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Timely and effective rescue of critically ill children no longer solely relies on advanced medical 
technology; vascular access plays a pivotal role. Best practice recommendations for nursing in vascular 
access are critical for ICU patients. However, clear guidelines for the maintenance of external infusion 
connection devices remain lacking. To address this gap, we conducted a prospective observational 
cohort study to examine the relationship between the number or replacement frequency of external 
infusion connection devices and catheter-related bloodstream infection (CRBSI). From September 2021 
to December 2022, a total of 304 patients with a single non-tunneled central catheter were enrolled in 
our study. Our findings revealed no significant differences in CRBSI incidence based on the number or 
replacement frequency of external infusion connection devices during the catheter’s indwelling time 
(P > 0.05). Notably, coagulase-negative staphylococci, particularly Staphylococcus epidermidis, were 
the predominant pathogens in CRBSI cases.In real-world clinical settings, adherence to strict aseptic 
principles during infusion set use and replacement appeared to mitigate the correlation between 
device replacement frequency or number and CRBSI incidence.
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Background
Central venous catheters are widely used for vascular access in critically ill children. This vascular access provides 
significant advantages in patient care, enabling rapid rescue interventions and the efficient administration of 
large volumes of medications. However, due to their invasive nature, the placement and maintenance of central 
venous catheters can lead to central venous catheter-related bloodstream infections (CRBSI)1. CRBSI occurs 
when bacteria or other pathogens enter the bloodstream through a central venous catheter (CVC), resulting in a 
bloodstream infection (BSI). The occurrence of CRBSI not only extends the duration of hospitalization but also 
escalates treatment costs. For instance, a single incident of CRBSI has been shown to raise costs by £29,909 per 
catheter and extend hospital stays by an average of 7 days, according to a study2.

Currently, numerous guidelines and literatures address the prevention of central venous catheter-related 
bloodstream infections throughout the catheterization, maintenance, and extubation processes3,4. Efforts 
to prevent infections during catheter insertion aim to minimize the risks posed by invasive procedures are 
supported by substantial evidence in clinical settings5,6. However, the maintenance phase of catheter indwelling, 
characterized by a heightened risk of central venous catheter-related bloodstream infections, lacks clear 
recommendations for clinical practice7. The optimal timing for device replacement during intermittent use 
remains a topic of debate, as indicated in the updated SHEA 2022 guidelines on preventing catheter-related 
bloodstream infections suggests that replacements for non-blood, blood products, or nutritional products can 
extend up to 7 days, while decisions on device replacements for continuous fluid infusion should align with 
intervals of no more than every 96  h or at least every 7 days according to the 2021 edition of the infusion 
therapy guideline4,8. A meta-analysis published in 2013 found that the administration set may be left in place 
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for intervals of up to 96 h9.The discord among guidelines from different institutions regarding the frequency of 
replacing external connections further complicates matters.

In order to prevent CRBSI in critically ill pediatric patients, we conducted an evidence-based CRBSI 
prevention quality improvement project from 2019 to 202410.Our team derived evidence from prevention 
guidelines, systematic reviews and evidence summaries and we appraised rigorously. We put the evidence into 
clinical practice through skill training, media education, and supervision by advanced practice nurses. All the 
medical staff received updated knowledge and skill training on CVC maintenance. However, some problems 
had occurred.

In real clinical scenarios, central venous catheter infusion devices often incorporate various external 
connection devices such as three-ways stopcocks, dual-lumen/single-lumen components, extenders, and 
diverse infusion connectors10–12. Critically ill children frequently required multiple concurrent medications, 
including vasoactive, sedative, and analgesic drugs. As a result, adjustments to drug regimens continuously 
occur based on the patient’s condition, with external connection devices being changed, added, or removed very 
frequently. Consequently, nursing staff encounter confusion when replacing external infusion connections, as 
there are no clear recommendations available. Dilemmas arise regarding the synchronization of replacement 
times for connections initiated on different days. For example, should a connection added yesterday be replaced 
simultaneously with one that has been in used for three days? Additionally, do infusion pathways connected to 
blood products received earlier in the day required new external connectors? The lack of standardized guidance 
may lead to wastage of consumables and increased labor costs due to frequent replacements. A randomized 
controlled trial published by Lancet in 2021 compared the incidence of CRBSI after changing infusion devices 
every four days versus seven days, concluding that devices can be safely replaced at seven-day intervals13. While 
the study included infusion bags, strips, and extension tubes, which did not address the issue of replacing 
external infusion connections connected to blood or blood products. Therefore, a prospective cohort study is 
proposed to investigate the impact of replacing central venous catheter external connected infusion devices at 
varying intervals as well as the influence of the number of external devices used on CRBSI. This study aims to 
provide evidence for tailored clinical practices, ensuring patient safety and cost-effectiveness.

Methods
Study design
This was a prospective observational cohort study to explore the relationship between the type, replacement 
frequency of external infusion connections devices and CRBSI in critical ill pediatric population.

Setting and participants
Participants were recruited from two ICUs in our hospital in China, a tertiary university hospital of national 
children medical center, with 35 and 12 beds in two ICUs, respectively. Patients aged 1 month to 18 years 
who were admitted to the ICU with only one non-tunneled central venous access device for at least 96 h, with 
the external infusion connections devices attached, were included. We excluded patients with a bloodstream 
infection prior to their admission to the ICU, those whose catheter had been inserted in other medical 
institutions, and those who had a second central venous catheter during treatment, such as hemodialysis ECMO 
catheters. Patients were screened for eligibility by research nurses and the study was explained to their guardian. 
Informed written consent was obtained before the research began. The study protocol was approved by the 
research ethics committee of the Children’s Hospital of Fudan University (IRB number 2020427). The study was 
conducted in accordance with the Declaration of Helsinki. The study was conducted from September 1,2021 
to December 31, 2022 during the COVID-19 period, and all COVID-19 protocols were strictly followed in 
accordance with government regulations. The research protocol did not change due to the publication of new 
guidelines or policies.

Procedures
The administration set included fluid bags or syringes. The external infusion connection devices included infusion 
tubing, transducers, extension tubing, 3-way stopcocks, needless connectors, and single-lumen or multi-lumen 
extension sets. The infusion set included crystalloids(saline), medication infusions (e.g., sedation or vasoactive 
agents), non-lipid parenteral nutrition and pressure monitoring infusions (saline). Blood or blood products, and 
chemotherapy, as well as total parenteral nutrition, were followed by institutional policy or manufacturer advice. 
For blood or blood products, they were to be replaced at the end of treatment and for TPN or chemotherapy, 
every 24 h. The fluid bags (e.g. antibiotics) and infusion tubing were replaced every 24 h in accordance with the 
national policy. The add-on devices were followed by institutional policy or clinical indication.

There were two types of CVC catheter products in our hospital, one of the products without extension sets 
(product A, ARROWg + ard Blue Central Venous Catheters, CS-24301-E,16-20Ga,1.7 mm, Arrow International, 
Inc), and the other one (product B, Specath CF-C 20Ga*5 cm, Foshan Special Medical CO.LTD) with multi-
lumen extension sets (single lumen, generally) (Fig. 1). The multi-lumen extension sets needed to be added on 
the end of the catheter in product B. All the add-on devices were labeled, indicating the date of initiation. A blue 
rectangle label was pasted on the CVC lumen to indicate the CVC insertion time and last time of extension set 
tubing change (Fig. 2A). A circular sticker of different color marked with different number (e.g. 1,2,3,4,5…) was 
pasted on the bottom of the 3-way stopcocks to indicate the time of last replacement or added on the extension 
tube (Fig. 2B). The number on the sticker mean day 1st, day 2nd. A white rectangle label was pasted on the 
extension tubing and marked with the drug name and initiation date near the patient access site(Fig. 2C).

All the bedside nurses in two ICUs were trained to replace the administration set and external infusion 
connection devices. The replacement procedure training course included hand hygiene, adherence to Aseptic 
Non-Touch Technique when connecting, changing, and accessing connection devices, and disinfection of the 
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connection point when connecting to a new administration set or changing administration set. The method 
of labeling was also included in the training course. Medication infusions were prepared by the Pharmacy 
Intravenous Admixture Service (PIVAS). Patients were followed until catheter removal, at the end of the 
treatment, hospital discharge, or transfer to the general ward.

Catheter size and type were chosen based on the patient’s age and weight, and the treatment needed. In-
line filters, heparinized surface catheters, and antimicrobial connectors were not used. The catheter insertion 
procedure was guided by the SHEA guidelines and national practice guideline, including hand hygiene, 
ultrasound guidance for insertion, maximum sterile barrier precautions, alcoholic chlorhexidine antiseptic 
for skin preparation, sterile transparent semipermeable polyurethane dressing used for catheter securement, 
and disinfection of the connection point with 75% alcohol before each disconnection. Blood and tip cultures 
were sent to the LAB for clinical suspicion of bloodstream infection. Catheter were not routinely changed but 
removed as clinically indicated. All the maintenance procedures were followed according to the care bundle 
from the evidence-based CRBSI prevention quality improvement project14.

Data collection
Patient and catheter characteristics were recorded at baseline, including patient age, gender, underlying disease, 
type of medications (e.g., total parenteral nutrition, liquid formula, blood or blood products, antibiotics), 

Fig. 2.  (A) CVC lumen label. (B) CVC circular sticker (C) Medicine label.

 

Fig. 1.  Product A and B.
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catheter size and type, catheter indwelling time, type of external infusion connections devices after catheter 
insertion, total number of 3-way stopcocks, extension tubing and multi/single-lumen extension sets during 
the treatment, and the time interval of replacement of 3-way stopcocks, extension tubing, and administration 
set. The details of administration set replacement were recorded and audited by the research nurse every day, 
including the type of administration set (e.g.3-way stopcocks, extension tubing), number and time interval of 
administration sets added on to or removed from the CVC lumen. Microbiological results were collected from 
the patient medical records. All the data were summarized in a password-protected document. Bedside nurses 
could not access the data.

Outcomes
The primary outcome was CRBSI, which was confirmed by physicians (hospital infectious department, ICU). 
CRBSI was defined as bacteremia or fungemia in a patient who had an invascular device and>1 positive blood 
culture result from obtained from the peripheral vein, with the clinical manifestation of infection (e.g. fever, 
chills, and/or hypotension), and no apparent source for bloodstream infection (with the exception of the 
catheter), which requires the same organism grow from at least 1 percutaneous blood sample culture and from 
the catheter tip or 2 blood samples for culture be obtained (1 from a catheter hub and 1 from a peripheral vein)15.
Secondary outcomes was catheter tip colonization (>15CFUs)16.

Statistical analysis
IBM SPSS Statistics for MAC, Version 26.0 was used for statistical analysis. The mean and standard deviation or 
median and interquartile range (IQR) for the continuous variables. Continuous data were analyzed using T-test, 
when the distribution was abnormal using two-sample Wilcoxon test. Categorical variables were calculated as 
proportions and percentages, using Chi-square or Fisher exact test. P-values less than 0.05 were considered 
significant.

Results
From 1 September 2021 to 31 December 2022, 403 patients were found eligible for the study. After excluding 99 
patients who were either transferred from the ICU to general ward or discharged less than 96 h, or had a second 
central catheter for the treatment, or died in the ICU. We analyzed data for 304 patients. Table 1 summarizes 

Characteristics
Total
(n = 304)

No CRBSI
(n = 280) CRBSI(n = 24) P X2

Gender 0.400 0.707

 Male 178 162 16

 Female 126 118 8

Age (m)[M(P25,P75)] 24(6, 81) 12(3.25, 99) 0.49#

Underlying disease 0.395 10.532

 Tumor 51 45 6

 Neurologic disease 46 39 7

 Respiratory disease 22 19 3

 Digestive disease 17 17 0

 Cardiovascular disease 117 112 5

 Congenital malformation 44 22 2

 Sepsis 10 9 1

 Hematological disease 5 5 0

Catheter type 0.38 0.772

 Product A 190 17 173

 Product B 114 7 107

Add-on devices
(after insertion)

Number of multilumen extension sets 0.512 1.340

 0 31 27 4

 1 271 251 20

 2 2 2 0

Number of single lumen extension sets 0.678 0.173

 0 302 278 24

 1 2 2 0

Number of 3-way stopcocks 0.215 1.537

 0–3 179 162 17

 4–8 125 118 7

Table 1.  Baseline characteristics of study population. #Two-sample Wilcoxon test.
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the demographic data., CVC-related information and medications. The type of add-on devices includes multi-
lumen/ single lumen extension set, and 3-way stopcocks after insertion. 89.14% of patients added on one multi-
lumen extension set and 58.89% of the patients used 0 to 3 3-way stopcocks. No significant difference was 
detected in terms of those variables (Table 1).

Table 2 shows the average catheter indwelling time was 9 days in the no CRBSI group, whereas the average 
catheter indwelling time was 9.5 days in the CRBSI group.54.93% of the patient used 0 ~ 3 3-way stopcocks 
during catheter indwelling time, and 58.89% of the patients added on and removed the 3-way stopcocks for 1–2 
times.1 multi-lumen extension set was used in 55.59% of the patients and 94.74% of the patients didn’t change 
during the catheter indwelling time. 59.21% of patients replaced the administration set for 1 ~ 2 times. Table 3 
shows the time interval of the administration set replacement was between 2 ~ 6 days. The average first time 

Time interval1 Time interval2 Time interval3 Time interval4 Time interval5 Time interval6 Time interval7 Time interval8*

total 297 110 52 24 15 4 3 1

M (P25,P75) 2(0,4) 4(3,6) 4(3,6) 4.5(3,6) 6(4,6) 6(4.5,6) 4(3,7) 6*

Table 3.  Time interval of replacement infusion set. *Only once.

 

Characteristics
Total
(n = 304)

No CRBSI
(n = 280) CRBSI(n = 24) P X2

Catheter indwelling time 9.0(5, 14) 9.5(7, 15.75) 0.15#

Administration set/ add-on devices during catheter indwelling

Number of 3-way stopcocks 0.103 2.661

 0–3 167 150 17

 4–8 137 130 7

Times of 3-way stopcocks added on and remove from the CVC 0.444 1.622

 0 79 75 4

 1–2 179 162 17

 ≥ 3 43 43 3

Number of multi-lumen extension sets 0.663 0.821

 0 130 121 9

 1 169 154 15

 2 5 0 5

Times of multi-lumen extension sets added on and remove from the CVC 0.086 4.913

 0 288 266 22

 1 14 13 1

 2 2 1 1

Times of administration set replacement 0.861 0.299

 0 59 54 5

 1 ~ 2 180 167 13

 ≥ 3 65 59 6

Medication

Blood or blood productions 0.125 2.356

 Yes 62 60 2

 No 241 219 22

TPN 0.744 0.591

 Yes 24 23 1

 No 279 256 23

Sedation 0.138 2.205

 Yes 206 193 13

 No 98 87 11

Analgesic

 Yes 87 80 7

 No 217 200 17

Vasoactive 0.142 2.155

 Yes 132 125 7

 No 172 155 17

Table 2.  Number and change times of external infusion connection device and medications during treatment.
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interval for administration set replacement was 2 days, and the next 3 administration set replacement average 
time interval was 4 days. This study found no significant difference between the number of 3-way stopcocks or 
multi-lumen extension set used or replaced during catheter indwelling time. Different kinds of medication, such 
as blood or blood products, sedation, analgesics and vasoactive injection from the CVC showed no significant 
difference during the treatment.

24 (7.89%) of 304 patients had CRBSI (7.06/1000 catheter days), all the CRBSI cases were confirmed by 
blood culture from peripheral vein or central venous catheter. Coagulase-negative staphylococci, especially 
staphylococcus epidermidis predominated (Table 4).

Discussion
Infusion therapy is an essential part during the patient treatment, however, CRBSI is related to the intravascular 
devices. Many guidelines indicate the prevention strategies during the catheter indwelling time. Routine 
replacement of the administration set can be extended to 7 days but with some restrictions. In our prospective 
observational cohort study, we found that changing the administration set from 2–6 days had no significant 
difference, and which is similar to the results of Claire’ s study6.

There is no specific evidence for the replacement frequency of the added-on devices. Most clinical guidelines 
recommend administration set replacement no more frequently than every 96  h or at least 7 days4,8. A 
randomized, controlled equivalence study shows that administration set replacement every 7 days is as safe as 
every 4 days. In our study, administration set replacement from 2 to 6 days showed no significant difference 
in the incidence of CRBSI. Our findings are consistent with the study and support that administration set 
replacement could be extended to more than 6 days. More add-on devices may increase misconnections and the 
risk of contamination. In our study, 45.07% of patients used more than 4 stopcocks and 14.14% of the patients 
change for more than 3 times during the treatment. The stopcocks and other add-on devices were added or 
removed from the administration set according to the patients’ conditions.

We did an evidence-based quality improvement project with respect to CVC maintenance since 201910. The 
care bundle recommended the frequency of administration set changes no more than 72 h17, and the compliance 
of this criterion was not as good as the other criteria due to the ambiguity in definition of the administration set 
in different contexts. On the other hand, the condition of critically ill children changed rapidly under clinical 
scenarios, and the nurses may not have been able to practice according to the recommendations of the care 
bundle, which reflects the real clinical condition. In our study, the frequency of replacement and the number of 
add-on devices were not correlated with the incidence of CRBSI when the administration set replaced or used 
strictly according to the principles of sterility.

Recognized pathogen Case number Diagnoses Gender
Age
(m) Indwelling time(d)

Staphylococcus epidermidis

1 Trauma M 2  16

2 Epilepsy M 108 7

3 Tumor F 36 19

4 Severe pneumonia M 12 28

5 Severe pneumonia M 3 15

6 Moyamoya F 12 6

7 Tumor M 5 14

8 Severe pneumonia M 7 15

9 Tumor M 1 13

10 cerebrovascular malformation F 2 6

11 VSD M 4 5

12 Epilepsy M 156 10

13 VSD M 3 7

Staphylococcus hominis

14 Tumor M 144 19

15 Congenital malformations of larynx F 121 25

16 Mitral insufficiency F 6 8

Staphylococcus haemolyticus 17 Trauma M 48 14

Candida albicans
18 Tumor M 48 4

19 Tumor F 72 7

Fungus
20 VSD M 1 7

21 PVO M 7 16

Escherichia coli 22 Septicopyemia M 144 9

Stenotrophomonas maltophilia 23 Trauma F 144 16

Ochrobactrum anthropi 24 Epilepsy F 24 7

Table 4.  Details of the CRBSI cases. VSD: Ventriculap Septal Defect ; PVO: pulmonary venous obstruction.
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The strength of this study lies in its occurrence in a real clinical scenario, without any guidance from clinical 
practice allowing the practice of nurses to adapt to the condition of the patients. Generalizability included 
different kinds of diseases and the diversity of usage of the administration set. The limitations included the 
study was implemented in two pediatric intensive care centers. CRBSI might have been under-reported if the 
clinicians did not order blood cultures and catheter tip cultures. Our results apply to types of infusions, such as 
blood, blood products, total parenteral nutrition and liquid formula. Furthermore, our results apply specifically 
to non-tunneled central venous catheters, not to PICC, PORT etc.

Conclusion
Millions of vascular catheters are used around world each year and clear CVC maintenance recommendations 
for medical workers are valuable. Replacement frequence and number of external infusion connection devices 
used during the treatment was not the main cause to the incidence of CRBSI if under strict aseptic principle. 
Reducing the frequence of this nursing procedure is benefit for patient and the saving time is available for other 
prevention measures.

Data availability
The availability of the data can be accessed upon request from the corresponding author.
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