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Abstract

Objective: This study was performed to evaluate the effect of care bundles on the prevention of

central venous catheter-related bloodstream infection (CRBSI) and improvement of patients’

experience.

Methods: In total, 212 patients with central venous catheter insertions were enrolled in this

study. All patients were matched by sex, age, Acute Physiology and Chronic Health Evaluation II

score, body mass index, department, and catheter insertion site and were randomly divided into

case and control groups (n¼ 106 each). The control group was given conventional care, and the

case group was given care bundles including nurse education, hand hygiene, maximal sterile barrier

precautions, bedside observation, and evaluation. The anxiety scores, hospitalization days, CRBSI

rate, and degree of satisfaction with hospitalization were compared between the two groups.

Results: The patients’ mean self-rating anxiety scale score and self-rating depression scale score

after nursing intervention were significantly lower in the case group than in the control group.

The mean number of hospitalization days and CRBSI rate were significantly lower and the

satisfaction rate was significantly higher in the case group.

Conclusion: Care bundles are essential for preventing CRBSI. They can improve patients’

psychological state and hospitalization satisfaction and reduce the hospitalization days.
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Introduction

Catheter technology is becoming more
complex with the development of medical
technology. Various catheters have emerged
as important tools with which to carry out
hemodynamic monitoring, infusion, paren-
teral nutrition support, and other proce-
dures. Central venous catheters (CVCs)
are an important development in catheter
technology and are widely used in intensive
care units (ICUs) and for hemodialysis,
parenteral nutrition support, renal replace-
ment therapy, chemotherapy, intervention-
al therapy, and various types of invasive
monitoring.1,2 Despite the potential benefits
of CVCs, these devices have a high risk of
catheter-related complications including
mechanical injury, infection, and
thrombosis.3 Among these complications,
bloodstream infection [known as catheter-
related bloodstream infection (CRBSI)] is a
very important complication that can pro-
long the hospital stay and increase hospital-
ization costs and mortality.1,4,5 No
nationwide survey on the prevalence of
CRBSI in China has been performed. The
incidence of CRBSI varies among different
hospitals. Xinman et al.6 reported that the
incidence of CRBSI decreased from 7.9 per
1000 catheter days in 2012 to 6.4 per 1000
catheter days in 2015. In other studies, the
incidence of CRBSI ranged from 4.52 to
8.10 per 1000 catheter days.7–10 However,
Han et al.11 found that the incidence of
CRBSI was lower and that the incidence
of central line-associated bloodstream
infection (CLABSI) was 2.84 per 1000 cath-
eter days in ICUs and 0.82 per 1000
catheter days in non-ICUs. Therefore, the
importance of catheter management has
been emphasized throughout the literature.

Additionally, several studies have shown
that when patients are physically sick and
treated in a hospital, they are more prone to
develop anxiety and depression due to the
direct or indirect stress from their illness.12–15

Therefore, hospitalized patients who under-
go CVC insertion are likely to have an anx-

iety disorder or depression. Care bundles

are likely to improve the psychological
state of patients with CVCs.

This study was performed to evaluate the

effect of care bundles on prevention of
CRBSI and improvement of the patient

experience among patients with CVCs.

Patients and Methods

Patients

Patients who underwent new CVC inser-
tions in the ICU, general surgery ward,

and emergency ward from June 2017 to

May 2019 were enrolled in this study. The
inclusion criteria were CVC insertion for

infusion, parenteral nutrition support, or
hemodynamic monitoring; the absence of

infection; and a conscious state with agree-

ment with the study protocol. The exclusion
criteria were long-term use of antibiotics,

glucocorticoids, and immunosuppressants
and placement of a Swan–Ganz catheter.

All patients were matched by sex, age,

Acute Physiology and Chronic Health
Evaluation II (APACHE II) score, body

mass index (BMI), department, and cathe-
ter insertion site. They were randomly

divided into a case group and control

group.

Methods

Patients with CVCs in the control group

were given conventional nursing care
during their hospital stay. They received

the same treatment as the patients in the

control group in addition to care bundles.
The catheter management measures for

patients with CVCs in the case and control
groups are shown in Table 1.

This study was approved by the ethics

committee of Beijing Shijitan Hospital
(Institutional Review Board No. 2017036),
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and all patients provided written informed
consent.

Diagnostic criteria for CRBSI16,17. Patients who
met at least one of the following diagnostic
criteria for CRBSI were defined as con-
firmed cases. (1) Positive semi-quantitative
catheter culture (�15 CFU per catheter seg-
ment) or positive quantitative catheter cul-
ture (�1000 CFU per catheter segment) was
obtained at least once, along with a positive
peripheral venous blood culture with con-
firmation of the same offending organism
as in the catheter culture. (2) The blood
samples from the catheter and peripheral
vein were quantitatively cultured at the
same time, and the CFU ratio was �5:1
between the two samples. (3) The blood
samples from the catheter and peripheral
vein were qualitatively cultured at the
same time, and the time to detection of
the former was at least 2 hours earlier
than that of the latter. (4) The same offend-
ing organisms were detected from the
peripheral venous blood and pus at the
outlet of the catheter.

Cases who met at least one of the follow-
ing criteria were defined as clinically diag-
nosed cases: (1) The patient had clinical
manifestations of severe infection, and the
quantitative or semi-quantitative culture of
the catheter tip or catheter segment was
positive but the blood culture was negative.
No source of infection other than the cath-
eter could be found, and within 48 hours of
removing the catheter, no new antibiotics
were used and the symptoms of infection
were improved. (2) The patient had clinical
manifestations of fever, chills, and/or hypo-
tension. Additionally, at least two blood
cultures were positive (one of which was
derived from peripheral venous blood),
and the offending microorganisms from
the two blood cultures were the same
as the symbiotic microorganisms on the
skin (such as diphtheroids, Bacillus,
Propionibacterium, coagulase-negativeT
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Staphylococcus,Micrococcus, and Candida).

However, the catheter segment culture was

negative, and there were no other factors

that could cause bloodstream infection.

Evaluation of patients’ psychological state. The

patients’ psychological state was scored

using the self-rating depression scale

(SDS)18 and self-rating anxiety scale

(SAS).19 The SDS and SAS were designed

by Zung18,19 and are two widely used self-

report measures in the area of depression

and anxiety. Both are 20-item Likert

scales in which psychological and physio-

logical symptoms are rated by the respond-

ents according to how each symptom

applied to them within the past week. The

SDS and SAS use a 4-point scale ranging

from 1 (none or a little of the time) to 4

(most or all of the time). The SDS items

are based on factor analytic studies of

depression symptoms,18 whereas the SAS

items are affective symptoms based on diag-

nostic criteria listed in the major American

psychiatry literature.19 The total score for

both the SDS and SAS ranges from 20 to

80. A higher score indicates more severe

anxiety or depression.

Evaluation of patients’ satisfaction with

hospitalization. On the day of discharge, the

patients were asked to complete our self-

made questionnaire on the satisfaction of

medical services for inpatients, which was

based on the content of the patient satisfac-

tion survey prescribed by the former

Ministry of Health20 and reflected the

inputs of medical staff and management

experts of our hospital. The hospitalization

satisfaction scores were divided into excel-

lent (>90%), good (70%–89%), and poor

(<70%) according to the ratio of the score

for each questionnaire form to the total

score.21 The satisfaction rate was defined

as the proportion of questionnaire forms

with an “excellent” or “good” result.

Definitions. The number of catheter days was
calculated as the number of days from cath-
eter insertion to removal, and the CRBSI rate
was calculated as the number of CRBSI epi-
sodes per 1000 catheter days (episodes of
CRBSI/total sum of catheter days� 1000).

Data collection. Study data were collected
from the medical records and entered into
an Excel spreadsheet. The variables exam-
ined were sex, age, medical unit, BMI,
APACHE II score, catheter insertion site,
admission date, discharge date, catheter
insertion date, catheter removal date, SAS
score, SDS score, hospitalization satisfac-
tion score, and number of CRBSI episodes.

Statistical analyses. Data are presented as
mean� standard deviation (range) or n
(%) and were analyzed using SPSS 20.0 sta-
tistical software (IBM Corp., Armonk, NY,
USA). Student’s t-test was used to compare
quantitative data between the two groups,
and the v2 test was used to compare
categorical data between the two groups.
A P-value of <0.05 was considered statisti-
cally significant.

Results

Patients

In total, 212 patients were included in this
study (case group, n¼ 106; control group,
n¼ 106). There were no significant differen-
ces in sex, age, APACHE II score, BMI,
department, or catheter insertion site
between the two groups (Table 2).

SAS and SDS scores before and after
nursing in both groups

Although the SAS and SDS scores of the
patients in the case and control groups
were both significantly lower after than
before the nursing intervention (P< 0.05),
both the SAS and SDS scores were lower

Sun et al. 5



in the case group than control group after
the intervention (P< 0.05) (Table 3).

Hospitalization days and CRBSI rate in
both groups

After the care bundle intervention, the
number of hospitalization days and the
CRBSI rate were significantly lower in the
case group than control group (P< 0.05 for
both) (Table 4).

Hospitalization satisfaction scores in both
groups

The hospitalization satisfaction score was
significantly higher in the case group than

control group (97.2% vs. 85.8%, respective-

ly; v2¼ 10.071, P< 0.05) (Table 5).

Discussion

Care bundles are series of structured pack-

ages of evidence-based practices and inter-

related interventions. They are used to

develop nursing procedures for managing

difficult clinical diseases and aim to

improve nursing processes and patient out-

comes.22,23 The nursing protocol generally

consists of three to five simple, clear, and

achievable evidence-based measures, the

joint implementation of which is better

than any single approach in improving

Table 3. Comparison of SAS and SDS scores before and after nursing in both groups.

Score

Case (n¼ 106) Control (n¼ 106)

Before nursing After nursing t-value P-value Before nursing After nursing t-value P-value

SAS 63.5� 9.4 44.3� 7.6* 16.353 <0.05 64.7� 10.2 53.5� 8.9 8.518 <0.05

SDS 64.1� 10.3 46.2� 8.5** 13.800 <0.05 65.4� 12.7 57.8� 10.4 4.767 <0.05

Scores are presented as mean� standard deviation.

SAS, self-rating anxiety scale; SDS, self-rating depression scale. *Compared with the control group after nursing, t¼ 8.093,

P< 0.05; **Compared with the control group after nursing, t¼ 8.892, P< 0.05.

Table 2. Characteristics of patients in case and control groups.

Characteristics Case (n¼ 106) Control (n¼ 106) t/v2-value P-value

Age, years 47.7� 6.2 48.5� 7.4 0.853 >0.05

Sex

Male 65 (61.3) 62 (58.5) 0.177 >0.05

Female 41 (38.7) 44 (41.5)

BMI, kg/m2 24.7� 2.6 25.1� 1.8 1.302 >0.05

APACHE II score 22.3� 3.2 21.8� 3.4 1.103 >0.05

Department

ICU 65 (61.3) 70 (66.0) 0.522 >0.05

General surgery ward 28 (26.4) 25 (23.6)

Emergency ward 13 (12.3) 11 (10.4)

Catheter insertion site

Subclavian vein 75 (70.7) 73 (68.9) 0.284 >0.05

Internal jugular vein 20 (18.9) 23 (21.7)

Femoral vein 11 (10.4) 10 (9.4)

Data are presented as mean� standard deviation or n (%).

BMI, body mass index; APACHE II, Acute Physiology and Chronic Health Evaluation II; ICU, intensive care unit.
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patient outcomes.21 Care bundles can great-
ly increase patients’ access to the required
nursing care and enable effective implemen-
tation of every step of CRBSI prevention.
A meta-analysis of the incidence of
CLABSI in adult ICUs, neonatal ICUs,
and pediatric ICUs showed that care bun-
dles can significantly reduce the incidence of
CLABSI across all age ranges.24 Another
meta-analysis of CLABSIs in neonatal
units also showed a significant reduction
in the incidence of CLABSI following
the implementation of care bundles.22

However, another meta-analysis of the
effects of care bundles on patient outcomes
suggested that the effect of care bundles is
uncertain.25

In the present study, we built a CVC care
bundle team. The team assessed the risk
factors for CRBSI and identified the weak
links in nurses’ daily work (such as a lack of
work experience in CVC nursing, delayed
and inaccurate assessment of CVCs, and
lack of system training and related opera-
tion standardization procedures). In
response to these risk factors and weak
links, the team provided targeted theoreti-
cal knowledge and operational training to
the medical staff and developed a set of

CVC catheterization nursing procedures
including protocols of hand hygiene, cathe-
terization site selection, catheterization
nursing and routine maintenance, and
other measures. The team also regularly
evaluated the implementation of CVC oper-
ations and routine CVC maintenance and
constantly optimized the nursing process
and improved the quality of nursing.

The present study suggests that care bun-
dles can improve patients’ psychological
state and hospitalization satisfaction and
reduce the number of hospitalization days;
care bundles were also found to be
associated with a significant reduction
in the incidence of CRBSI. This seems to
be supported by previous studies of
CLABSIs.26–28 Development of the CVC
management process and training of
nurses in CRBSI-related knowledge are
critical to ensure accurate implementation
of other components in care bundles. The
trained nurses can provide effective nursing
measures and proper advice to patients and
reduce the uncertainty and diffidence
in dealing with clinical problems.29,30

Training of nurses can also dramatically
improve the patients’ degree of satisfaction
and alleviate their anxiety during

Table 4. Comparison of hospitalization days and CRBSI rate in both groups.

Item Case (n¼ 106) Control (n¼ 106) t/v2-value P-value

Hospitalization days 12.6� 2.1 16.7� 6.6 6.095 <0.05

CRBSI rate 5.6 14.8 4.612 <0.05

Hospitalization days are expressed as mean� standard deviation. CRBSI rate is expressed as number of CRBSI episodes

per 1000 catheter days (episodes of CRBSI/total sum of catheter days� 1000).

CRBSI, catheter-related bloodstream infection.

Table 5. Comparison of scores of hospitalization satisfaction in both groups.

Hospitalization satisfaction Case (n¼ 106) Control (n¼ 106) v2-value P-value

Excellent 88 (83.0) 72 (67.9) 10.071 <0.05

Good 15 (14.2) 19 (17.9)

Poor 3 (2.8) 15 (14.2)

Data are presented as n (%).
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hospitalization. These beneficial effects may
be explained by the fact that uniform train-
ing can make nurses’ operations more
standardized and give nurses adequate
knowledge on CVC nursing, thus allowing
them to provide detailed answers to
patients’ questions and carry out all compo-
nents of the care bundles during catheteri-
zation. These active interventions can
reduce patients’ feelings of helplessness.

Other components of care bundles, such
as hand hygiene, maximal sterile barrier
precautions (MBPs), and bedside observa-
tion and evaluation by nurses, are also very
important to prevent CRBSI. Although
some studies have shown that CRBSI
rates were reduced by partial compliance
with the care bundles,28,31 one study
revealed that the incidence of CRBSI for
cases in which all elements of the care bun-
dles were not perfectly performed was twice
as high that for cases in which all elements
of the care bundles were perfectly per-
formed.26 Therefore, physicians and nurses
should implement all elements of the care
bundles completely and without exception.
The catheter insertion site may also affect
the incidence of CLABSI; previous studies
have revealed that femoral vein catheteriza-
tion is associated with a higher risk of
CRBSI than is subclavian or internal jugu-
lar vein catheterization.32–35 In this study,
the differences in the proportions of cathe-
ter insertion sites between the case and con-
trol groups were not statistically significant,
and the proportion of the femoral vein
approach was lowest in both groups
(around 10%) (Table 2). Thus, the use of
the femoral insertion site had less negative
impacts on care bundles in this study.

The use of MBPs is also a good way to
prevent CRBSI; however, failure to use a
full drape, which is an individual compo-
nent of MBPs, could lead to a very high
risk of CRBSI.25 Therefore, some studies
have suggested that MBPs, especially a
full sterile drape, should always be used

when inserting a CVC.36–38 In addition,
some studies have shown that an
alcoholþpovidone iodine skin preparation
is effective for preventing CRBSI,39,40 and
the use of different types of dressings may
affect the CRBSI rate. One study suggested
that the use of chlorhexidine gluconate-
impregnated sponge dressings in the ICU
could reduce the incidence of CRBSI, and
reducing the frequency of changing
unsoiled adherent dressings from every 3
days to every 7 days modestly reduces the
total number of dressing changes and
appears to be safe.41 In the present study,
the standard dressing was used, and the fre-
quency of changing dressings was every 3
days. Whether more frequent standard
dressing changes, such as every 3 days,
can significantly reduce the CRBSI rate
should be investigated in future studies.

In conclusion, care bundles were found
to be effective in decreasing the incidence of
CLABSI, improving patients’ psychological
state and hospitalization satisfaction,
and reducing the hospitalization days.
Therefore, care bundles should be per-
formed as a routine protocol.
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