K, Hirabayashi A, et al. Japan nosocomial infections
surveillance (JANIS): current status, international collaboration, and
future directions for a comprehensive antimicrobial resistance surveil-
lance system. Jpn J Infect Dis. 2021;74:87-96.

Krein SL, Greene MT, Apisarnthanarak A, et al. Infection preven-

tion practices in Japan, Thailand, and the United States: results from

national surveys. Clin Infect Dis. 2017;64(suppl_2):5105-11.

Ling ML, Apisarnthanarak A, Jaggi N, et al. APSIC guide for prevention

of central line associated bloodstream infections (CLABSI). Antimicrob

Resist Infect Control. 2016;5:16.

Sakamoto F, Asano K, Sakihama T, et al. Changes in health care-asso-

ciated infection prevention practices in Japan: results from 2 national

surveys. Am ] Infect Control. 2019;47:65-8.

Greene MT, Krein SL, Huis A, et al. Infection prevention practices in

the United States, the Netherlands, Switzerland, and Japan: results from

national surveys. Infect Control Hosp Epidemiol. 2021;42:1206-14.

[7] Buetti N, Marschall J, Drees M, et al. Strategies to prevent central
line-associated bloodstream infections in acute-care hospitals: 2022
update. Infect Control Hosp Epidemiol. 2022;43:1-17.

[8] Boll B, Schalk E, Buchheidt D, et al. Central venous catheter-related
infections in hematology and oncology: 2020 updated guidelines on
diagnosis, management, and prevention by the Infectious Diseases
Working Party (AGIHO) of the German Society of Hematology and
Medical Oncology (DGHO). Ann Hematol. 2021;100:239-59.

[9] Meyer E, Beyersmann J, Bertz H, et al; ONKO-KISS Study Group. Risk
factor analysis of blood stream infection and pneumonia in neutropenic
patients after peripheral blood stem-cell transplantation. Bone Marrow
Transplant. 2007;39:173-8.

2

3

[4

[5

=



Moriyama et al. ® Medicine (2022) 101:42

[10] Lipitz-Snyderman A, Sepkowitz KA, Elkin EB, et al. Long-term central
venous catheter use and risk of infection in older adults with cancer. |
Clin Oncol. 2014;32:2351-6.

[11] Maki DG, Kluger DM, Crnich CJ. The risk of bloodstream infection in
adults with different intravascular devices: a systematic review of 200
published prospective studies. Mayo Clin Proc. 2006;81:1159-71.

[12] O’Horo JC, Maki DG, Krupp AE, et al. Arterial catheters as a source
of bloodstream infection: a systematic review and meta-analysis. Crit
Care Med. 2014;42:1334-9.

www.md-journal.com

[13] Buetti N, Abbas M, Pittet D, et al. Comparison of routine replacement

with clinically indicated replacement of peripheral intravenous cathe-
ters. JAMA Intern Med. 2021;181:1471-8.

Mermel LA. How should surveillance systems account for concurrent
intravascular catheters? JAMA Netw Open. 2020;3:e200400.

Timsit JE Scheduled replacement of central venous catheters is not nec-
essary. Infect Control Hosp Epidemiol. 2000;21:371-4.

Syed-Ahmed M, Narayanan M. Immune dysfunction and risk of infec-
tion in chronic kidney disease. Adv Chronic Kidney Dis. 2019;26:8-15.



