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Data synthesis: A total of 134 articles were found that met the eligibility criteria. Of these
articles, 14 were selected that addressed risk factors for central venous catheter-related
infection in neonates. Catheter-related bloodstream infections remain an important compli-
cation, as shown by the incidence rates reported in the studies included in this review. The
observed risk factors indicate that low birth weight, prematurity, and longer catheter per-
manence are related to a higher incidence of bloodstream infections. It has been observed
that low rates of catheter-related infections, i.e., close to zero, are already a reality in
health institutions in developed countries, since they use infection surveillance and control
programs.

Conclusion: Catheter-related bloodstream infections still show high incidence density rates in
developing countries. The authors emphasize the need for further longitudinal studies and the
need for better strategies to prevent risk factors, aiming at the reduction of catheter-related
infections.

© 2017 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Fatores de risco para infeccao associada a cateteres venosos centrais em populacao
neonatal - revisao sistematica

Resumo

Objetivo: Trata-se de uma revisao sistematica sobre a densidade de incidéncia e de fatores de
risco para infeccdo associada a cateter venoso central em populacao neonatal.

Fontes dos dados: Utilizou-se os bancos de dados Medline, Embase, Cochrane, Bdenf, Scielo,
Lilacs, sem restricao de data ou de idioma. Identificaram-se os estudos que analisaram fatores
de risco para infeccdo da corrente sanguinea em recém-nascidos.

Sintese dos dados: Foram encontrados 134 artigos conforme os critérios de elegibilidade.
Destes artigos, foram selecionados 14 que abordaram fatores de risco para infeccao associada
a cateter venoso central em neonatos. A infeccao da corrente sanguinea associada a cateter
continua a mostrar-se como uma importante complicacdo, conforme demonstram as taxas de
incidéncia relatadas nos estudos incluidos nesta revisao. Os fatores de risco observados apon-
tam que baixo peso ao nascer, prematuridade e maior tempo de permanéncia do cateter estao
relacionados a maior incidéncia de infeccdo da corrente sanguinea. Observou-se que taxas de
infeccdo associada a cateter em valores baixos, proximos a zero, ja sdao uma realidade em
instituicoes de salde de paises desenvolvidos, uma vez que utilizam programas de vigilancia e
controle de infeccao.

Conclusdo: Ainfeccao da corrente sanguinea associada a cateter ainda apresenta altas taxas de
densidade de incidéncia em paises em desenvolvimento. Destaca-se a necessidade de realizacao
de mais estudos longitudinais e a necessidade de melhores estratégias de prevencao dos fatores
de risco para a reducao de infeccao associada a cateter.

© 2017 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este & um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.
0/).

Introduction

Care procedures for the neonate in intensive care units
require the use of advanced technology; the central venous
catheter (CVC) is one of the most common among the inva-
sive procedures used in these patients.’ Depending on the
material and caliber, it can be inserted at the bedside,
such as the peripherally inserted central catheter (PICC),
and remain for a prolonged period to allow the adminis-
tration of solutions and medications, sample collection for
examinations, blood product transfusion, and monitoring of
hemodynamics.>* Among the complications related to its
use, infections show the highest frequency and the most
potential for morbidity and mortality.®

Newborns, especially preterm, are at increased risk of
infection and are considered immunocompromised due to

their immune system immaturity.® Their immune response
is characterized by a decrease in neutrophil-endothelial
adhesion, low levels of complement factors, and immatu-
rity regarding the different subpopulations of lymphocytes
and mononuclear phagocytic system cells.®’

The use of invasive devices implies the impairment of
the natural physical barrier consisting of the skin, which
allows bloodstream invasion by opportunistic microorgan-
isms. When bacteremia progresses into severe sepsis, it can
lead to hemodynamic changes, and even death.® The risk
factors for early sepsis, defined as those that occur within
the first 48 h of life, are related to the underlying disease
and to the quality of the care provided. Regarding late sep-
sis, which occurs after the first 48 h of life, it is related to
the indirect contact with the contaminated hospital environ-
ment, with low birth weight, the use of invasive devices such
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as CVC and mechanical ventilation (MV), delayed start of
enteral nutrition, prolonged use of parenteral nutrition, and
complications of prematurity, such as patent ductus arterio-
sus and necrotizing enterocolitis, which may require surgical
intervention.®°

According to the National Health Surveillance Network
(NHSN),"" the rates of central venous catheter-associated
bloodstream infections (CVC BSI) were between 0.6/1000
CVC-day and 2.5/1000 CVC-day. Other studies reported a
wide variation in infection rates, ranging from 2 to 49/1000
CVC-day. Newborns weighing < 1000 g have a higher mortality
risk, with attributable mortality of 4-20%."?

In Brazil, CVC-related sepsis represents a serious health
problem for the neonatal population. The Brazilian National
Health Surveillance Agency (Agéncia Nacional de Vigilancia
Sanitaria [ANVISA]) Bulletin reports the incidence density of
primary bloodstream infection in patients submitted to cen-
tral venous catheter use in Brazilian neonatal intensive care
units as ranging from 7.6 to 8.9/1000 CVC-day."* The rate
of neonatal mortality due to sepsis is as high as 68%,'* so
surveillance measures are required to direct actions aimed
at reducing the rates of healthcare-associated infections
(HAIs), since they can provide data that allow comparisons
and evaluation of the impact of the control measure, in addi-
tion to allowing comparisons with other healthcare services
with the same characteristics.®’

A study of adverse events associated with the use of
central venous catheters in a neonatal unit in the state
of Rio Grande do Sul, Brazil, observed a higher prevalence
of mechanical obstruction in central peripherally-inserted
central catheters (PICC) and a higher prevalence of
catheter-associated infection (CAl) in the surgically-inserted
catheters, with clinical sepsis being the most frequent
(16%)." Moreover, studies indicate that the micro-organisms
most often associated with sepsis are gram-positive, mainly
coagulase-negative Staphylococcus.''¢'? Despite the need
to use CVC for the treatment of newborns admitted at the
neonatal intensive care unit (NICU), its timely removal is
usually associated with a lower incidence of infection.?%?'
There have been few studies in Brazil on patients’ clinical
evolution after catheter removal.?

It is known that in developed countries, evidence-based
strategies are used by the teams responsible for neonatal
catheter-related infection prevention programs.? In con-
trast, in developing countries such as Brazil, in addition to
the need to establish such strategies, systematic epidemi-
ological surveillance is performed in few health services.'®
There are structural shortcomings, such as overcrowding,
lack of or shortage of multiprofessional staff, lack of or
misuse of supplies and equipment, and excessive antibiotic
use.?* For these reasons, more evidence-based studies are
needed to evaluate the risks related to CVC use.?

The aim of this article is to carry out a systematic
review of the risk factors for CVC-associated infection in the
neonatal population, considering national and international
references.

Methods

The search for the articles was carried out in the follow-
ing databases: MEDLINE, Embase, Cochrane, BDENF, SciELO,

and LILACS, in addition to searching for the references men-
tioned in the studies that were identified, as well as by
searching the gray literature, according to the descriptors
and eligibility criteria. Formal search was not considered
only if there was no access to any of the databases. The
search period started in January 2010 and ended in Decem-
ber 2016, with no date or language restrictions.

The following descriptors were used: ‘‘cross infection,’’
“*catheter-related infections,’’ ‘‘catheterization, central
venous,’’ “‘risk factors,’’ ‘‘newborn,
to the following strategy:

PubMed: (((("*Cross Infection’’[Title/Abstract] OR
““Infeccion Hospitalaria’’[Title/Abstract] OR ‘‘Infeccao
Hospitalar’’[Title/Abstract] OR ‘‘Cross Infection’’[Title/
Abstract] OR ‘‘Infeccion Hospitalaria’’[Title/Abstract]
OR ‘‘Infeccao Hospitalar’’[Title/Abstract] OR ‘‘Catheter-
Related Infections’’[Title/Abstract] OR ‘‘Infecciones
Relacionadas con Cateteres’’[Title/Abstract] OR ‘‘Infeccoes
Relacionadas a Cateter’’[Title/Abstract])) OR ((‘‘Cross
Infection’’[Mesh:noexp]) OR ‘‘Catheter-Related Infections’’
[Mesh:noexp]))) AND (((‘‘Catheterization, Central Venous’’
[Title/Abstract] OR ‘‘Cateterismo Venoso Central’’
[Title/Abstract] OR ‘‘Cateterismo Venoso Central’’[Title/
Abstract] OR ‘‘Central Venous Catheters’’[Title/Abstract]
OR ‘‘'Cateteres Venosos Centrales’’[Title/Abstract] OR
‘‘Cateteres  Venosos Centrais’’[Title/Abstract])) OR
(("*Catheterization, Central Venous’’[Mesh:noexp]) OR
*‘Central Venous Catheters’’[Mesh:noexp]))

BVS: (w:(tw:(((*"Cross Infection’’ OR ‘‘Infeccion Hospi-
talaria’’ OR ‘‘Infeccao Hospitalar’> OR ‘Cross Infection’’
OR “‘Infeccion Hospitalaria’”’> OR ‘‘Infeccao Hospitalar’’
OR ‘‘Catheter-Related Infections’’ OR ‘‘Infecciones Rela-
cionadas con Catéteres’’ OR ‘‘Infeccoes Relacionadas a
Cateter’’) AND (‘‘Catheterization, Central Venous’’ OR
‘*Cateterismo Venoso Central’’ OR ‘‘Cateterismo Venoso
Central’’ OR ‘‘Central Venous Catheters’’ OR ‘‘Catéteres
Venosos Centrales’’ OR ‘‘Cateteres Venosos Centrais’’))
AND (‘‘Risk Factors’> OR ‘‘Factores de Riesgo’’ OR
‘‘Fatores de Risco’’)) AND (instance:'‘regional’’) AND
(limit:(“‘newborn’’ OR ‘‘infant’’) AND la:("‘en’’ OR *‘es’’
OR ‘‘pt’’) AND year_cluster:(‘°2013’> OR °‘2011"’ OR
*2012°’ OR *‘2014’’ OR *'2010°’ OR °2015°’’))) AND (ins-
tance: " ‘regional’’)

The articles included in the review were assessed by two
independent examiners and met the following criteria: (A)
to have been published by December 2016 in any national
or international journal and other specialized medical lit-
erature; (B) being available in any language; (C) addressing
risk factors associated with bloodstream infections, com-
paring groups of newborns with and without central venous
catheter; (D) being an original study with a case-control or
cohort design.

To select the publications, the title and the abstract
were initially evaluated, to confirm whether they con-
templated the research question and if they met the
previously established inclusion criteria. Subsequently,
the evaluation of Methods, Results, and Discussion was
performed.

The research question was defined as: ‘‘In neonates
admitted to the NICU, what are the risk factors identified for
the occurrence of the outcome laboratory-confirmed CVC-
associated bloodstream infection?

9y ees

infant,’’ according



6 Rosado V et al.
Table 1  Qualitative evaluation of studies according to the GRADE system.
ID Author Methodological  Inconsistency Indirect Inaccuracy Publication bias  Consequence
limitations evidence
E1 Hruszkewycz et al. Moderate Elevated Low Elevated Low +1
E2 Sengupta A et al. Moderate Low Low Low Low -2
E3 Jen-Fu Hsu et al. Moderate Moderate Low Moderate Low -1
E4 Ohki Y et al. Moderate Low Low Low Low -2
E5 Milstone AM et al. Moderate Low Low Low Low -2
E6 Greenberg RG et al.  Moderate Moderate Low Moderate Low —1
E7 Yumani DF et al. Moderate Low Low Low Low -2
E8 Duarte ED et al. Moderate Low Low Low Moderate -1
E9 Barbosa MH et al. Moderate Elevated Low Elevated Moderate +1
E10 Shalabi M et al. Moderate Moderate Low Moderate Low —1
E11  Bellemin, K et al. Moderate Low Low Low Low -2
E12 Costa P et al. Moderate Low Low Low Moderate —1
E13  Geffers C et al. Moderate Low Low Low Low -2
E14 Padula et al. Moderate Moderate Low Moderate Low -1

GRADE, Grading of Recommendation, Assessment, Development, and Evaluation.

The PICOS?*?7 strategy was used, which comprised the
following:

- Population: newborns admitted to the NICU

- Intervention (or exposure): risk factors

- Comparison (defined as a standard intervention, the most
often used intervention, or no intervention): no risk fac-
tors

- Outcome: CVC-associated bloodstream infection

- Study type: cohort and case-control studies.

As exclusion criteria, studies not assessing neonates,
those that did not have a CVC-BSI outcome, and those that
did not address risk factors for CVC-BSI were excluded.

For data extraction, the search and analysis-in-full of the
pre-selected articles were carried out by two independent
researchers. Data analysis was performed by qualitative
evaluation of the studies. The method used for study eval-
uation was ‘‘Strengthening the Reporting of Observational
Studies in Epidemiology’’ (STROBE) and the strength of
evidence of the findings was evaluated according to the
‘‘Grading of Recommendation, Assessment, Development,
and Evaluation’’ (GRADE) system,?® as shown in Table 1.

Results

A total number of 250 articles were identified in the PubMed
database, of which 77 met the inclusion criteria. The search
in the Virtual Health Library database totaled 70 refer-
ences; however, 67 of those that met the inclusion criteria
were the same found in the PubMed database. Forty-three
articles were found in the Embase database, of which 25
were selected. Another 14 articles were found in references
cited in articles located in the abovementioned databases
or through an Internet search, using the same descriptors
and the same eligibility criteria.

A total of 134 articles met the eligibility criteria. Among
those, those that addressed risk factors for the pre-defined
outcome were selected, i.e., CVC-associated infection in

377 articles
70 BVS 43
(18.56%) Embase(11.4
0%)
67 duplicates removed
134 articles identified

4

250 PubMed 14 other sources
(66.31%) (3.71%)

According to the inclusion criteria,
according to the title,and the abstract, we
selected:

47 PubMed;

Three BVS;

25 Embase;

Nine other sources

70 articles excluded because:

- did not assess neonates

- did not deal with CVC-BSI

- did not address risk factors for CVC-
BSI

14 articles reviewed according to the selection
criteria

Figure 1 Flow chart of the bibliographic search of studies on
risk factors for infection in patients with CVC.

newborns; therefore, 14 articles were included in this sys-
tematic review, as shown in Fig. 1 flowchart.

Of these, 11 represented studies carried out in Europe,
North America, and Asia, whereas three were from South
America; no articles were found that were carried out
in other Latin American countries. Table 2 shows the
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identification of the studies, their design, included popu-
lation, analyzed outcomes, and results.

The first study (S1) was carried out in a university hos-
pital, aiming to evaluate the incidence and complications
associated with CVCs inserted in NICU infants. In their
results, only 13 (4.9%) of 263 newborns had infection,
five of which were central-venous catheter-associated
bloodstream infections (CVC-BSI). The risk factors for CVC-
BSI were gestational age (p=0.04) and low birth weight
(p=0.02). The infection rate was calculated with a denomi-
nator of 100 patients-day, different from that recommended
by the National Healthcare Safety Network (NHSN) of the
Centers for Disease Control (CDC), which is 1000 CVC-day.
As 29% of the inserted CVCs were associated with sepsis,
the study demonstrates that catheter use requires extreme
caution and preparation by the care team to reduce the
infection risk.?’

The increase in the daily risk of CVC-BSI after 35 days of
PICC insertion in an NICU was recorded in the retrospective
cohort study S2. It used a statistical model that allowed the
evaluation of potential changes in the risk factor for CVC-BSI
over time. The infection rate (2/1000 CVC-day) was based
on NHSN criteria, and the sample of 683 newborns is one of
the largest found to evaluate the duration of PICC in NICU
neonates.*°

Another retrospective cohort (S3) with 275 newborns
showed that CVC-BSI was the most common complication
associated with catheter (incidence: 8.3/1000 CVC-day).
Femoral access for catheter insertion (increased risk of
CVC-BSI compared to non-femoral catheters: 1.76, 95%
Cl, 1.01-3.07, p=0.045) and a longer duration of PICC
(p <0.001) were found to be risk factors.>'

The S4 multicenter study, carried out in Japan, found that
time of PICC use was a risk factor for catheter-associated
BSI (OR 1.35, 95% Cl: 1.14-1.60, p=0.005). The study shows
an incidence of catheter-associated BSI of 1.6/1000 CVC-
day, with most PICCs remaining for a maximum of two
weeks. Infection rates were compared when the catheter
was inserted using the maximal barrier precaution (MBP),
standard precautions, or no specific precaution, but no sta-
tistically significant differences were found.*? However, a
retrospective USA multicenter study (S5), with a six-year
evaluation period and a sample of 3967 neonates, which fol-
lowed the diagnostic criteria recommended by the NHSN,
observed that the permanence of PICC for more than two
weeks resulted in a higher risk for infection than those with
less than two weeks of permanence (p < 0.0005).3

Another multicenter retrospective study (S6), with
13,327 infants from 141 NICUs, reported an incidence of
CVC-BSI of 0.93 per 1000 CVC-day. The mean gestational
age was 29 weeks (interquartile range: 26-33). The longer
duration of PICC was not associated with an increased
risk of CVC-BSI. For long-term catheters, the incidence
of infection was significantly higher at weeks seven and
nine when compared to the first week after catheter
insertion.>*

The S7 study, carried out in a university hospital in
the Netherlands, used a sample of 196 neonates to deter-
mine the incidence and potential risk factors for CVC-BSI
in newborns. There were 18.1 infections/1000 CVC-day
(95% Cl: 13.7-23.8) according to the diagnostic criteria
used by the CDC before 2008. Umbilical catheters had a

higher infection rate than non-umbilical central catheters
(rate ratio of 2.4, 95% Cl: 1.2-4.9) and if left for more
than five days, an increase in infection rate was observed
(p<0.05).%

In Brazil, the S8 study recruited a sample of 233
neonates and observed, after multivariate adjustment, the
following factors associated with CVC removal due to sus-
pected infection: weight less than 2500¢g at the time of
catheter insertion, catheter repair, and permanence.?® The
S11 study, a retrospective cohort with 18 neonates, found
low birth weight, prematurity, and parenteral nutrition
as factors that may have influenced the occurrence of
infection.’’

Study S10 shows a comparison of the CVC-BSI rates in
preterm infants born with less than 30 weeks gestation who
had a PICC inserted vs. umbilical venous catheter imme-
diately after birth as primary venous access. Infants who
received a PICC on the first day after birth were combined
with two additional groups of infants (those who received
an umbilical catheter on day one, and those who had this
catheter and switched to a PICC after four days or more). No
significant difference was verified in the infants with CVC-
BSI1/1000 CVC-day among the assessed groups, despite lower
rates of late sepsis in the group of infants who received only
an umbilical catheter.®

Study S11 evaluated the incidence density and risk fac-
tors for CVC-BSI. The incidence density was 16/1000 CVC-day
(95% Cl: 14.0-18.2): 6.5 (95% Cl: 4.3-9.3) for umbilical CVC
and 20.2% (95% Cl: 17.5-23.1) for other CVCs. The median
time to CVC-BSI was eight days. After multivariate anal-
ysis, birth weight <750¢g (HR 6.3, 95% CI: 1.0-38.1) and
intravenous lipid emulsion (HR 2.3, 95% CI: 1.3-3.9) were
significantly associated with CVC-BSI for umbilical CVC. Sim-
ilar results were observed for other CVCs.*’

In the S12 study, the multivariate analysis disclosed that
corrected gestational age (RR 1.12, 95% Cl: 1.061-1.186,
p<0.002), transient metabolic disorder (RR 3.02, 95% ClI
1.72-5.05, p<0.000), apnea (RR 2.38, 95% Cl: 1.10-4.56,
p<0.016), and two-way and polyurethane catheters (RR
3.70, 95% Cl: 2.0-6.9, p<0.0000) were risk factors asso-
ciated with CVC-BSI. The study considered only PICC
catheters for data analysis in neonates from a Brazilian
institution.“°

The S13 study, a multicenter prospective cohort with
2126 neonates from 22 NICUs in Germany, described the
association between the use of CVC and peripheral catheters
and the risk of laboratory-confirmed BSI for newborns with
birth weight below 1500g. The incidence density for BSI
was 3.3/1000 patient-days. The multivariate analysis iden-
tified the following significant independent risk factors for
BSI: lower birth weight (hazard ratio [HR], 1.1-2.2), vagi-
nal delivery (HR, 1.5), use of central venous catheter (HR,
6.2) or use of peripheral venous catheter (HR, 6.0) within
two days before developing BSI, and individual character-
istics (HR, 0.0-4.6). After adjusting for other risk factors,
the use of peripheral venous catheter and CVC use were sig-
nificantly associated with the occurrence of BSI in very low
birth weight newborns.*'

Also in the USA, a retrospective cohort study (514) with
196 neonates found that the use of enteral contrast within
48 h of infection onset was the most significant risk factor
for laboratory confirmed BSI (odds ratio [OR], 9.58; 95% ClI,



Table 2  Risk factors for CVC-related infection in the neonatal population in original studies.
ID Author/country Design Study Objective Results
characteristics population/time of
follow-up
S1 Hruszkewycz et al./USA Case-control 263 neonates 1989 To assess the incidence and Five infants (29%) developed six

spectrum of complications episodes of bloodstream infection.

associated with central venous Infants with CVC-related infection

catheter (CVC) placement in had lower gestational age (24

severely ill neonates. weeks vs. 32 weeks, p=0.04) and
lower birth weight (580¢g vs. 1285¢g,
p=0.02). The overall bloodstream
infection rate was one episode per
100 days of catheter use.

S2 Sengupta A, Lehmann C, Retrospective 683 neonates 2006-2008 To determine risk factors for The duration of catheter use is a
Diener-West M, Perl TM, cohort CVC-BSI during PICC use in risk factor for CVC-BSI (IRR: 1.33
Milstone AM/USA high-risk newborns. [95% ClI: 1.12-1.57]). There was a

significant daily increase in the risk
of CVC-BSI after 35 days.

S3 Jen-Fu Hsu, Ming-Horng Retrospective 275 neonates 2005-2006 To verify the risk of infection Significant risk factors for CVC-BSI:
Tsai, Hsuan-Rong Huang, cohort and other complications femoral catheters (increased risk of
Reyin Lien, Shih-Ming associated with PICC in very CVC-BSI compared to non-femoral
Chu, Chung-Bin Huang low-birth weight neonates. catheters: (OR 1.76, 95% Cl:
Risk/Taiwan 1.01-3.07, p=0.045) and longer

time of PICC use: (RR 4.66, 95% Cl:
1.93-11.28; p<0.001)).

S4 Ohki Y, Maruyama K, Multicenter 946 neonates/19 2005-2007 To investigate the incidence Multiple logistic regression analysis
Harigaya A, Kohno M, prospective cohort NICUs and risk factors for showed that longer catheter use
Arakawa H/Japan PICC-related complications (OR, 1.35, 95% CI: 1.14-1.60,

using a multicenter survey. p=0.0005) independently
contributed to overall
complications.

S5 Milstone AM, Reich NG, Multicenter 3967 2005-2009 To determine the association of PICCs with a time of use of 8-13

Advani S, et al./USA

retrospective
cohort

neonates/nine
NICUs

risk of CVC-associated
bloodstream infections during
the time of permanence of
peripherally-inserted central
catheters (PICCs) in high-risk
newborns.

days, from 14 to 22 days, and those
>23 days each had an increased risk
of infection compared to PICCs that
remained <7 days (p<0.05). There
was an increased risk of CVC-BSI in
neonates with PICCs (adjusted
incidence rate ratio of 2.04,
1.12-3.71).
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Table 2 (Continued)

ID Author/country Design Study Objective Results

characteristics population/time of
follow-up
S6 Greenberg RG Multicenter 13,327 2011-2013 To test the hypothesis that a Mean gestational age was 29 weeks
et al./USA%* retrospective neonates/141 longer CVC time of use is (interquartile range: 26-33). The
cohort NICUs associated with a higher incidence of CVC-BSI was 0.93 per
incidence of CVC-BSI. 1000 CVC-day. The longer time of
device use was not associated with
an increased risk of BSI for PICC.
For long-term catheters, the
incidence of infection was
significantly higher at week seven
(HR 4.0; 95% Cl: 1.1-15, p<0.004)
and week nine (HR 4.7; 1.1-20
p<0.003) compared to week one.

S7 Yumani DF, van den Retrospective 196 neonates 2007 To determine the incidence 18.1 infections/1000 CVC-day (95%
Dungen FA, van cohort and potential risk factors for Cl: 13.7-23.8) according to the
Weissenbruch MM/The catheter-associated adjusted criteria used by the CDC
Netherlands®® bloodstream infections in before 2008. Umbilical catheters

newborns. had a higher infection rate than
non-umbilical central catheters
(rate ratio=2.4; 95% Cl: 1.2-4,
<0.0009), and if it remained for
more than five days, the infection
rate increased (p <0.05).

S8 Duarte ED, Pimenta AM, Prospective cohort 233 newborns 2010 To analyze the factors related Factors associated with removal
Silva BCNe, Paula to infection associated with due to infection suspicion after
CMd./Brazil?® the use of multivariate adjustment were:

peripherally-inserted central weight <2500g at the insertion (RR
catheters in neonates admitted 1.99; 95% Cl: 1.06-3.73, p=0.031),
at an intensive care unit. repair (RR 2.3; 95% Cl: 1.08-4.89,
p=0.030); and time of catheter use
(RR 1.04; 95% Cl: 1.02-1.06,
p <0.0000).
S9 Barbosa MH Retrospective 18 neonates 2005 To analyze the risk factors Low birth weight, prematurity, and

et al./Brazil*’

cohort

associated with the occurrence
of central venous
catheter-associated
bloodstream infections in
newborns admitted at a
neonatal intensive care unit
(NICU).

the use of TPN may have influenced
the occurrence of infection.
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Table 2 (Continued)

ID Author/country  Design Study Objective Results
characteristics population/time of
follow-up
S10 Shalabi M Prospective cohort 7919/29 NICU 2010-2013 To compare CVC-BSI rates in There was no significant difference
etal./Canada preterm infants born at <30 in infants with CVC-BSI/1000
weeks gestation who received CVC-day between the evaluated
a PICC vs. umbilical venous groups, although lower rates of late
catheter immediately after sepsis in the group of infants who
birth as primary venous access. received only one umbilical
catheter were observed. There was
an increase in episodes of late
sepsis/1000 CVC-day in the PICC
group compared to neonates who
had an umbilical catheter and PICC
(RR 1.73; 95% CI: 1.15-2.60,
p<0.001).
S11 Bellemin K Retrospective 1111/three NICUs 2007-2011 To evaluate incidence and risk The incidence density was 16/1000

etal./France

cohort

factors for CVC-BSI.

CVC-day (95% Cl: 14.0-18.2): 6.5
(95% Cl: 4.3-9.3) for umbilical CVC
and 20.2 (95% Cl: 5-23.1) for other
CVCs. The median time to CVC-BSI
was eight days. In the multivariate
analysis, birth weight <750¢g (HR
6.3, 95% Cl: 1.0-38.1) and
intravenous lipid emulsion (HR 2.3,
95% Cl: 1.3-3.9) were significantly
associated with CVC-BSI for
umbilical CVC. Similar results were
observed for other CVCs.

ol
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Table 2 (Continued)

ID Author/country Design Study Objective Results
characteristics population/time of
follow-up
S12 Costa P et al./Brazil Prospective cohort 383 2010-2012 Identify the risk factors for In the bivariate analysis, lower
PICC-associated bloodstream mean weight and corrected
infection in neonates. gestational age, and longer

catheter use were associated with
the occurrence of CVC-BSI. In the
multivariate analysis, corrected
gestational age (RR 1.12; 95% Cl:
1.061-1.186, p<0.002), transient
metabolic disorder (RR 3.02; 95%
Cl: 1.72-5.05, p<0.000), apnea (RR
2.38; 95% Cl: 1.10-4.56, p<0.016),
and two-way and polyurethane
catheters (RR 3.70; 95% Cl: 2.0-6.9,
p <0.0000) were associated with

CVC-BSI.
S13 Geffers C, Gastmeier A, Multicenter 2126 neonates/22 2010 To describe the association The incidence density for BSI was

Schwab F, Groneberg K, prospective cohort NICUs between CVC and 3.3/1000 patient-days. The use of a
Ruden H, Gastmeier peripherally-inserted central central venous catheter (HR 6.2;
P/Germany*! catheter use and the risk of 95% Cl: 3.83-9.97, p<0.001) was

laboratory-confirmed BSI for one of the independent significant

newborns with birth weight factors for BSI.

<1500¢.

S14 Padula et al./USA* Prospective cohort 409 neonates 2006-2009 To determine the clinical signs Use of enteral contrast within the
and risk factors associated with previous 48 h was the most
laboratory-confirmed BSI in significant risk factor for
patients assessed for late laboratory-confirmed BSI [OR: 9.58
sepsis in a tertiary NICU. (95% Cl: 2.03-45.19)], followed by

the presence of a central venous
catheter.

ID, identification; NICU, neonatal intensive care unit; TPN, total parenteral nutrition; PICC, peripherally-inserted central catheter; CVC-BSI, central venous catheter-associated bloodstream
infection; BSI, bloodstream infection; CDC, Centers for Disease Control and Prevention.
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2.03-45.19), followed by the presence of a central venous
catheter.*

Therefore, CVC-BSI continues to be an important compli-
cation, as shown by the incidence of this infection in the
analyzed studies, varying from 0.93 to 18.1 infections/1000
CVC-day. The observed risk factors indicate that low birth
weight, prematurity, and longer time of catheter use are
related to a higher incidence of CVC-BSI.

Discussion

The S1, S2, and S3 studies demonstrate that the central
venous catheter is an important device for the neonate
treatment in the NICU. They also do not disagree regarding
the importance of the prevention and identification of risk
factors associated with central catheters,?’=3" with infec-
tion among the main complications associated with the use
of invasive devices in the NICU, which may be independently
associated with an increased risk of death.?>*

The relatively small sample size obtained from stud-
ies carried out in a single NICU may make it difficult to
extrapolate the results to other institutions.?®-3"35-37 Addi-
tionally, the CVC-BSI definition criteria did not follow the
NHSN parameters.?°:30,35,36

Differences were observed between the analyses per-
formed, from absolute and relative frequency evaluations to
the use of statistical models that allowed detecting possible
differences between the factors studied and the accuracy
of data estimation. Multicenter studies were able to more
accurately assess risk estimates because of the large popula-
tion sample; however, as it is well known, the retrospective
nature of some studies may be a disadvantage.

Gestational age and low birth weight were factors associ-
ated with CVC-BSI in a US case-control study (51); however,
only six CVC-BSI episodes were evaluated in five neonates.?

Time of catheter use was the main risk factor for
catheter-associated infection identified in five of the studies
analyzed in this review (S2, S3, S5, S6, S7). In US, Euro-
pean, and Asian institutions, retrospective cohort studies
emphasize the time of PICC use in neonates as a risk factor
for CVC-BSI.3%31:33.35 |n Japan (54), it was verified that the
longer time of catheter use (OR, 1.35; 95% Cl: 1.14-1.60 for
each week, p=0.0005) independently contributed to overall
complications.?

A recent study (S6) found a mean of 11 days for PICC
use, lower than the 25-day mean for long-term catheters
(p=0.001). The large study sample and the multicenter
nature are advantageous; however, it was a retrospective
study. It is difficult to compare this study with institu-
tions from developing countries, which have very different
characteristics from those in the United States, where 66
(47%) of the 141 NICUs reported an incidence of CVC-
BSI equal to zero.* In Brazil, a prospective observational
study carried out between 2011 and 2014 compared two
periods with different empirical schemes for the treat-
ment of late neonatal sepsis and found a BSI density of
17.29/1000 CVC-day.” Even in the case of a study (S6) in
which all participating institutions had already implemented
the quality improvement initiative in PICC care, some
factors remained unchanged (unit architecture and care
environment) or were not evaluated (antibiotic therapy),

suggesting that it is necessary to evaluate the mainte-
nance package components and that other factors have the
greatest impact on infection prevention. This study (S6)
indicates that clinicians should focus their efforts on redu-
cing CVC-BSI in infusion line maintenance care and timely
removal of the central line when the CVC is no longer
needed.?*

The use of enteral contrast within 48 h prior to sepsis,
presence of CVC (S14), presence of two catheters (510),
weight <750¢, and intravenous lipid emulsion (S11) were
statistically significant risk factors for CVC-BSI. However,
due to the peculiarities of the studied population, the results
may not be extrapolated to other institutions. However,
these results confirm that apnea and hypotension may be
useful clinical signs to guide the sepsis investigation and,
additionally, the use of contrast deserves further investiga-
tion as a risk factor for CVC-BSI.*?

In Brazil, prematurity and birth weight up to 1500¢g
were factors associated with the suspicion of CVC-associated
infection in two studies (S8, S9), but one used only clini-
cal signs to determine the infection diagnosis*® and, in the
other, the data were only analyzed according to absolute
and relative frequencies, in addition to having a sample of
only 18 newborns, which could lead to interpretation bias.?’

There is lack of information about practices during
patient care, such as use of parenteral nutrition, surgical
procedures, type of implanted catheter, and other risk fac-
tors with potential for confusion. The literature indicates
that skin fragility, the need for an infusion line for long
periods, insertion made with limited use of sterile barri-
ers, location of the infusion line placement, substitution
by guidewire, contamination of the catheter hub, catheter
use for more than seven days, and inexperienced and poorly
qualified operators are among the significant risk factors for
catheter-associated bloodstream infection in studies with
neonatal populations. 3041

Studies have shown that neutropenia, prematurity,
reduced numbers of nurses when compared to the number
of patients, use of total parenteral nutrition, failures dur-
ing catheter care (e.g., excessive catheter manipulation),
and deficiencies in connection disinfection measures during
manipulations have also been reported in studies with this
type of population. 334647

It has been observed that low rates of catheter-
associated infection, close to zero, are already a reality in
health institutions in developed countries, since surveillance
and infection control programs are used. When there is con-
stant monitoring of the health team’s adherence, through
regular audits of the insertion procedure, during catheter
maintenance and regarding hand hygiene, rates can be kept
low at all times.“

The strength of the scientific evidence of the findings
according to the GRADE?® system indicates that the absence
of randomization in clinical trials shows a strong possibil-
ity of bias, with a lower level of evidence being initially
attributed. Observational studies, such as those found in
the study, are considered to be highly-biased. However, the
GRADE system also evaluates the measure of effect, such as
Relative Risk (RR) or Odds Ratio (OR), as a factor to increase
the quality of evidence, since it is possible to obtain a higher
effect size in observational studies, even in the presence of
confounding factors.
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In the present review, the risk factor with the greatest
effect magnitude was the use of contrast in the CVC, with a
nine-fold greater risk (S14) and birth weight <750g, with
a six-fold greater risk of infection (S511), whereas longer
time of catheter use (S3 and S6), type of CVC (such as
polyurethane and two-way catheters) (S12), and umbilical
CVC for more than five days (57) showed a two to three-fold
higher risk of CVC-BSI. Additionally, CVC repair (S8) and use
of a lipid solution (S11) have shown a two-fold increase in
the risk for CVC-BSI.

The two studies (51 and S9) with a higher level of evi-
dence in favor, but that may be considered weak (grade
*“+1’’) according to GRADE assessed gestational age and
birth weight and use of parenteral nutrition as risk fac-
tors. However, they did not show the measures of effects
for adequate analysis and quality assessment of the studies.

It should be pointed out that even in observational stud-
ies, with randomization, selection bias can be avoided, with
better methodological quality and less risk of confusion,
which is proposed for new studies.?®

One of the limiting factors of this review is that few well-
designed studies were found on CVC-BSI in Latin America.
National data are still scarce on the evaluation of risk fac-
tors related to the clinical characteristics of the neonatal
population and those related to the conditions of inser-
tion and care in the maintenance of CVC and infusion lines,
time of use, and reason for insertion and removal of cen-
tral catheters. Furthermore, due to the ethical aspects
involved, it is not feasible to carry out a clinical trial
for CVC insertion and evaluation of its outcomes, which
would allow the use of observational studies for a system-
atic review. Other studies should still address the training
of the care team to prevent the complications associated
with the presence of a CVC, especially bloodstream infec-
tions.

However, the authors consider that randomized studies
of high methodological quality are necessary to assess the
risks related to the use of CVC in neonates. Evidence-based
interventions and adequate statistical evaluations of these
complications may contribute to the reduction of this risk
and aid the planning of the indication and time of perma-
nence of CVCs.

Conclusion

Despite the recommendations for reduction of CVC-
associated bloodstream infections, they still show high
incidence density rates in Brazil. Low birth weight, small
gestational age, and time of use of the device are associated
with a higher risk for these infections.

Considering the epidemiological and clinical importance
of CVC-BSI, knowledge of the risk factors can contribute to
the configuring of clinical protocols and establishing effec-
tive preventive measures in the care of patients with CVC.

This systematic review demonstrates that few studies on
the risk factors for these infections have provided informa-
tion on these infections in Brazil and, therefore, the need for
more longitudinal studies and better prevention strategies
to reduce infection is emphasized.
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