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Background: Few data are available on hospital-wide incidence of central line−associated bloodstream
infection (CLABSI) rates in patients with central venous catheter (CVC) in China, where many systemic
obstacles holding back evidence-based guidelines implementation exist.
Methods: This study was conducted prospectively in 2 phases. The baseline and intervention phases were
performed in a teaching hospital in China, between January 2017 and October 2018. A systematic quality
improvement (SQI) and multidisciplinary teamwork (MDT) CLABSI infection control program was introduced
in the intervention phase. In the intensive care units (ICUs) and non-ICUs, CLABSIs were continuously moni-
tored, data collected, then analyzed.
Results: After intervention, the CLABSI rate decreased from 2.84-0.56 per 1,000 CVC days in ICUs (P < .001),
and from 0.82-0.47 per 1,000 CVC days in non-ICUs (P = .003). The length of time until CLABSI occurrence
increased from 8.72-13.60 days in ICUs (P = .046), and from 10.00-12.00 days in non-ICUs (P = .048). The num-
ber of multidrug-resistant bacteria isolated from CLABSI episodes decreased both in ICUs and in non-ICUs.
Conclusions: The SQI and MDT CLABSI infection control program is effective in reducing hospital-wide
CLABSI in patients with CVC, both in ICUs and in non-ICUs.
© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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TaggedPThe Centers for Disease Control and Prevention (CDC) definition of
a central venous catheter (CVC) is an intravenous catheter in which
the tip terminates in 1 of the great vessels at or close to the heart.1

With the development of advancing health care, the use of a CVC has
become a fundamental part of the management of patients, including
hemodynamic monitoring and the delivery of lifesaving treatments
such as intravenous fluids, blood products, antibiotics, chemotherapy,
hemodialysis, and total parenteral nutrition. However, a central line
−associated bloodstream infection (CLABSI) can occur when a CVC is
inserted or maintained improperly, and result in significant costs to
health systems and society because such infections increase the risk
of morbidity and mortality, as well as prolonged hospitalizations.2

In developing countries, the accurate rate of CLABSI is often underes-
timated,3 and only limited data on CLABSI have been reported to date
in China.4 Nearly 90% of catheter-related bloodstream infections
are caused by CVCs;5 however, according to the unpublished data, in
our hospital four-fifths of CLABSI events have occurred in CVC
patients. Therefore, the prevention of CLABSI related to CVCs is very
important.TaggedEnd

TaggedPThe CDC and the Society for Healthcare Epidemiology of America
have published evidence-based guidelines and procedures about
CVC.6 Previous data from intensive care units (ICUs) have concluded
that CLABSIs are preventable with adherence to evidence-based
practices and infection prevention bundles.7,8 Between 2008 and
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2013, CLABSI rates have decreased by 46% across the United States,
the dramatic decrease of which was attributed to large-scale proj-
ects that focused on implementing best practices to reduce CLABSI
in ICUs.9 However, a recent study in China showed that the CLABSI
rate was 7.66 per 1,000 CVC days in 7 ICUs in 4 hospitals,10 which is
similar to the pooled rate of 6.8 per 1,000 CVC days in ICUs from
developing countries, described in the last International Nosoco-
mial Infection Control Consortium report,11 but more than 3-fold
higher than the 1.65 per 1,000 CVC days in ICUs, which is compara-
ble to the US ICUs described in the National Health Safety Network
(NHSN) report.12 Therefore, the CLABSI rates in China and other
developing countries are still a prominent issue. In addition, many
of these studies focused on CVC-related infections only in ICUs.
Although a large number of non-ICU patients are known to have
CLABSI,12 adequate research has not yet been conducted on non-
ICU patients. TaggedEnd

TaggedPThe evidence-based practices for preventing CLABSI are often not
optimistic in China. The high rate of CLABSI reported in these Chinese
ICUs, as in other middle income countries, might be related to low
compliance of use of sterile drape to cover patients from head-to-toe
and the use of >0.5% chlorhexidine for skin preparation at CVC inser-
tion, although dressings are changed more often than recommended
and assessment on the need of the CVC is not always conducted on a
daily basis during maintenance.13 The clinical, infection control, med-
ical, nursing, and equipment departments are involved in CVC man-
agement. Multidisciplinary teamwork (MDT) and CVC management
hospital policies are necessary to promote different departments in
their various roles in preventing CLABSI. In the present study, we
focused on the systemic barriers of implementing CLABSI prevention
efforts, established a systematic quality improvement (SQI) and MDT
infection control program, and evaluated its effect on the incidence of
CLABSI in patients with CVC, both in ICUs and in non-ICUs in our
hospital.TaggedEnd

TAGGEDH1METHODSTAGGEDEND

TaggedH2Study setting and subjectsTaggedEnd

TaggedPThis study was conducted prospectively between January 2017
and October 2018 at Renmin Hospital of Wuhan University, which is
a general teaching hospital with a capacity of 3,500 beds located in
Wuhan, China. Annually, the total number of inpatients exceeds
160,000, and more than 80,000 surgeries are performed in this hospi-
tal. The patients in this study were new admissions to the hospital
who had undergone CVC insertion between January 1, 2017, and
October 31, 2018, including general ward, emergency room, operat-
ing room, and ICUs. The ICUs contain 97 beds in total, including car-
diothoracic ICU (12 beds), medical ICU (45 beds), and surgical ICU
(40 beds). No newborns in our hospital had undergone CVC insertion.
The participating ICUs admit patients according to the type of care
needed, regardless of age. The patients were recruited consecutively
and followed up until death or discharged. TaggedEnd

TaggedH2Study design and interventionTaggedEnd

TaggedPThis 22-month study was conducted in 2 phases: the baseline
phase (January 1, 2017, to October 31, 2017) and the intervention
phase (November 1, 2017, to October 31, 2018). Continuous prospec-
tive surveillance of CLABSI was performed throughout the entire
period. The ethics committee of our hospital approved the study pro-
tocol. Because the intervention and data collection were performed
as a quality improvement study, informed consent was waived by the
ethics committee of our hospital.TaggedEnd

TaggedPDuring the baseline phase, the infection control practitioners
(ICPs) did not mandate that medical staff adhere to the CVC evidence-
based guidelines. Compliance with CVC insertion and maintenance
bundles by various practitioners was variable and seldom completed.
Formal and activated CVC monitoring and education were not per-
formed to prevent CLABSI.TaggedEnd

TaggedPIn late 2017, with engagement of senior executive leadership, a
CLABSI multidisciplinary team chaired by the vice president was
established, including ICPs, anesthesia department and ICU physi-
cians, infectious disease specialists, epidemiology staff, heads of the
departments of medicine, nursing, equipment, central sterile supply,
information technology, and microbiology. This SQI and MDT infec-
tion control program involved implementing evidence-based inter-
ventions or best practices designed to reduce CLABSI. As stipulated,
teammembers participated in monthly meetings to evaluate progress
with compliance, difficulties and successes, and to reinforce the
interventions.14TaggedEnd

TaggedPThe following 6 guidelines were addressed:

TaggedEndTaggedP

(1) Develop written hospital policies regarding CVC management
and standard operating procedure of CVC insertion, mainte-
nance, and care by MDT, including the responsibilities of differ-
ent involved management departments; the standardized room
for insertion, indications, and contraindications for CVC place-
ment; proper procedures for insertion and maintenance; effec-
tive hand hygiene; and aseptic technique during catheter
insertion and care.TaggedEnd

TaggedP

(2) Establish a dedicated CVC team for our hospital. The CVC team
was responsible for early identification of candidates in need of
CVC insertion and maintenance, promoting best practice and
minimizing variability in technique. Only credentialed medical
staff were allowed to operate and assessed periodically. Clinical
departments that had no credentialed member of CVC insertion
could have insertion performed through consultation. Depart-
ments that frequently used CVC should have >1 nurse creden-
tialed to maintain CVC through training.TaggedEnd

TaggedP

(3) Use carts with all supplies for CVC insertions and an all-inclu-
sive maintenance package. All of the items of maximal sterile
barrier precautions, including full-body drape and sterile
gown should be included in the carts for CVC insertions. The
CVC MDT entered a contract with the CVC insertion packs pro-
viders in our hospital to change the small sterile drapes to the
full-size sterile drapes (120£ 200 cm). The central sterile sup-
ply department was required to provide all-inclusive CVC
maintenance package for the whole hospital. The CVC brands
and access ports and connectors were the same during the
study phases. TaggedEnd

TaggedP

(4) Enhance hand hygiene practices. Hand hygiene before CVC
insertion and manipulation were emphasized, particularly for
the dedicated CVC team. We provided antiseptic foam (water
not required) near the entrance of every room door in each
clinical department and beside each bed in the ICUs to enable
staff, patients, and visitors to disinfect their hands easily. We
provided antiseptic foam on each cart used for CVC insertion,
maintenance, or treatment. Hand rub on the cart was available
at the point of care outside of the ICU. Hand hygiene monitor-
ing had been performed according to the World Health Organi-
zation (WHO) “Five Moments for Hand Hygiene.”15 TaggedEnd

TaggedP

(5) Educate. We developed a formal and active education program
involved in insertion, care, and maintenance of CVC to prevent
CLABSI. All CVC teammembers should receive quarterly reeduca-
tion organized by MDT, and attendance at these sessions was
mandatory. The teaching strategy was in the form of a
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combination of instructor-led courses and discussions through
photo slides showing proper procedures and mistakes.TaggedEnd

TaggedP

(6) Surveillance, evaluate, and feedback. Surveillance for CLABSI
conducted by trained ICPs was implemented in ICUs and non-
ICUs. The standard surveillance methods of the NHSN were
used.16 Key process measure audits were performed weekly
through paper-based standard checklist by ICPs, the director,
head nurse, and ICPs. Recent outcomes and quality improve-
ment efforts were reviewed and reassessed monthly by the
MDT, and feedback to all health care staff.TaggedEnd

TaggedH2CLABSI definitions and microbial identificationTaggedEnd

TaggedPThe CDC/NHSN definitions are used to define CLABSI, excluding
infections already present on admission and secondary bloodstream
infection.17 CLABSI is defined as a bloodstream infection (ie, a patho-
gen identified in a blood culture) in a patient who has a CVC at the
time of or within 48 hours prior to the positive blood culture, in the
absence of infection at another site. Mucosal barrier injury labora-
tory-confirmed bloodstream infections were excluded from the anal-
yses, because the mechanisms responsible for them, such as
translocation of gastrointestinal organisms, are different. Bacteria
were cultured using standard microbiological methods. They were
identified by conventional methods according to the Kirby-Bauer
disk diffusion technique and the VITEK 2 system (bioM�erieux, Marcy,
l’Etoile, France). The results of antibiotic susceptibility testing for the
isolated microbes causing CLABSI were interpreted according to the
recommendations of the Clinical Laboratory Standard Institute.18 A
primary laboratory-confirmed bloodstream infection was defined as
(1) a patient with a recognized pathogen (Staphylococcus aureus,
Enterococcus spp, Escherichia coli, Pseudomonas spp, Klebsiella spp,
Candida spp, and others) cultured from ≥1 blood culture, in which
the organism cultured was not related to an infection at another site;
or (2) a patient found to have at least 1 of the following signs or
symptoms: fever (>38°C), chills, or hypotension and signs and symp-
toms and positive laboratory results were not related to an infection
at another site and the same common commensal was cultured from
≥2 blood cultures drawn on separate occasions. Criterion elements
must occur within a time frame that does not exceed a gap of 1 calen-
dar day between 2 adjacent elements. Given that a patient could
develop >1 CLABSI episode, a new episode was defined by the isola-
tion of a different microorganism from subsequent blood cultures.
Multidrug resistance was defined as no susceptibility to at least 1
antimicrobial agent in ≥3 drug classes.19 TaggedEnd

TaggedH2Data collectionTaggedEnd

TaggedPWe introduced a real-time nosocomial infection monitoring sys-
tem that captured laboratory data, CLABSI events, and CVC character-
istics, including: the number of times a patient received a CVC during
a hospital stay, the location of the insertion, type of organism and
antimicrobial susceptibility, and the duration of CVC retention. In
ICUs, disease severity was measured according to the acute physiol-
ogy and chronic health evaluation II score. In the CDC methodology,
CVC days were calculated for each day that a patient had ≥1 CVCs in
place. During both phases, the surveillance was conducted by the
same ICPs adhering to CDC/NHSN. Collection methods for all data ele-
ments were the same for all periods of study and analysis. To reduce
subjective bias, all of the attending ICPs had >2 years IPC experience
and received standardized training about CLABSI and this program
before our study started. Monthly CLABSI rates were reported as
number of CLABSI events per 1,000 CVC days. The CVC utilization
ratio was calculated by dividing CVC days by total patient days.13 In
addition, at least 2 ICPs and 2 physicians together checked every
CLABSI case submitted to ensure data quality. All data collection
sheets were reviewed by a trained research physician for potential
errors. The staff responsible for data collection and analysis were
blinded to the infection control program.TaggedEnd
TaggedH2Data analysisTaggedEnd

TaggedPAll of the experimental data were analyzed using the SPSS pro-
gram (version 18.0; SPSS, Inc, Chicago, IL). Continuous variables were
described as mean § SD or median (interquartile range) as appropri-
ate. Categorical data are presented as counts and percentage. Univari-
ate tests of significance used an independent Student t test for
normally distributed continuous data, the Mann-Whitney U test for
non-normally distributed continuous data, and the X2 test or the
Fisher exact test for categorical data, in which analysis assumptions
were met. The CLABSI rates were calculated by dividing the number
of CLABSI pooled over the study period by 1,000 CVC days. Compari-
sons in incidence were drawn between before and after intervention
using the unadjusted incidence relative risk (RR) ratios, which is
defined as the ratio of events per defined period of time. All tests
were 2-sided, and P values <.05 were considered significant.TaggedEnd
TaggedH2ResultsTaggedEnd
TaggedPGeneral characteristics of subjects and CVC insertionTaggedEnd
TaggedPThe general characteristics of the subjects during the baseline and

intervention phases are shown in Table 1. In ICUs, there were 661
and 945 patients in the baseline and intervention phases, respec-
tively. In non-ICUs, there were 6,827 and 9,409 patients in the base-
line and intervention phases, respectively. There were no significant
differences in sex, age, the number of times a patient received a CVC,
and insertion place of a CVC between the baseline and intervention
phases, either in ICUs or in non-ICUs. In ICUs, there was no significant
difference in the acute physiology and chronic health evaluation II
score between the baseline and intervention phases. There was no
significant change in the proportion of retention days of CVC >7 days
in ICUs between the baseline and intervention phases, whereas the
proportion of retention days of CVC >7 days was decreased in non-
ICUs after intervention (P = .04).TaggedEnd
TaggedPCLABSITaggedEnd

TaggedPCLABSI incidenceTaggedEnd. TaggedPThe incidence of CLABSI during the baseline and
intervention phases is shown in Table 2 and Figure 1. During the
baseline phase, a total of 86 CLABSI events occurred, of which 68
(79.07%) were in non-ICUs. In ICUs, the CLABSI rate decreased from
2.84-0.56 per 1,000 CVC days after intervention (RR, 0.20; 95% confi-
dence interval [CI], 0.07-0.53; P < .001), and sustained a rate of 0
infections for 6 months. In non-ICUs, the CLABSI rate decreased from
0.82-0.47 per 1,000 CVC days after intervention (RR, 0.57; 95%
CI, 0.39-0.83; P = .003). TaggedEnd

TaggedPCVC utilization ratioTaggedEnd. TaggedPIn ICUs, the CVC utilization ratio was similar
before and after intervention (P = .191). In non-ICUs, the CVC utiliza-
tion ratio decreased from 0.092-0.083 after intervention (P < .001).
There was no significant decrease in the CVC retention days in ICUs
(P = .920), whereas the CVC retention days in non-ICUs decreased
from 12.01-10.22 days (P < .001) after intervention.TaggedEnd

TaggedPLength of time until CLABSI occurrenceTaggedEnd. TaggedPAfter intervention, the length
of time until CLABSI occurrence increased from 8.72-13.60 days in
ICUs (P = .046), and increased from 10.00-12.00 days in non-ICUs
(P = .048).TaggedEnd



TaggedEndTable 1
General characteristic of study subjects during the baseline and intervention phases

Patients in ICUs Patients in non-ICUs

Characteristics Baseline (n = 661) Intervention (n = 945) P value Baseline (n = 6,827) Intervention (n = 9,409) P value

Male, % 393 (59.46) 601 (63.60) .09 3,579 (52.42) 4,978 (52.91) .54
Age (y) 62.61 § 17.57 62.46 § 16.54 .85 57.14 § 17.57 57.09 § 16.42 .98
No. of times a patient received a CVC
1 507 (76.70) 705 (74.60) .57 5,157 (75.54) 7,081 (75.26) .91
2 89 (13.46) 144 (15.24) — 1,235 (18.09) 1,716 (18.24) —
≥3 65 (9.83) 96 (10.16) — 435 (6.37) 612 (6.50) —
Insertion place of CVC
OR 162 (17.84) 221 (17.13) .81 4,944 (55.10) 6,836 (54.38) .54
ICU 706 (77.75) 1,006 (77.98) — 614 (6.84) 890 (7.08) —
Others 40 (4.40) 63 (4.88) — 3,415 (38.06) 4,845 (38.54) —
Retention of CVC (d)
≤7 569 (62.66) 824 (63.88) .56 3,596 (40.08) 5,213 (41.47) .04
>7 339 (37.33) 466 (36.12) — 5,377 (59.92) 7,358 (58.53) —
APACHE II at insertion 14.90 § 5.58 15.14 § 6.42 .82 —

APACHE II, acute physiology and chronic health evaluation II score; CVC, central venous catheter; ICUs, intensive care units; OR, operating room.
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TaggedPPathogens that cause CLABSITaggedEnd. TaggedPTable 3 shows the pathogens responsi-
ble for the CLABSI events in this study. Almost all of the infection epi-
sodes involved only 1 pathogen, and only 1 episode with 2 pathogens
in ICUs was identified. In ICUs, 19 pathogens were identified during
the baseline phase; 47.37% of the identified microorganisms were
gram-negative bacteria (mainly Acinetobacter spp), whereas 26.32%
were gram-positive bacteria (mainly Staphylococcus spp) and 26.32%
were fungi (mainly Candida spp). After intervention, only 5 pathogens
were identified in ICUs, including 1 S aureus, 1 Acinetobacter bauman-
nii, 1 Candida parapsilosis, and 2 Candida albicans. In non-ICUs, 68
pathogens were identified during the baseline phase; 52.94% of the
identified microorganisms were gram-positive bacteria (mainly
Staphylococcus spp), and whereas 35.29% were gram-negative bacte-
ria (mainly Acinetobacter spp and Klebsiella spp) and 11.76% were
fungi (mainly Candida spp). After intervention, only 45 pathogens
were identified in non-ICUs; 44.44% of the identified microorganisms
were gram-negative bacteria (mainly Klebsiella spp), whereas 33.33%
were gram-positive bacteria (mainly Staphylococcus spp), and 22.22%
were fungi (mainly Candida spp). In ICUs, a total of 12 and 2 multi-
drug-resistant bacteria were identified in the baseline and interven-
tion phases, respectively, and carbapenem-resistant Acinetobacter
baumannii (CRAB) were identified as the dominant multidrug-resis-
tant bacteria. In non-ICUs, a total of 28 and 16 multidrug-resistant
bacteria were identified in the baseline and intervention phases,
respectively, and methicillin-resistant staphylococcus aureus (MRSA)
TaggedEndTable 2
CLABSI during the baseline and intervention phases

In ICUs

Characteristics Baseline Intervention RR (95% CI) P va

No. of patients 1,953 2,410 — —
No. of CVC patients 661 945 — —
No. of CVC insertions 908 1,290 — —
No. of patients d 16,870 23,196 — —
No. of CVC d 6,326 8,901 — —
No. of CLABSI 18 5 — —
CLABSI rate (per 1,000 CVC d) 2.84 0.56 0.20 (0.07 - 0.53) <.00
CVC utilization ratio

(CVC d / patient d)
0.37 § 0.01 0.37 § 0.02 .191

Retention of CVC (d) 9.41 § 8.12 9.32 § 7.24 .920
Length of time until

CLABSI occurrence
8.72§ 4.20 13.60§ 5.86 .046

CI, confidence interval; CLABSI, central line−associated bloodstream infection; CVC, central ve
and meticillin-resistant coagulase-negative Staphylococcus spp were
identified as the dominant multidrug-resistant bacteria. After inter-
vention, there was a significant decrease in the occurrence of CLABSI
caused by multidrug-resistant bacteria, both in ICUs (RR, 0.118; 95%
CI, 0.027-0.529; P =.001) and in non-ICUs (RR, 0.494; 95% CI, 0.267-
0.912; P =.021).TaggedEnd

TAGGEDH1DISCUSSIONTAGGEDEND

TaggedPIn China, CLABSI still poses a huge and largely under-recognized
threat to patient safety.10 In the previous studies, most surveillance
and intervention have focused on CLABSI in ICUs.9 Recent data sug-
gest non-ICUs have CVC utilization rates that are considerably
lower than those of ICUs, but CLABSI rates are similar to those in
ICUs.20 In our study, we found that about four-fifths of CLABSI
events occurred in non-ICUs, although the incidence of CLABSI in
ICUs was higher than that found in non-ICUs. To reduce the occur-
rence of CLABSI in our hospital, we need to pay attention to that in
both ICUs and non-ICUs. TaggedEnd

TaggedPA study suggested that strategies for reducing CLABSI in non-ICUs
should be different from ICUs because of less-frequent insertion of
CVC in non-ICUs.9 With the development of advancing health care
and the aging of the population, dialysis and the elderly, and critically
ill patients, CVC insertion is very common in non-ICUs. We believe
that CVC insertion in non-ICUs should not be ignored when
In non-ICUs

lue Baseline Intervention RR (95% CI) P value

92,332 118,744 — —
6,827 9,409 — —
8,973 12,571 — —
906,146 114,9812 — —
82,924 95,980 — —
68 45 — —

1 0.82 0.47 0.57 (0.39 - 0.83) .003
0.092 (0.090 - 0.092) 0.083 (0.082 - 0.084) <.001

12.01 § 10.32 10.22 § 9.32 <.001
10.00 (6.00 - 12.00) 12.00 (8.00 - 15.00) .048

nous catheter; ICUs, intensive care units; RR, relative risk.
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Fig 1. The CLABSI rate and the CVC utilization ratio in ICUs and non-ICUs during the baseline and intervention phases. CLABSI, central line−associated bloodstream infection; CVC,
central venous catheter; ICUs, intensive care units.TaggedEnd
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implementing infection control and broader quality improvement
initiatives. A previous study suggested that a reduction of hospital-
wide CLABSI was reached with a comprehensive, multidisciplinary,
and multimodal quality improvement program, including aspects of
behavioral change and key principles of good implementation prac-
tice in a developed country.21 TaggedEnd
TaggedEndTable 3
Microorganisms isolated from CVC patients with a CLABSI, before and after intervention

In ICUs

Classification Baseline (n,%) Interv

Pathogenic microorganisms 19 5
Gram-positive bacteria 5 (26.32) 1 (20.0

Staphylococcus spp 4 1
Enterococcus spp 1 0
Streptococcus spp 0 0

Gram-negative bacteria 9 (47.37) 1 (20.0
Acinetobacter spp 5 1
Enterobacter spp 1 0
Escherichia spp 0 0
Pseudomonas spp 1 0
Klebsiella spp 2 0
Serratia spp 0 0

Fungi 5 (26.32) 3 (60.0
Candida spp 5 3

Multidrug-resistant bacteria 12 2
CRAB 5 1
MRSA 1 0
CRPA 1 0
CRE 1 0
Others 4 1

CRAB, carbapenem-resistant Acinetobacter baumannii; CRE, carbapenem-resistant Enteroba
units;MRSA, methicillin-resistant Staphylococcus aureus; Others, ESBL-producing organisms,
TaggedPDuring the baseline phase, the CLABSI rate was 2.84 per 1,000
CVC days in ICUs, which was higher than that reported by the
NHSN;22 however, it was lower than that reported in the investiga-
tion from China.10 In non-ICUs, the CLABSI rate was 0.82 per 1,000
CVC days, which was similar to the rate reported by the NHSN.22 It
should be considered that the bacterial examination rate of blood
In non-ICUs

ention (n,%) Baseline (n,%) Intervention (n,%)

68 45
0) 36 (52.94) 15 (33.33)

27 12
8 2
1 1

0) 24 (35.29) 20 (44.44)
7 4
3 4
5 3
2 1
6 7
1 1

0) 8 (11.76) 10 (22.22)
8 10
28 16
5 2
10 4
0 1
3 4
10 5

cteriaceae; CRPA, carbapenem-resistant Pseudomonas aeruginosa; ICUs, intensive care
meticillin-resistant coagulase-negative Staphylococcus spp, and so on.
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and catheter tips specimens may be relatively low, resulting in
under registration of CLABSI. Although physicians during the CVC
insertion and nurses during the CVC care and maintenance play
important roles in implementing evidence-based measures for the
prevention of CLABSI, there were some systemic obstacles holding
back the implementation in our hospital before this program. The
sterile drapes were too small during CVC insertion, and the mainte-
nance package was not standardized. The coordination and commu-
nication between relevant departments were not good, and the
knowledge and appropriate training were inadequate. Here, we
show that the SQI and MDT infection control program dedicated to
improving the quality and safety of CVC insertion and maintenance
resulted in a significant hospital-wide CLABSI reduction. Consider-
ing that the NHSN’s CLABSI and site-specific infections surveillance
definition changes resulted in a relatively fluctuate in CLABSI
rates,23 we used consistent definitions during the whole research
process in this study. After intervention, the incidences of CLABSI in
ICUs and non-ICUs were decreased to 0.56 per 1,000 CVC days and
0.47 per 1,000 CVC days, respectively, which were lower than the
CLABSI rates reported by the NHSN.22 Additionally, no CLABSI event
was reported in ICUs, from May 2018 to October 2018. The length
of time until CLABSI occurrence in ICUs increased from 8.7-
13.6 days, which was longer than the 7.5 days reported by Klint-
worth.24 The length of time until CLABSI occurrence in non-ICUs
increased from 10.0-12.0 days, which was similar to the 13 days
reported by Klintworth.24 The increased length of time until CLABSI
occurrence indicated improvement in CLABSI prevention both in
ICUs and in non-ICUs. After intervention, CVC retention days in
non-ICUs decreased and CVC utilization ratio further decreased, but
the retention days and the CVC utilization ratio in ICUs did not
change. The reduction of the CVC utilization ratio in non-ICUs may
be related to the decrease of CVC retention days. In addition, our
study provided evidence that evidence-based guidelines and bun-
dles about CVC are effective for the prevention of CLABSI, and the
implementation of evidence-based practices for CVC operation is
critical. In the process of moving evidence to practice, including the
development of CVC management policy, the management of oper-
ational qualification, the establishment of dedicated CVC teams, and
the standardization of insertion and maintenance packages, multi-
ple departments are involved. We believe that the SQI and MDT
infection control program of CLABSI is a strong guarantee for the
success of preventive measures. TaggedEnd

TaggedPIt is important to monitor local pathogens and drug sensitivities to
better guide antibiotic therapy. In our study, we found that the main
pathogens causing CLABSI in our hospital were Staphylococcus spp,
Candida spp, and Acinetobacter spp. During the baseline phase, Acine-
tobacter spp was the main pathogen of CLABSI in ICUs, and Staphylo-
coccus spp was the main pathogen of CLABSI in non-ICUs. After
intervention, the number of pathogenic bacteria isolated from CLABSI
episodes, both in ICUs and in non-ICUs, was decreased. In recent
years, the proportion of coagulase-negative Staphylococcus causing
CLABSI has decreased, with a slight increase of Candida species,25

which is consistent with the results in our study. Before intervention,
CRAB was the predominant multidrug-resistant bacteria in CLABSI in
ICUs, and MRSA was the predominant multidrug-resistant bacteria in
non-ICUs. In the present study, the number of multidrug-resistant
bacteria isolated from CLABSI episodes was decreased both in ICUs
and in non-ICUs after intervention.TaggedEnd

TaggedPThere are some limitations in this study. As a quality improve-
ment study, we cannot make a definitive conclusion concerning
the effectiveness of a specific intervention, and we believe that
several unique interventions in our CLABSI prevention program
directly contributed to the success. Because this is a single-center
study, the results should be interpreted with caution. In addition,
the results may be biased by the relative large proportion of
patients with severe illness, since the study was performed in a
tertiary care hospital. TaggedEnd

TaggedPTo our knowledge, this is the first study to report the intervention
of CLABSI, both in ICUs and in non-ICUs in China, with detailed micro-
biology data, which provides important information for future com-
parative studies. By carrying out hospital-wide surveillance, we
found that substantial numbers of CLABSI events occurred in non-
ICUs, showing that surveillance for CLABSIs is necessary in non-ICUs
as well as in ICUs.TaggedEnd

TAGGEDH1CONCLUSIONSTAGGEDEND

TaggedPThe results of our findings highlight the importance of hospital-
wide surveillance for CLABSIs. The SQI and MDT infection control pro-
gram is effective in reducing hospital-wide CLABSI in patients with
CVC, both in ICUs and in non-ICUs.TaggedEnd
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