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ABSTRACT

Background

Upper gastrointestinal bleeding is typically a mild, self-limiting condition that can affect both preterm and term neonates, although it can
be severe particularly when associated with co-morbidities. Pharmacological interventions with a proton pump inhibitor (PPI), H2 receptor
antagonist (H2RA), antacid, bismuth and sucralfate may have effects on both the prevention and treatment of upper gastrointestinal
bleeding in infants.

Objectives

To assess how different pharmacological interventions (PPls, H2RAs, antacids, sucralfate or bismuth salts) administered to preterm and
term neonates for the prevention or treatment of upper gastrointestinal bleeding to reduce morbidity and mortality compare with placebo
or no treatment, supportive care, or each other.

Search methods

We used the standard search strategy of Cochrane Neonatal to search the Cochrane Central Register of Controlled Trials (CENTRAL 2018,
Issue 6), MEDLINE via PubMed (1966 to 12 July 2018), Embase (1980 to 12 July 2018), and CINAHL (1982 to 12 July 2018). We also
searched clinical trial databases, conference proceedings, the reference lists of retrieved articles for randomised controlled trials and quasi-
randomised trials, and online for Chinese literature articles.

Selection criteria

We selected randomised, quasi-randomised and cluster-randomised trials involving preterm and term neonates. Trials were included if
they used a proton pump inhibitor, H2 receptor antagonist, antacid, sucralfate or bismuth either for the prevention or treatment of upper
gastrointestinal bleeding.

Data collection and analysis

Two review authors independently assessed the eligibility of studies for inclusion, extracted data and assessed methodological quality.
We conducted meta-analysis using a fixed-effect model. We used the GRADE approach to assess quality of evidence.

Pharmacological interventions for prevention and treatment of upper gastrointestinal bleeding in newborn infants (Review) 1
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Main results

Eleven studies with 818 infants met the criteria for inclusion in this review.

Four trials with 329 infants assessed the use of an H2 receptor antagonist for prevention of upper gastrointestinal bleeding in high-risk
newborn infants. Meta-analysis of these four trials identified a reduction in any upper gastrointestinal bleeding when using an H2 receptor
antagonist (typical risk ratio (RR) 0.36, 95% confidence interval (Cl) 0.22 to 0.58; typical risk difference (RD) —0.20, 95% C| —0.28 to -0.11;
number needed to treat for an additional beneficial outcome (NNTB) 5, 95% Cl 4 to 9). The quality of evidence was moderate. A single trial
with 53 infants assessing prevention of upper gastrointestinal bleeding reported no difference in mortality in infants assigned H2 receptor
antagonist versus no treatment; however the quality of evidence was very low.

Seven trials with 489 infants assessed an inhibitor of gastric acid (H2 receptor antagonist or proton pump inhibitor) for treatment of
gastrointestinal bleeding in newborn infants. Meta-analysis of two trials (131 infants) showed no difference in mortality from use of a
H2 receptor antagonist compared to no treatment. The quality of evidence was low. Meta-analysis of two trials (104 infants) showed a
reduction in duration of upper gastrointestinal bleeding from use of an inhibitor of gastric acid compared to no treatment (mean difference
-1.06 days, 95% Cl —1.28 to —0.84). The quality of evidence was very low. Meta-analysis of six trials (451 infants) showed a reduction in
continued upper gastrointestinal bleeding from use of any inhibitor of gastric acid compared to no treatment (typical RR 0.36, 95% CI 0.26
to 0.49; typical RD -0.26, 95% CI -0.33, -0.19; NNTB 4, 95% Cl 3 to 5). The quality of evidence was low. There were no significant subgroup
differences in duration of upper gastrointestinal bleeding or of continued upper gastrointestinal bleeding according to type of inhibitor of
gastric acid. A single trial (38 infants) reported no difference in anaemia requiring blood transfusion from use of a H2 receptor antagonist
compared to no treatment.

Although no serious adverse events were reported from the use of a H2 receptor antagonist or proton pump inhibitor, some neonatal
morbidities — including necrotising enterocolitis, ventilator-associated pneumonia, duration of ventilation and respiratory support, and
duration of hospital stay — were not reported. Long-term outcome was not reported.

Authors' conclusions

There is moderate-quality evidence that use of an H2 receptor antagonist reduces the risk of gastrointestinal bleeding in newborn infants
at high risk of gastrointestinal bleeding. There is low-quality evidence that use of an inhibitor of gastric acid (H2 receptor antagonist
or proton pump inhibitor) reduces the duration of upper gastrointestinal bleeding and the incidence of continued gastric bleeding in
newborn infants with gastrointestinal bleeding. However, there is no evidence that use of an inhibitor of gastric acid in newborn infants
affects mortality or the need for blood transfusion. As no study reported the incidence of necrotising enterocolitis, ventilator- or hospital-
associated pneumonia, sepsis, or long-term outcome, the safety of inhibitors of gastric acid secretion is unclear.

PLAIN LANGUAGE SUMMARY

Pharmacological interventions to prevent and treat upper gastrointestinal bleeding in neonates

Review question

To assess how different medications for reducing stomach acidity (proton pump inhibitors, histamine 2 receptor antagonists, antacids)
or for protecting the stomach lining (sucralfate or bismuth salts) given to preterm and term infants help to prevent or treat upper
gastrointestinal bleeding, reduce suffering of other illnesses and deaths.

Background

Upper gastrointestinal bleeding is common in sick newborns admitted to neonatal intensive care. It may be associated with reflux of milk
(gastroesophageal reflux) or allergy to milk proteins. Common symptoms include vomiting of material which can be either bloodstained
or like coffee grounds in appearance; and black, tarry stools. When occurring in otherwise well newborns it is typically a mild, self-limiting
condition. However, upper gastrointestinal bleeding can be severe particularly when associated with other underlying conditions.

Study characteristics
We included randomised controlled trials (RCTs). The search is up to date as of 12 July 2018.

Key results
We found 11 trials with 818 infants. We considered no trial to be at low risk of bias.

Four trials included 329 infants in neonatal intensive care units and used a histamine 2 receptor antagonist for prevention of upper
gastrointestinal bleeding. These four trials demonstrated a reduction in the incidence of upper gastrointestinal bleeding with a histamine
2 receptor antagonist, but no change in mortality. Outcomes such as serious gastrointestinal problems (e.g. necrotising enterocolitis) and
infections were not reported.

Seven trials with 489 infants enrolled sick newborn infants with upper gastrointestinal bleeding and used either a histamine 2 receptor
antagonist or a proton pump inhibitor for treatment. Use of a histamine 2 receptor antagonist or proton pump inhibitor in a treatment
context was associated with a reduction of both duration of upper gastrointestinal bleeding and continued upper gastrointestinal bleeding;
however it did not affect mortality or requirement for blood transfusion. No long-term follow-up was reported.

Pharmacological interventions for prevention and treatment of upper gastrointestinal bleeding in newborn infants (Review) 2
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Although there is moderate-quality evidence that use of an inhibitor of gastric acid reduces the incidence and duration of upper
gastrointestinal bleeding in newborn infants, there is insufficient safety data in this population. The implication of this is that caution
should be applied when deciding whether to use an inhibitor of gastric acid in sick newborn infants until additional studies are performed.

Quality of the evidence
We graded the quality of evidence for prevention of upper gastrointestinal bleeding as low and moderate. We graded the quality of evidence
for the treatment of upper gastrointestinal bleeding as low and very low.

Pharmacological interventions for prevention and treatment of upper gastrointestinal bleeding in newborn infants (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Prevention of upper gastrointestinal bleeding in newborn infants

Prevention of upper gastrointestinal bleeding in newborn infants

Patient or population: newborn infants at risk of gastrointestinal bleeding

Settings: neonatal intensive care
Intervention: H2RA versus no treatment

Outcomes Illustrative comparative risks* (95% Cl) Relative ef- No. of Partic- Quality of the Comments
fect ipants evidence
Assumedrisk  Corresponding risk (95% CI) (studies) (GRADE)
Control Prevention of upper gas-
trointestinal bleeding
All-cause mortality 111 per 1000 269 per 1000 RR 2.42 53 o) Single small study comparing ranitidine
(78 t0 931) (0.7t0 8.38) (1 study) very lowl,2 versus no treatment.
Quality of evidence downgraded due to
risk of bias and very serious imprecision.
Any upper gastroin- 305 per1000 110 per 1000 RR0.36 329 BDDO All studies compared H2RA versus no
testinal bleeding in in- (67 to 177) (0.22t0 0.58) (4 studies) moderatel treatment.

fants at risk of upper
gastrointestinal bleed-

ing

Quality of evidence downgraded due to
risk of bias.

*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% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: 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.

1 No study at low risk of bias.

2 Single small study. Very wide confidence intervals.
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Summary of findings 2. Treatment of upper gastrointestinal bleeding in newborn infants

Treatment of upper gastrointestinal

bleeding in newborn infants

Patient or population: infants with upper gastrointestinal bleeding

Settings: neonatal intensive care

Intervention: inhibitor of gastric acid (H2RA and PPIs) versus no treatment

Outcomes Illustrative comparative risks* (95%  Relative ef- No. of Partic- Quality ofthe Comments
Cl) fect ipants evidence
(95% CI) (studies) (GRADE)
Assumedrisk  Corresponding risk
Control Treatment of up-
per gastrointestinal
bleeding
All-cause mor- 169 per 1000 107 per 1000 RR0.63 131 ®B00 Both studies compared H2RA versus no treatment.
tality (44 to 256) (0.26 t0 1.51) (2 studies) lowl.?2
Quality of evidence downgraded due to risk of bias and
imprecision.
Duration of up- 1.06 lower 104 @000 1 study compared PPl versus no treatment. 1 study
per gastroin- (1.28 to 0.84 lower) (2 studies) very lowl,2,3 compared H2RA versus no treatment. No significant
testinal bleeding subgroup difference.
(days)
Quality of evidence downgraded due to risk of bias, in-
consistency and imprecision.
Continued upper 400 per 1000 144 per 1000 RR0.36 451 PO 3 studies compared PPl versus no treatment. 3 stud-
gastrointestinal (104 to 196) (0.26 to 0.49) (6 studies) lowl.3 ies compared H2RA versus no treatment. No significant
bleeding subgroup difference.
Quality of evidence downgraded due to risk of bias and
imprecision.
Anaemiarequir- 167 per1000 100 per 1000 RR 0.6 38 SDOO Single small study comparing ranitidine versus no treat-
ing blood trans- (18 to 532) (0.11to0 3.19) (1 study) lowl.3 ment.

fusion

Quality of evidence downgraded due to risk of bias and
imprecision.

*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% Cl) is based on the as-

sumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: Confidence interval; RR: Risk ratio;
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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.

1 No study at low risk of bias.
2 Wide confidence intervals.
3 Moderate heterogeneity between studies.
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BACKGROUND

Description of the condition

Upper gastrointestinal bleeding (arising proximal to the ligament
of Treitz in the distal duodenum) is typically a mild, self-limiting
condition that can affect both preterm and term neonates.
Common signs of upper gastrointestinal bleeding include vomiting
of bloodstained material or material with the appearance of coffee
grounds (haematemesis); and black, tarry stools (melena) (Green
2003). Upper gastrointestinal bleeding can be diagnosed clinically
by the presence of blood-stained aspirates through indwelling
nasogastric or orogastric tubes; haematemesis; or endoscopically
by examining the gastric mucosa for bleeding lesions (Green
2003). It is important to differentiate newborn infants who have
swallowed maternal blood from those with gastric bleeding (Apt
1955). Severe gastrointestinal bleeding occurs in newborn infants
but is more common in older infant patient populations (Romano
2017). A bleeding associated mortality rate of 2.07% has been
reported in children admitted with gastrointestinal bleeding in
the USA (Attard 2017). Mortalities were significantly more likely to
have multiple complex chronic conditions compared to children
with a principle diagnosis of gastrointestinal bleeding with a
mortality of 0.37%. However, the outcomes of newborns with upper
gastrointestinal bleeding have not been similarly reported.

Reported causes of gastrointestinal bleeding in newborns include
coagulation disorders, such as vitamin K deficiency, cow’s milk
protein allergy, stress-related gastritis, sepsis, and trauma from
placement of nasogastric tubes (Boyle 2008; Chawla 2007; Romano
2017). However population data on the incidence and causes in
newborns are limited. Lazzaroni 2002 reported 64 of 5180 newborn
babies (1.23%) suffered from upper gastrointestinal bleeding.
Endoscopy revealed oesophageal damage in 24/53 infants, gastric
and duodenal lesions in 43/52 and 1/52 infants, respectively. No
maternal or newborn infant clinical risk factors were identified
between cases and controls. A retrospective study undertaken by
Kuusela 2000 reported approximately 20% of infants treated in a
neonatal intensive care unit had signs of gastrointestinal bleeding,
with mechanical ventilation the major risk factor. In mechanically
ventilated infants, 53% had gastric mucosal lesions. Risk factors for
mucosal lesions included interventional delivery, delayed delivery
and hypotension after birth.

Description of the intervention

Acid suppression agents are used in the management of upper
gastrointestinal bleeding in the adult population (Mejia 2009).
However, evidence-based recommendations supporting similar
benefits for newborn infants are not readily available. The main
principle underlying pharmacological intervention is to protect the
gastric mucosa from damage and promote healing. In adults with
peptic ulcers, gastric acidity has been associated with ongoing
mucosal tissue damage and reduced clot formation (Kolkman
1996). Individuals with gastric ulcers and a gastric acidity of pH less
than 6 are predisposed to increased fibrinolysis of overlying clots
(Green 1978). Although the role of acid in the aetiology of gastric
lesions in adults has been described, its role is unclear in neonates
(Maki 1993).

Drugs commonly used to treat conditions associated with upper
gastrointestinal bleeding include the following.

1. Proton pump inhibitors (PPIs) - acid suppressors (e.g.
omeprazole).

2. H2 receptor antagonists (H2RAs) - acid suppressors (e.g.
ranitidine, cimetidine and famotidine).

3. Antacids - acid neutralisers (e.g. sodium/calcium carbonate,
magnesium/aluminium hydroxide and almagate).

4. Mucosal protective agents (e.g. sucralfate and bismuth salts).

PPIs, such as omeprazole, are prodrugs that require protonation
to exert their inhibitory effect on H*-K*-ATPase. This results in
decreased gastric acid production (Sachs 2007). PPIs further
protect the mucosal lining of the stomach by reducing pepsin
secretion (Brunner 1995). H2RAs, such as ranitidine, also act
to suppress gastric acid production. They achieve this through
binding to H2 receptors on the basolateral side of parietal cells,
which results in inhibition of the effects of histamine. H2RAs have
a faster onset of action but shorter duration of action compared to
PPIs (Australian Medicines Handbook 2013).

Significant adverse effects of PPIs and H2RAs are infrequent or
rare and include hypotension, rashes, thrombocytopaenia and
insomnia (Australian Medicines Handbook 2013). H2RAs have been
associated with an increased risk of necrotizing enterocolitis (NEC)
in very low birth weight (VLBW) infants (More 2013; Terrin 2012).
In mechanically ventilated patients, PPIs were associated with an
increased risk of gastrointestinal haemorrhage, pneumonia and
Clostridium difficile infection compared to patients administered
H2RAs (MacLaren 2014).

Unlike PPIs and H2RAs, antacids exert their effects within the
gut lumen. They both neutralise gastric acid and inhibit pepsin
activity (Maton 1999). Sodium bicarbonate, calcium bicarbonate,
magnesium hydroxide, aluminium hydroxide and almagate are
examples of antacids (Mejia 2009). Possible adverse effects
of antacids include hypophosphataemia, hypermagnesaemia,
intestinal obstruction and osteomalacia (Australian Medicines
Handbook 2013).

Whilst PPIs, H2RAs and antacids predominantly influence acid
secretion, sucralfate and bismuth treatment aims to protect the
gastric mucosa (Australian Medicines Handbook 2013). Both of
these drugs are excreted in faeces (Mejia 2009). Sucralfate may
cause adverse constipation and nausea, whilst bismuth more
commonly causes blackening of faeces and darkening of the teeth
and tongue (Australian Medicines Handbook 2013).

How the intervention might work

In adult patients, PPIs are indicated for both the prevention and
treatment of upper gastrointestinal bleeding (Australian Medicines
Handbook 2013). Treatment with PPIs has been shown to decrease
the rate of re-bleeding compared to H2RAs or placebo (Leontiadis
2009). This effect has been demonstrated to occurindependently of
dose, route of administration or geographic location. In adults with
upper gastrointestinal bleeding, high-dose omeprazole infusion
has been shown to reduce signs of upper gastrointestinal bleeding
and the need for endoscopy therapy (Lau 2007).

Since gastric acid production is not solely regulated by histamine,
H2RAs are not as effective as PPIs at reducing acid production.
Consequently, H2RA treatment is no longer recommended for
treatment in adult patients with acute ulcer bleeding. However,
H2RAs may prove to be useful in treating upper gastrointestinal

Pharmacological interventions for prevention and treatment of upper gastrointestinal bleeding in newborn infants (Review) 7
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bleeding in neonates (Barkun 2010). Although PPIs have superior
acid suppression ability, the shorter onset of action of H2RAs may
provide faster relief of upper gastrointestinal bleeding symptoms
(Mejia 2009).

In adults, antacid use has largely been replaced by PPIs and H2RAs.
Despite this, acid neutralisation may have a greater role in the
prophylaxis or treatment of upper gastrointestinal bleeding in
neonates.

In response to the acidic environment of the gut, sucralfate
promotes mucosal healing via angiogenesis, growth factor delivery
and granulation tissue formation at ulcer sites (Tarnawski 1995).
Healing mechanisms of bismuth include stimulating prostaglandin
and bicarbonate production in addition to inhibiting the growth
of Helicobacter pylori in the gut mucosa (Mejia 2009). These
mechanisms of mucosal protection may have greater importance
in the prophylaxis of upper gastrointestinal bleeding in neonates.

The adverse effects associated with acid suppression agents may
occur due to several underlying mechanisms. The importance of
gastric acid in clearance of ingested pathogens, for example, has
been postulated as an underlying pathway in the pathogenesis of
NEC in preterm infants (Martinsen 2005; More 2013; Terrin 2012);
and to predispose to ventilator-associated pneumonia (MacLaren
2014). Inhibiting gastric acid has also been associated with reduced
calcium and vitamin B12 absorption, although the significance of
this in the neonatal population is unclear (Martinsen 2005). As
such, acid suppression agents may represent potentially harmful
interventions for preterm and term infants.

Why it is important to do this review

Current recommendations for the prevention and treatment of
upper gastrointestinal bleeding in neonates are based on those
used for adults, largely due to a lack of studies in neonates.
International consensus guidelines recommend intravenous and
oral PPIs, but not H2RAs, for the prevention and treatment of acute
upper gastrointestinal bleeding in adults (Barkun 2010). However,
arecent study by Sreedharan 2010 demonstrated the usefulness of
treatment with PPIs in reducing stigmata of recent haemorrhage
but not in reducing mortality and re-bleeding rates. A previous
Cochrane Review described benefits of PPI treatment for acute
upper gastrointestinal bleeding in adults, but not in neonates
(Leontiadis 2006). A Cochrane Review reported moderate evidence
was found to support the use of PPIs, along with some evidence
to support the use of H2RAs in children with gastroesophageal
reflux disease (GORD), based on improvement in symptom scores,
pH indices and endoscopic/histological appearances; however, no
robust RCT evidence was found regarding treatment of preterm
babies with GORD (Tighe 2014). Current guidelines of the North
American Society for Pediatric Gastroenterology, Hepatology and
Nutrition (NASPGHAN) and the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) do not
make specific recommendations for treatment of newborn or
preterm infants with GORD (Vandenplas 2009). The Italian Society
of Pediatric Gastroenterology identified three classes of drugs
for use in paediatric gastrointestinal bleeding (acid suppression
drugs, vasoactive drugs and non-selective 3-blockers) but notes the
literature supporting use of these agents is limited to RCTs in adults
(Romano 2017). No guidelines were found that specifically address
upper gastrointestinal bleeding in newborn infants. Given that
sick newborn infants at risk of, and newborn infants with, upper

gastrointestinal bleeding are frequently treated with inhibitors of
gastric acid secretion, that bleeding can be severe, and that the
safety of treatment has not been reviewed in newborn infants, a
systematic review of prevention and treatment was needed. The
lack of guidelines/consensus on pharmacological prophylaxis and
treatment of upper gastrointestinal bleeding in neonates formed
the basis for this Cochrane Review.

OBJECTIVES

To assess how different pharmacological interventions (PPIs,
H2RAs, antacids, sucralfate or bismuth salts) administered to
preterm and term neonates for the prevention or treatment of
upper gastrointestinal bleeding to reduce morbidity and mortality
compare with placebo or no treatment, supportive care, or each
other.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs), quasi-RCTs and
cluster-RCTs.

Types of participants

We considered all preterm and term infants with, or at risk of, upper
gastrointestinal bleeding as eligible for inclusion.

We defined infants at risk of upper gastrointestinal bleeding as
those with known upper gastrointestinal bleeding risk factors
including born at preterm gestation, birth asphyxia, mechanical
ventilation, hypotension, neonatal cyanosis and neonatal seizures
(Kuusela 2000; Ombeva 2013).

We defined upper gastrointestinal bleeding as: the macroscopic
presence of bloodstained material or material like coffee grounds
in gastric aspirates or haematemesis; the microscopic presence
of blood in gastric aspirates or haematemesis; or endoscopic
examination of the gastric mucosa for bleeding lesions (Green
2003). We excluded infants who had swallowed maternal blood.

Types of interventions

Pharmacological intervention (H2RAs, PPIs, antacids, sucralfate,
bismuth salts, or any combination) administered enterally or
parenterally at any dose or frequency with or without co-
administration with other modalities (e.g. ceasing oral feeds;
ceasing NSAIDs) with the intention of preventing or treating upper
gastrointestinal bleeding, compared with each other, placebo, no
intervention or supportive therapy.

We excluded treatment trials for upper gastrointestinal bleeding
aimed at correcting underlying bleeding disorders, such as vitamin
K administration for vitamin K deficiency or fresh frozen plasma
transfusion, as these have already been described in previous
Cochrane Reviews (Ardell 2010; Puckett 2000).

We planned to analyse the following comparisons.

a) Comparisons between drug classes

1. PPIsvs. H2RAs;
2. PPIsvs. antacids;
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PPIs vs. bismuth;

PPIs vs. sucralfate;

PPIs vs. placebo, no treatment or supportive care;
H2RAs vs. antacids;

H2RAs vs. bismuth;

H2RAs vs. sucralfate;

XN L AW

H2RAs vs. placebo, no treatment or supportive care;
10.Antacids vs. bismuth;

11.Antacids vs. sucralfate;

12.Antacids vs. placebo, no treatment or supportive care;
13.Bismuth vs. sucralfate;

14.Bismuth vs. placebo, no treatment or supportive care;
15.Sucralfate vs. placebo, no treatment or supportive care.

b) Comparisons between specific drugs of different classes

1. Specific H2RAs vs. specific PPIs;
Specific antacids vs. specific PPIs;
Bismuth vs. specific PPIs;
Sucralfate vs. specific PPIs;

. Specific antacid vs. specific H2RAs;
Bismuth vs. specific H2RAs;
Sucralfate vs. specific H2RAs;
Specific antacids vs. bismuth;
Specific antacids vs. sucralfate;

©® N U AW

10.Bismuth vs. sucralfate.

¢) Comparison between specific drugs within a drug class

1. Specific H2RAs vs. specific H2RAs;
2. Specific PPIs vs. specific PPlIs;
3. Specific antacids vs. specific antacids.

d) Comparisons of combinations of specific drugs
1. H2RAs plus one or more of the following: antacids, sucralfate or
bismuth salts vs. PPlIs;

2. H2RAs plus one or more of the following: antacids, sucralfate or
bismuth salts vs. placebo, no treatment or supportive care;

3. PPIs plus one or more of the following; antacids, sucralfate or
bismuth salts. vs. H2RAs;

4. PPIs plus one or more of the following; antacids, sucralfate or
bismuth salts. vs. placebo, no treatment or supportive care.

Types of outcome measures
Primary outcomes

1. All-cause mortality to near-term age or discharge.

2. Any upper gastrointestinal bleeding in infants at risk of upper
gastrointestinal bleeding.

3. Duration of upper gastrointestinal bleeding in infants with upper
gastrointestinal bleeding (days).

Secondary outcomes

1. Gastric lesions detected by endoscopy and macroscopically.
2. All-cause infant mortality (i.e. <1 year of age).
3. Anaemia requiring blood transfusion.

4. Volume of blood transfused for
gastrointestinal bleeding (mL/kg).

5. Number of blood transfusions for treatment of upper
gastrointestinal bleeding.

6. Necrotising enterocolitis (NEC) as defined by Bell stages 1 to 4
(confirmed = Bell stage 2 or greater) (Bell 1978).

7. Time to full feeds (days).

8. Duration of total parenteral nutrition (days).

9. Proven infection (culture positive from a normally sterile site).

10.Neonatal  cholestasis  ('serum  conjugated  bilirubin
concentration > 17.1 uM and total serum bilirubin < 85.5 uM' or
'serum conjugated bilirubin concentration > 20% of total serum
bilirubin if total serum bilirubin is > 85.5 uM').

11.Ventilator-associated pneumonia (new or progressive infiltrate
with positive respiratory specimens after 48 hours of mechanical
ventilation).

12.Neonatal chronic lung disease (also known as
bronchopulmonary dysplasia) (defined according to the 2001
National Institute of Child Health and Development criteria
(Jobe 2001): treatment with oxygen > 21% for at least 28 days).

13.Duration of ventilation (days).

14.Duration of respiratory support (days).

15.Duration of hospital stay (days).

16.Neurodevelopmental disability (defined as neurological
abnormality including cerebral palsy on clinical examination or
global developmental delay (two or more standard deviations
(SDs) below population mean on Bayley Scales of Infant
Development or Griffiths Mental Development Scales at any
time after term corrected at 1 year, 18 months, 2 years and 5
years postnatal age).

17.Haemorrhagic shock (at least 15% blood loss).

18.Thrombocytopenia (platelet count < 150,000/pL).

19.Retinopathy of prematurity or other severe adverse events.

20.Serious  adverse  reactions (potentially related to
pharmacological intervention) (post hoc addition to protocol).

treatment of upper

Search methods for identification of studies

We used the criteria and standard methods of Cochrane
and Cochrane Neonatal (see the Cochrane Neonatal search
strategy for specialized register). We searched for errata or
retractions from included studies published in full text on PubMed
(www.ncbi.nlm.nih.gov/pubmed) on 12 July 2018. We did not limit
thesearchto any particular geographicalregion, language or timing
of publication. Unpublished studies were eligible for review.

Electronic searches

We conducted a comprehensive search — including Cochrane
Central Register of Controlled Trials (CENTRAL 2018, Issue 6) in
the Cochrane Library, MEDLINE via PubMed (1966 to 12 July 2018),
Embase (1980 to 12 July 2018), and CINAHL (1982 to 12 July 2018)
— using topic-specific search terms, plus database-specific limiters
for RCTs and neonates (see Appendix 1 for the full search strategies
for each database). We did not apply language restrictions.

Searching other resources

We conducted additional searches of the following resources.

1. Ongoing trials in the following trial registries.
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« ClinicalTrials.gov (U.S. National Institutes of Health);

« World Health Organization International Clinical Trials Registry
Platform (ICTRP);

+ ISRCTN registry;
« Australian New Zealand Clinical Trials Registry.

2. Conference abstracts from the following.

« Proceedings of the Pediatric Academic Societies (American
Pediatric Society, Society for Pediatric Research and European
Society for Pediatric Research) from 1990 to current from the
journal Pediatric Research and Abstracts Online.

« Proceedings of the European Academy of Paediatric Societies
(EAPS) (The European Society for Paediatric Research (ESPR),
the European Academy of Paediatrics (EAP) and the European
Society of Paediatric and Neonatal Intensive Care (ESPNIC) from
2003 to current from Abstracts Online).

« Proceedings of the Perinatal Society of Australia and New
Zealand (PSANZ) from 1996 to current (handsearch).

3. Reference lists: after reading the identified individual studies,
we screened the reference lists of these papers to identify further
relevant studies about upper gastrointestinal bleeding.

4. Personal communications.

« Where unpublished trials were identified, we contacted the
corresponding investigator for information on any unpublished
trials potentially eligible for inclusion. Unpublished studies will
be eligible for review.

« We contacted the corresponding authors of identified RCTs for
additional information where necessary.

5. Pharmaceutical companies: we contacted the respective
pharmaceutical companies responsible for developments of H2RA,
PPI, antacid, sucralfate or bismuth salts products used in the
prevention or treatment of upper gastrointestinal bleeding for
unpublished studies.

4. Chinese language articles from China/Asia On Demand (CAOD).

Data collection and analysis

We used the standard methods of the Cochrane Neonatal Review
Group and Cochrane, as documented in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011).

Selection of studies

Two review authors independently assessed studies identified for
inclusion. We resolved any differences through discussion and
consensus.

Data extraction and management

Two review authors (DG, MA) independently extracted data
using specifically designed data extraction forms. We resolved
disagreements through discussion and consensus with a third
author (DO). We used the retrieved information to determine trial
eligibility, to extract methods and data from eligible trials and for
requesting additional unpublished information from authors of
original reports. We used Review Manager 2014 to enter and cross-
check data.

Assessment of risk of bias in included studies

Two review authors (DG and MA) independently assessed the risk
of bias (low, high, or unclear) of all included trials in the following
domains, using the Cochrane ‘Risk of bias’ tool (Higgins 2017).

« Sequence generation (selection bias).

« Allocation concealment (selection bias).

« Blinding of participants and personnel (performance bias).
« Blinding of outcome assessment (detection bias).

« Incomplete outcome data (attrition bias).

« Selective reporting (reporting bias).

» Any other bias.

When necessary, we requested additional information and
clarification of published data from trial authors. We resolved any
disagreements by discussion or by inviting a third assessor to
arbitrate. See Appendix 2 for a more detailed description of risk of
bias for each domain.

Measures of treatment effect

We carried out statistical analyses using Review Manager 2014.

Dichotomous Data

We reported dichotomous data using risk ratios (RRs) with 95%
confidence intervals (Cls). We calculated risk difference (RD) and
number needed to treat for an additional beneficial outcome
(NNTB) or for an additional harmful outcome (NNTH) with 95% Cls
where there was a statistically significant difference in RR.

Continuous Data

We reported continuous data using mean difference (MD) with 95%
Cl.

Unit of analysis issues

When assessing individually randomised controlled trials, the unit
of analysis was the participatinginfant. However, in cluster-RCTs we
planned to use the neonatal unit or the cluster that is randomised
as the unit of analysis. We planned to include cluster-RCTs in
the analyses using an estimate of the intra-cluster correlation co-
efficient (ICC) derived from the trial (if possible), or from another
source, as described in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). If ICCs from other sources
were used, we planned to report this and conduct sensitivity
analyses to investigate the effect of variation in the ICC. If we
identified both cluster-RCTs and individual RCTs, we planned to
synthesise the relevant information. We considered it reasonable
to combine the results from both if there was little heterogeneity
between study designs, and the interaction between the effect of
intervention and the choice of randomisation unit was considered
to be unlikely. As it turned out, we included no cluster-RCTs in this
Cochrane Review.

Dealing with missing data

We obtained missing data from the trial authors when possible.
If this was not possible, we conducted analyses on available
data (i.e. ignoring the missing data). In addition, we conducted
another analysis by using the imputation method (both best-
and worst-case scenarios) and the last observation carried
forward to the final assessment (LOCF) method for dichotomous
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and continuous outcome data respectively. For dichotomous
outcomes, we conducted both best- and worst-case scenarios
and intention-to-treat (ITT) analyses with imputation. We planned
to compare results obtained from two analysis options to have
a better understanding of the robustness of results relative to
the different analytic approaches. We considered an imputation
approach of best-case scenarios (i.e. all missing participants in the
intervention group did not experience poor outcomes (e.g. death)
and all missing participants in the control group experienced poor
outcomes); and worst-case scenarios (i.e. all missing participants
in the intervention group experienced the event and all missing
participants in the control condition did not). We planned to
conduct sensitivity analysis to compare results based on different
imputation assumptions (i.e. best-case vs. worst-case scenarios).
We analysed missing continuous data on an endpoint basis,
including only participants with a final assessment, or using LOCF
if trial authors reported these data.

Assessment of heterogeneity

We used Review Manager 2014 to assess the heterogeneity of
treatment effects between trials. We undertook this assessment
using the following two formal statistical models.

1. The Chi? test, to assess whether observed variability in effect
sizes between studies is greater than would be expected by
chance. Since this test has low power when the number of
studies included in the meta-analysis is small, we set the
probability at the 10% level of significance.

2. The I? statistic, to ensure that pooling of data is valid. We
graded the degree of heterogeneity as either none (< 25%),
low (25% to 49%), moderate (50% to 74%) or high (75% to
100%). Where there was evidence of apparent or statistical
heterogeneity, we assessed the source of the heterogeneity
using sensitivity and subgroup analyses, looking for evidence of
bias or methodological differences between trials.

Assessment of reporting biases

We were unable to assess reporting and publication bias by
examining degree of asymmetry of funnel plots in Review Manager
5, as all analyses reported on fewer than 10 studies (Review
Manager 2014).

Data synthesis

We performed statistical analyses according to the
recommendations of the Cochrane Neonatal Review Group
(neonatal.cochrane.org). We analysed all infants randomised on
an ITT basis and treatment effects in the individual trials. We
used a fixed-effect model to combine the data. For any meta-
analyses analysing categorical outcomes, we calculated typical
estimates of RR and RD, each with 95% Cls. For any meta-analyses
analysing continuous outcomes, we calculated the weighted mean
difference (WMD) with 95% Cls if outcomes were measured in the
same way between trials, and standardized mean difference (SMD)
with 95% Cls to combine trials that measure the same outcome
using different scales. If high heterogeneity had been apparent,
we planned not to report a typical effect. When meta-analysis was
judged to be inappropriate, we analysed and interpreted individual
trials separately.

Quality of evidence

We used the GRADE approach, as outlined in the GRADE Handbook
(Schiinemann 2013), to assess the quality of evidence for the
following (clinically relevant) outcomes.

1. All-cause mortality to near-term age or discharge.

2. Any upper gastrointestinal bleeding in infants at risk of upper
gastrointestinal bleeding.

3. Duration of any upper gastrointestinal bleeding in infants with
upper gastrointestinal bleeding (days).

4. Anaemia requiring blood transfusion.

5. NEC as defined by Bell stages 1 to 4.

6. Ventilator-associated pneumonia (new or progressive infiltrate
with positive respiratory specimens after 48 hours of mechanical
ventilation).

7. Duration of hospital stay (days).

Two authors (DG, MA) independently assessed the quality of
the evidence for each of the outcomes above. We considered
evidence from randomised controlled trials as high quality but
downgraded the evidence one level for serious (or two levels for
very serious) limitations based upon the following: design (risk
of bias), consistency across studies, directness of the evidence,
precision of estimates and presence of publication bias. We
used the GRADEpro GDT Guideline Development Tool to create a
‘Summary of findings’ table to report the quality of the evidence.

The GRADE approach results in an assessment of the quality of a
body of evidence in one of four grades.

1. High: we are very confident that the true effect lies close to that
of the estimate of the effect.

2. Moderate: we are moderately confident in the effect estimate:
the true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different.

3. Low: our confidence in the effect estimate is limited: the true
effect may be substantially different from the estimate of the
effect.

4. Very low: we have very little confidence in the effect estimate:
the true effect is likely to be substantially different from the
estimate of effect.

Subgroup analysis and investigation of heterogeneity

Where sufficient data were available, we explored potential sources
of clinical heterogeneity through the following a priori subgroup
analyses.

1. Gestational age (< 32' weeks, 32' to 36' weeks, or > 36 weeks'
gestation).

2. Weight for age z-score.

3. Risk factor present for the development of upper
gastrointestinal bleeding (e.g. stress-induced gastritis or ulcers;
trauma or mechanical ventilation; NSAID use; preterm birth;
birth-asphyxiation; neonatal cyanosis; neonatal seizures).

4. Higher vs. lower dose of pharmacological intervention (median
dosing recommendation as the threshold).
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Sensitivity analysis

Where sufficient data were available, we explored methodological
heterogeneity through sensitivity analyses. We performed these by
including only those trials with adequate allocation concealment,
randomisation or blinding of treatment and less than 10% loss to
follow-up.

RESULTS

Description of studies
Results of the search

We screened a total of 388 records (see Figure 1). We identified
296 records through database searching of PubMed, Embase,

CINAHL, and the Cochrane Central Register of Controlled Trials,
as detailed in Search methods for identification of studies above.
Two hundred and fifty records remained after de-duplication.
We identified an additional 53 records through searches of the
Chinese literature via China National Knowledge Infrastructure
(CNKI) and CAOD (China/Asia on Demand) services; and 85 records
were found through searches of ClinicalTrials.gov, ISRCTN registry,
World Health Organization International Clinical Trials Registry
Platform (ICTRP), Australian New Zealand Clinical Trials Registry
and conference abstracts/proceedings.
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Figure 1. Study flow diagram.

296 records 138 additional records identified
identified through through other sources:
database searching
(no limit- 12 July
2018)

53 recards found through
searches of Chinese literature

85 records found through
searches of clinicaltrials.gaov,
ISRCTN, ICTRF, Australian MNew
Zealand Clinical Trials Reqgistry,
conference abstracts/proceedings

Y

388 records after duplicates
remaved

331 records

¥ excluded fram

388 recards screening title and
screened — | abstract

46 full-text articles
excluded: not
randomised
(n=14), ineligible
¥ populations

a7 full-text articles (N=21), wrang
assessed for — alcomparison

Pharmacological interventions for prevention and treatment of upper gastrointestinal bleeding in newborn infants (Review) 13
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Figure 1. (Continued)
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Included studies

We assessed 11 trials as eligible for inclusion (see Characteristics
of included studies): seven were trials of treatment in infants with
active gastrointestinal bleeding and four were trials of prevention
of gastrointestinal bleeding in high-risk infants.

Participants
Prevention of upper gastrointestinal bleeding

Four trials enrolled infants at high risk of gastrointestinal bleeding
with the goal of preventing gastrointestinal haemorrhage (Han
2001; Kuusela 1997; Lu 1995; Pourarian 2005). The criteria for
enrolment included term and preterm newborns with severe
illness (Han 2001; Lu 1995); newborns commencing mechanical
ventilation in the first two days (Kuusela 1997); and term and
preterm newborns admitted to a neonatal intensive care unit
(NICU) (Pourarian 2005).

Treatment of upper gastrointestinal bleeding

Seven trials enrolled infants with active gastrointestinal bleeding
(Deng 2005; Huo 2001; Lin 2011; Liu 2005; Sarna 1991; Yang 2004;
Yang 2015). Five studies reported enrolling term and preterm
newborns with severe illness (Huo 2001; Lin 2011; Liu 2005; Yang

2004; Yang 2015); and two studies did not report illness severity
(Deng 2005; Sarna 1991).

Interventions
Prevention of upper gastrointestinal bleeding

All four studies compared an H2RA versus no treatment. Han
2001 compared cimetidine 5 mg/kg/day for five days versus
no treatment; Kuusela 1997 compared ranitidine 5 mg/kg/day
intravenously divided into three doses for four days versus
no treatment; Lu 1995 compared cimetidine 5 mg/kg/dose
intravenously twice daily for three to five days versus no
treatment; and Pourarian 2005 compared ranitidine 5 mg/kg/day
intravenously, three divided doses for four days irrespective of
gastric pH, versus no treatment.

Treatment of upper gastrointestinal bleeding

Four studies compared an H2RA versus no treatment. Huo 2001
compared cimetidine 3 mg/kg to 5 mg/kg intravenous six to eight
hourly until bleeding stopped and then continued three to five
days more versus no treatment; Liu 2005 compared famotidine 0.3
mg/kg 12 hourly for 48 to 72 hours until bleeding ceased for 24
hours versus usual therapy (not reported); Sarna 1991 compared
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ranitidine 0.6 mg/kg loading dose followed by 0.15 mg/kg/hour
intravenous infusion until bleeding had ceased for 24 hours versus
no treatment; and Yang 2004 compared ranitidine 3 mg/kg/day
to 5 mg/kg/day intravenously for three to five days, and Smecta
1/3 packet then 1/4 packet three times a day versus usual therapy
(not reported). Three studies compared a proton pump inhibitor
versus no treatment. Deng 2005 compared omeprazole 1 mg/kg
twice daily for five days plus usual therapy versus usual therapy (not
reported); Lin 2011 compared omeprazole 0.6 mg/kg intragastric
once daily for five days plus usual therapy versus usual therapy
(nil by mouth, stomach washed with bicarbonate); and Yang 2015
compared omeprazole 0.7 mg/kg intragastric daily for five days
versus usual therapy (not reported).

Outcomes
Primary outcomes

Mortality was only reported in three of the 11 trials, reporting
outcomes of 184 infants (Huo 2001; Kuusela 1997; Sarna 1991).
Any upper gastrointestinal bleeding in infants at risk of upper
gastrointestinal bleeding was reported by all four studies of
prevention of gastrointestinal bleeding (Han 2001; Kuusela 1997; Lu
1995; Pourarian 2005). Duration of upper gastrointestinal bleeding
in infants with upper gastrointestinal bleeding was reported by two
of seven trials of treatment of gastrointestinal bleeding (Deng 2005;
Sarna 1991). Continued upper gastrointestinal bleeding in infants

with upper gastrointestinal bleeding was also reported by six of
seven trials of treatment of gastrointestinal bleeding (Deng 2005;
Huo 2001; Lin 2011; Liu 2005; Yang 2004; Yang 2015).

Secondary outcomes

Data were only reported or extractable for a minority of
prespecified outcomes including gastric lesions detected by
endoscopy and macroscopically (Kuusela 1997); anaemia requiring
blood transfusion, reported by one of 11 trials (Sarna 1991);
and an absence of serious adverse reactions, reported by eight
of the 11 trials (Han 2001; Huo 2001; Kuusela 1997; Liu 2005;
Lu 1995; Pourarian 2005; Sarna 1991; Yang 2004). Yang 2004,
however, excluded infants with adverse reactions to medications
after randomisation although numbers were unclear. No other
neonatal morbidity or long-term outcome was reported.

Excluded studies

Forty-six full-text articles were excluded: 14 were not randomised
controlled trials; 21 did not report eligible populations of infants;
and 11 reported ineligible comparisons (see Characteristics of
excluded studies and Figure 1).

Risk of bias in included studies

See 'Risk of bias' graph and 'Risk of bias' summary (Figure 2; Figure
3).

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.
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Figure 3. (Continued)
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Allocation

Allocation methods were not adequately reported for 10 trials
so these trials were at unclear risk of selection bias (Deng 2005;
Han 2001; Huo 2001; Kuusela 1997; Lin 2011; Liu 2005; Lu 1995;
Pourarian 2005; Yang 2004; Yang 2015); and one trial reported
alternately allocating infants to intervention so was at high risk of
selection bias (Sarna 1991).

Blinding

No trial reported blinding of intervention or measurement, so all
trials were at unclear risk of performance bias and detection bias.

Incomplete outcome data

Nine studies were at low risk of attrition bias (Deng 2005; Han 2001;
Huo 2001; Kuusela 1997; Lin 2011; Liu 2005; Lu 1995; Sarna 1991,
Yang 2015). Yang 2004 reported post-randomisation losses due to
haemorrhagic diseases and adverse effects of medication.

Selective reporting

The protocols were unavailable for all studies so risk of reporting
bias was unclear for all studies.

Other potential sources of bias

No other potential sources of bias were found for eight trials (Han
2001; Huo 2001; Kuusela 1997; Lin 2011; Liu 2005; Lu 1995; Sarna
1991; Yang 2015). For three trials this was unclear. Deng 2005
did not report baseline characteristics; Pourarian 2005 reported
some baseline differences between groups; and Yang 2004 had an
imbalance in numbers between groups.

Effects of interventions

See: Summary of findings for the main comparison Prevention
of upper gastrointestinal bleeding in newborn infants; Summary
of findings 2 Treatment of upper gastrointestinal bleeding in
newborn infants

Comparison 1: Prevention of upper gastrointestinal bleeding
Primary outcomes

Mortality (Analysis 1.1): Kuusela 1997 reported no difference in
mortality (RR 2.42, 95% CI 0.70 to 8.38; participants = 53). We
downgraded the quality of evidence to very low due to risk of
bias and very serious imprecision (single small study comparing
ranitidine versus no treatment).

Any upper gastrointestinal bleeding in infants at risk of upper
gastrointestinal bleeding (Analysis 1.2): our meta-analysis showed
a reduction in any upper gastrointestinal bleeding from use of
H2RA compared to no treatment (RR 0.36, 95% CI 0.22 to 0.58;

participants = 329; studies = 4; 1 = 0%). We downgraded the quality
of evidence to moderate due to risk of bias.

Secondary outcomes

Gastric lesions detected by endoscopy and macroscopically
(Analysis 1.3): Kuusela 1997 reported a reduction in gastric lesions
detected by endoscopy from use of an H2RA compared to no
treatment (RR 0.49, 95% CI 0.28 to 0.84; participants = 48).

Serious adverse reactions (Analysis 1.4): no serious adverse
reactions were reported from use of an H2RA (participants = 329;
studies = 4).

No data were available from included trials that assessed other
secondary outcomes.

Comparison 2: Treatment of upper gastrointestinal bleeding
Primary outcomes

Mortality (Analysis 2.1): our meta-analysis showed no significant
difference in mortality from use of an H2RA compared to no
treatment (typical RR 0.63, 95% Cl 0.26 to 1.51; participants = 131,
studies = 2; 12 = 0%), although the quality of evidence was low. The
clinical significance of this result was unclear.

Duration of upper gastrointestinal bleeding in infants with upper
gastrointestinal bleeding (days) (Analysis 2.2): our meta-analysis
showed a reduction in duration of upper gastrointestinal bleeding
from use of an inhibitor of gastric acid (PPl or H2RA) compared to
no treatment (MD -1.06, 95% Cl —-1.28 to —0.84; participants = 104;
studies = 2; I> = 63%). We downgraded the quality of evidence to
very low due to risk of bias, inconsistency and imprecision. Deng
2005 reported a reduction in duration of upper gastrointestinal
bleeding from use of a PPl compared to no treatment (MD -1.06,
95% Cl -1.28 to —-0.84; participants = 66). Sarna 1991 reported no
significant difference in duration of upper gastrointestinal bleeding
from use of an H2RA compared to no treatment (MD -9.50, 95% Cl
-19.55 to 0.55; participants = 38). The test for subgroup differences
was not significant (P = 0.10; 1 = 63.0%).

Continued upper gastrointestinal bleeding in infants with upper
gastrointestinal bleeding at latest time reported (Analysis 2.3):
our meta-analysis showed a reduction in continued upper
gastrointestinal bleeding from use of any inhibitor of gastric acid
compared to no treatment (typical RR 0.36, 95% CI 0.26 to 0.49;
participants = 451; studies = 6; 1> = 63%). Heterogeneity was
moderate. The quality of evidence was downgraded to low quality
due to risk of bias and imprecision. Our meta-analysis showed a
reduction in continued upper gastrointestinal bleeding from use of
a PPl compared to no treatment (typical RR 0.39, 95% CI 0.27 to
0.57; participants = 263; studies = 3; I* = 80%). Heterogeneity was
high. Our meta-analysis showed a reduction in continued upper
gastrointestinal bleeding from use of an H2RA compared to no
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treatment (typical RR 0.30, 95% CI 0.17 to 0.54; participants = 188;
studies = 3; I = 0%). The test for subgroup differences was not
significant (P = 0.45; 1> = 0%).

Secondary outcomes

Anaemia requiring blood transfusion (Analysis 2.4): Sarna 1991
reported no difference in anaemia requiring blood transfusion from
use of an H2RA compared to no treatment (RR 0.60, 95% CI 0.11 to
3.19; participants = 38). We downgraded the quality of evidence to
low due to risk of bias and imprecision.

Serious adverse reactions (Analysis 2.5): no studies of a PPI
reported serious adverse reactions. No serious adverse reactions
were reported from use of an H2RA (participants = 226; studies = 3).

No data were available from included trials that assessed other
secondary outcomes.

Subgroup analyses

We could not report most prespecified subgroup analyses. Four
trials enrolled infants at high risk of gastrointestinal bleeding with
the goal of preventing gastrointestinal haemorrhage (Han 2001;
Kuusela 1997; Lu 1995; Pourarian 2005). The criteria for enrolment
included term and preterm newborns with severeillness (Han 2001;
Lu 1995); newborns commencing mechanical ventilation in the first
two days (Kuusela 1997); and term and preterm newborns admitted
to NICU (Pourarian 2005).

Seven trials enrolled infants with active gastrointestinal bleeding
(Deng 2005; Huo 2001; Lin 2011; Liu 2005; Sarna 1991; Yang 2004;
Yang 2015). Five studies reported enrolling term and preterm
newborns with severe illness (Huo 2001; Lin 2011; Liu 2005; Yang
2004; Yang 2015); whilst two studies did not report illness severity
(Deng 2005; Sarna 1991).

We could not extract data separately for the following subgroup
analyses: preterm and term gestation infants; according to weight
for age z-score; and risk factor present for the development of
upper gastrointestinal bleeding. However, the majority of studies
included sick term and preterm infants.

Higher versus lower dose of pharmacological intervention
(median dosing recommendation as the threshold)

Primary outcomes

Mortality (Analysis 3.1): Huo 2001 reported no significant difference
in mortality from use of higher dose H2RA (cimetidine) compared
to no treatment (RR 0.59, 95% Cl 0.15 to 2.29; participants = 83).
Sarna 1991 reported no significant difference in mortality from use
of lower dose H2RA (raniditine) compared to no treatment (RR 0.67,
95% C10.22 to 2.07; participants = 48). Test for subgroup differences
was not significant (P = 0.89; 1> = 0%).

Duration of upper gastrointestinal bleeding in infants with upper
gastrointestinal bleeding (days) (Analysis 3.2): Deng 2005 reported
areduction in duration of upper gastrointestinal bleeding from use
of higher dose PPI (omeprazole) compared to no treatment (MD
-1.06,95% CI-1.28 to —0.84; participants = 66). Sarna 1991 reported
no significant difference in duration of upper gastrointestinal
bleeding from use of lower dose H2RA (ranitidine) compared to no
treatment (MD —9.50, 95% Cl —19.55 to 0.55; participants = 38). Test
for subgroup differences was not significant (P = 0.10; 1> = 63.0%).

Continued upper gastrointestinal bleeding in infants with upper
gastrointestinal bleeding at latest time reported (Analysis 3.3):
our meta-analysis showed a reduction in continued upper
gastrointestinal bleeding from use of higher dose inhibitor of
gastric acid compared to no treatment (RR 0.46, 95% Cl 0.33 to
0.64; participants = 207; studies = 3; 12 = 53%). Heterogeneity was
moderate. Our meta-analysis showed a reduction in continued
upper gastrointestinal bleeding from use of lower dose inhibitor
of gastric acid compared to no treatment (RR 0.19, 95% CI 0.09 to
0.42; participants = 244; studies = 3; 12 = 50%). Heterogeneity was
moderate. The test for subgroup differences was significant (P =
0.05; 12 = 74.9%).

Sensitivity analyses

We assessed no studies as being at low risk of bias with regard
to adequate allocation concealment, randomisation, blinding of
treatment and less than 10% loss to follow-up. However, for the
majority of studies the criteria for bias were unclear due to a failure
to report details.

DISCUSSION

Summary of main results
Prevention of upper gastrointestinal bleeding

A single trial with 53 infants reported no difference in mortality
from use of an H2RA compared to no treatment. We graded the
quality of evidence as very low with downgrading due to risk of
bias and very serious imprecision. Meta-analysis of four trials with
329infants found a reduction in any upper gastrointestinal bleeding
from use of H2RA compared to no treatment (typical risk difference
(RD) -0.20, 95% CI -0.28 to —0.11; NNTB 5, 95% C| 4 to 9). We
graded the quality of evidence as moderate with downgrading
due to risk of bias. For secondary outcomes, our review found a
single study reporting a reduction in gastric lesions detected by
endoscopy from use of an H2RA compared to no treatment. Four
trials with 329 infants reported no serious adverse reactions from
use of an H2RA compared to no treatment. No study reported
the incidence of necrotising enterocolitis, ventilator- or hospital-
associated pneumonia, sepsis, or long-term outcome.

Treatment of upper gastrointestinal bleeding

Meta-analysis of two trials including 131 infants found no
significant difference in mortality from use of an H2RA compared
to no treatment for treatment of gastrointestinal bleeding. We
graded the quality of evidence as low, with downgrading due to
risk of bias and imprecision. Meta-analysis of two trials including
104 infants found a reduction in duration of upper gastrointestinal
bleeding from use of any inhibitor of gastric acid compared to
no treatment (MD -1.06 days, 95% Cl -1.28 to -0.84). Meta-
analysis of six trials including 451 infants showed a reduction
in continued upper gastrointestinal bleeding from use of any
inhibitor of gastric acid compared to no treatment (typical RD
-0.26, 95% C| -0.33, —0.19; NNTB 4, 95% CI 3 to 5). No study
reported the incidence of necrotising enterocolitis, ventilator- or
hospital-associated pneumonia, sepsis, or long-term outcome.
There were no significant subgroup differences in duration of upper
gastrointestinal bleeding or of continued upper gastrointestinal
bleeding according to type of inhibitor of gastric acid (PPI versus
H2RA). Data regarding adverse effects are limited. A single trial
with 38 infants reported no difference in anaemia requiring blood
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transfusion from use of an H2RA compared to no treatment. No
studies of a PPI reported serious adverse reactions. Three trials
including 226 infants reported no serious adverse reactions from
use of an H2RA.

A subgroup analysis of higher versus lower doses of inhibitor of
gastric acid did not identify any significant subgroup differences
for mortality or duration of upper gastrointestinal bleeding in
infants with upper gastrointestinal bleeding. Although an analysis
of continued upper gastrointestinal bleeding in infants with upper
gastrointestinal bleeding found a significant subgroup difference
between higher versus lower dose trials, the greatest effect was in
the lower dose group. This review found no evidence that use of
higher doses of inhibitor of gastric acid results in a further reduction
in gastrointestinal bleeding in newborn infants.

Overall completeness and applicability of evidence

The trials included in this review enrolled term and preterm infants
at high risk of gastrointestinal bleeding on the basis of illness
severity or need for NICU and mechanical ventilation, or infants
with gastrointestinal bleeding, most commonly due to concomitant
illness. The evidence is most likely to be applicable to sick term
and near-term infants at high risk of gastrointestinal bleeding or
with active bleeding. Several trials excluded infants with abnormal
bleeding times or clotting (Han 2001; Liu 2005; Pourarian 2005;
Sarna 1991; Yang 2004). It is unclear if treatment with an inhibitor
of gastric acid is effective in infants with these disorders.

The trials addressed the effects of a single PPI, omeprazole,
for treatment of upper gastrointestinal bleeding, and H2RAs
including cimetidine, famotidine and ranitidine for the prevention
and treatment of upper gastrointestinal bleeding. Studies of
H2RA gave cimetidine, famotidine or ranitidine intravenously
until bleeding ceased. Studies of PPI gave omeprazole via the
intragastric tube. One trial of ranitidine also used Smecta (a natural
silicate of aluminium and magnesium) in the treatment group
(Yang 2004); and another trial of omeprazole orally also reported
usual treatment in both groups consisting of nil by mouth and
bicarbonate (HCO,) stomach wash (Lin 2011). There was no trial in
newborn infants that reported the use of sucralfate.

Few studies reported mortality so the analysis is substantially
underpowered. Studies consistently reported H2RA prevented
gastrointestinal bleeding in high-risk infants, and both H2RAs and
PPIs reduced duration of gastrointestinal bleeding and continued
gastrointestinal bleeding in infants with gastrointestinal bleeding.
A single study reported no effect on anaemia requiring blood
transfusion.

Other important neonatal morbidities including necrotising
enterocolitis, ventilator-associated pneumonia, duration of
ventilation and respiratory support, and duration of hospital stay
were not reported. Long-term outcomes have not been reported.
We could not perform subgroup analyses according to gestation
age, weight for age z-score and risk factor for development of
upper gastrointestinal bleeding. However, the trials in this review
predominately enrolled term or near-term infants who were sick,
required mechanical ventilation, or had upper gastrointestinal
bleeding.

Quality of the evidence

For prevention of upper gastrointestinal bleeding in newborn
infants, we assessed the quality of evidence for mortality as
very low, with downgrading due to risk of bias and very serious
imprecision. The quality of evidence for any upper gastrointestinal
bleeding was assessed as moderate, with downgrading due to
risk of bias. The analyses had narrow confidence intervals and
we found no heterogeneity between studies. All studies compared
H2RA versus no treatment. See Summary of findings for the main
comparison.

For treatment of upper gastrointestinal bleeding in newborn
infants, we assessed the quality of evidence for mortality as low
with downgrading due to risk of bias and imprecision. Both studies
compared H2RA versus no treatment. We assessed the quality
of evidence for duration of upper gastrointestinal bleeding as
very low with downgrading due to risk of bias, inconsistency
and imprecision. One study compared PPl versus no treatment;
and one study compared H2RA versus no treatment. We found
no significant subgroup difference. We assessed the quality of
evidence for continued upper gastrointestinal bleeding as low, with
downgrading due to risk of bias and imprecision. Three studies
compared PPI versus no treatment and three studies compared
H2RA versus no treatment. No significant subgroup difference was
found. We assessed the quality of evidence for anaemia requiring
blood transfusion as low, with downgrading due to risk of bias and
imprecision. A single small study compared ranitidine versus no
treatment.

Ten of the 11 trials included in this review did not report methods of
sequence generation, allocation concealment, use of a placebo or
attempts to blind participants, personnel or outcome assessment.
The majority of these are published in Chinese language journals.
It is unclear if this reflects a concern about potential for bias in the
included studies or simply relates to reporting standards in Chinese
language journals.

Potential biases in the review process

We undertook an extensive literature search for published and
unpublished studies including non-English publications. We found
a substantial number of Chinese language articles and they were
translated by one of the authors (KL). It is unclear whether the
search tools used identified all Chinese language studies.

The review used standard Cochrane methodology with a pre-
published protocol. We prespecified comparisons and outcomes.
We added a single outcome post hoc: serious adverse reactions.
Two independent reviewers cross-checked eligibility, risk of bias
and data extraction. We used Google Translate to cross-check
Chinese language articles.

As assessments of risk of bias in this review are substantially
affected by the under-reporting of methodology (including
methods of sequence generation, allocation concealment, use of
a placebo or attempts to blind participants, personnel or outcome
assessment), this review has the potential to under- or over-report
the quality of evidence.
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Agreements and disagreements with other studies or
reviews

Stress ulcer prophylaxis has been a standard of care in intensive
care patients (Eastwood 2014; Krag 2015; Lam 1999; Shears 2016).
Stress ulcer prophylaxis is also commonly used in paediatric
intensive care patients (Araujo 2010; Costarino 2015). However,
recent systematic reviews and meta-analyses have failed to find
conclusive evidence that use of H2RAs or PPIs in intensive care
patients reduced gastrointestinal bleeding without increasing
the incidence of ventilator- or hospital-associated pneumonia
(Alhazzani 2017; Krag 2015; Marik 2010; Shan 2013). Marik 2010
reported that in those patients who were fed enterally, stress
ulcer prophylaxis did not alter the risk of gastrointestinal bleeding;
overall H2RAs did not increase the risk of hospital-acquired
pneumonia; however, this complication was increased in the
subgroup of patients who were fed enterally. Shan 2013 reported
'inhibitor of gastric acid' medication significantly increased the
incidence of hospital-acquired pneumonia when compared with
sucralfate in 11 trials; 'inhibitor of gastric acid' therapy significantly
reduced the incidence of clinically significant bleeding compared
with sucralfate; however, it did not lower the incidence of
overt bleeding; and there was no significant difference between
inhibitor of gastric acid group and sucralfate group on either ICU
mortality or hospitalisation mortality in 11 studies. Krag 2015
performed a systematic review of 20 trials with 1971 intensive
care patients randomised to stress ulcer prophylaxis. All were
judged as having a high risk of bias. There was no statistically
significant difference in mortality or hospital-acquired pneumonia,
but significant gastrointestinal bleeding. Alhazzani 2017 reported
a meta-analysis of five trials including 604 patients of PPIs versus
placebo in intensive care patients and found no statistically
significant difference in the risk of upper gastrointestinal bleeding,
infections, or mortality.

We found no other published systematic review of inhibitor of
gastric acid prophylaxis or treatment in newborn infants. We found
no guidelines around the use of inhibitor of gastric acid prophylaxis
or treatment in newborn infants. A literature review raised concern
regarding the association between inhibitors of gastric acid used
for upper gastrointestinal bleeding or gastroesophageal reflux
in preterm infants and an increased incidence of necrotising
enterocolitis (More 2013). One case-control and one prospective
cohort study including 11,346 preterm infants were included.
The prospective cohort study also reported a higher incidence
of infection (sepsis, pneumonia, urinary tract infection) with use

of inhibitors of gastric acid. Another review of the literature of
treatment of children with gastro-oesophageal reflux reported
adverse effects in at least 23% of children treated with H2RAs
and 34% of those treated with PPIs, mostly including headaches,
diarrhoea, nausea (H2RAs and PPIs) and constipation (PPIs) (Cohen
2015).

AUTHORS' CONCLUSIONS

Implications for practice

There is moderate-quality evidence that the use of a histamine
2 receptor antagonist (H2RA) reduces the risk of gastrointestinal
bleeding in newborn infants at high risk of gastrointestinal
bleeding. There is low-quality evidence that use of an inhibitor of
gastric acid (H2RA or proton pump inhibitor) reduces the duration
of upper gastrointestinal bleeding and reduces the incidence of
continued gastric bleeding in newborn infants with gastrointestinal
bleeding. However, there is no evidence that use of an inhibitor
of gastric acid in newborn infants affects mortality or the need for
blood transfusion. As no study reported the incidence of necrotising
enterocolitis, ventilator- or hospital-associated pneumonia, sepsis,
or long-term outcome, the safety of inhibitors of gastric acid
secretion remains unclear. There is no evidence that there is
additional benefit from use of a higher dose of an H2RA or a proton
pump inhibitor for prevention or treatment of gastrointestinal
bleeding in newborn infants.

Implications for research

Further trials of the use of an inhibitor of gastric acid (H2RA
or PPI) in newborn infants are required to determine if the
clinical effectiveness in reducing gastrointestinal bleeding and
duration outweighs the potential harms. Trials should report and
be powered to detect clinically important effects of the rate
of necrotising enterocolitis in preterm infants, ventilator- and
hospital-acquired infection, and sepsis. Trials comparing the use
of H2RA versus a PPI, and use of intravenous versus intragastric
administration of medication are needed.
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and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk None reported.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No protocol available.

porting bias)

Other bias Low risk Similar baseline characteristics between groups.
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Kuusela 1997

Methods

Randomised controlled trial in Finland.

Participants

Inclusion criteria: infants starting mechanical ventilation during the first 2 hours of life in the neonatal
ICU.

Exclusion criteria: infants who did not undergo mechanical ventilation during the first 2 hours of life in
the neonatal ICU.

Further information regarding participants: 53 mechanically ventilated newborn infants with data for
48 reported: mean gestational age 32 weeks (range 24 to 41 weeks). Ranitidine group mean and 95%
Cl (31 (29 to 33)); control group mean and 95% Cl (32 (29 to 32)). Birth weight in grams (mean (95% Cl)):
ranitidine group 1678 (1241 to 2114); control group 1972 (1534 to 2412). Study period: 10 months.

Interventions

Intervention (n = 23): ranitidine: 5 mg/kg/day intravenous, divided into 3 doses throughout 4 days

Control (n =25): no prophylaxis (no placebo was available).

Outcomes 1. Mucosal lesions detected on endoscopy;
2. histologic lesions and bacterial evaluation of gastric mucosal biopsies;
3. death and suspected or proven late onset bacteraemia.
Notes Conflicts of interest: none reported. Supported, in part, by a grant from the Finnish Foundation of Pedi-
atric Research.
Authors did not believe there were any adverse reactions attributable to the intervention.
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Reported: "mechanically ventilated newborns at the neonatal ICU were ran-

tion (selection bias) domised into either the treatment group (prophylactic intravenous ranitidine
[5 mg/kg body weight/day] divided into three doses throughout 4 days) or the
control group (no prophylaxis)." "The first randomisation block included 20
envelopes in random order for both groups, followed by two randomisation
blocks of ten envelopes for the more preterm babies. Babies closer to term
were randomised in one block with 20 envelopes."
Method of random sequence generation not reported.

Allocation concealment Unclear risk The methods of allocation concealment were not specified. It is not reported if

(selection bias) envelopes were sealed and opaque.

Blinding of participants Unclear risk Reported: "Only the sequence number of the patient was written in the patient

and personnel (perfor- records by the nurse responsible for medication. Thus, the attending physi-

mance bias) cians, the endoscopist, and the pathologist remained blinded as to the treat-

All outcomes ment group." "The clinical data on the patients up to the age of 4 weeks were
collected from patients’ records after the children had been discharged but
before the opening of the randomisation code."
There was no placebo - no treatment was used in the control group so ade-
quacy of clinical blinding is unclear.

Blinding of outcome as- Low risk Reported: "the attending physicians, the endoscopist, and the pathologist re-

sessment (detection bias) mained blinded as to the treatment group."

All outcomes
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Kuusela 1997 (continued)

Incomplete outcome data  Low risk 5 neonates (9% - 3 treatment group; 2 control group) dropped out of the study
(attrition bias) after the randomisation and before gastroscopic evaluation. These patients
All outcomes were not included in the study because of early death (2 patients at gestational

age of <33 weeks and 1 patient at gestational age of = 33 weeks) and because
of oesophageal atresia (1 patient in both groups).

Selective reporting (re- Unclear risk Insufficient information to permit judgement of ‘low risk’ or ‘high risk’ - proto-
porting bias) col not available.
Other bias Low risk No other bias noted. Infant characteristics were similar between intervention

and control groups.

Lin 2011

Methods Randomised controlled trial in China.

Participants Inclusion criteria: sick term and preterm newborns with stress ulcer day 1 to 8 age (n =152).
Exclusion criteria: none reported.

Interventions Intervention (n = 76): conventional therapy combined with omeprazole 0.6 mg/kg intragastric once
daily for 5 days.
Control (n =76): conventional therapy.
Both groups nil by mouth, stomach washed with bicarbonate.

Outcomes Efficacy - gastric aspirate bleed and melena to 48 hours. Bleeding after 48 hours no benefit.

Notes Itis unclear if there were any adverse reactions attributable to the intervention.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Reported: "randomly divided".

tion (selection bias)

Allocation concealment Unclear risk Method not reported.
(selection bias)

Blinding of participants Unclear risk Not reported.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No losses reported.
(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No protocol available.

porting bias)
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Lin 2011 (continued)

Other bias Low risk Similar baseline characteristics between groups.
Liu 2005
Methods Randomised controlled trial in China 2002 to 2004.

Participants

Inclusion criteria: haemorrhage of digestive tract in sick term and preterm newborn infants 16 hours
and 14 days (n = 58).

Exclusion criteria: vitamin K deficiency, platelet or clotting abnormality, swallowed blood and con-
genital gastrointestinal abnormality.

Interventions

Intervention (n = 30): famotidine 0.3 mg/kg 12 hourly continued for 48 to 72 hours until bleeding
ceased for 24 hours.

Control (n =28): classical therapy.

Both groups received vitamin K.

Outcomes Efficacy - stopped bleeding by 48 hours.

Notes Authors did not believe there were any adverse reactions attributable to the intervention.
Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Reported: "divided randomly".

tion (selection bias)

Allocation concealment Unclear risk Method not reported.

(selection bias)

Blinding of participants Unclear risk Not reported.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No losses reported.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Protocol not available.

porting bias)

Other bias Low risk Similar baseline characteristics between groups.
Lu 1995

Methods Randomised controlled trial in China January 1990 to October 1992.
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Lu 1995 (Continued)

Participants

Inclusion criteria: sick term and preterm newborns at high risk of gastric bleeding.

Exclusion criteria: none reported.

Interventions

Intervention (n = 56): cimetidine 5 mg/kg/dose intravenously in 10% glucose twice daily for3to 5
days.

Control (n = 62): no treatment.

Allinfants given vitamin K 5 mg/day [route not reported] for 3 days.

Outcomes 1. Acute gastric mucosa lesion (diagnosed by tarry stool or coffee-ground vomit);

2. bleeding amount and time - hematemesis; melena or test positive for blood (clinical acute gastric
lesion).

Notes Authors did not believe there were any adverse reactions attributable to the intervention.
It was unclear how bleeding time was determined, given that these infants did not have bleeding ini-
tially. As a result, it could not be included in the 'duration of upper gastrointestinal bleeding in infants
with upper gastrointestinal bleeding (days)' outcome.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Reported: "randomly assigned".

tion (selection bias)

Allocation concealment Unclear risk Method not reported.

(selection bias)

Blinding of participants Unclear risk Not reported.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk None reported.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No protocol available.

porting bias)

Other bias Unclear risk Similar baseline characteristics between groups.

Pourarian 2005

Methods

Randomised controlled trial in Iran.

Participants

Inclusion criteria: neonates admitted to the neonatal intensive care unit (NICU) ward irrespective of
gestational age.
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Pourarian 2005 (Continued)

Exclusion criteria: renal failure (serum creatinine > 1.5 mg/dl), nasal or pharyngeal bleeding or bleed-
ing tendency, abnormal PT, PTT, platelet count, abnormal liver function test or received oral feeding.

Interventions

Intervention (n = 40): prophylactic intravenous ranitidine 5 mg/kg/day (3 divided doses) for 4 days ir-
respective of gastric pH.

Control group (n =40): received no prophylactic treatment.

Outcomes 1. Gastric pH was measured on admission, 1 hour, 2 or 3 days;
2. clinical complications such as the amount of Gl bleeding, the number of blood transfusions and sur-
factant therapy.
Notes Gastric bleeding rates calculated from percentages reported in publication.
Authors did not believe there were any adverse reactions attributable to the intervention.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Method not reported.
tion (selection bias)
Allocation concealment Unclear risk Insufficient information given.
(selection bias)
Blinding of participants Unclear risk Not reported. No placebo reported.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not reported.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Percentages reported so denominator unclear.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No protocol available.
porting bias)
Other bias Unclear risk Some baseline differences in clinical conditions between groups.
Sarna 1991
Methods Quasi-randomised controlled trial January 1990 to July 1990.

Participants

Inclusion criteria: neonates with gastric bleeding

Exclusion criteria: all neonates who were septicaemic, preterm, had prolonged prothrombin time or
developed disseminated intravascular coagulation.

Further information regarding participants: 48 term neonates mean gestational age: ranitidine group
38.3 +2.2 weeks versus control group 38.6 + 2.2 weeks (P > 0.05). Mean birth weight: ranitidine group
2.4+ 0.6 versus control group 2.6 + 0.8 kg.
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Sarna 1991 (Continued)

Interventions

Intervention (n = 20): ranitidine: 0.6 mg/kg loading dose followed by 0.15 mg/kg/hour intravenous in-
fusion until bleeding had ceased for 24 hours.
Control (n =18): supportive therapy.

Outcomes 1. Duration of gastric bleeding.
2. Mortality.
Notes Conflicts of interest: not reported.
Authors did not believe there were any adverse reactions attributable to the intervention.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Reported: "The neonates with gastric bleeding were alternatively, divided into
tion (selection bias) two groups, on the basis of odd and even admission numbers." Quasi-random
allocation.
Allocation concealment High risk The methods of allocation concealment were not specified and the study was
(selection bias) quasi-random.
Blinding of participants Unclear risk Blinding not reported.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Blinding of assessors not reported.
sessment (detection bias)
All outcomes
Incomplete outcome data Low risk 10 (4 treatment group, 6 control) of 48 infants (21%) not reported for other
(attrition bias) clinical outcomes who died. 3 infants died after intracranial haemorrhage; 3
All outcomes from hypoxic-ischaemic encephalopathy; and 4 from respiratory distress syn-
drome.
Selective reporting (re- Unclear risk Protocol not available.
porting bias)
Other bias Low risk Infant characteristics were similar between intervention and control groups.
Yang 2004
Methods Randomised controlled trial in China.

Participants

Inclusion criteria: sick term and preterm neonates with upper gastrointestinal haemorrhage.

Exclusion criteria: gastrointestinal tract abnormality; haemorrhagic diseases; adverse effect of med-
ication.

Interventions

Intervention (n =27): ranitidine 3 to 5 mg/kg/day intravenous infusion for 3 to 5 days, and Smecta*
1/3 packet then 1/4 packet 3 times a day (* diosmectite, a natural silicate of aluminium and magnesium
used as an intestinal adsorbent) and normal therapy.

Control (n =20): same therapy was performed in control group, except ranitidine and Smecta.
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Yang 2004 (Continued)

Normal therapy: all infants nil by mouth, given vitamin K and 'hepatic enzymes' to stop bleeding.

Outcomes 1. Curative rate: gastric aspirate and stool bleeding. Treatment failure = continued bleeding at 48 hours;
2. Reported adverse effects including liver function and white cell counts.

Notes Reported duration of bleeding intervention 1.7 days versus control 3.6 days (no SD).

Authors did not believe there were any adverse reactions attributable to the intervention.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Reported: 'randomly divided'. Method not reported.

tion (selection bias)

Allocation concealment Unclear risk Method not reported.
(selection bias)

Blinding of participants Unclear risk Not reported.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported.
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Probable post-allocation losses due to haemorrhagic diseases; adverse effect
(attrition bias) of medication.
All outcomes

Selective reporting (re- Unclear risk No protocol available.
porting bias)

Other bias Unclear risk Infant characteristics were similar between intervention and control groups.
Group size imbalance.

Yang 2015
Methods Randomised controlled trial in China October 2013 to October 2014.
Participants Inclusion criteria: sick neonatal patients with stress ulcer (blood in gastric aspirate and/or stool]
(mean gestation 38.5 versus 38.6 weeks).
Exclusion criteria: congenital anomalies; medication side effect.
Interventions Intervention (n = 23): omeprazole 0.7 mg/kg in saline intragastric daily for 5 days.
Control (n =22): conventional medicine treatment.
Allinfants nil by mouth; given bicarbonate gastric washout and vitamin K.
Outcomes Efficacy - gastric aspirates and stool bleeding. Failure = bleeding at 24 and 48 hours.
Notes Itis unclear if there were any adverse reactions attributable to the intervention.
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Yang 2015 (Continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Reported: "separated them into control group and study group at random".
tion (selection bias) Note this was not reported in Chinese language version.

Allocation concealment Unclear risk Method not reported.

(selection bias)

Blinding of participants Unclear risk Not reported.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported.
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk None reported.

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No protocol available.
porting bias)

Other bias Low risk Infant characteristics were similar between intervention and control groups.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Aanpreung 1998 Study did not concern infants treated within the neonatal period.

Agarwal 1990 Not a randomised trial (controlled clinical trial).

Bush 1987 Not a randomised trial.

Cannon 1987 Study did not concern infants treated within the neonatal period.

Chen 2010a Study did not concern infants treated within the neonatal period. Trial of omeprazole versus

omeprazole plus thrombin.

Chen 2010b Study did not concern infants treated within the neonatal period.

Chen 2015 Trial of different doses of omeprazole in newborns with stress ulceration. There was no control
group without omeprazole.

Duan 2002 Control group thrombin.
Fan 2010 Study did not concern infants treated within the neonatal period.
Fontana 1993a Not a randomised trial (prospective cohort study).
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Study Reason for exclusion

Fontana 1993b Not a randomised trial (no control group).

Guillet 2006 Not a randomised trial (case-control study).

Han 2014 Study did not concern infants treated within the neonatal period.

He 2004 Retrospective study.

Hencz 1984 Randomised study but only 1 of the participants was an infant.

Ito 1986 Not a randomised trial.

Ke 2016 Compared different doses of the same PPl (omeprazole 0.8 mg/kg/day versus infusion of 2 mg/kg/

day), but did not compare to a control group without omeprazole.

Kelly 1993 Not a randomised trial (case series of 10 consecutive infants).

Kentrup 1996 Not a randomised trial.

Kuusela 1998 Trial of different dose of ranitidine in newborn infants with gastrointestinal bleeding. No control
group.

Lacroix 1986 Newborns were not stratified in randomisation. Mean age of study participants was 1.85 + 3.25

years (range 10 days to 14.5 years).

Lai 2014 Omeprazole and haemocoagulase combined with norepinephrine for haemorrhagic disease of
newborn versus conventional treatment of regular fasting, blood transfusion, indwelling stomach
tube. Study included haemostatic treatments.

Li 2006 Study did not concern infants treated within the neonatal period.

Liu 2002 Study did not concern infants treated within the neonatal period.

Liu 2013 Study comparing omeprazole and thrombin versus omeprazole alone.

Liu2014 Omeprazole versus no omeprazole but Vitamin K given in control group only.

Lopez-Herce 1992 Study did not concern infants treated within the neonatal period.

Metz 1993 Study did not concern infants treated within the neonatal period.

Osteyee 1994 Study did not concern infants treated within the neonatal period.

Ouyang 2012 Retrospective study.

Simeone 1997 Study did not concern infants treated within the neonatal period.

Solana 2013 Study did not concern infants treated within the neonatal period.

Solana 2014 Study did not concern infants treated within the neonatal period.

Song 2009 Study did not concern infants treated within the neonatal period.

Song 2011 3-arm RCT - 2 arms ineligible as included thrombostatic agent (reptilase).
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Study Reason for exclusion
Sung 2014 Study did not concern infants treated within the neonatal period.
Terrin 2012 Not a randomised trial (prospective cohort study).

Vandenplas 1987

Not a randomised trial (controlled clinical trial).

Wang 2005 No control group.

Wang 2011 Study did not concern infants treated within the neonatal period.

Wei 2004 Trial of thrombin and cimetidine versus no treatment.

Wei 2013 Trial of different doses of omeprazole for upper gastrointestinal bleeding in newborn infants.
Wu 2008 No control group.

Xiaohua 2012

Comparison of omeprazole versus norepinephrine.

Yildizdas 2002

Study did not concern infants treated within the neonatal period.

Zhang 2003

Study did not concern infants treated within the neonatal period.

DATA AND ANALYSES

Comparison 1. Prevention of upper gastrointestinal bleeding

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 All cause mortality to near term age 1 53 Risk Ratio (M-H, Fixed, 95% Cl) 2.42[0.70, 8.38]

or discharge

1.1 H2RA versus no treatment 1 53 Risk Ratio (M-H, Fixed, 95% Cl) 2.42[0.70, 8.38]

2 Any upper gastrointestinal bleeding 4 329 Risk Ratio (M-H, Fixed, 95% CI) 0.36[0.22, 0.58]

in infants at risk of upper gastrointesti-

nal bleeding

2.1 H2RA versus no treatment 4 329 Risk Ratio (M-H, Fixed, 95% Cl) 0.36[0.22, 0.58]

3 Gastric lesions detected by en- 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 0.49[0.28, 0.84]

doscopy and macroscopically

3.1 H2RA versus no treatment 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 0.49[0.28, 0.84]

4 Serious adverse reactions 4 329 Risk Ratio (M-H, Fixed, 95% CI) 0.0[0.0,0.0]

4.1 H2RA versus no treatment 4 329 Risk Ratio (M-H, Fixed, 95% CI) 0.0[0.0,0.0]
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Analysis 1.1. Comparison 1 Prevention of upper gastrointestinal
bleeding, Outcome 1 All cause mortality to near term age or discharge.
Study or subgroup H2RA No treatment Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 H2RA versus no treatment
Kuusela 1997 7/26 3/27 B 100% 2.42[0.7,8.38]
Subtotal (95% ClI) 26 27 —~— 100% 2.42[0.7,8.38]
Total events: 7 (H2RA), 3 (No treatment)
Heterogeneity: Not applicable
Test for overall effect: Z=1.4(P=0.16)
Total (95% Cl) 26 27 —— 100% 2.42[0.7,8.38]
Total events: 7 (H2RA), 3 (No treatment)
Heterogeneity: Not applicable
Test for overall effect: Z=1.4(P=0.16) ‘ ‘ ‘ ‘
Favours H2RA ~ 0.01 0.1 1 10 100 Favours no treatment

Analysis 1.2. Comparison 1 Prevention of upper gastrointestinal bleeding, Outcome 2
Any upper gastrointestinal bleeding in infants at risk of upper gastrointestinal bleeding.

Study or subgroup H2RA No treatment Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 H2RA versus no treatment
Han 2001 4/43 11/40 — 22.61% 0.34[0.12,0.98]
Kuusela 1997 2/23 8/25 e a— 15.21% 0.27[0.06,1.15]
Lu 1995 4/56 13/62 — 24.48% 0.34[0.12,0.98]
Pourarian 2005 8/40 19/40 —— 37.7% 0.42[0.21,0.85]
Subtotal (95% Cl) 162 167 L 2 100% 0.36[0.22,0.58]
Total events: 18 (H2RA), 51 (No treatment)
Heterogeneity: Tau?=0; Chi*=0.36, df=3(P=0.95); 1>=0%
Test for overall effect: Z=4.13(P<0.0001)
Total (95% Cl) 162 167 L 2 100% 0.36[0.22,0.58]
Total events: 18 (H2RA), 51 (No treatment)
Heterogeneity: Tau?=0; Chi*=0.36, df=3(P=0.95); 1>=0%
Test for overall effect: Z=4.13(P<0.0001)

Favours H2RA  0.01 0.1 1 10 100 Favours no treatment

Analysis 1.3. Comparison 1 Prevention of upper gastrointestinal bleeding,
Outcome 3 Gastric lesions detected by endoscopy and macroscopically.

Study or subgroup H2RA No treatment Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 H2RA versus no treatment
Kuusela 1997 9/23 20/25 ' 100% 0.49[0.28,0.84]
Subtotal (95% ClI) 23 25 o 100% 0.49[0.28,0.84]
Total events: 9 (H2RA), 20 (No treatment)
Favours H2RA ~ 0.01 0.1 1 10 100 Favours no treatment
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Study or subgroup H2RA No treatment Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=2.57(P=0.01)

Total (95% CI) 23 25 > 100% 0.49[0.28,0.84]
Total events: 9 (H2RA), 20 (No treatment)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=2.57(P=0.01)

Favours H2RA  0.01 0.1 1 10 100 Favours no treatment

Analysis 1.4. Comparison 1 Prevention of upper gastrointestinal bleeding, Outcome 4 Serious adverse reactions.

Study or subgroup H2RA No treatment Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.4.1 H2RA versus no treatment

Han 2001 0/43 0/40 Not estimable
Kuusela 1997 0/23 0/25 Not estimable
Lu 1995 0/56 0/62 Not estimable
Pourarian 2005 0/40 0/40 Not estimable
Subtotal (95% ClI) 162 167 Not estimable

Total events: 0 (H2RA), 0 (No treatment)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% Cl) 162 167 Not estimable
Total events: 0 (H2RA), 0 (No treatment)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Favours H2RA  0.01 0.1 1 10 100 Favours no treatment

Comparison 2. Treatment of upper gastrointestinal bleeding

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 All cause mortality to near term age 2 131 Risk Ratio (M-H, Fixed, 95% Cl) 0.63[0.26, 1.51]

or discharge

1.1 H2RA versus no treatment 2 131 Risk Ratio (M-H, Fixed, 95% Cl) 0.63[0.26, 1.51]

2 Duration of upper gastrointestinal 2 104 Mean Difference (IV, Fixed, 95% Cl) -1.06 [-1.28,-0.84]
bleeding in infants with upper gas-
trointestinal bleeding (days)

2.1 PPIs versus no treatment 1 66 Mean Difference (IV, Fixed, 95% Cl) -1.06 [-1.28,-0.84]
2.2 H2RA versus no treatment 1 38 Mean Difference (IV, Fixed, 95% Cl) -9.5[-19.55, 0.55]
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
3 Continued upper gastrointestinal 6 451 Risk Ratio (M-H, Fixed, 95% CI) 0.36[0.26, 0.49]

bleeding in infants with upper gas-
trointestinal bleeding at latest time re-

ported
3.1 PPIs versus no treatment 3 263 Risk Ratio (M-H, Fixed, 95% Cl) 0.39[0.27,0.57]
3.2 H2RA versus no treatment 3 188 Risk Ratio (M-H, Fixed, 95% Cl) 0.30[0.17, 0.54]
4 Anaemia requiring blood transfusion 1 38 Risk Ratio (M-H, Fixed, 95% Cl) 0.6[0.11,3.19]
4.1 H2RA versus no treatment 1 38 Risk Ratio (M-H, Fixed, 95% CI) 0.6[0.11, 3.19]
5 Serious adverse reactions 4 226 Risk Ratio (M-H, Fixed, 95% CI) 0.0[0.0,0.0]
5.1 H2RA versus no treatment 4 226 Risk Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]
Analysis 2.1. Comparison 2 Treatment of upper gastrointestinal
bleeding, Outcome 1 All cause mortality to near term age or discharge.
Study or subgroup Inhibitor of No treatment Risk Ratio Weight Risk Ratio
gastric acid
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 H2RA versus no treatment
Huo 2001 3/42 5/41 —a— 45.75% 0.59[0.15,2.29]
Sarna 1991 4/24 6/24 —i— 54.25% 0.67[0.22,2.07]
Subtotal (95% Cl) 66 65 - 100% 0.63[0.26,1.51]

Total events: 7 (Inhibitor of gastric acid), 11 (No treatment)
Heterogeneity: Tau?=0; Chi*=0.02, df=1(P=0.89); 1>=0%
Test for overall effect: Z=1.04(P=0.3)

Total (95% Cl) 66 65 - 100% 0.63[0.26,1.51]
Total events: 7 (Inhibitor of gastric acid), 11 (No treatment)
Heterogeneity: Tau?=0; Chi*=0.02, df=1(P=0.89); 1>=0%

Test for overall effect: Z=1.04(P=0.3)

Favours Inhibitor of gastricacid ~ 0-01 0.1 1 10 100 Favours no treatment

Analysis 2.2. Comparison 2 Treatment of upper gastrointestinal bleeding, Outcome 2 Duration
of upper gastrointestinal bleeding in infants with upper gastrointestinal bleeding (days).

Study or subgroup Inhibitor of No treatment Mean Difference Weight Mean Difference
gastric acid
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI

2.2.1 PPIs versus no treatment ‘

Deng 2005 33 1.6 (0.5) 33 2.7(0.4) . 99.95% -1.06[-1.28,-0.84]
Subtotal *** 33 33 | ‘ 99.95% -1.06[-1.28,-0.84]

Favours Inhibitor of gastric acid 20 -10 0 10 20 Favours no treatment
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Study or subgroup Inhibitor of No treatment Mean Difference Weight Mean Difference
gastric acid
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Heterogeneity: Not applicable
Test for overall effect: Z=9.46(P<0.0001)

2.2.2 H2RA versus no treatment
Sarna 1991 20 9.5(10.4) 18 19 (19.4) E — 0.05% -9.5[-19.55,0.55]
Subtotal *** 20 18 ——— 0.05% -9.5[-19.55,0.55]
Heterogeneity: Not applicable

Test for overall effect: Z=1.85(P=0.06)

Total *** 53 51 | 100% -1.06[-1.28,-0.84]
Heterogeneity: Tau?=0; Chi?=2.71, df=1(P=0.1); 1>=63.04%

Test for overall effect: Z=9.5(P<0.0001)

Test for subgroup differences: Chi*=2.71, df=1 (P=0.1), 1>=63.04%

Favours Inhibitor of gastric acid 20 -10 0 10 20 Favours no treatment

Analysis 2.3. Comparison 2 Treatment of upper gastrointestinal bleeding, Outcome 3 Continued
upper gastrointestinal bleeding in infants with upper gastrointestinal bleeding at latest time reported.

Study or subgroup Inhibitor of No treatment Risk Ratio Weight Risk Ratio
gastric acid
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.3.1PPIs versus no treatment

Deng 2005 18/33 30/33 - 33.31% 0.6[0.43,0.83]
Lin 2011 1/76 19/76 ‘—'— 21.1% 0.05[0.01,0.38]
Yang 2015 2/23 4/22 —_—tT 4.54% 0.48[0.1,2.35]
Subtotal (95% Cl) 132 131 < 58.95% 0.39[0.27,0.57]

Total events: 21 (Inhibitor of gastric acid), 53 (No treatment)
Heterogeneity: Tau?=0; Chi*=10.21, df=2(P=0.01); 1>=80.41%
Test for overall effect: Z=4.9(P<0.0001)

2.3.2 H2RA versus no treatment

Huo 2001 3/42 12/41 _— 13.49% 0.24[0.07,0.8]
Liu 2005 5/30 14/28 — 16.08% 0.33[0.14,0.81]
Yang 2004 4/27 9/20 — 11.48% 0.330.12,0.92]
Subtotal (95% Cl) 929 89 > 41.05% 0.3[0.17,0.54]

Total events: 12 (Inhibitor of gastric acid), 35 (No treatment)
Heterogeneity: Tau?=0; Chi*=0.2, df=2(P=0.91); I>=0%
Test for overall effect: Z=3.99(P<0.0001)

Total (95% CI) 231 220 < 100% 0.36[0.26,0.49]
Total events: 33 (Inhibitor of gastric acid), 88 (No treatment)
Heterogeneity: Tau?=0; Chi*=13.67, df=5(P=0.02); 1>=63.42%
Test for overall effect: Z=6.31(P<0.0001)

Test for subgroup differences: Chi*=0.56, df=1 (P=0.45), 1>=0%

Favours Inhibitor of gastricacid ~ 0.01 0.1 1 10 100 Favours no treatment
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Analysis 2.4. Comparison 2 Treatment of upper gastrointestinal
bleeding, Outcome 4 Anaemia requiring blood transfusion.

Study or subgroup Inhibitor of No treatment Risk Ratio Weight Risk Ratio
gastric acid

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.4.1 H2RA versus no treatment
Sarna 1991 2/20 3/18 B 100% 0.6[0.11,3.19]
Subtotal (95% CI) 20 18 —l— 100% 0.6[0.11,3.19]
Total events: 2 (Inhibitor of gastric acid), 3 (No treatment)
Heterogeneity: Not applicable
Test for overall effect: Z=0.6(P=0.55)
Total (95% CI) 20 18 —l— 100% 0.6[0.11,3.19]
Total events: 2 (Inhibitor of gastric acid), 3 (No treatment)
Heterogeneity: Not applicable
Test for overall effect: Z=0.6(P=0.55) ‘ ‘ ‘ ‘

Favours Inhibitor of gastricacid ~ 0-01 0.1 1 10 100 Favours no treatment

Analysis 2.5. Comparison 2 Treatment of upper gastrointestinal bleeding, Outcome 5 Serious adverse reactions.

Study or subgroup Inhibitor of No treatment Risk Ratio Weight Risk Ratio
gastric acid
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.5.1 H2RA versus no treatment

Huo 2001 0/42 0/41 Not estimable
Liu 2005 0/30 0/28 Not estimable
Sarna 1991 0/20 0/18 Not estimable
Yang 2004 0/27 0/20 Not estimable
Subtotal (95% Cl) 119 107 Not estimable

Total events: 0 (Inhibitor of gastric acid), 0 (No treatment)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% Cl) 119 107 Not estimable
Total events: 0 (Inhibitor of gastric acid), 0 (No treatment)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Favours Inhibitor of gastricacid ~ 0.01 0.1 1 10 100 Favours no treatment

Comparison 3. Treatment of upper gastrointestinal bleeding: subgroup analysis higher versus lower dose inhibitor
of gastric acid

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 All cause mortality to near term 2 131 Risk Ratio (M-H, Fixed, 95% Cl) 0.63[0.26, 1.51]

age or discharge

1.1 Higher dose 1 83 Risk Ratio (M-H, Fixed, 95% Cl) 0.59[0.15, 2.29]
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Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1.2 Lower dose 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 0.67[0.22,2.07]
2 Duration of upper gastrointesti- 2 104 Mean Difference (IV, Fixed, 95% Cl) -1.06 [-1.28,-0.84]
nal bleeding in infants with upper
gastrointestinal bleeding (days)
2.1 Higher dose 1 66 Mean Difference (IV, Fixed, 95% Cl) -1.06[-1.28,-0.84]
2.2 Lower dose 1 38 Mean Difference (1V, Fixed, 95% Cl) -9.5[-19.55, 0.55]
3 Continued upper gastrointesti- 6 451 Risk Ratio (M-H, Fixed, 95% Cl) 0.36[0.26, 0.49]
nal bleeding in infants with upper
gastrointestinal bleeding at latest
time reported
3.1 Higher dose 3 207 Risk Ratio (M-H, Fixed, 95% Cl) 0.46 [0.33, 0.64]
3.2 Lower dose 3 244 Risk Ratio (M-H, Fixed, 95% Cl) 0.19[0.09, 0.42]

Analysis 3.1. Comparison 3 Treatment of upper gastrointestinal bleeding: subgroup analysis higher
versus lower dose inhibitor of gastric acid, Outcome 1 All cause mortality to near term age or discharge.

Study or subgroup Inhibitor of No treatment Risk Ratio Risk Ratio
gastric acid
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 Higher dose
Huo 2001 3/42 5/41 —— 45.75% 0.59[0.15,2.29]
Subtotal (95% Cl) 42 41 i 45.75% 0.59[0.15,2.29]
Total events: 3 (Inhibitor of gastric acid), 5 (No treatment)
Heterogeneity: Not applicable
Test for overall effect: Z=0.77(P=0.44)
3.1.2 Lower dose
Sarna 1991 424 6/24 —— 54.25% 0.67[0.22,2.07]
Subtotal (95% Cl) 24 24 i 54.25% 0.67[0.22,2.07]
Total events: 4 (Inhibitor of gastric acid), 6 (No treatment)
Heterogeneity: Not applicable
Test for overall effect: Z=0.7(P=0.48)
Total (95% CI) 66 65 - 100% 0.63[0.26,1.51]
Total events: 7 (Inhibitor of gastric acid), 11 (No treatment)
Heterogeneity: Tau?=0; Chi*=0.02, df=1(P=0.89); 1>=0%
Test for overall effect: Z=1.04(P=0.3)
Test for subgroup differences: Chi*=0.02, df=1 (P=0.89), 1>=0% ‘ ‘ ‘
Favours Inhibitor of gastric acid 0.1 1 10 100 Favours no treatment
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Analysis 3.2. Comparison 3 Treatment of upper gastrointestinal bleeding: subgroup
analysis higher versus lower dose inhibitor of gastric acid, Outcome 2 Duration of
upper gastrointestinal bleeding in infants with upper gastrointestinal bleeding (days).

Study or subgroup Inhibitor of No treatment Mean Difference Weight Mean Difference
gastric acid
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
3.2.1 Higher dose ‘
Deng 2005 33 1.6 (0.5) 33 2.7(0.4) . 99.95% -1.06[-1.28,-0.84]
Subtotal *** 33 33 | 99.95% -1.06[-1.28,-0.84]
Heterogeneity: Not applicable
Test for overall effect: Z=9.46(P<0.0001)
3.2.2 Lower dose
Sarna 1991 20 9.5(10.4) 18 19 (19.4) E — 0.05% -9.5[-19.55,0.55]
Subtotal *** 20 18 —l— 0.05% -9.5[-19.55,0.55]
Heterogeneity: Not applicable
Test for overall effect: Z=1.85(P=0.06)
Total *** 53 51 | 100% -1.06[-1.28,-0.84]
Heterogeneity: Tau?=0; Chi*=2.71, df=1(P=0.1); 1>=63.04%
Test for overall effect: Z=9.5(P<0.0001)
Test for subgroup differences: Chi*=2.71, df=1 (P=0.1), 1>=63.04% ‘ ‘ ‘ ‘
Favours Inhibitor of gastric acid 20 -10 0 10 20 Favours no treatment

Analysis 3.3. Comparison 3 Treatment of upper gastrointestinal bleeding: subgroup
analysis higher versus lower dose inhibitor of gastric acid, Outcome 3 Continued upper
gastrointestinal bleeding in infants with upper gastrointestinal bleeding at latest time reported.

Study or subgroup Inhibitor of No treatment Risk Ratio Weight Risk Ratio
gastric acid
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.3.1 Higher dose
Deng 2005 18/33 30/33 - 33.31% 0.6[0.43,0.83]
Huo 2001 3/42 12/41 —_— 13.49% 0.24[0.07,0.8]
Liu 2005 5/30 14/28 — 16.08% 0.33[0.14,0.81]
Subtotal (95% CI) 105 102 L 2 62.88% 0.46[0.33,0.64]
Total events: 26 (Inhibitor of gastric acid), 56 (No treatment)
Heterogeneity: Tau?=0; Chi*=4.22, df=2(P=0.12); 1?=52.65%
Test for overall effect: Z=4.6(P<0.0001)
3.3.2 Lower dose
Lin 2011 1/76 19/76 ‘—'— 21.1% 0.05[0.01,0.38]
Yang 2004 4/27 9/20 — 11.48% 0.33[0.12,0.92]
Yang 2015 2/23 4/22 —_—tT 4.54% 0.48[0.1,2.35]
Subtotal (95% CI) 126 118 - 37.12% 0.19[0.09,0.42]
Total events: 7 (Inhibitor of gastric acid), 32 (No treatment)
Heterogeneity: Tau?=0; Chi*=3.99, df=2(P=0.14); 1?=49.9%
Test for overall effect: Z=4.12(P<0.0001)
Total (95% CI) 231 220 L 2 100% 0.36[0.26,0.49]
Total events: 33 (Inhibitor of gastric acid), 88 (No treatment)
Favours Inhibitor of gastricacid ~ 0:01 0.1 1 10 100 Favours no treatment
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Study or subgroup Inhibitor of No treatment Risk Ratio Weight Risk Ratio
gastric acid
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Heterogeneity: Tau?=0; Chi*=13.67, df=5(P=0.02); 1>=63.42%
Test for overall effect: Z=6.31(P<0.0001)
Test for subgroup differences: Chi*=3.99, df=1 (P=0.05), 1’=74.91%

Favours Inhibitor of gastricacid ~ 0-01 0.1 1 10 100 Favours no treatment

APPENDICES

Appendix 1. Cochrane Neonatal searches
Pubmed:

((("Gastrointestinal Hemorrhage"[Mesh] OR (gastrointestinal AND (bleed* OR hemorrhag* OR haemorrhag*)) OR Hematochezia* OR
"Hematemesis"[Mesh] OR hematemesis OR haematemesis OR "Gastritis"[Mesh] OR "Stomach Ulcer"[Mesh] OR (gastric AND mucos*
AND lesion*))) AND (((((("Histamine H2 Antagonists"[Mesh] OR "Histamine H2 Antagonists" [Pharmacological Action] OR (histamine
AND h2 AND antagonist) OR Burimamide OR Cimetidine OR ebrotidine OR etintidine OR Famotidine OR lafutidine OR loxtidine OR
Metiamide OR mifentidine OR Nizatidine OR oxmetidine OR Ranitidine OR "roxatidine acetate" OR tiotidine OR zolantidine)) OR ((Proton
Pump Inhibitors[Mesh] OR “proton pump inhibitors”[tiab] OR “proton pump inhibitor”[tiab] OR PPI*[tiab] OR Omeprazole[MeSH] OR
omeprazole[tiab] or losec[tiab] or nexium(tiab] or prilosec[tiab] or rapinex[tiab] or zegerid[tiab] or ocid[tiab] or Omepral[tiab] or
Omez[tiab] OR Esomeprazole[MeSH] OR Esomeprazole[tiab] OR Nexium[tiab] OR Alenia[tiab] OR Nexiam[tiab] OR Lansoprazole[MeSH]
OR lansoprazole[tiab] OR lanzoprazole[tiab] OR agopton[tiab] OR Levant[tiab] OR lanzor[tiab] OR prevacid[tiab] OR takepron[tiab]
OR zoton[tiab] OR pantoprazole[tiab] OR protium[tiab] OR protonix[tiab] OR Pantozol[tiab] OR Pantor[tiab] OR Pantoloc[tiab] OR
Controloc[tiab] OR ilaprazole[tiab] OR Rabeprazole[MeSH] OR rabeprazole[tiab] OR aciphex[tiab] OR dexrabeprazole[tiab] OR pariet[tiab]
OR Dexlansoprazole[MeSH] OR Dexlansoprazole[tiab] OR Kapidex[tiab] OR Dexilant[tiab] OR tenatoprazole[tiab] OR benatoprazole[tiab])))
OR ("Antacids"[Mesh] OR "Antacids"[Pharmacological Action] OR antacid* OR bismuth OR ((alkalinizing OR antigastralgic) AND agent*)
OR aluminum or aldrox or algeldrate or alhydrogel or alugel or amphojel or basalgel or brasivil or dialume or nephrox or pepsamer or
rocgel OR "calcium carbonate" or aragonite or calcite or "calcium milk" or Chalk or limestone or marble or vaterite OR magnesium or
brucite or magnesia OR "aceglutamide aluminum" or "alexitol sodium" or algicon or Almagate or almagel or alubifar or alugastrin or
andursil or attapulgite or bicarbonate or carbex or "dihydroxyaluminum sodium carbonate" or gaviscon or hydrotalcite or magaldrate
or Mylanta or novaluzid or rennie or solugastril or titralac or vangatalcite)) OR ("Sucralfate"[Mesh] OR sucralfate or sulfate or antepsin
or carafate or ulcerban or ulcogant or ulsanic)) OR ((Gastro*[tiab] AND mucosa*[tiab] AND (protect*[tiab] AND (agent*[tiab] OR
drug[tiab] OR medicine[tiab] OR medication[tiab]))) OR (Gastric[tiab] mucosa*[tiab] AND (protect*[tiab] AND (agent*[tiab] OR drug[tiab]
OR medicine[tiab] OR medication[tiab]))) OR (stomach[tiab] mucosa*[tiab] AND (protect*[tiab] AND (agent*[tiab] OR drug[tiab] OR
medicine[tiab] OR medication(tiab])))))) 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 (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized [tiab]
OR placebo [tiab] OR drug therapy [sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab]) NOT (animals [mh] NOT humans [mh])))

Embase:
1 exp gastrointestinal hemorrhage/
2 (gastrointestinal adj2 (bleed* or hemorrhag* or haemorrhag*)).mp.
3 (Hematochezia* or hematemesis or haematemesis).mp.
4 exp hematemesis/
5 exp gastritis/
6 exp stomach ulcer/
7 (gastric and mucos* and lesion*).mp.
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(Continued)

8 lor2or3or4or5or6or7

9 exp histamine H2 receptor antagonist/

10 (histamine and h2 and antagonist).mp.

11 (Burimamide or Cimetidine or ebrotidine or etintidine or Famotidine or lafutidine or loxtidine or
Metiamide or mifentidine or Nizatidine or oxmetidine or Ranitidine or "roxatidine acetate" or tioti-
dine or zolantidine).mp.

12 9orl0orll

13 exp proton pump inhibitor/

14 (proton adj pump adj inhibitor*).ti,ab,kw.

15 exp esomeprazole/

16 (Esomeprazole or Nexium or Esotrex or Alenia or Escz or Esofag or Nexiam).ti,ab,kw.

17 exp omeprazole/

18 (omeprazole or losec or nexium or prilosec or rapinex or zegerid or ocid or Lomac or Omepral or
Omez).ti,ab,kw.

19 (pantoprazole or protium or protonix or Pantotab or Pantopan or Pantozol or Pantor or Pan-
toloc or Astropan or Controloc or Pantecta or Inipomp or Somac or Pantodac or Zurcal or Zen-
tro).ti,ab,kw.

20 exp rabeprazole/

21 (rabeprazole or aciphex or dexrabeprazole or pariet or Zechin or Rabecid or Nzole-D or Rabe-
loc).ti,ab,kw.

22 exp lansoprazole/

23 (lansoprazole or lanzoprazole or agopton or bamalite or Inhibitol or Levant or Lupizole or lanzor or
monolitum or ogast or ogastro or opiren or prevacid or prezal or promeco or takepron or ulpax or
zoton).ti,ab,kw.

24 exp dexlansoprazole/

25 (Dexlansoprazole or Kapidex or Dexilant).ti,ab,kw.

26 (tenatoprazole or benatoprazole).ti,ab,kw.

27 13orl14orl50rl6orl7orl8or19or20o0r2lor22or23or24or250r26

28 exp sucralfate/

29 (sucralfate or sulfate or antepsin or carafate or ulcerban or ulcogant or ulsanic).mp.

30 28 or29

31 (protect* and (agent* or drug or medicine or medication)).mp.
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32 (gastro* adj2 mucosa*).mp.

33 gastric mucosa*.mp.

34 stomach mucosa*.mp.

35 32o0r330r34

36 3land 35

37 12 or27or300r36

38 (infan* or newborn or neonat* or premature or very low birth weight or low birth weight or VLBW or
LBW).mp.

39 exp infant/

40 380r39

41 (human not animal).mp.

42 (randomized controlled trial or controlled clinical trial or randomized or placebo or clinical trials as
topic or randomly or trial or clinical trial).mp.

43 40 and 41 and 42

44 8and 37 and 43

45 from 44 keep 1-123

CINAHL:

S34 S9 AND S32 AND S33

S33 (infan* OR newborn OR neonat* OR premature OR low birth weight OR VLBW OR LBW) AND (ran-
domized controlled trial OR controlled clinical trial OR randomized OR placebo OR clinical trials as
topic OR randomly OR trial OR PT clinical trial)

S32 S13 ORS16 ORS21 OR S24 OR S27 OR S29 OR S31

S31 S26 AND S30

S30 stomach mucosa*

S29 S26 AND S28

S28 Gastric mucosa*

S27 S25AND S26

S26 protect* AND ( agent* OR drug OR medicine OR medication )
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(Continued)

S25 Gastro* AND mucosa*

S24 S22 OR S23

S23 sucralfate or sulfate or antepsin or carafate or ulcerban or ulcogant or ulsanic

S22 (MH "Sucralfate")

S21 S17 ORS18 OR S19 OR S20

S20 aluminum or aldrox or algeldrate or alhydrogel or alugel or amphojel or basalgel or brasivil or di-
alume or nephrox or pepsamer or rocgel OR "calcium carbonate" or aragonite or calcite or "cal-
cium milk" or Chalk or limestone or marble or vaterite OR magnesium or brucite or magnesia OR
"aceglutamide aluminum" or "alexitol sodium" or algicon or Almagate or almagel or alubifar or
alugastrin or andursil or attapulgite or bicarbonate or carbex or "dihydroxyaluminum sodium car-
bonate" or gaviscon or hydrotalcite or magaldrate or Mylanta or novaluzid or rennie or solugastril
or titralac or vangatalcite

S19 (alkalinizing OR antigastralgic ) AND agent*

S18 antacid* OR bismuth

S17 (MH "Antacids+")

S16 S14 ORS15

S15 “proton pump inhibitors” OR “proton pump inhibitor” OR PPI* OR omeprazole or losec or nexium
or prilosec or rapinex or zegerid or ocid or Omepral or Omez OR Esomeprazole OR Nexium OR Ale-
nia OR Nexiam OR lansoprazole OR lanzoprazole OR agopton OR Levant OR lanzor OR prevacid OR
takepron OR zoton OR pantoprazole OR protium OR protonix OR Pantozol OR Pantor OR Pantoloc
OR Controloc OR ilaprazole OR rabeprazole OR aciphex OR dexrabeprazole OR pariet OR Dexlanso-
prazole OR Kapidex OR Dexilant OR tenatoprazole OR benatoprazole

S14 (MH "Proton Pump Inhibitors+")

S13 S10 ORS110RS12

S12 Burimamide OR Cimetidine OR ebrotidine OR etintidine OR Famotidine OR lafutidine OR loxtidine
OR Metiamide OR mifentidine OR Nizatidine OR oxmetidine OR Ranitidine OR "roxatidine acetate"
OR tiotidine OR zolantidine

S11 histamine AND h2 AND antagonist

S10 (MH "Histamine H2 Antagonists+")

S9 S10RS20RS30ORS40ORS50RS60RS70RS8

S8 gastric AND mucos* AND lesion™

S7 (MH "Peptic Ulcer+")

S6 (MH "Gastritis+")

S5 hematemesis OR haematemesis

S4 (MH "Hematemesis")
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S3 Hematochezia*

S2 gastrointestinal AND ( bleed* OR hemorrhag* OR haemorrhag*)
S1 (MH "Gastrointestinal Hemorrhage+")

Cochrane Central Register of Controlled Trials:

1 MESH DESCRIPTOR Gastrointestinal Hemorrhage EXPLODE ALL AND CENTRAL:TARGET

2 MESH DESCRIPTOR Hematemesis EXPLODE ALL AND CENTRAL:TARGET

3 MESH DESCRIPTOR Gastritis EXPLODE ALL AND CENTRAL:TARGET

4 MESH DESCRIPTOR Stomach Ulcer EXPLODE ALL AND CENTRAL:TARGET

5 gastrointestinal AND (bleed* OR hemorrhag* OR haemorrhag*) AND CENTRAL:TARGET

6 Hematochezia®* AND CENTRAL:TARGET

7 hematemesis OR haematemesis AND CENTRAL:TARGET

8 gastric AND mucos* AND lesion* AND CENTRAL:TARGET

9 #1 OR#2 OR#3 OR#4 OR #5 OR #6 OR #7 OR #8

10 MESH DESCRIPTOR Histamine H2 Antagonists EXPLODE ALL AND CENTRAL:TARGET

11 histamine AND h2 AND antagonist AND CENTRAL:TARGET

12 Burimamide OR Cimetidine OR ebrotidine OR etintidine OR Famotidine OR lafutidine OR loxtidine
OR Metiamide OR mifentidine OR Nizatidine OR oxmetidine OR Ranitidine OR "roxatidine acetate"
OR tiotidine OR zolantidine AND CENTRAL:TARGET

13 #10 OR #11 OR #12

14 MESH DESCRIPTOR Proton Pump Inhibitors EXPLODE ALL AND CENTRAL:TARGET

15 (Proton NEXT Pump NEXT inhibitor*):TI,AB,KW AND CENTRAL:TARGET

16 MESH DESCRIPTOR Esomeprazole EXPLODE ALL AND CENTRAL:TARGET

17 (Esomeprazole or Nexium or Esotrex or Alenia or Escz or Esofag or Nexiam):TI,AB,KW AND CEN-
TRAL:TARGET

18 MESH DESCRIPTOR Omeprazole EXPLODE ALL AND CENTRAL:TARGET

19 (omeprazole or losec or nexium or prilosec or rapinex or zegerid or ocid or Lomac or Omepral or
Omez):TI,AB,KW AND CENTRAL:TARGET

20 (pantoprazole or protium or protonix or Pantotab or Pantopan or Pantozol or Pantor or Pan-

toloc or Astropan or Controloc or Pantecta or Inipomp or Somac or Pantodac or Zurcal or Zen-
tro):TI,AB,KW AND CENTRAL:TARGET
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21 MESH DESCRIPTOR Rabeprazole EXPLODE ALL AND CENTRAL:TARGET

22 (rabeprazole or aciphex or dexrabeprazole or pariet or Zechin or Rabecid or Nzole-D or Rabe-
loc):TI,AB,KW AND CENTRAL:TARGET

23 MESH DESCRIPTOR Lansoprazole EXPLODE ALL AND CENTRAL:TARGET

24 (lansoprazole or lanzoprazole or agopton or bamalite or Inhibitol or Levant or Lupizole or lanzor or
monolitum or ogast or ogastro or opiren or prevacid or prezal or promeco or takepron or ulpax or
zoton):TI,AB,KW AND CENTRAL:TARGET

25 MESH DESCRIPTOR Dexlansoprazole EXPLODE ALL AND CENTRAL:TARGET

26 (Dexlansoprazole or Kapidex or Dexilant):TI,AB,KW AND CENTRAL:TARGET

27 (tenatoprazole or benatoprazole):TI,AB,KW AND CENTRAL:TARGET

28 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR
#27

29 MESH DESCRIPTOR Antacids EXPLODE ALL AND CENTRAL:TARGET

30 antacid* OR bismuth AND CENTRAL:TARGET

31 (alkalinizing OR antigastralgic) AND agent* AND CENTRAL:TARGET

32 aluminum or aldrox or algeldrate or alhydrogel or alugel or amphojel or basalgel or brasivil or di-
alume or nephrox or pepsamer or rocgel OR "calcium carbonate" or aragonite or calcite or "cal-
cium milk" or Chalk or limestone or marble or vaterite OR magnesium or brucite or magnesia OR
"aceglutamide aluminum" or "alexitol sodium" or algicon or Almagate or almagel or alubifar or
alugastrin or andursil or attapulgite or bicarbonate or carbex or "dihydroxyaluminum sodium car-
bonate" or gaviscon or hydrotalcite or magaldrate or Mylanta or novaluzid or rennie or solugastril
or titralac or vangatalcite AND CENTRAL:TARGET

33 MESH DESCRIPTOR Sucralfate EXPLODE ALL AND CENTRAL:TARGET

34 sucralfate or sulfate or antepsin or carafate or ulcerban or ulcogant or ulsanic AND CENTRAL:TAR-
GET

35 MESH DESCRIPTOR Gastric Mucosa EXPLODE ALL AND CENTRAL:TARGET

36 gastro* NEAR2 mucosa* AND CENTRAL:TARGET

37 gastric NEAR2 mucosa* AND CENTRAL:TARGET

38 stomach NEAR2 mucosa* AND CENTRAL:TARGET

39 protect* and (agent* or drug or medicine or medication) AND CENTRAL:TARGET

40 #35 OR #36 OR #37 OR #38

41 #39 AND #40

42 (infan* or newborn or neonat* or premature or preterm or very low birth weight or low birth weight
or VLBW or LBW) AND CENTRAL:TARGET

43 #41 OR #13 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34
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44 #9 AND #42 AND #43

Appendix 2. Risk of bias tool

We used the standard methods of Cochrane and Cochrane Neonatal to assess the methodological quality of the trials. For each trial, we
sought information regarding the method of randomisation, blinding and reporting of all outcomes of all the infants enrolled in the trial.
We assessed each criterion as being at a low, high, or unclear risk of bias. Two review authors () independently assessed each study.
Disagreements were resolved by discussion. We added this information to the table Characteristics of included studies. We evaluated the
following issues and enter the findings into the risk of bias table:

1. Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?
For each included study, we categorized the method used to generate the allocation sequence as:

« 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); or
« unclearrisk.

2, Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?
For each included study, we categorized the method used to conceal the allocation sequence as:

« low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);
« high risk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or
« unclearrisk.

3. Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

Foreachincluded study, we categorized the methods used to blind study participants and personnel from knowledge of which intervention
a participant received. Blinding was assessed separately for different outcomes or class of outcomes. We categorized the methods as:

« low risk, high risk or unclear risk for participants; and
« low risk, high risk or unclear risk for personnel.

4. Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention adequately
prevented at the time of outcome assessment?

For each included study, we categorized the methods used to blind outcome assessment. Blinding was assessed separately for different
outcomes or class of outcomes. We categorized the methods as:

« low risk for outcome assessors;
« highrisk for outcome assessors; or
« unclear risk for outcome assessors.

5. Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were incomplete
outcome data adequately addressed?

For eachincluded study and for each outcome, we described the completeness of data including attrition and exclusions from the analysis.
We noted whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with the total
randomised participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across groups or
were related to outcomes. Where sufficient information was reported or supplied by the trial authors, we re-included missing data in the
analyses. We categorized the methods as:

o low risk (<20% missing data);
« highrisk (= 20% missing data); or
o unclearrisk.

6. Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?
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For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. For
studies in which study protocols were published in advance, we compared prespecified outcomes versus outcomes eventually reported in
the published results. If the study protocol was not published in advance, we contacted study authors to gain access to the study protocol.
We assessed the methods as:

« low risk (where it is clear that all of the study's prespecified outcomes and all expected outcomes of interest to the review have been
reported);

« high risk (where not all the study's prespecified outcomes have been reported; one or more reported primary outcomes were not
prespecified outcomes of interest and are reported incompletely and so cannot be used; study fails to include results of a key outcome
that would have been expected to have been reported); or

« unclearrisk.
7. Other sources of bias. Was the study apparently free of other problems that could put it at a high risk of bias?

For each included study, we described any important concerns we had about other possible sources of bias (for example, whether there
was a potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent
process). We assessed whether each study was free of other problems that could put it at risk of bias as:

o lowrisk;
« highrisk; or
« unclearrisk.

If needed, we explored the impact of the level of bias through undertaking sensitivity analyses.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We have added an outcome to assess for adverse reactions to pharmacological interventions which was not included in the original
protocol.

The background of the abstract was updated to reflect the association of upper gastrointestinal bleeding with mortality.

The Description of the condition within the Background has been updated to further reflect the associated adverse outcomes of upper
gastrointestinal bleeding and the epidemiology of gastric lesions and upper gastrointestinal bleeding.
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The Description of the intervention section has been updated to highlight the unclear aetiology of acid in gastric lesions in neonates. The
Description of the intervention section has also been updated to ensure NEC is described as associated with, rather than caused by, H2RAs.

A section has been added to the How the intervention might work section to describe adverse effects of acid suppression agents.

The Subgroup analysis and investigation of heterogeneity section has been updated to ensure infants of age 32 weeks are now included
in a subgroup.

INDEX TERMS

Medical Subject Headings (MeSH)

Anti-Ulcer Agents [therapeutic use]; Enterocolitis, Necrotizing [prevention & control]; Gastrointestinal Hemorrhage [*drug therapy]
[*prevention & control]; Histamine H2 Antagonists [therapeutic use]; Proton Pump Inhibitors [therapeutic use]; Randomized
Controlled Trials as Topic; Sucralfate [therapeutic use]

MeSH check words

Humans; Infant, Newborn
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