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A B S T R A C T

Background

Neonatal parenteral nutrition may be delivered via peripheral cannulas or central venous catheters (umbilical or percutaneous). As
the result of complications associated with umbilical catheters, many neonatal units prefer to use percutaneous catheters aGer initial
stabilisation. Although they can be diHicult to place, these catheters may be more stable than peripheral cannulae and require less frequent
replacement. These delivery methods may be associated with diHerent risks of adverse events, including acquired invasive infection and
extravasation injury.

Objectives

To determine the eHects of infusion of parenteral nutrition via percutaneous central venous catheters versus peripheral cannulae on
nutrient input, growth and development and complications among hospitalised neonates receiving parenteral nutrition in terms of
adverse consequences such as bacteraemia or invasive fungal infection, cardiac tamponade or other extravasation injuries.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL; 2015, Issue 5), MEDLINE (1966 to June 2015) and EMBASE (1980
to June 2015), as well as conference proceedings and previous reviews.

Selection criteria

Randomised controlled trials that compared delivery of intravenous fluids (primarily parenteral nutrition) via percutaneous central venous
catheters versus peripheral cannulae in hospitalised neonates.

Data collection and analysis

We extracted data using standard methods of the Cochrane Neonatal Group, with separate evaluation of trial quality and data extraction
by two review authors.

Main results

We found six trials recruiting a total of 549 infants. One trial showed that use of a percutaneous central venous catheter was associated
with a smaller deficit between prescribed and actual nutrient intake during the trial period (mean diHerence (MD) -7.1%, 95% confidence
interval (CI) -11.02 to -3.2). Infants in the percutaneous central venous catheter group needed significantly fewer catheters/cannulae (MD
-4.3, 95% CI -5.24, -3.43). Meta-analysis of data from all trials revealed no evidence of an eHect on the incidence of invasive infection (typical
risk ratio (RR) 0.95, 95% CI 0.72 to 1.25; typical risk diHerence (RD) -0.01, 95% CI -0.08 to 0.06).
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Authors' conclusions

Data from one small trial suggest that use of percutaneous central venous catheters to deliver parenteral nutrition increases nutrient
input. The significance of this in relation to long-term growth and developmental outcomes is unclear. Three trials suggest that use of
percutaneous central venous catheters decreases the number of catheters/cannulae needed to deliver nutrition. No evidence suggests that
percutaneous central venous catheter use increases risks of adverse events, particularly invasive infection, although none of the included
trials was large enough to rule out an eHect on uncommon severe adverse events such as pericardial eHusion.

P L A I N   L A N G U A G E   S U M M A R Y

Percutaneous central venous catheters versus peripheral cannulae for delivery of parenteral nutrition in neonates

Review question: In newborn infants receiving parenteral nutrition, does delivery into deep veins (via percutaneous central venous
catheters) versus superficial veins (via peripheral cannulae) aHect nutrition, growth and development, and adverse events including
infection or skin damage?

Background: Preterm or sick newborn infants are oGen fed with special nutrient solutions delivered directly into the veins. These solutions
can be given into a superficial vein through standard, short (peripheral) cannulae or into a large deep vein via long (central) catheters.

Study characteristics: We found six small randomised controlled trials (enrolling 549 infants in total) that addressed this question. The
trials generally were of good methodological quality, although study findings may be biased by the inability to blind caregivers and
investigators to the type of intervention provided.

Key results: These trials provided only limited evidence on the eHects of the interventions on nutrition. Analysis of data from three
trials revealed that infants in the percutaneous central venous catheter group needed about four fewer catheters or cannulae during
hospitalisation. Combined data from all trials showed no evidence of an eHect on risk of bloodstream infection.

Conclusions: Use of central venous catheters has been thought to increase the risk of bloodstream infection in newborn infants, but this
review of randomised trials found no evidence that this was the case. More trials are needed to determine which method is better for
improving nutrition and growth and development in newborn infants.
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B A C K G R O U N D

Description of the condition

Appropriate methods of feeding neonates vary with gestational
age and clinical state. Some neonates, particularly those who
are preterm or sick, are slow to tolerate the introduction
of enteral feeds because of delayed gastric emptying and
intestinal peristalsis. As early postnatal nutrition may aHect
important outcomes, including long-term neurodevelopment,
these infants oGen receive parenteral (intravenous) nutrition
during the period of establishment of enteral nutrition (Wilson
1997; Thureen 2001). Parenteral nutrition may also be delivered
during periods when enteral nutrition is not possible, as when
maternal expressed breast milk is lacking or when feeding is
specifically contraindicated because of gastrointestinal disease
such as necrotising enterocolitis. As modern perinatal care has
improved the survival rate of preterm and sick newborn infants, the
number of infants who require prolonged parenteral nutrition has
increased.

Description of the intervention

Parenteral nutrition usually consists of a glucose and electrolyte
solution. More nutritionally complete formulations - "total
parenteral nutrition" - can include an amino acid solution with
minerals and vitamins, in addition to fat, as the principal non-
protein energy source. Solutions are infused via short narrow-
gauge peripheral venous cannulae or by means of longer central
venous catheters that extend into larger veins such as the venae
cavae (Shaw 1973; Trotter 1996).

Central venous catheters

In neonatal practice, a central venous catheter is usually placed
percutaneously for delivery of parenteral nutrition, although an
umbilical venous or arterial catheter may also be used to deliver
parenteral nutrition, particularly during the first week aGer birth.
Surgical placement, in which a deep vein is surgically exposed
before cannulation and for which the infant may require a general
anaesthetic, is done less oGen. This review will focus on the
specific comparison of percutaneous central venous catheters
versus peripheral cannulae.

The most common complication associated with percutaneous
central venous catheter use is nosocomial infection, which
can include bacteraemia and invasive fungal infection. Micro-
organisms can enter the bloodstream through the catheter entry
site or, less commonly, via the catheter hub (Salzman 1993;
Salzman 1995). Catheter-associated thrombosis can act as a nidus
for infection (Thornburg 2008). It is oGen necessary to remove
the catheter to clear the infection (Karlowicz 2002). Reported
incidences of catheter-related invasive infection in the neonatal
intensive care unit vary from 5% to nearly 40%, depending on the
precise criteria used to define catheter-related infection and the
population studied (Hruszkewycz 1991; Neubauer 1995; Garland
2008; Ohki 2008; Olsen 2009). Extremely low birth weight infants
(birth weight < 1000 g) are particularly at risk. Additional putative
risk factors include prolonged use of parenteral nutrition and
insertion of the catheter aGer the first week of life (Mahieu 2001).
However, it is uncertain whether percutaneous central venous
catheter use further increases the risk of infection in an "at-risk"
population (Sohn 2001).

Invasive infection increases the risk of mortality and a range of
important morbidities, including the need for intensive care and
mechanical ventilation, bronchopulmonary dysplasia, necrotising
enterocolitis, retinopathy of prematurity, hepatic dysfunction and
prolonged hospitalisation, and adds to the cost of neonatal
care (Saint 2000; Mahieu 2001; Chapman 2003; Payne 2004;
Adams-Chapman 2006; Hermans 2007; Lahra 2009; Johnson
2013). Bloodstream infection is associated with higher rates
of several adverse neurodevelopmental outcomes, long-term
disability, vision and hearing impairment and cerebral palsy (Stoll
2004; Shah 2008; Bassler 2009). Use of a percutaneous central
venous catheter to deliver parenteral nutrition may be associated
with iatrogenic injury, including embolism (air or thrombus) and
infusate extravasation into tissue spaces. Cardiac tamponade
following migration of the catheter tip to the pericardial space has
been reported (Darling 2001).

Peripheral cannulae

Although it may be technically easier to site peripheral cannulae
than to site central venous catheters, peripheral cannulae are
less stable and may require more frequent replacement. Once
placed, a central venous catheter should remain in situ longer
than a peripheral cannula, thus reducing the number of potentially
painful procedures to which the infant is exposed (Shaw 1973).
The need for frequent replacement of a peripheral cannula might
result in a significant cumulative period of interruption to the
delivery of parenteral nutrition and in a nutrient deficit that
can have long-term consequences for growth and development
(Embleton 2001). Another concern with use of a peripheral cannula
for delivering parenteral nutrition is the risk of extravasation injury.
Subcutaneous infiltration of a hypertonic and irritant parenteral
nutrition solution can cause local skin ulceration, secondary
infection and scarring.

Why it is important to do this review

Given that the choice of route for delivery of parenteral nutrition
may aHect clinically important outcomes in neonates, such as
growth and development, we systematically reviewed available
evidence to determine whether this has implications for current
practice or for future research.

O B J E C T I V E S

To determine the eHects of infusion of parenteral nutrition via
percutaneous central venous catheters versus peripheral cannulae
on nutrient input, growth and development and complications
among hospitalised neonates receiving parenteral nutrition in
terms of adverse consequences such as bacteraemia or invasive
fungal infection, cardiac tamponade or other extravasation injuries.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Controlled trials using random or quasi-random participant
allocation.

Types of participants

Neonates (newborn infants younger than 28 days at study entry)
receiving parenteral nutrition and cared for in a hospital setting.
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Types of interventions

Trials comparing parenteral nutrition delivered via percutaneously
inserted central venous catheters versus peripheral cannulae. We
did not include studies that compared delivery of parenteral
nutrition via surgically placed central lines (when the vein is
surgically exposed before cannulation) or via umbilical catheters.
We did not specify a minimum duration for trials.

Types of outcome measures

Primary outcomes: nutrient input, growth and development

• Average daily input of parenteral calories (kcal/kg/d) and protein
(g/kg/d) during trial period.

• Average daily proportion of prescribed parenteral calories and
protein actually delivered during trial period.

• Short-term (before discharge from the hospital) growth: weight
gain (g/kg/d), weight z-score at discharge, linear growth (mm/
wk), head growth (mm/wk) and skinfold thickness growth (mm/
wk).

• Long-term (aGer discharge from the hospital) growth: weight
gain (g/kg/d), linear growth (mm/wk), head growth (mm/wk)
and skinfold thickness growth (mm/wk).

• Neurodevelopmental outcomes during infancy and beyond,
using validated assessment tools, such as Bayley Scales of
Infant Development, and classifications of disability, including
auditory and visual disability. Severe neurodevelopmental
disability was defined as any one or combination of the
following: non-ambulant cerebral palsy, developmental delay
(developmental quotient less than 70) or auditory and visual
impairment.

Secondary outcomes: adverse events

• Death (all causes) before 28 days.

• Death (all causes) before discharge from hospital.

• Confirmed invasive bacterial infection as determined by:
◦ culture from a normally sterile site: cerebrospinal fluid, blood

(from peripheral sites, not from indwelling catheters), urine
(obtained by sterile urethral catheterization or suprapubic
bladder tap), bone or joint, peritoneum, pleural space or
central venous line tip; or

◦ findings on autopsy examination consistent with invasive
bacterial infection.

• Confirmed invasive fungal infection as determined by:
◦ culture from a normally sterile site: cerebrospinal fluid, blood

(from peripheral sites, not from indwelling catheters), urine
(obtained by sterile urethral catheterisation or suprapubic
bladder tap), bone or joint, peritoneum, pleural space or
central venous line tip;

◦ findings on autopsy examination consistent with invasive
fungal infection;

◦ findings on ophthalmological examination consistent with
fungal ophthalmitis or retinitis; or

◦ pathognomonic findings on renal ultrasound examination:
"renal fungal balls".

• Extravasation injury as determined by:
◦ subcutaneous injury resulting in skin ulceration;

◦ "deep" extravasation resulting in limb swelling; or

◦ "central" extravasation-infusate in the pleural, peritoneal or
pericardial space.

• Number of cannulae/catheters used per child to administer
parenteral nutrition during the trial period.

Search methods for identification of studies

We used the standard search strategy of the Cochrane Neonatal
Review Group.

Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL; current issue), MEDLINE (1966 to June 2015) and
EMBASE (1980 to June 2015), using a combination of the following
text words and Medical Subject Heading (MeSH) terms: [infant,
newborn OR infant, premature OR infant, low birth weight OR
infan* OR neonat*] AND [catheters, Indwelling OR catheterization,
central venous OR central near3 cathet* OR central near3 cannul*
OR central near3 line OR CVC OR CVL OR PCVC OR PICC].

We limited search outputs by applying relevant search filters for
clinical trials, as recommended in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). We applied no
language restrictions.

We searched ClinicalTrials.gov and Current Controlled Trials for
completed or ongoing trials.

Searching other resources

We examined reference lists within previous reviews and included
studies. We searched the proceedings of the annual meetings of
the Pediatric Academic Societies (1993 to 2015), the European
Society for Pediatric Research (1995 to 2014), the Royal College
of Paediatrics and Child Health (2000 to 2015) and the Perinatal
Society of Australia and New Zealand (2000 to 2015). Trials reported
only as abstracts were eligible if information provided by the report,
or through contact with study authors, was suHicient to fulfil the
inclusion criteria.

Data collection and analysis

We used the standard methods of the Cochrane Neonatal Group.

Selection of studies

We screened the titles and abstracts of all studies identified by
the above search strategy, and two review authors independently
assessed full articles for all potentially relevant trials. We excluded
studies that did not meet all of the inclusion criteria and stated
the reasons for exclusion. We discussed disagreements until we
reached consensus.

Data extraction and management

Two review authors independently extracted data from each
included study using a data collection form to aid extraction
of information on design, methods, participants, interventions,
outcomes and treatment eHects. We discussed disagreements until
we reached consensus. If data from trial reports were insuHicient,
we contacted the trialists to request missing information.

Percutaneous central venous catheters versus peripheral cannulae for delivery of parenteral nutrition in neonates (Review)
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Assessment of risk of bias in included studies

We used the criteria and standard methods of The Cochrane
Collaboration and the Cochrane Neonatal Group to assess the
methodological quality of included trials (Higgins 2011). We
requested additional information from trial authors to clarify
methods and results as necessary. We evaluated and reported the
following issues in 'Risk of bias' tables.

• Sequence generation (method used to generate the allocation
sequence).

• Low risk: any truly random process (e.g. random number
table, computer random number generator).

• High risk: any non-random process (e.g. odd or even date of
birth, hospital or clinic record number).

• Unclear risk: no or unclear information provided.

• Allocation concealment (method used to conceal the allocation
sequence).

• Low risk: e.g. telephone or central randomisation,
consecutively numbered sealed opaque envelopes.

• High risk: open random allocation (e.g. unsealed or non-
opaque envelopes, alternation, date of birth).

• Unclear risk: no or unclear information provided.

• Blinding (methods used to ensure blinding of participants,
clinicians and caregivers and outcome assessors).

• Low risk.

• High risk.

• Unclear risk.

• Incomplete outcome data (completeness of data including
attrition and exclusions from the analysis for each outcome,
and reasons for attrition or exclusion when reported): We will
assess whether missing data are balanced across groups or are
related to outcomes. When suHicient information is reported or
supplied by the trial authors, we will reinstate missing data in
the analyses. We will categorise completeness as follows.

• Low risk: adequate (< 10% missing data).

• High risk: inadequate (> 10% missing data).

• Unclear risk: no or unclear information provided.

Measures of treatment e=ect

We analysed treatment eHects in the individual trials by using
Review Manager 5.3 and reported risk ratio (RR) and risk
diHerence (RD) for dichotomous data and mean diHerence (MD) for
continuous data, with respective 95% confidence intervals (CIs). We
determined the number needed to treat for an additional beneficial
outcome (NNTB) or for an additional harmful outcome (NNTH) for
analyses with a statistically significant diHerence in the RD.

Unit of analysis issues

The unit of analysis was the participating infant in individually
randomised trials. An infant was considered only once in an
analysis. We planned to exclude infants with multiple enrolments
unless we obtained from the report or from investigators data
related to the first episode of randomisation. If we could not
separate data from the first randomisation, we planned to exclude
that study, as we would not be able to address the unit of analysis
issues that arise from multiple enrolments of the same infant.

We intended to conduct intention-to-treat analyses. However, if
placement of the allocated catheter or cannula was unsuccessful,
it may not have been possible to evaluate some outcomes for that
infant.

The participating neonatal unit or section of a neonatal unit was the
unit of analysis in cluster-randomised trials. We planned to analyse
these using an estimate of the intra-cluster correlation coeHicient
derived from the trial (if possible), or from another source, as
described in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011).

If we identified cluster-randomised trials and individually
randomised trials, we planned to combine the results from both
only if we noted little heterogeneity between study designs, and if
we considered interaction between eHects of the intervention and
choice of randomisation unit to be unlikely.

Dealing with missing data

We requested additional data from trial investigators if data on
important outcomes were missing or were reported unclearly.
When data were still missing, we examined the impact on eHect size
estimates in sensitivity analyses.

Assessment of heterogeneity

We examined treatment eHects of individual trials and
heterogeneity between trial results by inspecting the forest plots.
We calculated the I-squared (I2) statistic for each RR analysis
to quantify inconsistency across studies and to describe the
percentage of variability in eHect estimates that may be due to
heterogeneity rather than to chance. If we detected substantial
or considerable heterogeneity (I2 > 50%), we explored possible
causes (e.g. diHerences in study design, setting, participants or
interventions).

Assessment of reporting biases

When we suspected reporting bias, we contacted trial investigators
to request missing outcome data. When this was not possible, and
when the missing data were thought to introduce serious bias, we
planned to explore in a sensitivity analysis the impact of including
such trials in the overall assessment of results.

Data synthesis

We used the fixed-eHect model in Review Manager 5.3 when
conducting meta-analyses.

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup comparisons.

• Preterm infants (< 37 weeks' gestation).

• Very low birth weight infants (< 1500 g).

• Extremely low birth weight infants (< 1000 g).

Sensitivity analysis

We planned sensitivity analyses to determine whether our findings
are aHected by inclusion only of studies using adequate methods
(low risk of bias), defined as adequate randomisation and
allocation concealment, blinding of intervention and measurement
and less than 10% loss to follow-up.
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R E S U L T S

Description of studies

We identified 13 studies for potential inclusion. Six of these,
involving a total of 549 infants, fulfilled the inclusion criteria
(Annibale 1995; Janes 2000; Ainsworth 2001; Wilson 2007; Barria
2007; Hosseini 2014; see Characteristics of included studies).

Included studies

The included studies were undertaken over the past two decades
in neonatal intensive care units in North America (Annibale 1995;
Janes 2000; Wilson 2007), the United Kingdom (Ainsworth 2001),
Chile (Barria 2007) and Iran (Hosseini 2014). Average gestational
age of participating infants was 26 weeks (Janes 2000), 27 weeks
(Wilson 2007), 28 weeks (Ainsworth 2001 and Hosseini 2014), 29
weeks (Annibale 1995) and 31 weeks (Barria 2007). In all trials,
infants were recruited within the first week aGer birth, and follow-
up continued until the infant no longer required intravenous access
for delivery of parenteral nutrition (i.e. when the infant tolerated
enteral intake).

Four of the trials reported no data on the prespecified
primary outcomes for this review: nutritional input, growth and
development (Annibale 1995; Janes 2000; Wilson 2007; Barria
2007). We contacted the lead investigators for these trials to
request the relevant data. Ainsworth 2001 reported the proportion
of prescribed parenteral nutrition that was actually delivered
during the trial period. All trials reported data on the incidence of
bacteraemia or fungaemia. Three reported the number of insertion

attempts and catheters required to maintain venous access, as
well as the total duration of intravenous access (Annibale 1995;
Janes 2000; Barria 2007). Wilson 2007 reported the number of skin
punctures but not the duration of venous access. Data on neonatal
deaths and deaths before hospital discharge were available for
five trials (Janes 2000; Ainsworth 2001 ;Barria 2007; Wilson 2007;
Hosseini 2014).

Excluded studies

Four of the excluded studies (Cairns 1995; Parellada 1999; Liossis
2003; GeHers 2010) reported outcomes between cohorts of infants
who received parenteral nutrition via percutaneous catheters or
peripheral cannulae. Although groups were matched in terms of
gestation and birth weight, the potential for bias at selection of
these groups was high. For example, clinicians may have been
more likely to use a peripheral cannula for infants thought to
require parenteral nutrition for a shorter duration. We excluded
Schwengel 2004, as this study examined outcomes in paediatric
surgical patients and enrolled participants of all age ranges from
neonates through 14-year-olds. No stratification had been used in
the study, and it was not possible for review authors to extract
the neonatal data. The study by Childs 1995 looked at whether
the tip of the central venous catheter was better placed centrally
or peripherally. The study by Arnts 2014 compared complication
rates between central venous catheters that had been inserted
into umbilical or peripheral blood vessels (see Characteristics of
excluded studies).

Risk of bias in included studies

See Characteristics of included studies and Figure 1.
 

Percutaneous central venous catheters versus peripheral cannulae for delivery of parenteral nutrition in neonates (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

6



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 1.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

Investigators in four trials concealed random allocation by
using sealed opaque envelopes (Annibale 1995; Ainsworth 2001;
Wilson 2007; Barria 2007). Hosseini 2014 used an Internet-based

randomisation web site. Janes 2000 used a computer-generated
block random number table to assign randomly eligible infants but
did not describe the allocation concealment method used.
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Blinding

No trials were able to blind caregivers or investigators to the
intervention.

Incomplete outcome data

Follow-up appears complete for reported outcomes.

E=ects of interventions

Percutaneous central venous catheters versus peripheral
cannulae

Primary outcomes: nutrient input, growth and development

Average daily input of parenteral calories

No trials reported the average daily input of parenteral calories or
protein during the trial period.

Average daily proportions of prescribed parenteral calories and
protein actually delivered during the trial period (Outcome 1.1)

Ainsworth 2001 reported a statistically significant diHerence in
the deficit of delivered parenteral nutrition (from that actually
prescribed) during the trial period: 3.2% (standard deviation (SD)
6.8%) in the percutaneous central venous catheter group versus
10.3% (SD 7.2%) in the peripheral cannula group (MD -7.1%, 95% CI
-11.02 to -3.2). Other trials did not report this outcome.

Short-term growth parameters

No trials reported short-term growth parameters (before discharge
from the hospital).

Long-term growth parameters

No studies reported long-term growth parameters (aGer discharge
from the hospital).

Neurodevelopmental outcomes

No studies reported neurodevelopmental outcomes during infancy
and beyond.

Secondary outcomes: adverse events

Death (all causes) before 28 days (Outcome 1.2)

Three included trials reported this outcome (Janes 2000; Ainsworth
2001; Wilson 2007). The authors of a fourth study (Barria 2007)
confirmed that none of the infants entered into the study died
during the study period nor before discharge. Seven of a total of 282
infants recruited to the four studies died. No statistically significant
diHerences in incidence of death before 28 days were reported by
individual trials or on meta-analysis of the four trials (typical RR
1.31, 95% CI 0.36 to 4.81; typical RD -0.01, 95% CI -0.03 to 0.05)
(Figure 2).

 

Figure 2.   Forest plot of comparison: 1 Percutaneous central venous catheter versus peripheral cannula, outcome:
1.2 Death before 28 days (all causes).

 
Death (all cause) before discharge from the hospital (Outcome 1.3)

Data on death before discharge were the same in the four studies
that reported death before 28 days. Hosseini 2014 reported death

before discharge. No statistically significant diHerences in the
incidence of death before 28 days were reported by individual trials
or on meta-analysis of the four trials (typical RR 1.29, 95% CI 0.55 to
3.02; typical RD 0.01, 95% CI -0.03 to 0.06) (Figure 3).

 

Figure 3.   Forest plot of comparison: 1 Percutaneous central venous catheter versus peripheral cannula, outcome:
1.3 Death before hospital discharge (all causes).
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Confirmed invasive bacterial or fungal infection (Outcome 1.4)

All trials reported bloodstream infection (sepsis). Meta-analysis of
the data revealed no statistically significant diHerences between

groups in the incidence of invasive infection (typical RR 0.95, 95%
CI 0.72 to 1.25; typical RD -0.01, 95% CI -0.08 to 0.06) (Figure 4).

 

Figure 4.   Forest plot of comparison: 1 Percutaneous central venous catheter versus peripheral cannula, outcome:
1.4 Invasive bacterial and fungal infections.

 
Extravasation injury (Outcome 1.5)

Three trials reported this outcome (Janes 2000; Ainsworth 2001;
Wilson 2007). Meta-analysis of these trials revealed no statistically

significant diHerences (typical RR 0.36, 95% CI 0.07 to 1.75; typical
RD -0.04, 95% CI -0.09 to 0.02) (Figure 5).

 

Figure 5.   Forest plot of comparison: 1 Percutaneous central venous catheter versus peripheral cannula, outcome:
1.5 Extravasation injury.

 
Barria 2007 reported the incidence of 'phlebitis', but this did not
fulfil the criteria for extravasation injury. Hosseini 2014 reported
'phlebitis' (again not meeting the criteria for extravasation injury) in
the peripheral cannula arm and one case of pericardial eHusion in
the central venous catheter arm. We contacted the lead investigator
in the sixth trial to determine whether the data were available
(Annibale 1995).

Numbers of cannulae/catheters per infant used to administer
parenteral nutrition during the trial period (Outcome 1.6)

Meta-analysis of data from Annibale 1995, Janes 2000 and Barria
2007 shows a statistically significant reduction in the numbers of
cannulae/catheters reported for the percutaneous central venous
catheter group (MD -3.10, 95% CI -4.13 to -2.06) (Figure 6).

 

Figure 6.   Forest plot of comparison: 1 Percutaneous central venous catheter versus peripheral cannula, outcome:
1.6 Numbers of cannulae/catheters per infant.
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Wilson 2007 reported median values and ranges for the number
of skin punctures; the median value (range) for skin puncture
in the percutaneous central venous catheter group was 9 (one
to 74) versus 14.5 (one to 111) in the peripheral cannula group.
We contacted the authors of this study to request clarification
regarding means and standard deviations for these data.

Data from the other two trials (Ainsworth 2001; Wilson 2007) are not
available.

Subgroup analyses

Most infants participating in the five included trials were preterm.
Subgroup analysis by birth weight was not possible.

D I S C U S S I O N

Summary of main results

We found six randomised controlled trials that compared use of
percutaneous central venous catheters versus peripheral cannulae
for newborn infants who require parenteral nutrition. A total of 549
infants participated in these trials. Data from one trial suggest that
use of percutaneous central venous catheters to deliver parenteral
nutrition increases nutrient input. No trials assessed eHects on
growth nor long-term outcomes aGer hospital discharge. Three
trials suggest that use of percutaneous central venous catheters
decreases the numbers of catheters/cannulae needed to deliver
nutrition. We found no evidence that percutaneous central venous
catheter use increased the risk of adverse events, particularly
invasive infection, although none of the included trials was large
enough to rule out an eHect on uncommon severe adverse events
such as pericardial eHusion.

Overall completeness and applicability of evidence

Only one of the six trials assessed nutrient input. Ainsworth
2001 found that infants randomly allocated to receive parenteral
nutrition via peripheral cannulae had a statistically significantly
higher nutritional deficit during the trial period when compared
with infants who received nutrition via central venous catheters.
The 7% diHerence in deficit, if accumulated over a period
of one week, would result in loss of one-half of one day's
nutrient requirements. The importance of this in relation to long-
term growth and developmental outcomes is unclear. Nutritional
deficits during this very critical period of brain growth may
have adverse consequences for long-term neurodevelopmental
outcomes. However, when enteral nutrition is introduced, catch-
up growth may compensate for deficiencies experienced during the
early neonatal period.

All trials reported the incidence of invasive (bloodstream)
bacterial or fungal infection. Meta-analysis revealed no statistically
significant diHerences, but this finding should be interpreted
with caution, as no trials blinded caregivers and investigators
to the nature of the intervention, and surveillance bias may
have aHected results. However, the direction of this bias is
more likely to have caused a relative overestimation of the
risk of infection in the percutaneous central venous catheter
group because clinicians may have had a lower threshold for
investigating or diagnosing infection in these infants. This situation
is further compounded by the diHiculty associated with diagnosing
true invasive infection versus contamination of blood cultures
with skin commensal organisms. Reported infection rates in the

central venous catheter group might have been artificially high, as
clinicians, already more concerned about risks of infection, might
have attributed symptoms to organisms isolated in contaminated
cultures. Although they are frequently blamed for increasing risk
of invasive bacterial or fungal infection, percutaneous central
venous catheters are not the only pieces of 'plastic' used in
the high-risk neonate that bypass the body's innate defences.
A high proportion of infants with percutaneous central venous
catheters have or have had endotracheal tubes, nasogastric tubes
or peripheral cannulae, as well as an immature gastrointestinal
mucosa, which predisposes them to infection. Results of this meta-
analysis and of three non-randomised cohort studies suggest no
significant diHerences between invasive infection rates among
infants receiving parenteral nutrition via central venous catheter or
via peripheral cannula (Cairns 1995; Parellada 1999; Liossis 2003).

It is thought that percutaneous central venous cannulae are more
stable than peripheral cannulae and therefore need to be replaced
less frequently. We found evidence for this advantage. Three
studies (Annibale 1995; Janes 2000; Barria 2007) found that mean
numbers of cannulae/catheters used were statistically significantly
lower in the percutaneous central venous catheter group than in
the peripheral cannula group. On average, infants needed about
four fewer cannulae/catheters during the trial period. Wilson 2007
reported the number of skin punctures required to maintain venous
access. It is unclear whether these data show actual numbers of
catheters or cannulae or whether they include 'failed' attempts. We
need to obtain additional data from the lead investigator before we
can assess whether this study should be included in future updates.
Numbers of catheters/cannulae may indirectly reflect the number
of painful procedures performed in these infants. However, it is not
clear whether insertion of a catheter (usually through a larger-bore
needle and technically more diHicult) is more painful for the infant
than is insertion of several peripheral cannulae over time. No study
has specifically addressed the issue of pain, and none have used
pain scores in this respect.

Quality of the evidence

The numbers of infants in these studies were too small to permit
conclusions regarding the eHects of catheters or cannulae on
serious clinical adverse eHects such as extravasation injury and
cardiac tamponade, although one such case was reported by
Hosseini 2014. Cartwright 2004 reported on use of 2186 catheters
in one unit and found that, with careful adherence to policies for
insertion, placement and aseptic precautions during times when
the lines are accessed, percutaneous central venous catheters can
be used safely to deliver parenteral nutrition in neonates.

Potential biases in the review process

Our main concern with the review process is the possibility that
findings may reflect publication bias and other reporting biases.
We attempted to minimise this threat by screening the reference
lists of included trials and related reviews and by searching
the proceedings of major international perinatal conferences to
identify trial reports that are not (or are not yet) published in full
form in academic journals. The meta-analyses that we performed
did not include a suHicient number of trials for exploration of
symmetry of funnel plots as a means of identifying possible
publication or reporting bias.
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A U T H O R S '   C O N C L U S I O N S

Implications for practice

Limited data from one small trial suggest that use of a percutaneous
central venous catheter rather than a peripheral cannula is
associated with a statistically significant smaller deficit in delivered
parenteral nutrition. Use of percutaneous central venous catheters
resulted in fewer painful procedures (venepunctures) than were
seen with peripheral cannula use. We found no evidence of
increased risk of adverse eHects, particularly invasive infection.

Implications for research

Additional large and adequately powered randomised controlled
trials are needed to determine whether use of percutaneous
central venous catheters rather than peripheral cannulae to deliver
parenteral nutrition provides important benefits for newborn
infants. Trials should examine the eHects of this intervention on
growth and neurodevelopmental outcomes, particularly in very
preterm infants for whom early nutritional intake may play an
important role.
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Methods Randomised controlled trial

Participants 49 infants cared for in a regional neonatal intensive care unit, who, in the opinion of the attending clin-
ician, were likely to need parenteral nutrition for longer than 5 days. Median gestation of recruited in-
fants was 28 weeks
Infants excluded: central venous catheter already in situ (except umbilical venous catheters removed
at the time of recruitment). Percutaneous central venous catheter required for inotropic support
Royal Victoria Hospital, Newcastle, UK: 1998 to 1999

Interventions Delivery of parenteral nutrition via percutaneous central venous catheter (n = 24) or via peripheral can-
nula (n = 25)

Outcomes • Episodes of "sepsis" - bacteraemia or fungaemia

• Proportion of prescribed parenteral nutrition actually delivered

Notes Infants in the 2 arms were of similar gestation, birth weight and age at randomisation. Infants in the
percutaneous central venous catheter group were statistically significantly less likely to have had an
umbilical line in situ and to have received parenteral antibiotics before randomisation
This study was stopped earlier than was intended because interim analysis revealed a statistically sig-
nificant difference between groups in nutrient delivery
Additional details on study methods were provided by investigators

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated

Ainsworth 2001 
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Allocation concealment
(selection bias)

Low risk Sequentially numbered, sealed, opaque envelopes

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up

Ainsworth 2001  (Continued)

 
 

Methods Randomised controlled trial

Participants 150 neonates (< 6 days old) cared for in a large neonatal unit, who were thought likely to require intra-
venous access for ≥ 3 days. Exclusion criteria not stated
Children's Hospital, Charleston, South Carolina, USA; before 1995

Interventions Delivery of parenteral nutrition via percutaneous central venous catheter (n = 75) or via peripheral can-
nula (n = 75)

Outcomes • Incidence of bacterial or fungal sepsis

• Numbers of insertion attempts and catheters required for intravenous access (SD imputed from Janes
2000)

• Duration of intravenous access

Notes Trial reported in abstract form only. Lead investigator kindly provided further details of trial methods

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated

Allocation concealment
(selection bias)

Low risk Sealed, opaque envelopes

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up

Annibale 1995 
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Methods Randomised controlled trial

Participants 74 neonates cared for in a single regional neonatal intensive care unit who were likely to require intra-
venous fluids for longer than 5 days. Median gestation of recruited infants was 31 weeks
Infants excluded: congenital malformation, coagulopathy, skin injury at site of catheter/cannula inser-
tion, requiring transfer to other unit for ongoing management
NICU of Regional Hospital, Valdivia, Chile: April 2003 to January 2005

Interventions Delivery of intravenous fluids (including parenteral nutrition) via percutaneous central venous catheter
(n = 37) or via peripheral cannula (n = 37)

Outcomes • Length of stay

• Incidence of suspected bacterial or fungal sepsis

• Incidence of proven (culture-positive) bacterial or fungal sepsis

• Numbers of insertion attempts and catheters required for intravenous access

• Incidence of phlebitis

Notes Infants were of similar gestation, birth weight and age at randomisation. Catheters/cannulae were used
for intravenous ('clear') fluids and for parenteral nutrition (proportion of infants receiving parenteral
nutrition slightly higher in central venous catheter arm)
Percutaneous central venous catheters inserted by trained neonatal nurses with ≥ 3 years' experience
with the procedure. Same trained nurses also responsible for dressing changes and line manipulations
Umbilical venous catheters (if used) were removed before enrolment

Additional details on study methods and results were provided by investigators

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated block randomisation, with a sequence of 8 units per
block

Allocation concealment
(selection bias)

Low risk Sealed, opaque envelopes

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up

Barria 2007 

 
 

Methods Randomised controlled trial

Participants 117 preterm neonates with birth weight < 1500 g

Hosseini 2014 
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Mean birth weight of intervention and control groups: 1061 g and 1054 g, respectively

Setting: Tabriz University of Medical Sciences, Tabriz, Iran

Interventions Delivery of intravenous fluids via peripherally inserted central catheter (PICC) line (n = 57) vs peripheral
cannula (n = 60)

Outcomes • Duration of catheter/cannula use

• Incidence of catheter-related infection

• Mortality

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Internet-based randomisation website

Allocation concealment
(selection bias)

Low risk Internet-based randomisation website

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up

Hosseini 2014  (Continued)

 
 

Methods Randomised controlled trial

Participants 63 infants of birth weight < 1251 g, cared for in a neonatal intensive care unit and likely to require in-
travenous maintenance fluids or total parenteral nutrition at 1 week of age, or when umbilical venous
catheter was removed
Children's Hospital and St Joseph's Hospital, Hamilton, Ontario, Canada: before 2000

Interventions Delivery of parenteral nutrition via percutaneous central venous catheter (n = 32) vs via peripheral can-
nula (n = 31)

Outcomes • Incidence of bacterial or fungal sepsis

• Numbers of insertion attempts and catheters required for intravenous access

• Courses of antibiotics

• Duration of intravenous access

Notes Random allocation was achieved by using a "computer-generated block random number table"
Additional details on study outcomes were provided by investigators

Janes 2000 

Percutaneous central venous catheters versus peripheral cannulae for delivery of parenteral nutrition in neonates (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

17



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated, block random number table

Allocation concealment
(selection bias)

Unclear risk Not described

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up

Janes 2000  (Continued)

 
 

Methods Randomised controlled trial

Participants 96 infants of birth weight < 1251 g or gestation < 32 weeks at birth, cared for in a neonatal intensive care
unit and likely to require intravenous maintenance fluids or total parenteral nutrition until ≥ 5 days of
age
Memorial Hermann Children's Hospital, Hamilton, Houston, USA: between 2000 and 2002
Mean gestation 27.1 (central venous catheter) and 27.2 (cannula) weeks, mean birth weight 914 g and
971 g, respectively

Interventions Delivery of parenteral nutrition via percutaneous central venous catheter (n = 46) vs peripheral cannula
(n = 50)

Outcomes • Incidence of bacterial or fungal infection

• Mortality

• Numbers of insertion attempts and catheters required for intravenous access

• Extravasation episodes

Notes Infants were of similar gestation, birth weight and age at randomisation
Percutaneous central venous catheters were inserted by a team of trained neonatal nurses. Same
trained nurses were responsible for dressing changes and line manipulations
No prophylactic antibiotics were used
Umbilical venous catheters (if used) were removed before enrolment

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated

Wilson 2007 
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Allocation concealment
(selection bias)

Low risk Sequentially numbered, sealed, opaque envelopes

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up

Wilson 2007  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Arnts 2014 Not a randomised controlled trial. Matched historic cohorts

Cairns 1995 Not a randomised controlled trial. Matched historic cohorts

Childs 1995 Comparison of percutaneous central venous catheters for which tip is sited in a peripheral vein or
in a central vein (not percutaneous central venous catheters vs peripheral cannulae)

Geffers 2010 Not a randomised controlled trial

Liossis 2003 Not a randomised controlled trial. Matched historic cohorts

Parellada 1999 Non-randomised comparison of infants with percutaneous central venous catheters and matched
controls with peripheral cannulae

Schwengel 2004 Randomised trial of percutaneous central venous catheters vs peripheral cannulae in neonates and
children (ages ranging from neonatal through 14 years) without stratification by age. We are seek-
ing relevant subgroup data from the trial authors

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Percutaneous central venous catheter versus peripheral cannula

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Percentage deficit in nutrient deliv-
ery per infant

1 49 Mean Difference (IV, Fixed,
95% CI)

-7.10 [-11.02,
-3.18]

2 Death before 28 days (all causes) 4 282 Risk Ratio (M-H, Fixed, 95%
CI)

1.31 [0.36, 4.81]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3 Death before hospital discharge (all
causes)

5 399 Risk Ratio (M-H, Fixed, 95%
CI)

1.29 [0.55, 3.02]

4 Invasive bacterial and fungal infec-
tions

6 549 Risk Ratio (M-H, Fixed, 95%
CI)

0.95 [0.72, 1.25]

5 Extravasation injury 3 208 Risk Ratio (M-H, Fixed, 95%
CI)

0.36 [0.07, 1.75]

6 Numbers of cannulae/catheters per
infant

3 287 Mean Difference (IV, Fixed,
95% CI)

-3.10 [-4.13, -2.06]

 
 

Analysis 1.1.   Comparison 1 Percutaneous central venous catheter versus
peripheral cannula, Outcome 1 Percentage deficit in nutrient delivery per infant.

Study or subgroup Central catheter Peripheral cannula Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Ainsworth 2001 24 3.2 (7.2) 25 10.3 (6.8) 100% -7.1[-11.02,-3.18]

   

Total *** 24   25   100% -7.1[-11.02,-3.18]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.55(P=0)  

Favours CVC 10050-100 -50 0 Favours PC

 
 

Analysis 1.2.   Comparison 1 Percutaneous central venous catheter
versus peripheral cannula, Outcome 2 Death before 28 days (all causes).

Study or subgroup Central
catheter

Peripher-
al cannula

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ainsworth 2001 1/24 0/25 12.66% 3.12[0.13,73.04]

Barria 2007 0/37 0/37   Not estimable

Janes 2000 1/32 0/31 13.11% 2.91[0.12,68.81]

Wilson 2007 2/46 3/50 74.23% 0.72[0.13,4.14]

   

Total (95% CI) 139 143 100% 1.31[0.36,4.81]

Total events: 4 (Central catheter), 3 (Peripheral cannula)  

Heterogeneity: Tau2=0; Chi2=0.98, df=2(P=0.61); I2=0%  

Test for overall effect: Z=0.41(P=0.68)  

Favours CVC 500.02 100.1 1 Favours PC
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Analysis 1.3.   Comparison 1 Percutaneous central venous catheter versus
peripheral cannula, Outcome 3 Death before hospital discharge (all causes).

Study or subgroup Central
catheter

Peripher-
al cannula

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Barria 2007 0/37 0/37   Not estimable

Wilson 2007 2/46 3/50 32.88% 0.72[0.13,4.14]

Hosseini 2014 6/57 5/60 55.71% 1.26[0.41,3.91]

Janes 2000 1/32 0/31 5.81% 2.91[0.12,68.81]

Ainsworth 2001 1/24 0/25 5.61% 3.12[0.13,73.04]

   

Total (95% CI) 196 203 100% 1.29[0.55,3.02]

Total events: 10 (Central catheter), 8 (Peripheral cannula)  

Heterogeneity: Tau2=0; Chi2=0.98, df=3(P=0.81); I2=0%  

Test for overall effect: Z=0.58(P=0.56)  

Favours CVC 500.02 100.1 1 Favours PC

 
 

Analysis 1.4.   Comparison 1 Percutaneous central venous catheter versus
peripheral cannula, Outcome 4 Invasive bacterial and fungal infections.

Study or subgroup Central
catheter

Peripher-
al cannula

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ainsworth 2001 11/24 10/25 13.74% 1.15[0.6,2.19]

Annibale 1995 22/75 27/75 37.88% 0.81[0.51,1.29]

Barria 2007 1/37 2/37 2.81% 0.5[0.05,5.28]

Hosseini 2014 8/57 7/60 9.57% 1.2[0.47,3.1]

Janes 2000 10/32 13/31 18.53% 0.75[0.39,1.44]

Wilson 2007 15/46 13/50 17.48% 1.25[0.67,2.34]

   

Total (95% CI) 271 278 100% 0.95[0.72,1.25]

Total events: 67 (Central catheter), 72 (Peripheral cannula)  

Heterogeneity: Tau2=0; Chi2=2.54, df=5(P=0.77); I2=0%  

Test for overall effect: Z=0.35(P=0.73)  

Favours CVC 50.2 20.5 1 Favours PC

 
 

Analysis 1.5.   Comparison 1 Percutaneous central venous catheter
versus peripheral cannula, Outcome 5 Extravasation injury.

Study or subgroup Central
catheter

Peripher-
al cannula

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ainsworth 2001 1/24 0/25 8.5% 3.12[0.13,73.04]

Janes 2000 0/32 0/31   Not estimable

Wilson 2007 0/46 5/50 91.5% 0.1[0.01,1.74]

   

Total (95% CI) 102 106 100% 0.36[0.07,1.75]

Total events: 1 (Central catheter), 5 (Peripheral cannula)  

Heterogeneity: Tau2=0; Chi2=2.59, df=1(P=0.11); I2=61.4%  

Favours CVC 1000.01 100.1 1 Favours PC
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Study or subgroup Central
catheter

Peripher-
al cannula

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.27(P=0.2)  

Favours CVC 1000.01 100.1 1 Favours PC

 
 

Analysis 1.6.   Comparison 1 Percutaneous central venous catheter versus
peripheral cannula, Outcome 6 Numbers of cannulae/catheters per infant.

Study or subgroup Central catheter Peripheral cannula Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Annibale 1995 75 4 (3.6) 75 7 (4.2) 68.17% -3[-4.25,-1.75]

Barria 2007 37 8.6 (11.1) 37 12.8 (13.8) 3.28% -4.2[-9.91,1.51]

Janes 2000 32 4.8 (3.6) 31 8 (4.2) 28.55% -3.2[-5.13,-1.27]

   

Total *** 144   143   100% -3.1[-4.13,-2.06]

Heterogeneity: Tau2=0; Chi2=0.18, df=2(P=0.92); I2=0%  

Test for overall effect: Z=5.87(P<0.0001)  

Favours CVC 105-10 -5 0 Favours PC

 

W H A T ' S   N E W

 

Date Event Description

19 March 2015 New citation required but conclusions
have not changed

Our updated search of the literature through June 2015 led to in-
clusion of 1 additional trial (Hosseini 2014)

19 March 2015 New search has been performed "Percutaneous central venous catheters versus peripheral can-
nulae for delivery of parenteral nutrition in neonates" - pub-
lished in the Cochrane Database of Systematic Reviews, The
Cochrane Library, Issue 3, 2007 (Ainsworth 2007)

 

H I S T O R Y

Protocol first published: Issue 2, 2003
Review first published: Issue 2, 2004

 

Date Event Description

5 March 2007 New citation required but conclusions
have not changed

Substantive amendments have been made

 

C O N T R I B U T I O N S   O F   A U T H O R S

Sean Ainsworth (SA) and William McGuire (WM) developed the protocol for this review. All review authors screened the titles and abstracts
of all studies identified by the search strategy. WM and SA screened the full-text report of each study identified as potentially relevant and
extracted the data separately, compared data and resolved diHerences by consensus. SA and WM completed the final review.
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