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A B S T R A C T

Background

Preterm birth remains the major risk factor for the development of intraventricular haemorrhage, an injury that occurs in 25% of very low
birth weight infants. Intraventricular haemorrhage is thought to be venous in origin and intrinsic thromboses in the germinal matrix are
likely to play a triggering role. Heparin activates antithrombin and promotes the inactivation of thrombin and other target proteinases.
The administration of anticoagulants such as heparin may oJset the increased risk of developing intraventricular haemorrhage and may
also reduce the risk of developing parenchymal venous infarct, a condition known to complicate intraventricular haemorrhage.

Objectives

To assess whether the prophylactic administration of heparin reduces the incidence of germinal matrix-intraventricular haemorrhage in
very preterm neonates when compared to placebo, no treatment, or other anticoagulants.

Search methods

We searched the Cochrane Central Register of Controlled Trials (The Cochrane Library 2015), MEDLINE (1996 to 22 November 2015), EMBASE
(1980 to 22 November 2015) and CINAHL (1982 to 22 November 2015), applying no language restrictions. We searched the abstracts of the
major congresses in the field (Perinatal Society of Australia and New Zealand and Pediatric Academic Societies) from 2000 to 2015.

Selection criteria

Randomised controlled trials, quasi-randomised controlled trials and cluster trials comparing the administration of early, i.e. within the
first 24 hours of life, heparin in very preterm infants (gestational age < 32 weeks).

Data collection and analysis

For each of the included trials, two authors independently extracted data (e.g. number of participants, birth weight, gestational age, dose
of heparin, mode of administration, and duration of therapy, etc.) and assessed the risk of bias (e.g. adequacy of randomisation, blinding,
completeness of follow up). The primary outcomes considered in this review are intraventricular haemorrhage, severe intraventricular
haemorrhage and neonatal mortality.
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Main results

Two randomised controlled trials enrolling a total of 155 infants met the inclusion criteria of this review. Both trials compared low-dose
heparin to the same solution without heparin in very preterm newborns requiring umbilical catheterisation. No trials were identified that
specifically studied the use of heparin in infants at risk of germinal matrix-intraventricular haemorrhage.

We found no diJerences in the rates of intraventricular haemorrhage (typical RR 0.93, 95% CI 0.61 to 1.41; typical RD −0.03, 95% CI −0.17 to
0.12; 2 studies, 155 infants; I2 = 57% for RR and I2 = 65% for RD), severe intraventricular haemorrhage (typical RR 1.01, 95% CI 0.46 to 2.23;
typical RD 0.00, 95% CI −0.11 to 0.11; 2 studies, 155 infants; I2 = 0% for RR and I2 = 0% for RD) and neonatal mortality (typical RR 0.69, 95% CI
0.28 to 1.67; typical RD −0.04, 95% CI −0.14 to 0.06; 2 studies, 155 infants; I2 = 28% for RR and I2 = 50% for RD). We judged the quality of the
evidence supporting these findings as very low (rates of intraventricular haemorrhage) and low (severe intraventricular haemorrhage and
neonatal mortality) mainly because of limitations in the study designs and the imprecision of estimates. We found very few data on other
relevant outcomes, such as bronchopulmonary dysplasia, pulmonary haemorrhage and patent ductus arteriosus; and no study assessing
long-term outcomes (e.g. neurodevelopmental disability).

Authors' conclusions

There is very limited data on the eJect of prophylactic administration of heparin on the incidence and severity of IVH in very preterm
neonates. Both the identified trials used heparin in the context of maintaining umbilical line patency and not specifically as an agent to
prevent germinal matrix-intraventricular haemorrhage. Given the imprecision of our estimates, the results of this systematic review are
consistent with either a benefit or a detrimental eJect of heparin and do not provide a definitive answer to the review question. Limited
evidence is available on other clinically relevant outcomes.

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

The use of the anticoagulant heparin to reduce the risk of intraventricular haemorrhage (i.e. bleeding in the brain) in very preterm
infants

Review question: Does heparin reduce the risk of intraventricular haemorrhage (i.e. bleeding in the brain) and mortality in very preterm
infants?

Background: Heparin is a drug that modulates blood coagulation together with other factors. On the basis of an observational study in very
preterm infants, it has been suggested that the administration of drugs that prevent clotting (anticoagulants) such as heparin may reduce
the risk of intraventricular haemorrhage and progression of intraventricular haemorrhage, a frequent complication of preterm neonates.
This systematic review synthesises the available evidence on the eJectiveness of heparin in preventing intraventricular haemorrhage in
very preterm neonates.

Study characteristics: We included two trials for a total of 155 very preterm newborn infants comparing low-dose heparin with the same
solution without heparin.

Results: The use of heparin does not reduce the risks of bleeding in the brain, mortality or any other relevant outcomes in very preterm
neonates when compared to solution without heparin.

Conclusions: The results of this systematic review are consistent with either a benefit or a detrimental eJect of heparin and do not provide
a definitive answer to the review question.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Heparin compared to placebo/no treatment for the prevention of intraventricular haemorrhage in
preterm infants

Heparin compared to no treatment for the prevention of intraventricular haemorrhage in preterm infants

Patient or population: preterm infants at risk of intraventricular haemorrhage
Setting: Neonatal Intensive Care

Intervention: Heparin
Comparison: no treatment

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

No treatment Heparin

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study populationAny Intraventric-
ular Haemorrage
(IVH) 383 per 1000 356 per 1000 

(233 to 540)

RR 0.93 
(0.61 to 1.41)

155
(2 studies)

⊕⊝⊝⊝

very low 1,2,3

 

Study populationSevere IVH

136 per 1000 137 per 1000 
(62 to 303)

RR 1.01 
(0.46 to 2.23)

155
(2 studies)

⊕⊕⊝⊝

low 1,3

 

Study populationNeonatal mortali-
ty (all-cause)

136 per 1000 94 per 1000 
(38 to 227)

RR 0.69 
(0.28 to 1.67)

155
(2 studies)

⊕⊕⊝⊝

low 1,3

 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
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The assumed risk is the risk of the control arm.
1 Limitations in study design: unclear risk of bias for allocation concealment and reporting bias.
2 Inconsistency: moderate heterogeneity
3 Imprecision: small number of patients, few events
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B A C K G R O U N D

Description of the condition

Preterm birth remains the largest risk factor for the development
of germinal matrix-intraventricular haemorrhage (GM-IVH), an
injury that occurs in 25% of very low birth weight infants
(Vermont Oxford Network 2013), oTen in the first day of life
(Dolfin 1983). The classification of GM-IVH was originally developed
for the interpretation of computerised tomography (CT) scans
and thereaTer adapted by ultrasonographers and neonatologists
(Papile 1978). The grading proposed by Papile is widely used,
although magnetic resonance imaging (MRI) has been shown to
be more sensitive than brain ultrasound or CT scans in detecting
small-sized cerebral haemorrhages (Nandigam 2009; Parodi 2013).
The classification consists of four grades: grade 1 haemorrhage is
confined to the subependymal GM; grade 2 is a small haemorrhage
within the ventricular lumen; grade 3 is a large haemorrhage that
expands the ventricle; and grade 4 is characterised by parenchymal
haemorrhagic venous infarction (Papile 1978; Volpe 2008).

The aetiology of GM-IVH is multifactorial, not completely
elucidated, and involves the intrinsic vulnerability of the germinal
matrix (Perlman 1983). This haemorrhagic disorder is thought to
be venous in origin (Volpe 2008); and venous vessels are known
to be more vulnerable to thrombotic phenomena compared to
arteries. Moreover, in the absence of significant environmental
fluctuations in cerebral blood flow, thromboses in the tiniest
vessels of the germinal matrix are likely to play a crucial
and triggering role (Ghazi-Birry 1997; Paneth 1994; Ramenghi
2005). Sinovenous thrombosis in the deep venous system as
a nosological entity is known to determine late appearance
of GM-IVH in premature infants also in the absence of other
risk factors (Kersbergen 2011; Ramenghi 2002). A retrospective
analysis investigating the association between thrombophilia and
increased risk of developing GM-IVH estimated an absolute risk
of IVH (grade 2 to 4) of 80% for the preterm newborns with
a point mutation of the factor V gene, as compared to 14% in
absence of the mutation (Petäjä 2001). The combined frequency
of established thrombophilic abnormalities in infants with GM-IVH
was 32% (Petäjä 2001). The presence of genetic prothrombotic
factors significantly increases the risk of developing GM-IVH to a
similar degree as other factors such as low Apgar score or the use
of inotropic agents (Ramenghi 2011). Moreover, a systematic review
of observational studies estimated the impact of thrombophilia on
risk of cerebral sinovenous thrombosis in neonates and children
(Kenet 2010). The development of the haemostatic system in
neonates is an age-dependent process and preterm infants have
low levels of both pro-coagulants and anti-coagulants factors
(Tripodi 2008).

Description of the intervention

Heparin is produced by basophils and mast cells (Guyton 2006).
It activates antithrombin by an allosteric conformational change
mechanism that specifically enhances factor Xa inactivation and, by
a ternary complex bridging mechanism, promotes the inactivation
of thrombin and other target proteinases (Björk 1982; Chuang
2001). Thus, the activated antithrombin inactivates proteases
involved in blood clotting, such as thrombin and factor Xa.
While antifactor Xa activity requires only the pentasaccharide
binding site, the activity of heparin against thrombin is size-
dependent (Petitou 1999). For this reason, low-molecular-weight

heparin (LMWH) was introduced in order to target factor Xa
instead of antithrombin. LMWH has an improved therapeutic
index, with a reduced risk of osteoporosis and thrombocytopenia
in adults (Garcia 2012) and children (Newall 2009), respectively.
It may change coagulation profiles (O'Neill 1974); and may
cause heparin-induced thrombocytopenia in users (Potter 1992),
including newborns (Spadone 1992). Neonatal overdose, which
can be fatal (Monagle 2012b), may be reversed with protamine
sulphate (Wiernikowski 2007). Other potential side eJects of
heparin include elevation of aminotransferase levels (Carlson 2001)
and hypokalaemia (Cho 2013).

Heparin can be administered either as a liquid, intravenously or
subcutaneously, or released by specific catheters whose lumens
contain the anticoagulant. In addition, it may be added either
directly to the infusate or to fluids used to intermittently flush
catheters. Heparin should be given frequently or as a continuous
infusion because of its short half-life, i.e. less than one hour for
heparin (McDonald 1981), three to four hours for LMWH (Streif
2003). High doses of heparin have a longer half-life, as endothelial
cell binding becomes saturated, reducing renal clearance (Weitz
2010). One unit of heparin, known as a 'Howell unit' aTer the
physiologist who nearly a century ago reported on heparin as
an anticoagulant (Howell 1918), corresponds to approximately 2
mcg of heparin, which is the amount to keep 1 mL of blood fluid
for 24 hours at 0°C. Many concentrations of heparin are available
and range from 1 to 20,000 units/mL. Daily flushes of 10 units/
mL heparin are used to maintain patency of central catheters in
neonates; flushing is required more frequently (e.g. every 6 to
8 hours) for capped polyvinyl chloride catheters and peripheral
heparin locks (Monagle 2012a). The volume of heparin flush is
usually 0.5 to 1 mL, similar to the volume of the catheter; the dose
of heparin flush used should not approach therapeutic unit/kg dose
(Monagle 2012a). In preterm neonates receiving larger volumes per
body weight of total parenteral nutrition (TPN) solutions, a lower
dose of 0.5 units/mL of heparin may be preferable in order to
avoid approaching therapeutic amounts (Monagle 2012a). In this
population, the same concentration should be used for arterial
lines.

How the intervention might work

The exact mechanism or the unique 'primum movens' explaining
all cases of GM-IVH are not known although pathogenesis is
likely to diJer according to severity and timing of this intracranial
haemorrhage. GM-IVH can derive from catastrophic and sudden
haemodynamic changes in the venous flow in those very early and
severe cases while a sequence of events seems more probable
in less severe cases occurring later in more stable babies, aTer
the first few hours of life (Ramenghi 2015). There is histological
evidence that among the potential triggers of GM-IVH, thrombosis
in the microvasculature of the germinal matrix plays a significant
role (Paneth 1994). Once venous haemorrhage is initiated within
the germinal-matrix there is a further increase in tissue pressure
and venous congestion aggravating venous stasis and venous
thrombosis (Ghazi-Birry 1997).

The presence of hypercoagulability in the first hours of life
has been shown to increase the risk of developing GM-IVH
(McDonald 1984) and this is consistent with the above mentioned
cascade of events. Although we cannot establish the proportion
of thrombosis exclusively triggered by inherited thrombophilic
disorders the evidence of thrombosis per se within germinal
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matrix microvasculature remains an important key factor in the
pathogenesis of GM-IVH (Ghazi-Birry 1997; Paneth 1994). Therefore,
the early administration of anticoagulants such as heparin may
oJset this risk of GM-IVH at least in those babies with congenital
thrombophilia aggravated by the hypercoagulable state. Moreover,
anticoagulants may prove useful in reducing the risk of developing
parenchymal venous infarct, a thrombotic occlusive condition
known to complicate grade 4 IVH (Volpe 2008). Beneficial eJects
of heparin might vary in specific populations, e.g. neonates
with complex coagulation disorders, sepsis with disseminated
intravascular coagulation, transient neonatal protein C deficiency.
Low cord blood levels of protein C (< 0.1 unit/mL) may reflect
delayed maturation or increased turnover in certain infants and
appear to convey an independent risk of thrombosis (Manco-
Johnson 1991). Taken together, the developmental immaturity
of the haemostasis system as well as the frequent need for
medical interventions in critically ill preterm infants increase the
risk for thromboembolism. These newborns might benefit from
heparin treatment by avoiding thrombus formation. On the other
hand, retrospective studies have reported an association between
heparin exposure and increased risk of GM-IVH (Lesko 1986; Malloy
1995), although the true risk could not be determined because of
confounding factors inherent in the study design.

Why it is important to do this review

Three Cochrane Reviews have been published regarding the use of
heparin specifically in neonates: 1) "Continuous heparin infusion
to prevent thrombosis and catheter occlusion in neonates with
peripherally placed percutaneous central venous catheters" (Shah
2008); 2) "Heparin for prolonging peripheral intravenous catheter
use in neonates" (Shah 2005); and 3) "Umbilical artery catheters
in the newborn: eJects of heparin" (Barrington 2000a). Barrington
also conducted another Cochrane review on umbilical artery
catheters from another perspective: the eJects of catheter
materials, including the presence of heparin in the catheter
(Barrington 2000b). A fiTh Cochrane review assessed the eJect of
heparin-bonded central venous catheters on the duration of their
patency in children, including neonates (Shah 2014).

Each of these reviews included only infants with catheters. The
present review has a broader scope and includes the use of heparin
for any reason in the first 24 hours of life, including use for
prolonging catheter patency. It focuses on very preterm infants,
i.e. less than 32 weeks' gestational age, a population where the
prevention of GM-IVH is a major concern. Taking into account
the pathophysiological mechanisms of GM-IVH development,
the controversial findings from retrospective studies on GM-IVH
incidence during heparin administration and the increasing use of
heparin for catheter patency in preterm newborns, a systematic
approach of available evidence is needed.

O B J E C T I V E S

To assess whether the prophylactic administration of heparin
reduces the incidence of germinal matrix-intraventricular
haemorrhage in very preterm neonates when compared to placebo,
no treatment, or other anticoagulants.

We planned subgroup analyses according to gestational age, birth
weight, requirement for assisted ventilation, presence of GM-
IVH, indication for administration, route of administration, and

comparison group, i.e. placebo or no treatment (see Subgroup
analysis and investigation of heterogeneity).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled clinical trials (RCTs), quasi-
randomised trials and cluster trials. We excluded cross-over trials.

Types of participants

We included newborn infants of less than 32 weeks' gestational
age and any birth weight. We also planned to include studies
enrolling infants with existing GM-IVH and to assess the extension
of haemorrhage in a subgroup of infants.

Types of interventions

1. Comparison 1: heparin compared to placebo or no treatment
(specific subgroup analyses for each comparison are described
in Subgroup analysis and investigation of heterogeneity);

2. Comparison 2: heparin compared to other anticoagulant
treatments, e.g. factor Xa inhibitors and direct thrombin
inhibitors. We excluded trials comparing heparin with
antithrombin as they are included in a separate Cochrane review
(Bruschettini 2015).

We included trials testing any dose, mode of administration, and
duration of heparin therapy. In addition, we included trials where
heparin was administered specifically to prevent GM-IVH, as well as
those where heparin was used to prevent thrombosis (in catheters
and other locations). We excluded trials if heparin was:

• started beyond the first 24 hours of life (as the aim of the review
is to assess the ability of heparin to prevent GM-IVH);

• administered to achieve systemic heparinisation, i.e. during
extracorporeal membrane oxygenation or for the treatment of
thrombosis (regardless of the dosage of heparin);

• administered through the use of heparin-bonded catheters.

Types of outcome measures

Primary outcomes

1. Germinal matrix-intraventricular haemorrhage (GM-IVH):

• Any IVH (grade 1 to 4 according to Papile classification) (Papile
1978).

• Severe IVH (grade 3 and 4 according to Papile classification)
(Papile 1978).

2. Neonatal all-cause mortality (first 28 days).

Secondary outcomes

1. Death during initial hospitalisation (all-cause mortality).

2. Bronchopulmonary dysplasia (BPD)/Chronic lung disease (CLD):
28 days (NIH 1979); 36 weeks postmenstrual age (Jobe 2001);
physiological definition (Walsh 2004).

3. Pneumothorax (on chest x-ray).

4. Duration of mechanical intermittent positive pressure
ventilation (IPPV; days).
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5. Duration of respiratory support (IPPV or continuous positive
airway pressure, days).

6. Duration of oxygen therapy (days).

7. Duration of hospital stay (days).

8. Retinopathy of prematurity: any and severe (stage 3 or greater;
ICROP 1984).

9. Necrotising enterocolitis (any grade and requiring surgery).

10.Need for blood transfusion.

11.Need for medical or surgical treatment for persistent ductus
arteriosus (PDA).

12.Pulmonary haemorrhage.

13.Clinically apparent bleeding during treatment in the first week
of life.

14.Central catheter (umbilical line or peripherally inserted central
catheter) thrombosis (along the length of, or at the tip of, the
catheter) as determined by Doppler ultrasonography or contrast
venography.

15.Central catheter occlusion, identified by inability to infuse fluids.

16.Peripheral intravenous catheter occlusion.

17.Cerebellar haemorrhage on brain ultrasound in the first month
of life.

18.Cystic periventricular leukomalacia on brain ultrasound in the
first month of life.

19.Brain MRI abnormalities at term equivalent age (yes/no), defined
as: white matter lesions, i.e. cavitations (Rutherford 2010)
and punctate lesions (Cornette 2002); GM-IVH (Parodi 2013);
cerebellar haemorrhage (Fumagalli 2009; Limperopoulos 2007).

20.Cerebral haemodynamics impairment, based on cerebral near-
infrared spectroscopy (NIRS).

21.Long-term neurodevelopmental outcome (yes/no): cerebral
palsy on physician assessment, developmental delay, i.e. IQ
two standard deviations (SD) below the mean on validated
assessment tools e.g. Bayley Mental Developmental Index
(Bayley 1993; Bayley 2006).

22.Major neurodevelopmental disability: cerebral palsy,
developmental delay (Bayley Mental Developmental Index
(Bayley 1993; Bayley 2006) or GriJiths Mental Development
Scale assessment (GriJiths 1954) more than two SD below the
mean), intellectual impairment (IQ more than two SD below
mean), blindness (vision < 6/60 in both eyes), or sensorineural
deafness requiring amplification (Jacobs 2013). We planned to
evaluate each of these components as a separate outcome and
to extract data on this long-term outcome from studies that
evaluated children aTer 18 months of chronological age. Data on
children aged 18 to 24 months and those aged three to five years
were to be assessed separately.

Search methods for identification of studies

Electronic searches

We used the criteria and standard methods of Cochrane and the
Cochrane Neonatal Review Group (see the Cochrane Neonatal
Group search strategy for specialized register).

We undertook a comprehensive search including:

• the Cochrane Central Register of Controlled Trials (CENTRAL) in
The Cochrane Library, 2015;

• MEDLINE (1996 to November 2015);

• EMBASE (1980 to November 2015);

• CINAHL (1982 to November 2015);

• Australian New Zealand Clinical Trials Registry (PSANZ; 2005 to
November 2015);

• abstracts of the Pediatric Academic Societies (PAS; 2000 to
November 2015).

Appendix 1 reports the full search strategies for each database.

We applied no language restrictions. We searched the reference lists
of any cited articles.

Searching other resources

We searched clinical trial registries for ongoing or recently
completed trials (clinicaltrials.gov and controlled-trials.com).

Data collection and analysis

We used the standard methods of the Cochrane Neonatal Group.
Two review authors (RB, SZ) independently selected the included
studies, extracted their data and assessed their risk of bias. At each
stage, we resolved disagreements by consensus or by discussion
with a third review author (MGC).

Selection of studies

Two review authors (RB, SZ) independently screened the titles and
abstracts retrieved by the literature search to identify eligible trials
that met the inclusion criteria. The review authors then retrieved
the full texts of all potentially relevant articles and independently
confirmed their eligibility using an eligibility form designed in
accordance with the review inclusion criteria.

Data extraction and management

Two reviewers (MG, SZ) independently undertook data abstraction
using a standardised data extraction form developed ad hoc
and integrated with a modified version of the Cochrane EJective
Practice and Organisation of Care Group (EPOC) data collection
checklist (EPOC 2015).

We extracted the following characteristics from each included trial:

• Administrative details: author(s); publication status; year the
trial was conducted and year of publication; details of other
relevant papers cited.

• Details of the trial: study design; type, duration, and
completeness of follow-up; country and setting of the trial;
informed consent and ethics approval.

• Details of participants: birth weight, gestational age, and
number of participants.

• Details of intervention: type of heparin, dose of heparin,
duration of therapy, mode of administration.

• Details of outcomes, as listed in Types of outcome measures.

In the case of on-going trials, we planned to collect data on first
author, research question(s), methods, outcome measures, and
estimate of the reporting date.

We intended to contact the authors of included trials to
clarify eligibility and data extraction and to retrieve additional
information. One author (MGC) entered the data in the Review
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Manager 5 soTware (RevMan 2014) and a second one (SZ) checked
their accuracy.

Assessment of risk of bias in included studies

Two authors (RB, SZ) independently assessed the risk of bias
of each of the included trials by using the Cochrane's tool for
assessing risk of bias (Higgins 2011). We resolved disagreements
by consensus or, if necessary, by adjudication with a third review
author (MGC). We used 'Risk of bias' graphs to illustrate risk across
trials.

We appraised the following items :

1. Selection bias (random sequence generation and allocation
concealment)

1a. Random sequence generation

For each included trial, we categorised the risk of selection bias
related to random sequence generation as:

• Low risk: the investigators describe a random component in
the sequence generation process such as referring to a random
number table, using a computer random number generator, coin
tossing, shuJling cards or envelopes, throwing dice, drawing of
lots, or minimisation;

• High risk: the investigators describe a non-random component
in the sequence generation process such as sequence generated
by odd or even date of birth, sequence generated by some rule
based on date or day of admission, sequence generated by
some rule based on hospital or clinic record number, allocation
by judgment of the clinician, allocation by preference of the
participant, allocation based on the results of a laboratory
test or a series of tests, or allocation by availability of the
intervention;

• Unclear risk: no or unclear information provided.

1b. Allocation concealment

For each included trial, we categorised the risk of selection bias
related to allocation concealment as:

• Low risk: participants and investigators enrolling participants
could not foresee assignment because one of the following,
or an equivalent method, was used to conceal allocation:
central allocation (including telephone, web-based, and
pharmacy-controlled randomisation), sequentially numbered
drug containers of identical appearance, sequentially numbered
sealed opaque envelopes;

• High risk: participants and investigators enrolling participants
could possibly foresee assignments and thus introduce
selection bias, such as allocation based on open random
allocation schedule (e.g. a list of random numbers), unsealed or
non-opaque envelopes, alternation or rotation, date of birth, or
case record number;

• Unclear risk: no or unclear information provided.

2. Blinding (performance bias)

For each included trial, we categorised the risk of performance
bias related to the methods used to blind study personnel from
knowledge of which intervention a participant received as:

• Low risk: no blinding or incomplete blinding, but the review
authors judge that the outcome is not likely to be influenced
by lack of blinding; blinding of participants and key study
personnel ensured, and unlikely that the blinding could have
been broken;

• High risk: no blinding or incomplete blinding, and the outcome
is likely to be influenced by lack of blinding; blinding of key
study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be
influenced by lack of blinding;

• Unclear risk: no or unclear information provided.

3. Blinding (detection bias)

For each included trial, we categorised the risk of detection bias
related to the methods used to blind outcome assessors from
knowledge of which intervention a participant received as:

• Low risk: no blinding or incomplete blinding, but the review
authors judge that the outcome is not likely to be influenced
by lack of blinding; blinding of participants and key study
personnel ensured, and unlikely that the blinding could have
been broken;

• High risk: no blinding of outcome assessment, and the outcome
measurement is likely to be influenced by lack of blinding;
blinding of outcome assessment, but likely that the blinding
could have been broken, and the outcome measurement is likely
to be influenced by lack of blinding;

• Unclear risk: no or unclear information provided.

4. Incomplete outcome data (attrition bias)

For each included trial and for each outcome, we described the
risk of attrition bias related to the completeness of data including
attrition and exclusions from the analysis as:

• Low risk:

• No missing outcome data;

• Reasons for missing outcome data unlikely to be related
to true outcome (for survival data, censoring unlikely to
introduce bias);

• Missing outcome data balanced in numbers across
intervention groups, with similar reasons for missing data
across groups;

• For dichotomous outcome data, the proportion of missing
outcomes compared with observed event risk not enough to
have a clinically relevant impact on the intervention eJect
estimate;

• For continuous outcome data, plausible eJect size
(diJerence in means or standardised diJerence in means)
among missing outcomes not enough to have a clinically
relevant impact on observed eJect size;

• Missing data have been imputed using appropriate methods.

• High risk:

• Reason for missing outcome data likely to be related to true
outcome, with either imbalance in numbers or reasons for
missing data across intervention groups;

• For dichotomous outcome data, the proportion of missing
outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention eJect estimate;
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• For continuous outcome data, plausible eJect size
(diJerence in means or standardised diJerence in means)
among missing outcomes enough to induce clinically
relevant bias in observed eJect size;

• 'As-treated' analysis done with substantial departure of the
intervention received from that assigned at randomisation;

• Potentially inappropriate application of simple imputation.

• Unclear risk: no or unclear information provided.

5. Selective reporting (reporting bias)

For each included trial, we described how we investigated the
risk of selective outcome reporting bias and what we found. We
searched trial registries (clinicaltrials.gov; controlled-trials.com;
and who.int/ictrp) and we intended to contact the study author to
have access to the full protocol.

We assessed the risk of bias related to the reporting method as:

• Low risk: the study protocol is available and all of the study's
pre-specified (primary and secondary) outcomes that are of
interest in the review have been reported in the pre-specified
way; or the study protocol is not available but it is clear that
the published reports include all expected outcomes, including
those that were pre-specified (convincing text of this nature may
be uncommon).

• High risk: not all of the study’s pre-specified primary outcomes
have been reported; one or more primary outcomes is reported
using measurements, analysis methods, or subsets of the
data (e.g. subscales) that were not pre-specified; one or more
reported primary outcomes were not pre-specified (unless
clear justification for their reporting is provided, such as an
unexpected adverse eJect); one or more outcomes of interest
in the review are reported incompletely so that they cannot be
entered in a meta-analysis; or the study report fails to include
results for a key outcome that would be expected to have been
reported for such a study.

• Unclear risk: no or unclear information provided (the study
protocol was not available).

6. Other potential sources of bias (other bias)

For each included trial, we described any important concerns we
have about other possible sources of bias (for example, whether
there was a potential source of bias related to the specific study
design used).

We assessed the risk of bias related to other problems as:

• Low risk: the study appears to be free of other sources of bias;

• High risk: the trial has at least one important risk of bias (e.g. the
trial has a potential source of bias related to the specific study
design used or has been claimed to have been fraudulent or had
some other problem);

• Unclear risk: there may be a risk of bias, but there is either
insuJicient information to assess whether an important risk of
bias exists or insuJicient rationale or evidence that an identified
problem may introduce bias.

Measures of treatment e=ect

We followed the standard methods of the Cochrane Neonatal
Group for data synthesis. We extracted categorical data for each

intervention group and calculated relative risks (RRs), relative risk
reduction, and absolute risk diJerences (RDs). For each measure
of eJect, we provided the corresponding 95% confidence intervals
(CIs). If RDs were statistically significant, we would have further
calculated numbers needed to treat for an additional beneficial
outcome (NNTBs) and numbers needed to treat for an additional
harmful outcome (NNTHs). This review does not include outcomes
assessed with continuous measures.

Unit of analysis issues

In cluster trials, groups of individuals are randomly allocated
to study arms, and outcomes are then measured based on
the individual cluster members. Under such circumstances, it
is necessary to adjust the results to account for the fact that
the randomisation was performed on the clusters rather than
the individuals. As many cluster-randomised trials fail to report
appropriate analyses, corrections for clustering are needed before
they are included in a meta-analyses.

To calculate adjusted (inflated) CIs that account for the clustering,
we planned to follow the approach suggested by the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011),
i.e. to multiply the standard error of the eJect estimate (from
an analysis ignoring clustering) by the square root of the design
eJect. The design eJect is calculated from the average cluster size
and the intra-cluster correlation coeJicient. We planned to derive
intra-cluster correlation coeJicient(s) from similar studies and only
include trials in meta-analyses if corrections were possible.

Dealing with missing data

We recorded drop-out rate for each trial. A drop-out rate equal to
or greater than the event rate of the control group was considered
as significant and additional information was sought by the trial
author(s) to facilitate an intention-to-treat analysis. When this was
not possible, we performed a complete case analysis.

Assessment of heterogeneity

We planned to assess clinical heterogeneity by comparing the
distribution of important participant factors between trials (for
example, age) and trial factors (allocation concealment, blinding
of outcome assessment, losses to follow-up, treatment type, co-
interventions). We assessed statistical heterogeneity by examining
the I2 statistic (Higgins 2011), a quantity that describes the
proportion of variation in a point estimate that is due to variability
across studies rather than sampling error. We interpreted the I2
statistic as described by Higgins 2003:

• < 25% – no heterogeneity;

• 25% to 49% – low heterogeneity;

• 50% to 74% – moderate heterogeneity; and

• ≥ 75% – high heterogeneity.

In addition, we planned to do a Chi2 test of homogeneity
to determine the strength of evidence that heterogeneity was
genuine.

Assessment of reporting biases

If more than 10 trials had been included, we would have explored
publication bias using funnel plots (Egger 1997; Higgins 2011).
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Data synthesis

We summarised data using Review Manager 5 (RevMan 2014).
We used the standard methods of the Cochrane Neonatal Review
Group to synthesise data using RRs, RDs, NNTBs, NNTHs, weighted
mean diJerences (WMDs), and 95% CIs. We preferred a fixed-eJect
model to perform meta-analyses. In case of moderate or high
heterogeneity among the trials, we also conducted and reported
meta-analyses using a random-eJects model.

Although this was not planned in the review protocol (see
DiJerences between protocol and review), we summarised the
evidence of this review in a 'Summary of findings' table. We used
the control arm data to calculate the 'assumed risk' values and
select incidence and severity of IVH and all-cause mortality as
critical outcomes.

We assessed the overall quality of the evidence for each outcome
using the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) approach, as recommended in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011). We considered the following quality domains: study design
and limitations, consistency of results, directness (generalisability),
precision (suJicient data), and reporting of the results across all
studies that measure that particular outcome. The quality starts at
high when high quality RCTs provide results for the outcome, and
reduces by a level for each of the factors not met.

• High quality evidence: there are consistent findings among at
least 75% of RCTs with no limitations of the study design,
consistent, direct and precise data, and no known or suspected
publication biases. Further research is unlikely to change either
the estimate or our confidence in the results.

• Moderate quality evidence: one of the domains is not met.
Further research is likely to have an important impact on
our confidence in the estimate of eJect and may change the
estimate.

• Low quality evidence: two of the domains are not met. Further
research is very likely to have an important impact on our
confidence in the estimate of eJect and is likely to change the
estimate.

• Very low quality evidence: three of the domains are not met. We
are very uncertain about the results.

• No evidence: no RCTs were identified that addressed this
outcome.

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses:

1. Gestational age (with two subgroups: < 28 weeks versus ≥ 28
weeks).

2. Birth weight (with two subgroups: < 1000 grams versus ≥ 1000
grams).

3. Infants requiring assisted ventilation versus infants not requiring
assisted ventilation.

4. With or without GM-IVH (any grade) at trial entry.

5. Trials that used heparin for GM-IVH prevention (regardless of the
dosage) versus other indications, e.g. line patency.

6. Route of administration, e.g. intravenous versus subcutaneous.

7. Heparin compared to placebo versus heparin compared to no
treatment.

Sensitivity analysis

If enough trials had been included, we would have conducted
sensitivity analyses to explore the eJect of the methodological
quality of the trials, checking to ascertain if trials with a high risk of
bias overestimate the eJect of treatment.

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

The literature search run in November 2015 identified 407
references (Figure 1). ATer screening, we assessed for eligibility six
full-text articles and included two RCTs (Chang 1997; Stec 1993).
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Figure 1.   Study flow diagram.

 
We did not find other relevant trials by searching clinical trials
registries (clinicaltrials.gov; controlled-trials.com; and who.int/
ictrp).

Included studies

Two trials recruiting 155 infants met the inclusion criteria (Chang
1997; Stec 1993). Both trials compared low-dose heparin (1 unit per
mL) with the same solution without heparin in very preterm infants

with umbilical catheter. Heparin was administered continuously to
the umbilical catheter infusate in Chang 1997 and intermittently in
the flush solution in Stec 1993. Study's hypothesis in both trials was
that the use of heparin would increase, not prevent, the incidence
of GM-IVH. We identified no trials comparing heparin to other
anticoagulants.

Details are described in Characteristics of included studies.
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Chang 1997 was a two-centre randomised controlled trial enrolling
118 newborns (57 in the heparin group, 61 in the control group) of
less than 31 weeks gestation with umbilical catheter, either venous
or arterial lines (both venous and arterial lines were studied in this
trial). Five infants (two in the heparin group, three in the control
group) were randomised but excluded from the analysis as they
contravened inclusion criteria (two had chromosomal anomalies,
one had a congenital diaphragmatic hernia, one had a congenital
cyanotic heart lesion; one was assessed to have been born at
greater than 31 weeks' gestation).

Within each gestational age block (< 28 and ≥ 28 weeks),
randomisation cards were prepared in blocks of 10. Gestational age
and birth weight were similar in the two groups, i.e. 27.4 weeks ±
1.8 and 1074 ± 300 grams in the heparin group and 27.1 weeks ±
1.9 and 1065 ± 352 grams in the control group. Less than 40% of
the infants were treated with antenatal steroids. All infants received
vitamin K intramuscularly. Solutions used to flush all indwelling
catheters did not contain heparin. Infants in the intervention group
(n = 55) received 1 unit of heparin per mL in their umbilical catheter
infusate, whereas control group (n = 58) received the same solution
without heparin. All investigators and staJ members caring for
the infants remained masked, except the pharmacist. The study
was conducted from the first through the fiTh day of life. The trial
ended before the fiTh day of life if all umbilical catheters were
removed or if a catheter necessitating heparin-containing infusate
was inserted (e.g. a percutaneous intravenous central catheter).
All cranial sonograms were performed at one week of life and
interpreted by a masked paediatric neuroradiologist.

Stec 1993 was a single-centre randomised controlled trial enrolling
42 infants with birth weight less than 2000 grams and requirement
for umbilical artery catheterisation (arterial lines), defined as FiO2
> 0.4 to maintain PaO2 > 60 torr. Gestational age and birth weight
were similar in the two groups, i.e. 28 weeks ± 3 and 1096 ± 350
grams in the heparin group and 28 weeks ± 3 and 1000 ± 415 grams
in the control group. The intervention group of infants (n = 19)
received a flush solution with one unit of heparin per mL, while the
control group (n = 23) received the same solution without heparin.
Solutions were prepared by the hospital pharmacy; staJ members
caring for the infants remained masked. The flush solutions were
used to clear the umbilical artery catheters aTer routine blood
samples (2 to 3 cc of blood to clear the catheter, obtaining the blood
specimen, and returning the non-sample blood to the infant). The
catheters were then reconnected to a non-heparinised intravenous
infusion. Cranial sonograms were performed on the first, fourth
and seventh postnatal days and reviewed by a masked paediatric
radiologist or a neuroradiologist.

Excluded studies

We excluded three trials because heparin administration was
started beyond 24 hours of life (Birch 2010; Kamala 2002; Treas
1992); and one trial because the gestational age of infants was
greater than 32 weeks (Brown 1999); (details are reported in
Characteristics of excluded studies).

Risk of bias in included studies

Figure 2 and Figure 3 summarise the risk of bias of the included trial.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

Chang 1997 did not provide suJicient information on how the
randomisation sequence was generated and concealed and was
then judged at unclear risk of selection bias.

Stec 1993 provide information on the allocation sequence
generation but not on its concealment.

Blinding

The two included trials were designed as blinded. Participants,
investigators, and outcome assessors were not aware of the
allocated study treatments.

Incomplete outcome data

In Chang 1997, five infants (two in the heparin group, three in the
control group) were randomised but excluded from the analysis
as they contravened inclusion criteria (two had chromosomal
anomalies, one had a congenital diaphragmatic hernia, one had a
congenital cyanotic heart lesion; one was assessed to have been
born at greater than 31 weeks' gestation). Moreover, five infants
died before a sonogram could be obtained and one infant did not

have cranial ultra-sonography performed (two of these infants were
in the heparin group, four in the 'no heparin' group). Thus, data
on incidence and severity of IVH were available on 107 infants
(53 infants in the heparin group, 54 infants in the control group).
Overall, 11 out of 118 randomised infants (9.3%) did not complete
the study.

Stec 1993 reported outcomes for all randomised infants (no drop-
outs).

Selective reporting

The included studies were not registered. We were not able to
contact the authors of these studies to retrieve the study protocols.
Thus, we judged them at unclear risk of bias.

Other potential sources of bias

The trials appeared free of other biases.
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E=ects of interventions

See: Summary of findings for the main comparison Heparin
compared to placebo/no treatment for the prevention of
intraventricular haemorrhage in preterm infants

Heparin versus placebo or no treatment (comparison 1)

Two trials (Chang 1997; Stec 1993), which included a total of 155
infants, met eligibility criteria. Both trials compared heparin to the

same solution without heparin (see Summary of findings for the
main comparison).

Primary outcomes

Any GM-IVH (grade 1 to 4) (Outcome 1.1): Both studies (n =
155 infants) reported this outcome. Prophylactic administration of
heparin did not alter the risk of developing any GM-IVH (typical RR
0.93, 95% CI 0.61 to 1.41; typical RD −0.03, 95% CI −0.17 to 0.12;
2 studies, 155 infants; I2 = 57% for RR and I2 = 65% for RD). See:
Analysis 1.1 Figure 4

 

Figure 4.   Forest plot of comparison: 1 Heparin vs no treatment, outcome: 1.1 Any IVH.

 
Severe IVH (grade 3 and 4) (Outcome 1.2): Both trials reported this
outcome. Prophylactic administration of heparin did not alter the
risk of developing any severe IVH (typical RR 1.01, 95% CI 0.46 to

2.23; typical RD 0.00, 95% CI −0.11 to 0.11; 2 studies, 155 infants; I2
= 0% for RR and I2 = 0% for RD). See: Analysis 1.2 Figure 5

 

Figure 5.   Forest plot of comparison: 1 Heparin vs no treatment, outcome: 1.2 Severe IVH.

 
Neonatal all-cause mortality (Outcome 1.3): Both trials (n = 155)
reported this outcome. Prophylactic administration of heparin did
not alter the risk of neonatal mortality (typical RR 0.69, 95% CI 0.28
to 1.67; typical RD −0.04, 95% CI −0.14 to 0.06; 2 studies, 155 infants;

I2 = 28% for RR and I2 = 50% for RD). In Chang 1997, 10 infants in the
control group and five in the heparin group died during the study.
In Stec 1993, two deaths occurred in the heparin group and one in
the control group. See: Analysis 1.3 Figure 6

 

Figure 6.   Forest plot of comparison: 1 Heparin vs no treatment, outcome: 1.3 Neonatal all-cause death.

 
Secondary outcomes

Bronchopulmonary dysplasia (Outcome 1.4): One trial reported
that bronchopulmonary dysplasia defined as the need for
supplemental oxygen at 28 days of age was diagnosed in 21 infants

in the heparin group (21/55) versus 18 infants in the control group
(18/58) (Chang 1997); this diJerence was not significant (RR 1.23,
95% CI 0.74 to 2.05; RD 0.07, 95% CI −0.10 to 0.25). The test for
heterogeneity was not applicable. See: Analysis 1.4
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Pneumothorax (Outcome 1.5): Both trials (n = 155) reported this
outcome (typical RR 0.50, 95% CI 0.17 to 1.53; typical RD −0.05, 95%
CI −0.14 to 0.03; I2 = 57% for RR and I2 = 5% for RD) (Analysis 1.5).
See: Analysis 1.5

Patent ductus arteriosus (Outcome 1.6); One trial reported on PDA
as diagnosed by physical examination or echocardiogram (RR 0.79,
95% CI 0.54 to 1.16; RD −0.12, 95% CI −0.30 to 0.07) (Chang 1997).
The test for heterogeneity was not applicable. Need for medical or
surgical treatment for PDA was not specified. See: Analysis 1.6

Pulmonary haemorrhage (Outcome 1.7); One trial reported on this
outcome (RR 0.45, 95% CI 0.19 to 1.09; RD −0.13, 95% CI −0.27 to
0.01) (Chang 1997). The test for heterogeneity was not applicable.
See: Analysis 1.7

Central catheter occlusion (Outcome 1.8): One trial reported on
this outcome (RR 0.40, 95% CI 0.13 to 1.28; RD −0.23, 95% CI −0.49
to 0.02) (Stec 1993). The test for heterogeneity was not applicable.
See: Analysis 1.8

We did not find any data on the following outcomes:

Death during initial hospitalisation (all-cause mortality); duration
of mechanical ventilation; duration of respiratory support; duration
of oxygen therapy; duration of hospital stay; retinopathy of
prematurity; necrotising enterocolitis; need for blood transfusion;
clinically apparent bleeding during treatment; central catheter
thrombosis; peripheral intravenous catheter occlusion; cerebellar
haemorrhage; cystic periventricular leukomalacia; brain MRI
abnormalities at term equivalent age; cerebral haemodynamics
impairment; long-term neurodevelopmental outcome; major
neurodevelopmental disability.

Subgroup Analysis

We were unable to conduct any of the planned subgroup analyses,
as only two trials met the inclusion criteria for this review.

Heparin versus other anticoagulant treatments (comparison 2)

We did not find trials comparing heparin to other anticoagulants.

D I S C U S S I O N

Summary of main results

We evaluated the eJicacy of the prophylactic administration
of heparin in the prevention of GM-IVH (germinal matrix-
intraventricular haemorrhage) in very preterm infants. Only two
trials (Chang 1997; Stec 1993), for a total of 155 preterm infants,
met the inclusion criteria of this review. Heparin was not better
than solution or infusate without heparin in terms of incidence or
severity of intraventricular haemorrhage and neonatal mortality,
the primary outcomes of this review. Heterogeneity was low to
moderate for two of our primary outcomes. We could not formally
explore the reasons for this heterogeneity due to the small number
of included trials, however a possible explanation could be that the
two studies used diJerent type of infusion. In terms of secondary
outcomes, such as bronchopulmonary dysplasia, pneumothorax,
pulmonary haemorrhage and patent ductus arteriosus, we did not
find evidence for a benefit.

Overall completeness and applicability of evidence

Both trials compared a low dose of heparin (1 unit per mL)
with the same solution without heparin in very preterm infants
with umbilical catheter. Importantly, heparin was administered
continuously to the umbilical catheter infusate in Chang 1997 and
intermittently in the flush solution in Stec 1993. However, even
when administered continuously as in Chang 1997, heparin doses
received by the infant averaged 4.3 U/kg/h and did not result in
clinically significant changes in antithrombin levels. In addition,
this review includes trials conducted more than 20 years ago, when
the use of antenatal steroid was low (< 40% of the infants enrolled
in the more recent trial, i.e. Chang 1997; not reported in Stec 1993).
We did not find trials comparing heparin to other anticoagulants.

Quality of the evidence

According to the GRADE approach, we rated the overall quality of
the evidence for clinically relevant outcomes as "low" and "very
low" (see Summary of findings for the main comparison). We
downgraded the overall quality of the evidence for the critical
outcomes because of 1) limitations in the study design (i.e.
selection bias due to an unclear allocation concealment and
reporting bias), and 2) the imprecision of results (a small number
of participants) that could be a source of random error risk.
The random error is closely related to the imprecision as the
results of smaller studies are subject to greater sampling variation
and hence are less precise (Higgins 2011). The estimate of the
primary outcome incidence of IVH was also aJected by a moderate
heterogeneity, thus we further downgraded the overall quality of
the evidence supporting this outcome (Guyatt 2011).

Potential biases in the review process

As the aim of the present review is to assess the eJicacy of
heparin to prevent GM-IVH which mostly occurs in the first three
days of life, we excluded trials where the intervention was started
beyond the first 24 hours of life, such as Birch 2010 and Brown
1999. However, when evaluating the progression of the bleeding,
interventions started beyond 24 hours of life may play a relevant
role. Importantly, in Birch 2010 the continuous infusion of 0.5 IU/
mL of heparin started at a mean age of two days of life resulted in
significant reduction of the progression of IVH in preterm infants
weighing less than 850 g (0/26 IVH progressions in the heparin
group versus 4/28 in the control group).

Agreements and disagreements with other studies or
reviews

Evidence supports the use of heparin in neonates with peripherally
placed percutaneous central venous catheters (Shah 2008) and
umbilical artery catheters (Barrington 2000a), but not for peripheral
intravenous catheter (Shah 2005). The dose and method of
administration of heparin varies widely, with concentrations
ranging from 0.1 to 10 U/mL of heparin administered as either
intermittent flush solution or as an additive in parenteral nutrition
solutions (Shah 2005). Though not corroborated by any high-
quality study, it has been suggested that a low dose of 0.5 units/mL
of heparin may be preferable in preterm neonates receiving larger
volumes per body weight of total parenteral nutrition (Monagle
2012a).

The present review diJers from the reviews of Shah and Barrington
in the objective and in the inclusion criteria, and consequently in
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the included trials (Barrington 2000a; Barrington 2000b; Shah 2005;
Shah 2008; Shah 2014). We aimed to investigate the eJects of early
(i.e. within 24 hours of life) administration of heparin for any reason,
including promotion of catheter patency. In both included trials
heparin was used in infants with umbilical catheter. We will update
with new studies if any are published on this topic.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is very limited data on the eJect of prophylactic
administration of heparin on the incidence and severity of IVH
in very preterm neonates. Both the identified trials used heparin
in the context of maintaining umbilical line patency and not
specifically as an agent to prevent germinal matrix-intraventricular
haemorrhage. Given the imprecision of our estimates, the results
of this systematic review are consistent with either a benefit or

a detrimental eJect of heparin and do not provide a definitive
answer to the review question. Limited evidence is available on
other clinically relevant outcomes.

Implications for research

Heparin may reduce the risk of developing parenchymal venous
infarct, a thrombotic occlusive condition known to complicate
grade 4 IVH. Future trials might therefore evaluate both occurrence
and progression of existing GM-IVH. Moreover, eJicacy and safety
of diJerent doses, formulations, and routes of administration of
heparin might deserve to be investigated.
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Methods Double-blinded randomised controlled trial.

Two centres: Prentice Women's Hospital, Chicago, Illinois: Evanston Hospital, Evanston, Illinois, USA,
between August 1992 and June 1994.

Randomisation in blocks of 10 within each gestational age block (< 28 and ≥ 28 weeks).

Participants 118 newborns (57 in the heparin group, 61 in the control group) < 31 weeks' gestation with umbili-
cal catheter (both venous and arterial lines were studied in this trial). Five infants (two in the heparin
group, three in the control group) were randomised but excluded from the analysis as they contra-
vened inclusion criteria (two had chromosomal anomalies, one had a congenital diaphragmatic her-
nia, one had a congenital cyanotic heart lesion; one was assessed to have been born at greater than 31
weeks' gestation).

Exclusion criteria: multiple congenital anomalies, chromosomal abnormalities, platelet count < 100 ×
109/L at birth, or transferred from an outside hospital.

Gestational age and birth weight were similar in the two groups, i.e. 27.4 weeks ± 1.8 and 1074 ± 300 g
in the heparin group and 27.1 weeks ± 1.9 and 1065 ± 352 grams in the control group.

All infants received vitamin K intramuscularly. Solutions used to flush all indwelling catheters without
heparin.

Interventions Intervention group: 1 unit of heparin per mL in their umbilical catheter infusate.

Control group: same infusate without heparin.

Chang 1997 
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All investigators and staJ members caring for the infants remained masked, except the pharmacist.
The trial was conducted from the first through the fiTh day of life. The trial ended before the fiTh day
of life if all umbilical catheters were removed or if a catheter necessitating heparin-containing infusate
was inserted (e.g. a percutaneous intravenous central catheter). All cranial sonograms were performed
at one week of life and interpreted by a masked paediatric neuroradiologist.

Outcomes Primary outcome: GM-IVH.

Secondary outcomes: severe IVH; coagulation profile; surfactant use; use of inotropic agents; pneu-
mothorax; pulmonary haemorrhage; patent ductus arteriosus; bronchopulmonary dysplasia; death.

Notes Lack of power of the study.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No information provided.

Allocation concealment
(selection bias)

Unclear risk No information provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The pharmacist was the only person who knew the randomisation assignment.
All investigators and staJ members caring for the infants remained masked.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All cranial sonograms were interpreted by a masked paediatric neuroradiolo-
gist.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Five infants (two in the heparin group, three in the control group) were ran-
domised but excluded from the analysis as they contravened inclusion criteria
(two had chromosomal anomalies, one had a congenital diaphragmatic her-
nia, one had a congenital cyanotic heart lesion; one was assessed to have been
born at greater than 31 weeks' gestation). Moreover, five infants died before a
sonogram could be obtained and one infant did not have cranial ultra-sonog-
raphy performed (two of these infants were in the heparin group, four in the
'no heparin' group). Thus, data on incidence and severity of IVH were available
on 107 infants (53 infants in the heparin group, 54 infants in the control group).
Overall, 11 out of 118 randomised infants (9.3%) did not complete the study.

Selective reporting (re-
porting bias)

Unclear risk The trial was not registered and no protocol was available. We could not ascer-
tain if there were deviations from the original protocol in the final publication.

Other bias Low risk Appears free of other bias.

Chang 1997  (Continued)

 
 

Methods Double-blinded randomised controlled trial.

Single-centre: St. Peter's Medical Center Intensive Care Nursery, New Brunswick, New Jersey, USA, be-
tween 1 June 1 1987 and 30 August 30 1989.

Participants 42 inborn newborns (19 in the heparin group, 23 in the control group) with birth weight < 2000 grams,
requirement for umbilical artery catheterisation and informed consent obtained from the parents.

Stec 1993 
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Gestational age and birth weight were similar in the two groups, i.e. 28 weeks ± 3 and 1096 ± 350 grams
in the heparin group and 28 weeks ± 3 and 1000 ± 415 grams in the control group.

Interventions Intervention group: flush solution (5% dextrose/0.2 normal saline) with 1 unit of heparin per mL.

Control group: same flush solution without heparin.

Outcomes Primary outcome: GM-IVH.

Secondary outcomes: severe IVH; complications of the umbilical artery catheters (hypertension, color
changes of the extremities, and clotting of the catheter); need for respiratory support; pneumothorax;
acidosis; sepsis; need for volume expanders; platelet count; death.

Notes Lack of power of the study.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Infants were randomised by a random number table.

Allocation concealment
(selection bias)

Unclear risk No information provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The flush solutions were prepared by the hospital pharmacy and the vials'
contents were unknown to the clinical staJ caring for the infants.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The ultrasound studies were reviewed by a paediatric radiologist or a neurora-
diologist who were unaware of the infants' clinical course.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Outcomes reported for all randomised infants (no drop-outs).

Selective reporting (re-
porting bias)

Unclear risk The trial was not registered and no protocol was available. We could not ascer-
tain if there were deviations from the original protocol in the final publication.

Other bias Low risk Appears free of other bias.

Stec 1993  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Birch 2010 Timing of intervention (at a mean age > 2 days of life) beyond the review's inclusion criteria (i.e. he-
parin started within 24 hours of life).

Brown 1999 Gestational age (mean 36 weeks and 5 days) greater than that specified in the review's inclusion
criteria (i.e. < 32 weeks).

Kamala 2002 Timing of intervention (at a mean age > 3 days of life) beyond the review's inclusion criteria (i.e. he-
parin started within 24 hours of life).
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Study Reason for exclusion

Treas 1992 Timing of intervention beyond the review's inclusion criteria; Gestational age range: 28 to 43
weeks.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Heparin vs placebo/no treatment

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

Statistical method Effect size

1 Any Intraventricular
Haemorrhage (IVH)

2 155 Risk Difference (M-H, Fixed, 95% CI) -0.03 [-0.17, 0.12]

2 Severe IVH 2 155 Risk Difference (M-H, Fixed, 95% CI) 0.00 [-0.11, 0.11]

3 Neonatal all-cause mor-
tality

2 155 Risk Difference (M-H, Fixed, 95% CI) -0.04 [-0.14, 0.06]

4 Bronchopulmonary dys-
plasia

1 113 Risk Difference (M-H, Fixed, 95% CI) 0.07 [-0.10, 0.25]

5 Pneumothorax 2 155 Risk Difference (M-H, Fixed, 95% CI) -0.05 [-0.14, 0.03]

6 Patent ductus arteriosus 1 113 Risk Difference (M-H, Fixed, 95% CI) -0.12 [-0.30, 0.07]

7 Pulmonary haemorrhage 1 113 Risk Difference (M-H, Fixed, 95% CI) -0.13 [-0.27, 0.01]

8 Central catheter occlusion 1 42 Risk Difference (M-H, Fixed, 95% CI) -0.23 [-0.49, 0.02]

 
 

Analysis 1.1.   Comparison 1 Heparin vs placebo/no treatment, Outcome 1 Any Intraventricular Haemorrhage (IVH).

Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Chang 1997 19/55 17/58 73.07% 0.05[-0.12,0.22]

Stec 1993 7/19 14/23 26.93% -0.24[-0.53,0.05]

   

Total (95% CI) 74 81 100% -0.03[-0.17,0.12]

Total events: 26 (Experimental), 31 (Control)  

Heterogeneity: Tau2=0; Chi2=2.83, df=1(P=0.09); I2=64.68%  

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

Favours heparin 10.5-1 -0.5 0 Favours no heparin
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Analysis 1.2.   Comparison 1 Heparin vs placebo/no treatment, Outcome 2 Severe IVH.

Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Chang 1997 6/55 7/58 73.07% -0.01[-0.13,0.11]

Stec 1993 4/19 4/23 26.93% 0.04[-0.2,0.28]

   

Total (95% CI) 74 81 100% 0[-0.11,0.11]

Total events: 10 (Experimental), 11 (Control)  

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  

Test for overall effect: Z=0.03(P=0.98)  

Favours heparin 10.5-1 -0.5 0 Favours no heparin

 
 

Analysis 1.3.   Comparison 1 Heparin vs placebo/no treatment, Outcome 3 Neonatal all-cause mortality.

Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Chang 1997 5/55 10/58 73.07% -0.08[-0.2,0.04]

Stec 1993 2/19 1/23 26.93% 0.06[-0.1,0.22]

   

Total (95% CI) 74 81 100% -0.04[-0.14,0.06]

Total events: 7 (Experimental), 11 (Control)  

Heterogeneity: Tau2=0; Chi2=2, df=1(P=0.16); I2=49.9%  

Test for overall effect: Z=0.84(P=0.4)  

Favours heparin 10.5-1 -0.5 0 Favours no heparin

 
 

Analysis 1.4.   Comparison 1 Heparin vs placebo/no treatment, Outcome 4 Bronchopulmonary dysplasia.

Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Chang 1997 21/55 18/58 100% 0.07[-0.1,0.25]

   

Total (95% CI) 55 58 100% 0.07[-0.1,0.25]

Total events: 21 (Experimental), 18 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.42)  

Favours heparin 10.5-1 -0.5 0 Favours no heparin

 
 

Analysis 1.5.   Comparison 1 Heparin vs placebo/no treatment, Outcome 5 Pneumothorax.

Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Chang 1997 1/55 6/58 73.07% -0.09[-0.17,0]

Stec 1993 3/19 3/23 26.93% 0.03[-0.19,0.24]

   

Total (95% CI) 74 81 100% -0.05[-0.14,0.03]

Total events: 4 (Experimental), 9 (Control)  

Favours heparin 10.5-1 -0.5 0 Favours no heparin
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Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Heterogeneity: Tau2=0; Chi2=1.05, df=1(P=0.31); I2=4.56%  

Test for overall effect: Z=1.26(P=0.21)  

Favours heparin 10.5-1 -0.5 0 Favours no heparin

 
 

Analysis 1.6.   Comparison 1 Heparin vs placebo/no treatment, Outcome 6 Patent ductus arteriosus.

Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Chang 1997 24/55 32/58 100% -0.12[-0.3,0.07]

   

Total (95% CI) 55 58 100% -0.12[-0.3,0.07]

Total events: 24 (Experimental), 32 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.23(P=0.22)  

Favours heparin 10.5-1 -0.5 0 Favours no heparin

 
 

Analysis 1.7.   Comparison 1 Heparin vs placebo/no treatment, Outcome 7 Pulmonary haemorrhage.

Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Chang 1997 6/55 14/58 100% -0.13[-0.27,0.01]

   

Total (95% CI) 55 58 100% -0.13[-0.27,0.01]

Total events: 6 (Experimental), 14 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.89(P=0.06)  

Favours heparin 10.5-1 -0.5 0 Favours no heparin

 
 

Analysis 1.8.   Comparison 1 Heparin vs placebo/no treatment, Outcome 8 Central catheter occlusion.

Study or subgroup Experimental Control Risk Difference Weight Risk Difference

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

Stec 1993 3/19 9/23 100% -0.23[-0.49,0.02]

   

Total (95% CI) 19 23 100% -0.23[-0.49,0.02]

Total events: 3 (Experimental), 9 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.77(P=0.08)  

Favours heparin 10.5-1 -0.5 0 Favours no heparin
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A P P E N D I C E S

Appendix 1. Search strategy

• The Cochrane Library: Search Terms: heparin AND (infant or newborn or neonate or neonatal or premature or very low birth weight or
low birth weight or VLBW or LBW)

• MEDLINE: (heparin[MeSH] OR heparin) AND ((infant, newborn[MeSH] OR newborn OR neonate OR neonatal OR premature OR low birth
weight OR VLBW OR LBW or infan* or neonat*) AND (randomised controlled trial [pt] OR controlled clinical trial [pt] OR Clinical Trial[ptyp]
OR randomised [tiab] OR placebo [tiab] OR clinical trials as topic [mesh: noexp] OR randomly [tiab] OR trial [ti]) NOT (animals [mh] NOT
humans [mh]))

• EMBASE: (heparin and (hemorrhage or haemorrhage or bleeding) and (infant, newborn or newborn or neonate or neonatal or premature
or very low birth weight or low birth weight or VLBW or LBW or Newborn or infan* or neonat*) and (human not animal) and (randomised
controlled trial or controlled clinical trial or randomised or placebo or clinical trials as topic or randomly or trial or clinical trial)).mp.
[mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword]

• CINAHL: heparin AND (infant, newborn OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW or
Newborn or infan* or neonat*) AND (randomized controlled trial OR controlled clinical trial OR randomized OR placebo OR clinical trials
as topic OR randomly OR trial OR PT clinical trial)

• abstractsonline of the Pediatric Academic Societies (PAS) from 2000-2015: heparin AND infant

• clinicaltrials.govcontrolled-trials.com and Australian New Zealand Clinical Trials Registry: heparin AND infant
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

To better clarify that this review includes trials irrespective of the reason for the use of heparin, we have specified that we included trials
specifically aimed to prevent GM-IVH as well as those attempting to prevent thrombosis (in catheters and other locations) (see Types of
interventions).

When we prepared the protocol of this review, we did not plan to summarise the review results in a 'Summary of findings' table, which
was included at the review stage to be consistent with Cochrane's and the Cochrane Neonatal Review Group's guidelines (see Summary
of findings for the main comparison).
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Cerebral Ventricles;  *Infant, Very Low Birth Weight;  Anticoagulants  [*therapeutic use];  Cerebral Hemorrhage  [mortality]  [*prevention
& control];  Heparin  [*therapeutic use];  Infant, Premature;  Randomized Controlled Trials as Topic

MeSH check words

Humans; Infant, Newborn
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