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Abstract

Background: Central venous catheters (CVCs) are a mandatory aspect in the neonatal intensive care units. Unfor-
tunately, bloodstream infection is a frequent complication of CVCs. A needleless connector is attached to the end

of CVC to allow infusion of fluids. We aimed to assess the effect of needleless connectors on central line-associated
blood stream infection, and to assess rate of occurrence of bloodstream infection with the use of three different types
of venous access in neonates.

Methods: This study is a prospective, randomized, comparative study which was held at the Neonatal Intensive Care,
Faculty of Medicine, Ain Shams University. The study recruited 120 neonates who were categorized into three groups
according to the type of inserted CVC: group A with umbilical venous catheter, group B with peripherally inserted
central catheter, and group C with non-tunneled central venous catheter, and each group was further subdivided into
two groups according to the use of needleless connector. Criteria of central line-associated bloodstream infection
(CLABSI) and central line-related bloodstream infection (CLRBSI) were applied.

Results: The study included 120 neonates, a multivariable logistic regression analysis was held for two predictors
(type of CVC and use of needleless connector) of CLABSI/CLRBS], it revealed that the use of needleless connector was
associated with significant lower incidence of CLABSI/CLRBSI (P value < 0.05, adjusted odds ratio [aOR] = 0.303), the
use of peripheral inserted central catheter (PICC) was also associated with the lowest incidence of CLABSI/CLRBSI (P
value = 0.015, aOR = 0.284). Another multivariable logistic regression analysis was done for four predictors (type of
CVC, use of needleless connector, gestational age, and catheter dwell time) which revealed that the gestational age
(Pvalue =0.001,a0OR = 0.691) and catheter dwell time (P value = 0.004, aOR = 1.313) were the only independent
predictors for the occurrence of CLABSI/CLRBSI.

Conclusion: The use of needleless connector can lower the incidence of CLABSI/CLRBSI, PICC line was associated

with the lowest incidence of CLABSI/CLRBSI among the three types of CVCs. Low gestational age and long catheter
dwell time were found to be the main risk factors for increasing the incidence of CLABSI/CLRBSI.
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Background

Central venous catheters (CVCs) are a mandatory aspect
of neonatal care in neonatal intensive care units (NICUs)
because they allow the delivery of intravenous fluids and
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central venous catheters [1]. Unfortunately, using of these
CVCs is linked to several complications, bloodstream
infection is one of the most frequent and fatal complica-
tion that can be encountered [2]. Neonatal population are
specifically at higher risk of fatal bloodstream infection
because of many reasons such as the difference in the
nature of their immunological system response such as
changes in neutrophils function due to gestational age or
relative deficiency in immunoglobulin or complements
level especially in premature neonates, also their imma-
ture skin barrier can add up to this risk [3].

A needleless connector is a piece attached to the end
of central vascular catheters to allow infusion and aspira-
tion of fluid and medications into the catheter [4]. It has a
protective split septum that opens the fluid pathway only
when a male luer has been inserted and then automati-
cally seals when disconnected. Before the introduction
of needleless connector, 3-way stopcocks were used as a
traditional way [4]. This prospective study assesses the
effect of needleless connectors on the central line-asso-
ciated blood stream infection and the rate of occurrence
of bloodstream infection with the use of three different
types of venous access in neonates.

Methods

Study design

This study is a prospective, randomized, compara-
tive study held at Neonatal Intensive Care Unit, Faculty
of Medicine, Ain Shams University over 2 years from
September 2019 to August 2021. This study has been
approved by the Research Ethics Committee of Faculty
of Medicine, Ain Shams University (approval number:
MS292/2019). A written informed consent was taken
from all parents or the legal guardians of the enrolled
neonates after full explanation of the aim and plan of the
work.

Study population and setting

The study recruited 120 neonates with inserted CVC who
were categorized into three groups according to the type
of inserted CVC (umbilical venous catheter, peripheral
inserted central catheter, non-tunneled central venous
catheter); each group was subdivided into two groups
according to the use of the needleless connector.

Inclusion criteria

Neonates with umbilical venous catheter or peripheral
inserted central catheter or non-tunneled central venous
catheter.

Exclusion criteria
Neonates who had more than one type of central venous
catheters, neonates who had the central venous catheter
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placed for less than 24 h, neonates with congenital anom-
alies and karyotyping abnormalities, neonates with labo-
ratory confirmed sepsis before insertion of the catheter.
All included 120 neonates were categorized into 3 groups
according to the type of inserted CVC; group A: 40 neo-
nates (40) with umbilical venous catheter, then subdi-
vided into 2 groups: group Al 20 neonates (20) with
umbilical venous catheter and needleless connector and
group A2 20 neonates (20) with umbilical venous cath-
eter but without needleless connector. Group B: 40 neo-
nates (40) with peripherally inserted central catheter,
furthermore, subdivided into 2 groups; group B1 20 neo-
nates (20) with peripherally inserted central catheter and
needleless connector and group B2 20 neonates (20) with
peripherally inserted central catheter but without needle-
less connector. Group C included 40 neonates (40) with
non-tunneled central venous catheter, additionally sub-
divided into two subgroups; group C1 included 21 neo-
nates (21) with non-tunneled central venous catheter and
needleless connector and group C2: included 19 neonates
(19) with non-tunneled central venous catheter but with-
out needleless connector.

All neonates were subjected to recording of the date
of central line insertion, the date of central line removal,
determination of the catheter dwell time, gestational age,
and assessment of the Hematological Scoring System
(HSS) [5]. On the day of catheter removal, full general
examination and laboratory investigations were done
(catheter tip colonization, blood culture, and complete
blood count).

Microbiological techniques

Blood culture

A sterile syringe was used to collect blood samples (3
ml) from a peripheral puncture under complete aseptic
condition to be inoculated on BD BACTEC" Peds Plus""
media then positive cultures were further sub-cultured in
blood agar plates.

Catheter tip culture

Catheters were removed when no longer required or with
HSS > 2 due to possibility of sepsis [6]. Catheters were
removed using a sterile scissor, and 5 cm of the distal
tip of the catheter was cut off and transferred in sterile
transport container to the microbiology laboratory. A
semi-quantitative culture was carried out by using blood
agar plate and it was incubated aerobically at 35 °C. It was
considered positive when > 15 CFU/ml.

The following definitions were applied according to
the results of cultures. Central line-related blood stream
infection (CLRBSI) was defined as one positive blood
culture confirmed by a positive semi quantitative cath-
eter tip culture (> 15 CFU/catheter segment) of the same
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organism (species and antibiogram) isolated from the
blood culture [7]. Central line-associated blood stream
infection (CLABSI) was defined as bacteremia con-
firmed by positive blood culture associated with clinical
signs of sepsis according to CDC criteria with absence
of any other source of infection except the catheter but
without laboratory confirmation of CVC tip colonization
[8]. Catheter tip colonization was defined as absence of
infection signs at the catheter insertion site and positive
semi quantitative culture of catheter tip (> 15 CFU/cath-
eter segment of the catheters tip) with negative blood
culture [8].

Statistical analysis

Sample size

To assess the incidence of bloodstream infection of the
three types of central venous catheter: using PASS pro-
gram, setting alpha error at 5%, and power of study
80%. Result from previous study results showed that
the colonization in group A, group B, and group C was
39%, 23.8%, and 8.3% respectively [9]. Based on this, the
needed sample was 40 cases per group (total 120). To
assess the impact of needleless connectors on CLABSI,
result from previous study, sample size of 60 patients in
each group (total 120 patients) achieves 80% power to
detect difference rate in infection rate of 25% assuming
infection rate in control is 35% and in intervention group
10%. The targeted significance level is 0.05 [10]

Statistical analysis of results

Data were analyzed using IBM®© SPSS® Statistics version
26 (IBM® Corp., Armonk, NY). Categorical variables
were presented as counts and percentages and between-
group differences were compared using the Pearson
chi-squared test or Fisher’s exact test. Ordinal data are
compared with the chi-squared test for trend. Multi-
variable binary logistic regression analysis was used to
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examine predictors of CLABSI/CLRBSI. P values < 0.05
were considered statistically significant.

Results

The study was carried out on 120 neonates (54 males and
66 females with a male to female ratio of 1:1.2) with a
mean £ SD gestational age of 35 & 3 weeks, birth weight
of 2.5 & 0.81 kg, catheter dwell time of 9 & 4 days and
postnatal age at catheter removal day of 13 £ 6 days as
shown in Table 1.

The demographic data of neonates recruited in the
study as well as variables of our population are shown in
Tables 1 and 2.

The most common organism isolated by blood culture
was coagulase negative staphylococci (15.0%) followed by
Staphylococcus aureus (8.3%) as shown in Table 2.

There was a trend for a higher incidence of blood
stream infection caused by catheter insertion regard-
less of whether it was CLABSI or CLRBSI in association
with the use of non-tunneled CVCs (47.5%) and a lower
incidence in association with umbilical venous catheter
(35.0%). The lowest incidence was observed in asso-
ciation with PICC (22.5%). However, these differences
among the three CVCs type did not attain statistical sig-
nificance (p value = 0.064). The types of CVCs were then
stratified by needleless connector, and the differences
among the three CVCs types showed a similar trend that
did not reach a statistical significant level.

The use of needleless connector is associated with a sta-
tistically significant lower incidence of CLABSI/CLRBSI
(odds ratio = 0.330, 95% CI = 0.150 to 0.724, Z = 2.767,
P value = 0.006). When stratified by type of CVCs, use
of needleless connector with only non-tunneled central
venous catheter was associated with a statistically sig-
nificant lower incidence of CLABSI/CLRBSI (odds ratio
= 0.185, 95% CI = 0.048 to 0.715, Z = 2.446, P value =
0.014). However, the effect of using needleless connector
for umbilical venous catheter (odds ratio = 0.407, 95% CI

Table 1 Characteristics of the study population: categorical variables

Variable Percentile

Mean SD Minimum Maximum 25th 50th 75th
Gestational age at delivery (weeks) 35 3 29 41 33 35 37
Postnatal age at catheter removal day (days) 13 6 2 27 9 13 18
Weight (kg) 250 0.81 0.85 4.50 2.00 2.60 3.00
Duration of catheter insertion (days) 9 4 2 20 6 9 11
TLC (cells/ul) 11,450 6955 2000 25,000 5000 9500 18,000
[T ratio 0.14 0.03 0.1 0.24 0.12 0.13 0.16
Platelets (cells/ul) 115,208 47,022 21,000 196,000 89,500 109,000 15,6000

TLC total leucocytes count, IT ratio immature neutrophil count to total neutrophil count
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Table 2 Characteristics of the study population: categorical variables
Variable Count %
Type of CVC Central (non-tunneled) 40 33.3%
Umbilical 40 33.3%
PICC 40 33.3%
Needleless connector Without needleless (regular) 59 49.2%
With needleless 61 50.8%
Sex M 54 45.0%
F 66 55.0%
Clinical assessment at catheter Temperature Hypothermic < 36.5 °C 6 5.0%
removal day Normal 102 85.0%
Hyperthermic > 37.5 °C 12 10.0%
Respiratory rate Bradypnea 0 0.0%
Normal 94 78.3%
Tachypnea 26 21.7%
Heart rate Bradycardia 6 5.0%
Normal 97 80.8%
Tachycardia 17 14.2%
Mental status Lethargic 25 20.8%
Alert 91 75.8%
Agitated 4 33%
Localized signs of infection at catheter insertion site Purulent drainage 1 0.8%
Pustules 2 1.7%
Vesicles 1 0.8%
Boils 1 0.8%
Local swelling 15 12.5%
Erythema 39 32.5%
Hotness 9 7.5%
Blood culture CoNS (confirmed) 18 15.0%
Staphylococcus aureus 10 8.3%
Klebsiella 9 7.5%
Acinetobacter 4 3.3%
Pseudomonas 1 0.8%
Catheter tip culture CoNS 21 17.5%
Staphylococcus aureus 12 10.0%
Klebsiella 7 5.8%
Acinetobacter 1 0.8%
E. coli 10 8.3%
Candida 1 0.8%
Final diagnosis No growth 52 43.3%
Catheter colonization 26 21.7%
CLABSI 19 15.8%
CLRBSI 23 19.2%
CLABSI/CLRBSI No growth/catheter colonization 78 65.0%
CLABSI/ CLRBSI 42 35.0%

M male, F female, CVC central venous catheter, PICC peripheral inserted central catheter, CONS coagulase negative staphylococci, CLABSI central line-associated

bloodstream infection, CLRBSI central line-related bloodstream infectio

= 0.107 to 1.559, Z = 1.312, P value = 0.190) or for PICC
(odds ratio = 0.412, 95% CI = 0.087 to 1.952, Z = 1.118,
P value = 0.264) is not statistically significant.

In a multivariable binary logistic regression analysis
for predictors (type of CVCs and using of needleless

connector) of CLABSI/CLRBSI, we found that the use
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of PICC (aOR = 0.284, 95% CI = 0.103 to 0.783, p value
= 0.015) and the use of a needleless connector (aOR =
0.303, 95% CI = 0.134 to 0.685, p value = 0.004) were
associated with statistically significant lower incidence
of CLABSI/CLRBSI as illustrated in Table 3

In another multivariable binary logistic regression
analysis for predictors (type of CVC, use of needle-
less connector, gestational age, catheter dwell time) of
CLABSI/CLRBSI, gestational age (aOR = 0.691, 95%
CI = 0.554 to 0.861, p value = 0.001) and duration of
catheter insertion (aOR = 1.313, 95% CI = 1.089 to
1.582, p value = 0.004) were the only independent pre-
dictors for the occurrence of CLABSI/CLRBSI, for each
week decrease in gestational age, there was an observed
increase in the risk of CLABSI/CLRBSI occurrence by
0.69. On the other hand, an increase in the catheter
dwell time was associated with an increased the risk of
CLABSI/CLRBSI occurrence by 0.31, neither the type
of catheter nor the use of needleless connector was a
determinant of CLABSI/CLRBSI (p values > 0.05) as
shown in Table 4
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Discussion

In this study, assessment of the relation between type
of catheters and occurrence of bloodstream infec-
tion was scrutinized, a trend for a higher incidence of
CLABSI/CLRBSI in association with the use of non-tun-
neled CVCs was found, a lower incidence with umbili-
cal venous catheters, whereas the lowest incidence of
CLABSI/CLRBSI was observed in association with PICC.
However, these differences among the three CVCs type
did not reach statistical significance level in the univari-
able analysis (p value = 0.064); however, when corrected
for two variables (type of CVCs and use of needleless
connector), it showed that the use of PICC was associ-
ated with the lowest incidence of CLABSI/CLRBSI. Our
result goes along with previous studies which stated
that PICC line had a significant lower incidence of
blood stream infection than UVC [11, 12]. In contrast
to Ferreira et al. who compared the rate of blood stream
infection caused by CVC between PICC and umbili-
cal catheter, they found that use of PICC was associated
with a significantly higher rate of blood stream infection;

Table 3 Multivariable binary logistic regression analysis for predictors of CLABSI/CLRBSI

Variable Coefficient Std. error Wald p value aOR 95% Cl
Type of catheter
Non tunneled CVC® 1.000
Umbilical —0.596 0480 1.543 0214 0.551 021510 1411
PICC —1.257 0516 5.927 0.015 0.284 0.103t0 0.783
Connector
Without NC? 1.000
With NC —1.194 0416 8.245 0.004 0.303 0.134 t0 0.685
Constant 0.519 0.394 1.740 0.187

NC needleless connector, aOR adjusted odds ratio, C/ confidence interval, Std. error standard error

2 0dds ratio is set to 1.000 because it is the reference group

Table 4 Multivariable binary logistic regression analysis for predictors of CLABSI/CLRBSI with adjustment for gestational age at

delivery and duration of catheter insertion

Variable Coefficient Std. error Wald p value aOR 95% Cl
GA (weeks) —0.370 0.112 10.842 0.001 0.691 0.554 10 0.861
CDT (day) 0272 0.095 8.146 0.004 1.313 1.089 to 1.582
Type of catheter
Non tunneled CVC? 1.000
Umbilical 0339 0.738 0211 0.646 1403 0.3311t05.958
PICC — 0.686 0.601 1.305 0.253 0.503 0.15510 1.634
connector
Without NC? 1.000
With NC — 0.655 0.486 1.821 0177 0519 0.201 to 1.345
Constant 9.947 4.092 5.909 0.015

GA gestational age, CDT catheter dwell time, NC needleless connector, aOR adjusted odds ratio, C/ confidence interval, Std. error standard error

2 0dds ratio is set to 1.000 because it is the reference group
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this finding was due to PICC’s longer dwell time than the
umbilical catheter [13]. Also, Chein et al. reported higher
incidence of blood stream infection in PICC (21.9%) than
umbilical venous catheter (8.6%) with p value < 0.05, and
this finding is most likely due to the study population
which included neonates with low gestational age and
low birth weight, lower Apgar score, and small for ges-
tational age neonates; this population criteria is different
from our population criteria [14].

To find the relation between the needleless connectors
and central line-associated/related blood stream infec-
tion, this study showed that the use of needleless con-
nector is associated with statistically significant lower
incidence of CLABSI/CLRBSI (P value < 0.05, unadjusted
odds ratio = 0.33, CI = 0.150 to 0.724). When stratified
by type of CVC, the needleless connector with non-tun-
neled central venous catheter was associated with a sta-
tistically significant lower incidence of CLABSI/CLRBSI
(unadjusted odds ratio = 0.185 CI = 0.048 to 0.715).
However, the effect of using the needleless connector for
umbilical venous catheter and PICC was not statistically
significant (P value > 0.05), it was so close to be signifi-
cant but may be the sample size was insufficient to get
the effect. When adjusted for the type of CVC and use
of needleless connector, this study proved that the use of
needleless connector was a protective factor (adjusted
odds ratio = 0.303 CI = 0.134 to 0.685). It goes in agree-
ment with previous study that reported a significant
decrease in bloodstream infection after implementation
of the needleless connectors [4]. On the contrary, Sengul
et al. conducted a randomized experimental study which
included neonates with CVC and peripheral catheters
with needleless connector and three-way stopcock, and
they reported that there was no significant difference
between needleless connectors and three-way stopcocks,
as far as the author mentioned in the methods, and
they did not disinfect the needleless connectors by 70%
isopropyl alcohol before application, which should be
applied [15]. Conversely, Maki DG reported that needle-
less connector increases the incidence of bloodstream
infection [16].

In our study, another analysis involving four predic-
tors of CLABSI/CLRBSI (type of CVCs, use of needle-
less connector, gestational age, and catheter dwell time).
After comparing the effectiveness of these four variables,
we found that the gestational age and catheter dwell time
were the only independent predictors for the occurrence
of CLABSI/CLRBSI as follows: for each week decrease
in gestational age, there was an observed increase in the
risk of CLABSI/CLRBSI occurrence by 0.69, and for each
day increase in catheter dwell time, there was an associ-
ated increase in the risk of CLABSI/CLRBSI occurrence
by 0.31. Neither the type of catheter nor use of needleless
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connector was a determinant of CLABSI/CLRBSI (p val-
ues > 0.05). This is consistent with the results by Stoll
et al. who found a risk of 3.8 (95% CI 2.2-6.6) for blood-
stream infection with catheter dwell time being increased
from 8 to 14 days [17]. Meanwhile, Njere et al. reported a
risk of 3.1 (95% CI 1.64-5.87) when catheter dwell time
lasted 9 days or more [18]. It also goes in concordance
with Bierlaire et al. where both low gestational age and
long catheter dwell time were proved as risk factors for
bloodstream infection caused by catheter [2]. A study
done by Konstantinidi et al. reported that only long cath-
eter dwell time was the sole risk factor for bloodstream
infection [12]. Also, Filippi et al. outlined that low gesta-
tional age was the only risk factor related to bloodstream
infection caused by catheter [19]. In contrast, a study was
done by Gracia et al. found that long catheter dwell time
was not an independent significant risk factor for blood-
stream infection. A doable reason for this disagreement
might be due to the inclusion criteria of the studied pop-
ulation, which included neonates who had several under-
lying diseases, birth anomalies, and comorbidities. So,
the extrapolation based on this studied population may
be inaccurate [20].

Conclusion

Type of CVCs and use of needleless connector can affect
the CLABSI/CLRBSI incidence if they were used in a
population with the same gestational age and with equal
catheter dwell, and the use of PICC line had a significant
lower incidence of bloodstream infection; also, the use
of needleless connector can be considered as a protec-
tive factor for bloodstream infection caused by catheter.
But with different gestational age population and dif-
ferent catheter dwell time, both low gestational age and
long catheter dwell time were the main risk factors for
increasing the incidence of bloodstream infection caused
by any catheter.
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