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ABSTRACT

Background

Mechanical ventilation is a potentially painful and discomforting intervention that is widely used in neonatal intensive care. Newborn
infants demonstrate increased sensitivity to pain, which may affect clinical and neurodevelopmental outcomes. The use of drugs that
reduce pain might be important in improving survival and neurodevelopmental outcomes.

Objectives

To determine the benefits and harms of opioid analgesics for neonates (term or preterm) receiving mechanical ventilation compared to
placebo or no drug, other opioids, or other analgesics or sedatives.

Search methods

We used the standard search strategy of Cochrane Neonatal to search the Cochrane Central Register of Controlled Trials (CENTRAL; 2020,
Issue 9), in the Cochrane Library; MEDLINE via PubMed (1966 to 29 September 2020); Embase (1980 to 29 September 2020); and the
Cumulative Index to Nursing and Allied Health Literature (CINAHL) (1982 to 29 September 2020). We searched clinical trials databases,
conference proceedings, and the reference lists of retrieved articles for randomised controlled trials and quasi-randomised trials.

Selection criteria

We included randomised and quasi-randomised controlled trials comparing opioids to placebo or no drug, to other opioids, or to other
analgesics or sedatives in newborn infants on mechanical ventilation. We excluded cross-over trials. We included term (= 37 weeks'
gestational age) and preterm (< 37 weeks' gestational age) newborn infants on mechanical ventilation. We included any duration of drug
treatment and any dosage given continuously or as bolus; we excluded studies that gave opioids to ventilated infants for procedures.

Data collection and analysis

For each of the included trials, we independently extracted data (e.g. number of participants, birth weight, gestational age, types of
opioids) using Cochrane Effective Practice and Organisation of Care Group (EPOC) criteria and assessed the risk of bias (e.g. adequacy
of randomisation, blinding, completeness of follow-up). We evaluated treatment effects using a fixed-effect model with risk ratio (RR) for
categorical data and mean difference (MD) for continuous data. We used the GRADE approach to assess the certainty of evidence.

Main results

We included 23 studies (enrolling 2023 infants) published between 1992 and 2019. Fifteen studies (1632 infants) compared the use of
morphine or fentanyl versus placebo or no intervention. Four studies included both term and preterm infants, and one study only term
infants; all other studies included only preterm infants, with five studies including only very preterm infants. We are uncertain whether
opioids have an effect on the Premature Infant Pain Profile (PIPP) Scale in the first 12 hours after infusion (MD -5.74, 95% confidence interval

Opioids for newborn infants receiving mechanical ventilation (Review) 1
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(Cl) -6.88 to -4.59; 50 participants, 2 studies) and between 12 and 48 hours after infusion (MD -0.98, 95% ClI -1.35 to -0.61; 963 participants,
3 studies) because of limitations in study design, high heterogeneity (inconsistency), and imprecision of estimates (very low-certainty
evidence - GRADE). The use of morphine or fentanyl probably has little or no effect in reducing duration of mechanical ventilation (MD
0.23 days, 95% ClI -0.38 to 0.83; 1259 participants, 7 studies; moderate-certainty evidence because of unclear risk of bias in most studies)
and neonatal mortality (RR 1.12, 95% CI 0.80 to 1.55; 1189 participants, 5 studies; moderate-certainty evidence because of imprecision of
estimates). We are uncertain whether opioids have an effect on neurodevelopmental outcomes at 18 to 24 months (RR 2.00, 95% CI 0.39 to
10.29; 78 participants, 1 study; very low-certainty evidence because of serious imprecision of the estimates and indirectness). Limited data
were available for the other comparisons (i.e. two studies (54 infants) on morphine versus midazolam, three (222 infants) on morphine
versus fentanyl, and one each on morphine versus diamorphine (88 infants), morphine versus remifentanil (20 infants), fentanyl versus
sufentanil (20 infants), and fentanyl versus remifentanil (24 infants)). For these comparisons, no meta-analysis was conducted because
outcomes were reported by one study.

Authors' conclusions

We are uncertain whether opioids have an effect on pain and neurodevelopmental outcomes at 18 to 24 months; the use of morphine
or fentanyl probably has little or no effect in reducing the duration of mechanical ventilation and neonatal mortality. Data on the other
comparisons planned in this review (opioids versus analgesics; opioids versus other opioids) are extremely limited and do not allow any
conclusions. In the absence of firm evidence to support a routine policy, opioids should be used selectively - based on clinical judgement
and evaluation of pain indicators - although pain measurement in newborns has limitations.

PLAIN LANGUAGE SUMMARY

Opioids for newborns receiving mechanical ventilation
Review question

Do drugs such as morphine and fentanyl (opioids) save lives, reduce pain, or improve the long-term development of newborns needing
breathing machines (mechanical ventilators)?

Background

Breathing machines are widely used for newborn full-term (= 37 weeks' gestational age) and preterm (< 37 weeks' gestational age) babies
with breathing problems. Breathing machines may cause babies pain. Moreover, their use requires the presence and suctioning of a tube
placed in the baby's trachea (which connects the larynx to the bronchi of the lungs), thus causing additional pain and distress. Since
newborn babies are very sensitive to pain, which may have a bad effect on future development, pain reduction with drugs (including
opioids such as morphine and fentanyl) might be very important. Pain in babies is assessed by adults by using different scales, which focus
on the baby's appearance and behaviour, and on other parameters.

Study characteristics

We collected and analysed all relevant studies to answer the review question and found 23 studies enrolling 2023 babies. In most studies,
babies were born before the due date (before 37 weeks' gestational age). Eight studies compared the use of morphine versus placebo (a
substance with no therapeutic value) or no intervention, and seven versus fentanyl. We analysed the other studies separately because
researchers compared the use of these two drugs with other opioids or other analgesics.

Key results

We are uncertain whether opioids have an effect on pain and neurodevelopmental outcomes at 18 to 24 months; use of morphine or
fentanyl probably has little or no effect in reducing the duration of mechanical ventilation and neonatal mortality. Further research is
needed.

Certainty of evidence

The certainty of evidence is very low to moderate because overall only a small number of studies have looked at this intervention, few
babies were included in these studies, and some studies could have been better designed.

How up-to-date is this review?

We searched for studies that had been published up to 29 September 2020.

Opioids for newborn infants receiving mechanical ventilation (Review) 2
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SUMMARY OF FINDINGS

Summary of findings 1. Opioids compared to placebo or no treatment for neonates receiving mechanical ventilation

Opioids compared to placebo or no treatment for neonates receiving mechanical ventilation

Patient or population: neonates receiving mechanical ventilation
Setting: neonatal intensive care units in USA, UK, Germany, Sweden, Australia, China, Netherlands, Italy, Brazil
Intervention: opioids

Comparison: placebo or no treatment

Outcomes Anticipated absolute effects* (95%  Relative effect  N. of partici- Certainty of Comments
cl) (95% Cl) pants the evidence
(studies) (GRADE)
Risk with Risk with opi-
placebo or no oids
treatment
Pain (PIPP) -time  Range 8.5 to MD 0.98 points - 963 OO Downgraded by 1 level for limitations in study de-
window:=12and 12.7 lower (3RCTs) VERY LOW sign (unclear selective reporting in the 3 studies), by
<48 hours after (1.35 lower to 1 level for high heterogeneity (difference between
infusion 0.61 lower) small and large benéeficial effects), and by 2 level
for imprecision of estimates (small sample size and
wide confidence interval)
Duration of me- Range4.4t019  MD0.23 days - 1259 SDDO Downgraded by 1 level for limitations in study design
chanical ventila- higher (7 RCTs) MODERATE (unclear selective reporting in the 7 studies; unclear
tion (days) (0.38 lower to risk of bias in most domains in some studies)
0.83 higher)
Neonatal mortal-  Study population RR1.12 1189 @BBO Downgraded by 1 level for imprecision of estimates
ity (0.80to0 1.55) (5 RCTs) MODERATE (wide confidence interval)
101 per 1000 113 per 1000
(81 to 156)
Mortality to dis- Study population RR 0.99 178 BDOO Downgraded by 1 level for limitations in study design
charge (0.52t0 1.88) (4 RCTs) LOW (high or unclear risk of bias in most domains) and by
156 per 1000 154 per 1000 1 level for imprecision of estimates (wide confidence
(81t0292) interval)
Neurodevelop- Study population RR 2.00 78 BEOO Downgraded by 2 levels for serious imprecision of
mental outcomes (0.39 t0 10.29) (LRCT) VERY LOW estimates (1 small study) and indirectness (charac-
(18 to 24 months) 51 per 1000 103 per 1000 teristics of this study)
(20 to 528)
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Neurodevelop- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this outcome
mental outcomes

(3 to 5 years)

Neurodevelop- Study population RR 1.60 95 OO Downgraded by 2 levels for serious imprecision of
mental outcome (0.56 to 4.56) (LRCT) VERY LOW estimates (1 small study) and indirectness (charac-

(5 to 6 years) 121 per 1000 194 per 1000

(68 to 553)

teristics of this study)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; PIPP: Premature Infant Pain Profile; RR: risk ratio.

GRADE Working Group grades of evidence.

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

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Summary of findings 2. Opioids compared to other analgesics and sedatives for neonates receiving mechanical ventilation

Opioids compared to other analgesics and sedatives for neonates receiving mechanical ventilation

Patient or population: neonates receiving mechanical ventilation
Setting: neonatal intensive care unit (Anand 1999 multi-centre study in USA, UK, Germany, Sweden)

Intervention: morphine
Comparison: midazolam

Outcomes Anticipated absolute effects* (95% ClI) Relative effect  Ne. of partici- Certainty of Comments
(95% ClI) pants the evidence

Risk with other Risk with opioids (studies) (GRADE)

analgesics and

sedatives
Pain (PIPP) Mean pain (PIPP) was  MD 1 points lower Mean 8.9 46 BOOO Serious imprecision of the estimate-

8.9 points (2.66 lower to 0.66 (LRCT) VERY LOW s@ and indirectness

higher)

Duration of mechanical Mean duration of MD 6.7 days lower Mean 14.2 46 Telelo) Serious imprecision of the estimate-
ventilation (days) mechanical ventila- (12.4 lower to 1 low- (LRCT) VERY LOW sa and indirectness

er)

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*32UBPINS pashiL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“p¥7 ‘suos 13 A31IM uyor Aq paysiignd ‘uoneioqe|jod aueyd0) ay L 1707 @ y3uAdod

(mainay) uone)uan jesrueydraw SulAIIAI S}URUL UIOGMAU 10§ sproidO

tion (days) was 14.2
days

Neonatal mortality Study population RR0.31 46 lelelo) Serious imprecision of the estimate-
(0.01to 7.16) (LRCT) VERY LOW s and indirectness
45 per 1000 14 per 1000
(0 to 325)

Mortality before dis- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this
charge outcome

Neurodevelopmen- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this
tal outcomes (18 to 24 outcome

months)

Neurodevelopmental See comment See comment Not estimable Not reported Not estimable None of the studies reported on this
outcomes (3 to 5 years) outcome

Neurodevelopmental See comment See comment Not estimable Not reported Not estimable None of the studies reported on this

outcomes (5 to 6 years)

outcome

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; PIPP: Premature Infant Pain Profile; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: 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.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aFor "serious imprecision", downgraded by two levels.

Summary of findings 3. Morphine compared to fentanyl for neonates receiving mechanical ventilation

Morphine compared to fentanyl for neonates receiving mechanical ventilation

Patient or population: neonates receiving mechanical ventilation
Setting: neonatal intensive care unitin Finland (Saarenmaa 1999)

Intervention: morphine
Comparison: fentanyl
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Outcomes Anticipated absolute effects* Relative effect  Ne. of partici- Certainty of Comments

(95% CI) (95% Cl) pants the evidence

(studies) (GRADE)

Risk with fen- Risk with mor-

tanyl phine
Pain (PIPP) See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-

come
Duration of mechanical venti- = See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
lation (days) come
Neonatal mortality See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
come
Mortality to discharge Study population RR1.21 163 OO Serious imprecision of the estimatesd and
(0.43 to0 3.45) (LRCT) VERY LOW indirectness
72 per 1000 87 per 1000
(31 to 249)

Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
comes (18 to 24 months) come
Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
comes (3 to 5 years) come
Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-

comes (5 to 6 years)

come

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; PIPP: Premature Infant Pain Profile; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: 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.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

@For "serious imprecision", downgraded by two levels.
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Summary of findings 4. Morphine compared to diamorphine for neonates receiving mechanical ventilation

Morphine compared to diamorphine for neonates receiving mechanical ventilation

Patient or population: neonates receiving mechanical ventilation
Setting: neonatal intensive care unit in the UK (Wood 1998)

Intervention: morphine
Comparison: diamorphine

Outcomes Anticipated absolute effects* Relative effect  No. of partici- Certainty of Comments

(95% CI) (95% Cl) pants the evidence

(studies) (GRADE)

Risk with di- Risk with mor-

amorphine phine
Pain (PIPP) See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-

come
Duration of mechanical venti- ~ See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
lation (days) come
Neonatal mortality Study population RR1.17 88 OO Serious imprecision of the estimates? and
(0.43t0 3.19) (LRCT) VERY LOW indirectness
136 per 1000 160 per 1000
(59 to 435)
Mortality before discharge See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
come

Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
comes (18 to 24 months) come
Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
comes (3 to 5 years) come
Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-

comes (5 to 6 years)

come

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; PIPP: Premature Infant Pain Profile; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
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Moderate certainty: 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.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

dFor "serious imprecision", downgraded by two levels.

Summary of findings 5. Fentanyl compared to sufentanil for neonates receiving mechanical ventilation

Fentanyl compared to sufentanil for neonates receiving mechanical ventilation

Patient or population: neonates receiving mechanical ventilation
Setting: neonatal intensive care unit in Germany (Schmidt 2010)

Intervention: fentanyl
Comparison: sufentanil

Outcomes Anticipated ab- Relative effect Ne. of partici- Certainty of the Comments

solute effects* (95% (95% ClI) pants evidence

Cl) (studies) (GRADE)

Risk with fentanyl
Pain (PIPP) See comment Not estimable Not reported Not estimable None of the studies reported on this outcome
Duration of mechanical ventila- ~ MD 9 days higher Mean 33 20 B Serious imprecision of the estimates? and indi-
tion (days) (6.8 lower to 24.8 (LRCT) VERY LOW rectness

higher)
Neonatal mortality See comment Not estimable Not reported

Mortality before discharge

See comment

See comment

See comment

Not estimable

Not reported

Neurodevelopmental outcomes
(18 to 24 months)

See comment

See comment

See comment

Not estimable

Not reported

Neurodevelopmental outcomes
(3to 5 years)

See comment

See comment

See comment

Not estimable

Not reported

Neurodevelopmental outcomes
(5to 6 years)

See comment

See comment

See comment

Not estimable

Not reported

Not estimable

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the rel-
ative effect of the intervention (and its 95% Cl).
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Cl: confidence interval; MD: mean difference; PIPP: Premature Infant Pain Profile; RCT: randomised controlled trial.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: 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.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the ef-

fect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the es-

timate of effect.

dFor "serious imprecision", downgraded by two levels.

Summary of findings 6. Fentanyl compared to remifentanil for neonates receiving mechanical ventilation

Fentanyl compared to remifentanil for neonates receiving mechanical ventilation

Patient or population: neonates receiving mechanical ventilation

Setting: one study conducted in Germany (Welzing 2012); none of the outcomes of this review were reported

Intervention: fentanyl
Comparison: remifentanil

Outcomes Anticipated absolute effects* Relative effect  Ne. of partici- Certainty of Comments
(95% CI) (95% ClI) pants the evidence
(studies) (GRADE)
Risk with Risk with fen-
remifentanil tanyl
Pain (PIPP) See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
come
Duration of mechanical venti- ~ See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
lation (days) come
Neonatal mortality See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
come
Mortality before discharge See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
come
Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-

comes (18 to 24 months)

come
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Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
comes (3 to 5 years) come
Neurodevelopmental out- See comment See comment Not estimable Not reported Not estimable None of the studies reported on this out-
comes (5 to 6 years) come

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
Cl: confidence interval; PIPP: Premature Infant Pain Profile.

GRADE Working Group grades of evidence.

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

Moderate certainty: 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.

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

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

Description of the condition

Over the last few decades, important advances in perinatal care
have led to higher survival rates among preterm newborns. The
need for multiple invasive procedures, such as respiratory support
ventilation, has increased, although non-invasive ventilation
techniques have become available. Prospectively collected registry
data on infants at less than 1500 grams birth weight show that
the need for ventilator support decreased significantly from 75%
to 67% from 2000 to 2009 (Soll 2013). Similarly, one survey of 31
tertiary-level neonatal intensive care units (NICUs) reported that
the need for mechanical ventilation in infants before 30 weeks'
gestational age (GA) decreased from 73% to 66% in the period 2006
to 2010, whereas use of non-invasive ventilation increased from
T7% to 85% (Vendettuoli 2014). In the EUROPAIN study, the need for
mechanical ventilation in the NICU was 36% to 45% and 17% to 18%
for neonates born at < 29 and at 30 to 36 weeks' GA, respectively
(Anand 2017; Carbajal 2015; Lago 2017).

Mechanical ventilation (MV) is a potentially painful and
uncomfortable intervention (Barker 1996; Hall 2007). In adults, MV
may cause pain, anxiety, panic, and nightmares or distress (Fink
2015). Ventilated newborn infants are subjected to multiple painful
procedures such as endotracheal suctioning, blood sampling, and
central line insertion; in addition, both MV and any underlying
disease may induce pain (Ancora 2019). Pain is a stressful
experience that may have consequences for both the course
of the acute illness and the development of the newborn.
Pain and stress can interact negatively with MV, leading to
unsynchronised breathing and sub-optimal ventilation (Anand
1987). Moreover, pain can lead to clinical instability with changes
in heartrate, respiratory rate, blood pressure, intracranial pressure,
and oxygen saturation, as well as development of complications
such as intraventricular haemorrhage (Anand 1998). Also, evidence
suggests an endocrine stress response that leads to increased
secretion of steroids, catecholamines, and glucagon, along with
an increased rate of catabolism (Anand 1987). Metabolic and
immune changes have been reported (Anand 1990). Neonates
demonstrate heightened sensitivity to repetitive noxious stimuli
(Fitzgerald 1989), which leads to chronic pain, discomfort, and
possibly hyperalgesia (Taddio 2009). These responses may affect
long-term clinical and neurodevelopmental outcomes (Anand
1993). However, despite increasing knowledge about these
consequences, consensus on how to control these complicationsin
daily clinical care has not been reached.

Description of the intervention

Non-pharmacological approaches are used in the management
of neonatal pain. Non-nutritive sucking, skin-to-skin contact, and
swaddling have been shown to be effective and safe for treatment
of pain associated with painful procedures (Pillai 2015). However,
their applicability to repeated or chronic pain, such as that caused
by MV, is not known (Nemergut 2013). Thus, pharmacological
supports, such as opioids or other analgesics, are often needed to
provide comfort during MV (Golianu 2007).

In 2017, a retrospective cohort study including more than
80,000 mechanically ventilated infants in 348 NICUs showed that
administration of opioids increased from 5% of infant-days in 1997
t0 32% in 2012 (Zimmerman 2017). A similar increase was noted in

usage of benzodiazepines, which increased from 5% to 24% in the
same period.

Opioids are the main therapy used to treat severe pain. Opioids
are U (mu)-receptor agonists that act on the central nervous
system and provide both analgesia and sedation. Fentanyl and
morphine are the most frequently used opioids for neonates
(Zimmerman 2017). Other sedatives include benzodiazepine drugs
that facilitate neurotransmitter gamma-aminobutyric acid activity
in neuronal inhibition in the central nervous system. They
produce anxiolysis, sedation, amnesia, and muscle relaxation, but
not analgesia. Analgesics include non-steroidal anti-inflammatory
drugs (NSAIDs), which inhibit cyclo-oxygenase enzymes, blocking
prostaglandin-induced inflammation. For ventilated infants,
these drugs might help to reduce the doses of opioids and
benzodiazepines usually required to treat pain (Aranda 2005).

Potential adverse effects of opioids include slowing of gastric and
intestinal motility, feeding intolerance, dependence and tolerance
(reduction of the normal response to a drug, requiring increased
doses to achieve the desired effect), and adverse neurological
effects (Taddio 2002). Concern also surrounds potential inhibition
of the respiratory drive, leading to difficulties in weaning from MV
(Darnall 2010).

How the intervention might work

Reduction of pain in mechanically ventilated newborns has been
considered a critical part of supportive therapy (Anand 2001,
Larsson 1999; Menon 1998), not only because it is important
per se, but also because it is possibly associated with better
outcomes. Sedation is routinely administered in intubated adults
and children, but the approach to sedation of neonates shows
considerable variability (Kahn 1998), specifically for the use of
opioids, with up to a 100-fold difference in doses (baseline, mean
daily, and total) or in peak infusion rates (Anand 2013). Historically,
the belief that newborns cannot feel pain may have accounted for
the low usage of analgesics (Purcell-Jones 1988).

Recommendations have been issued to promote a more rigorous
approach to treatment and prevention of pain in the neonate
(AAP 2016), but uncertainty remains about the long-term effects of
opioid use in neonates, and about which opioid is most effective
and safe. Morphine and fentanyl are the most commonly used
opioids, but other opioids are available for neonatal use. Benefits
and risks of opioids in ventilated neonates have not yet been
systematically reviewed.

Why it is important to do this review

This review addresses several questions involving newborns who
are mechanically ventilated via an endotracheal tube. What
evidence, from randomised and quasi-randomised controlled
trials, indicates that an opioid is better than a placebo, a
sedative, or a non-opioid analgesic for reducing pain? Does
opioid treatment reduce the incidence of neonatal mortality
and abnormal neurodevelopment? What evidence suggests that
the goals of treatment can be accomplished without hampering
cardiorespiratory functions, feeding, and weight gain?

Answering these questions is fundamental to synthesising current
evidence on the use of sedation and analgesia in ventilated
newborns.

Opioids for newborn infants receiving mechanical ventilation (Review)
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This review will update the existing review, "Opioids for neonates
receiving mechanical ventilation", which was published in the
Cochrane Library in 2008 (Bellti 2008). Of note, the protocol for this
updated review has been modified to include comparison of one
opioid to another opioid (head-to-head comparison).

OBJECTIVES

To determine the benefits and harms of opioid analgesics for
neonates (term or preterm) receiving mechanical ventilation
compared to placebo or no drug, other opioids, or other analgesics
or sedatives.

METHODS

Criteria for considering studies for this review
Types of studies

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

Types of participants

We included term (= 37 weeks' GA) and preterm (< 37 weeks' GA)
newborn infants on mechanical ventilation.

In this review, we will consider 'mechanical ventilation' as all
forms of assisted ventilation, including volume-, pressure- or flow-
limited ventilation; high-frequency ventilation, patient-triggered
ventilation, and other models of ventilation requiring endotracheal
intubation.

Types of interventions

We included the following comparisons.

1. Comparison 1: any opioid compared to control (placebo or no
intervention).

2. Comparison 2: any opioid compared to another analgesic (e.g.
paracetamol).

3. Comparison 3: any opioid compared to another sedative (e.g.
midazolam, other benzodiazepines).

4. Comparison 4: any opioid compared to other opioids.

Opioids include morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, and codeine.

Non-pharmacological interventions are permissible if they are
administered to both groups in each comparison.

We included any duration of drug treatment and any dosage, given
continuously or as bolus.

We excluded studies that gave opioids to ventilated infants for
procedures.

Types of outcome measures
Primary outcomes

1. Pain assessed by validated methods during administration of
selected drugs. The following scales, developed to assess pain,
fulfil validity and reliability criteria for newborn infants (term
and preterm on mechanical ventilation for any respiratory
disease) when critically reviewed (Giordano 2019; Olsson 2021):

Neonatal Facial Coding System (NFCS) (Grunau 1990); Neonatal
Infant Pain Scale (NIPS) (Lawrence 1993); Premature Infant Pain
Profile (PIPP) (Stevens 1996); COMFORTneo (van Dijk 2009);
Astrid Lindgren and Lund Children's Hospital's Pain and Stress
Assessment Scale for Preterm and Sick Newborn Infants (ALPS-
Neo) (Lundqvist 2014); CRIES (acronym of Crying, Requires
oxygen, Increased vital signs, Expression, Sleeplessness) Scale
(Krechel 1995); Echelle Douleur Inconfort Nouveau-né (EDIN)
Scale (Debillon 2001); and Neonatal Pain, Agitation and Sedation
Scale (N-PASS) (Hummel 2008)

2. Duration of mechanical ventilation (days)

3. Neonatal mortality (death within 28 days of birth) and mortality
to discharge

4, Moderate to severe neurodevelopmental disability: cerebral
palsy, developmental delay (Bayley Scales of Infant
Development - Mental Development Index Edition Il (BSID-
MDI-II (Bayley 1993); Bayley Scales of Infant and Toddler
Development - Edition Il Cognitive Scale (BSITD-III) (Bayley
2006); or Griffiths Mental Development Scale - General Cognitive
Index (GCI) (Griffiths 1954; Griffiths 1970); assessment >
2 standard deviations (SDs) below the mean); intellectual
impairment (intelligence quotient (IQ) > 2 SDs below the mean),
blindness (vision <6/60 in both eyes), or sensorineural deafness
requiring amplification (Jacobs 2013). We separately assessed
data on children aged 18 to 24 months and aged 3 to 5 years

Secondary outcomes

1. Growth parameters (weight, length, head circumference): at
term or near term (36 to 40 weeks' postmenstrual age (PMA))

2. Days to reach full enteral feeding

3. Length of stay in hospital (days)

4. Bronchopulmonary dysplasia (BPD)/chronic lung disease (CLD),
defined as:

a. respiratory support or oxygen, or both, at 28 days of life (NIH
1979)

b. treatment with oxygen > 21% for = 28 days, with grade of
severity scored at 36 weeks' PMA (Jobe 2001) or

c. physiological definition (measured at 36 weeks' PMA) (Walsh
2004)

5. Intraventricular haemorrhage (IVH; all (= grade 1) or severe
(= grade 3) on cranial ultrasound, as per Papile classification
(Papile 1978)

6. Periventricular leukomalacia (PVL) on the basis of ultrasound or
magnetic resonance imaging (de Vries 1992)

7. Retinopathy of prematurity (all stages (= stage 1) and severe
(defined as = stage 3)) (ICCROP 2005)

8. Necrotising enterocolitis (NEC) (defined as = Bell's stage Il OR
any grade; requiring surgery) (Bell 1978)

9. Focal gastrointestinal perforation

10.Hypotension requiring medical therapy (vasopressors or fluid
boluses)

11.Pneumothorax (on chest X-ray)

Search methods for identification of studies

We used the criteria and standard methods of Cochrane and
Cochrane Neonatal (see the Cochrane Neonatal search strategy;
neonatal.cochrane.org/resources-review-authors). We searched

Opioids for newborn infants receiving mechanical ventilation (Review)
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PubMed for errata or retractions for included studies published in
full text (pubmed.ncbi.nlm.nih.gov/).

We collated multiple reports of the same study, so that each study
rather than each report was the unit of interest in the review.

Electronic searches

We conducted a comprehensive search including the Cochrane
Central Register of Controlled Trials (CENTRAL; 2020, Issue 9),
in the Cochrane Library; MEDLINE via PubMed (1966 to 29
September 2020); Embase (1980 to 29 September 2020); and
Cumulative Index to Nursing and Allied Health Literature (CINAHL)
(1982 to 29 September 2020). We searched clinical trials databases,
conference proceedings, and reference lists of retrieved articles for
RCTs and quasi-RCTs. We used Cochrane Neonatal's search strategy
for neonates and RCTs (see Appendix 1 for full search strategies for
each database). See Appendix 2 for the search method used for the
last published version of this review (Bellu 2008). We applied no
language restrictions.

We searched clinical trials registries (ClinicalTrials.gov
(clinicaltrials.gov); World Health Organization International
Trials Registry and Platform (www.who.int/ictrp/search/en/); and
International Standard Randomized Controlled Trials Number
(ISRCTN) Registry (www.isrctn.com/)) for recently completed and
ongoing trials.

Searching other resources

We reviewed the reference lists of all identified articles for relevant
articles not identified by the primary search.

Data collection and analysis

We collected information for each study regarding the method
of randomisation, blinding, intervention, and stratification, and
whether the trial was single-centre or multi-centre. We noted
information regarding trial participants including birth weight, GA,
number of participants, modality of administration, and dose of
opioids. We analysed the clinical outcomes noted above under
Types of outcome measures.

Selection of studies

For this update, two review authors (CN and MB) independently
screened all titles and abstracts to determine which trials met
the inclusion criteria. We retrieved full-text copies of all papers
that were potentially relevant. We resolved disagreements by
discussion between review authors. We obtained additional
data directly from study authors. We included RCTs and quasi-
RCTs fulfilling our inclusion criteria. We recorded reasons for
exclusion in the Characteristics of excluded studies table. We
recorded the selection process in sufficient detail to complete a
PRISMA flow diagram (Moher 2009).

Data extraction and management

Two review authors (CN and MB) independently extracted data
using a data extraction form integrated with a modified version
of the Cochrane Effective Practice and Organisation of Care Group
data collection checklist (Cochrane EPOC 2017). We piloted the
form within the review team using a sample of included studies.

We extracted the following characteristics from each included study
and completed a Characteristics of included studies table.

1. Administrative details: study author(s); published or
unpublished; year of publication; year in which study was
conducted; presence of vested interest; details of other relevant
papers cited.

2. Study: study design; type, duration, and completeness of follow-
up (e.g. > 80%); country and locations of study; informed
consent; ethics approval.

3. Participants: sex, birth weight, gestational age, number of
participants.

4. Interventions: initiation, dose and duration of opioids.

5. Outcomes as mentioned above under Types of outcome
measures.

We resolved disagreements by discussion. We described an
ongoing study identified by our search by detailing the primary
author, research question(s), methods, and outcome measures,
together with an estimate of the reporting date, and we reported
them in the Characteristics of ongoing studies table.

When any queries arose, or when additional data were required, we
contacted study investigators/authors for clarification. Two review
authors (CN and MB) used the Cochrane statistical tool for data
entry (RevMan Web). We replaced any standard error of the mean
(SEM) by the corresponding SD.

Assessment of risk of bias in included studies

Two review authors (CN and OR) independently assessed risk of
bias (low, high, or unclear) of all included trials using the Cochrane
'Risk of bias' tool, for the following domains (Higgins 2011b).

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.

No ok wDdhE

We resolved any disagreements by discussion or by consultation
with a third review author. See Appendix 1 for a more detailed
description of risk of bias for each domain.

Measures of treatment effect

We performed statistical analyses using RevMan Web. We
summarised the datain a meta-analysis when they were sufficiently
homogeneous, both clinically and statistically.

Dichotomous data

For dichotomous data, we presented risk ratios (RRs) and risk
differences (RDs) with 95% confidence intervals (Cls). We calculated
the number needed to treat for an additional beneficial outcome
(NNTB) or an additional harmful outcome (NNTH) with 95% Cls, if
there was a statistically significant reduction (or increase) in RD.

Continuous data

For continuous data, we used mean difference (MD) when
outcomes were measured in the same way between trials. We
used standardised mean difference (SMD) to combine trials that
measured the same outcome but used different methods. When
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trials reported continuous data as median and interquartile range
(IQR) and data passed the test of skewness, we converted mean to
median and estimated the SD as IQR/1.35.

If studies had used a variety of scales, we would have performed
subgroup analysis to pool these measurements. Pain assessments
six hours or longer after the start of continuous infusion or repeated
bolus qualified for inclusion. For trials that measured pain after
single administration of a drug, a measurement made within the
period of the drug's duration of action qualified for inclusion
(Taddio 2002).

Unit of analysis issues

The unit of analysis was the participating infant in individually
randomised trials, and an infant was considered only once in the
analysis. The participating neonatal unit or section of a neonatal
unit or hospital would have been the unit of analysis in cluster-
randomised trials. We planned to analyse them using an estimate
of the intra-cluster correlation coefficient (ICC) derived from the
trial (if possible) or from a similar trial, or from a study with a
similar population, as described in Section 16.3.6 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a).
If we had used ICCs from a similar trial or from a study with a
similar population, we would have reported this and conducted a
sensitivity analysis to investigate the effect of variation in the ICC.

If we had identified both cluster-randomised trials and individually
randomised trials, we would have combined results from both only
if there had been little heterogeneity between study designs, and
if interaction between effects of the intervention and the choice of
randomisation unit had been considered unlikely.

We would have acknowledged any possible heterogeneity in
the randomisation unit and performed a sensitivity analysis to
investigate possible effects of the randomisation unit.

Dealing with missing data

We planned to carry out analysis on an intention-to-treat basis for
all outcomes. Whenever possible, we analysed all participants in
the treatment group to which they were randomised, regardless
of the actual treatment received. When we identified important
missing data (in the outcomes) or unclear data, we requested them
from the original investigators. We made explicit the assumptions
of any methods used to deal with missing data. We planned to
perform sensitivity analyses to assess how sensitive results were to
reasonable changes in the undertaken assumptions. We planned
to address the potential impact of missing data on findings of the
review in the Discussion section.

Assessment of heterogeneity

We assessed clinical heterogeneity by comparing the distribution
of important participant factors between trials and trial factors
(randomisation concealment, blinding of outcome assessment,
loss to follow-up, treatment type, co-interventions). We assessed
statistical heterogeneity by examining the I? statistic (Higgins
2011a), a quantity that describes the proportion of variation in
point estimates that is due to variability across studies rather than
to sampling error.

We interpreted the I statistic as follows, as described by Higgins
2003.

Less than 25%: no (none) heterogeneity.
25% to 49%: low heterogeneity.

50% to 74%: moderate heterogeneity.
75% or greater: high heterogeneity.

H W

We considered statistical heterogeneity to be substantial when the
12 statistic was 50% or greater. In addition, we employed the Chi?
test of homogeneity to determine the strength of evidence that
heterogeneity was genuine. We explored clinical variation across
studies by comparing the distribution of important participant
factors among trials and trial factors (randomisation concealment,
blinding of outcome assessment, loss to follow-up, treatment
types, and co-interventions). We considered a threshold of P value
less than 0.1 as an indicator of whether heterogeneity (genuine
variation in effect sizes) was present.

Assessment of reporting biases

We conducted a comprehensive search for eligible studies and were
alert for duplication of data. We planned to investigate publication
bias by using funnel plots if we included 10 or more clinical trials
in the meta-analysis. We planned to conduct a sensitivity analysis
to determine the effects of including and excluding these studies in
the analysis, if we should have uncovered reporting bias that could,
in the opinion of the review authors, have introduced serious bias.

Data synthesis

As we identified multiple studies that we considered to be
sufficiently similar, we performed meta-analysis using RevMan
Web. For categorical outcomes, we calculated typical estimates of
RR and RD, each with its 95% CI; for continuous outcomes, we
calculated MD or SMD, each with its 95% CI. We used a fixed-
effect model to combine data when it was reasonable to assume
that studies were estimating the same underlying treatment effect.
If we had judged meta-analysis to be inappropriate, we would
have analysed and interpreted individual trials separately. When we
found evidence of clinical heterogeneity, we tried to explain this
based on the different study characteristics and subgroup analyses.

Subgroup analysis and investigation of heterogeneity

We explored high statistical heterogeneity in outcomes by
visually inspecting forest plots and removing outlying studies
from the sensitivity analysis (Higgins 2011a). When statistical
heterogeneity was significant, we interpreted results of the
meta-analyses accordingly; we downgraded the certainty of
evidence in the 'Summary of findings' tables, according to GRADE
recommendations.

We considered the following groups for subgroup analysis when
data were available.

1. GA:term; moderately preterm (32 to 36 weeks' GA); very preterm
(<32 weeks' GA).

2. Whether infants receiving mechanical ventilation were
unselected or selected for complications of mechanical
ventilation including extrapulmonary air leaks, pneumothorax,
CLD, or BPD.

3. Dosing schedule (continuous drug administration, or 'as
needed', based on signs of pain, discomfort, or stress).

We restricted these analyses to primary outcomes.

Opioids for newborn infants receiving mechanical ventilation (Review)
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Sensitivity analysis

Had we identified substantial heterogeneity, we would have
conducted sensitivity analysis to determine if findings were
affected by inclusion of only those trials considered to have used
adequate methods with low risk of bias (selection and performance
bias). We planned to report results of sensitivity analyses for
primary outcomes only.

Summary of findings and assessment of the certainty of the
evidence

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

1. Pain assessed by validated methods during administration of
selected drugs.

Duration of mechanical ventilation.

Neonatal mortality (death within 28 days of birth).

Mortality to discharge.

Neurodevelopmental outcome at short term (one year).
Neurodevelopmental outcome and quality of life at medium
term (one to three years).

7. Neurodevelopmental outcome and quality of life (measured by
validated scales) at long-term (longer than three years).

o v hwN

Two review authors (CN and OR) independently assessed the
certainty of evidence for each of the outcomes above. We
considered evidence from RCTs as high certainty, downgrading
evidence by one level for serious (or two levels for very serious)

limitations based upon the following: design (risk of bias),
consistency across studies, directness of evidence, precision of
estimates, and presence of publication bias. We used GRADEpro
GDT to create a ‘Summary of findings' table to report the certainty
of evidence (GRADEpro GDT).

The GRADE approach results in an assessment of the certainty of a
body of evidence by one of the following 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.

RESULTS

Description of studies

We have provided results of the search for this review update in the
study flow diagram (Figure 1).

See Characteristics of included studies; Summary of findings 1;
Summary of findings 2; Summary of findings 3; Summary of
findings 4; Summary of findings 5; Summary of findings 6 and Table
1 for details.
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Figure 1. Study flow diagram: review update.
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Results of the search

The literature search run in September 2020 yielded
1567 references after duplicates were removed (Figure 1). After
screening, we included 23 RCTs (2023 infants).

We identified one ongoing trial (IRCT2017082417413N26).

Included studies

The 23 included studies were described in 46 separate reports:
Anand 1999 (three reports), Anand 2004 (eight reports), Ancora 2013
(five reports), Simons 2003 (eight reports), and Welzing 2012 (three
reports) (see Included studies). Moreover, late outcomes in the
Quinn 1992 and Quinn 1993 studies were described in the follow-up
report of MacGregor 1998: for the purpose of this systematic review,
all randomised infants in that report are referred to as Quinn 1992
and Quinn 1993.

There were differences in methods, participants, and interventions
among the 23 included studies. Four studies included both term
and preterm infants (Chen 2015; lonides 1994; Jiang 2012; Naderi
2017), and one study included only term infants (Schmidt 2010).
All other studies included only preterm infants, with five studies
including only very preterm infants (< 32 weeks' gestation) (Anand
1999; Anand 2004; Ancora 2013; Guinsburg 1998; Qiu 2019).

Several different analgesia and sedation scores were used in the
included studies, and some studies used modified scores. Each
score is provided in the individual study description.

A variety of opiates were used as interventions. Use of morphine
was compared with placebo or no intervention in eight studies
(Anand 1999; Anand 2004; Dyke 1995; Jiang 2012; Quinn
1992; Quinn 1993; Simons 2003; Siwiec 1999), with fentanyl
in three studies (lonides 1994; Naderi 2017; Saarenmaa 1999),
with midazolam in two studies (Anand 1999; Liem 1999), with
diamorphine in one study (Wood 1998), and with remifentanil
in one study (e Silva 2008). In addition to the three studies
on morphine mentioned above (lonides 1994; Naderi 2017
Saarenmaa 1999), use of fentanyl was compared with placebo or no
intervention in seven studies (Ancora 2013; Chen 2015; Guinsburg
1998; Lago 1998; Lago 1999; Orsini 1996; Qiu 2019).

Additional open-label opioid boluses were permitted in five studies
(Anand 1999; Anand 2004; Ancora 2013; Quinn 1992; Simons 2003).

Six studies adjusted the infusion rate based on pain scale scores or
clinical evaluation (Anand 1999; Anand 2004; Chen 2015; Lago 1998;
Schmidt 2010; Welzing 2012).

Studies in which no dose adjustments or open-label boluses were
provided are shown as subgroup analyses (Dyke 1995; Guinsburg
1998; lonides 1994; Jiang 2012; Lago 1999; Liem 1999; Naderi 2017;
Orsini 1996; Qiu 2019; Quinn 1993; Siwiec 1999; Wood 1998; e Silva
2008) (see Data collection and analysis).

Sixteen studies used a loading dose of opioid followed by
continuous infusion (Anand 1999; Anand 2004; Ancora 2013; Chen
2015; Dyke 1995; Jiang 2012; Liem 1999; Naderi 2017; Orsini 1996;
Qiu 2019; Quinn 1993; Saarenmaa 1999; Simons 2003; Siwiec 1999;
Schmidt 2010; Wood 1998), five used only continuous infusion (e
Silva 2008; Lago 1998; Lago 1999; Quinn 1992; Welzing 2012), and
two used only one dose of opioid (Guinsburg 1998; lonides 1994).

The loading dose (first dose) of morphine in different studies was 50
(Liem 1999), 100 (Anand 1999; Anand 2004; Dyke 1995; Jiang 2012;
Naderi 2017; Simons 2003; Siwiec 1999), 140 (Saarenmaa 1999),
or 200 microg/kg (Quinn 1993; Wood 1998). Continuous infusion
of morphine was started after the loading dose at a dose of 1
microg/kg/hour (Liem 1999), 10 microg/kg/hour (Dyke 1995; e Silva
2008; Jiang 2012; Simons 2003), 12 microg/kg/hour (Naderi 2017),
20 microg/kg/hour (Saarenmaa 1999; Siwiec 1999), 25 microg/kg/
hour (Quinn 1993; Wood 1998), 10 to 30 microg/kg/hour, depending
on gestational age (Anand 1999; Anand 2004), or up to 50 to 100
microg/kg/hour (Quinn 1992).

The loading dose of fentanyl varied between 1 microg/kg in Ancora
2013 and Qiu 2019 and 10.5 microg/kg in Saarenmaa 1999, with
a following continuous infusion of fentanyl of 3 microg/kg/hour
or less (Chen 2015; Lago 1999; Naderi 2017; Orsini 1996; Qiu 2019;
Saarenmaa 1999; Schmidt 2010; Welzing 2012). Lago 1998 used a
continuous dose of fentanyl that was adjusted to render the baby
sedated but arousable.

For additional data and information on the other opioids used, see
Table 1 and Characteristics of included studies.

As specified in the protocol of this review, the following
comparisons were planned.

1. Any opioid compared to control: Anand 1999; Anand 2004;
Ancora 2013; Chen 2015; Dyke 1995; Guinsburg 1998; Jiang
2012; Lago 1998; Lago 1999; Orsini 1996; Qiu 2019; Quinn 1992;
Quinn 1993; Simons 2003; Siwiec 1999 (see Comparison 1 and
Summary of findings 1).

a. Morphine was used in eight studies (Anand 1999; Anand 2004;
Dyke 1995; Jiang 2012; Quinn 1992; Quinn 1993; Simons 2003;
Siwiec 1999).

b. Fentanyl was used in seven studies (Ancora 2013; Chen 2015;
Guinsburg 1998; Lago 1998; Lago 1999; Orsini 1996; Qiu 2019).

2. Any opioid compared to other analgesics or sedatives: Anand
1999; Liem 1999 (see Comparison 2 and Summary of findings 2).
Both studies compared morphine to midazolam.

3. Opioids compared to other opioids: e Silva 2008 lonides 1994;
Naderi 2017; Saarenmaa 1999; Schmidt 2010; Welzing 2012;
Wood 1998; that is:

a. three studies compared morphine to fentanyl: lonides 1994;
Naderi 2017; Saarenmaa 1999 (see Comparison 3 and
Summary of findings 3);

b. one study compared morphine to diamorphine: Wood 1998
(see Comparison 4 and Summary of findings 4);

c. one study compared fentanyl to sufentanil: Schmidt 2010
(see Comparison 5 and Summary of findings 5);

d. one study compared fentanyl to remifentanil: Welzing 2012
(see Comparison 6 and Summary of findings 6); and

e. one study compared morphine to remifentanil: e Silva 2008
(no comparison was created in Data and analyses because
none of the outcomes of this review were reported).

Anand 1999 is described in both Comparison 1 and Comparison
2 because this study comprised three arms: morphine sulphate,
midazolam hydrochloride, and placebo.
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One ongoing study comparing fentanyl with midazolam was
identified (IRCT2017082417413N26; see Characteristics of ongoing
studies).

Excluded studies

We excluded seven studies because of the characteristics of the
study design (Anand 2008; Bell 1987; Bergqvist 2007; Hwang 1999;
Palmer 2005), because of the age of children in the population
(Akkermans 2015), or because the article was a commentary
(Perlman 2005).

Risk of bias in included studies

The overall quality of the studies was fair to good (Figure 2). Sixteen
included studies had no high risk of bias for any of the items in the
Cochrane 'Risk of bias' tool (Figure 3) (Anand 1999; Anand 2004;
Ancora 2013; Dyke 1995; e Silva 2008; Guinsburg 1998; Jiang 2012;
Lago 1999; Liem 1999; Naderi 2017; Orsini 1996; Qiu 2019; Quinn
1993; Saarenmaa 1999; Schmidt 2010; Simons 2003).

Details of the methodological quality of each study are described
under Characteristics of included studies.

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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Allocation

Randomisation and allocation concealment were judged to be
adequate in eight studies (Anand 1999; Anand 2004; Ancora
2013; Dyke 1995; Jiang 2012; Quinn 1993; Simons 2003; Welzing
2012). Nine studies stated that randomisation was performed and
allocated treatment was obtained by drawing sealed envelopes
(Chen 2015; Guinsburg 1998; Lago 1998; Liem 1999; Naderi
2017; Quinn 1992; Saarenmaa 1999; Schmidt 2010; Wood 1998).
No details were given about how the randomisation list was
generated, or how allocation concealment was ensured. In Orsini
1996, randomisation was performed in the pharmacy by a non-
specified random number generation. In Qiu 2019 and e Silva
2008, randomisation was done by using a random numbers table;
however allocation concealment was not specified. In lonides 1994,
newborns were assigned by medical record number. Siwiec 1999
and Lago 1999 are abstract papers and do not provide details on
randomisation or allocation concealment.

Blinding

Blinding of caregivers to the intervention was stated for all studies
except Chen 2015, Lago 1999, Quinn 1992, and Siwiec 1999. A note
of caution is warranted, as in most studies, caregivers could be
more aware of the effects of pain control than was stated.

Blinding of assessors to the intervention was stated for all studies
except Lago 1999, Quinn 1992, and Siwiec 1999. In the latter study,
blinding was not described (personal communication).

Incomplete outcome data

Follow-up was almost complete for all studies. High risk of bias was
identified in Lago 1998 and Wood 1998. In the large NEOPAIN study
(Anand 2004), 30 of 391 surviving infants at 28 days in the morphine
group and 43 of 402 in the placebo group did not undergo cranial
ultrasonography at4 to 7 days, nor at 28 to 35 days. MacGregor 1998
reported that with long-term follow-up, 8.4% of surviving patients
were lost at 5 to 6 years.

Selective reporting

Only one study was atlow risk of bias (Naderi 2017). In Welzing 2012,
there are relevant differences between outcomes reported in the
protocol and in the final article.

Other potential sources of bias

In lonides 1994, the randomisation process between morphine and
fentanyl groups was applied after the attending physician decided
whether to use pancuronium, opiates, or both.

Effects of interventions

See: Summary of findings 1 Opioids compared to placebo
or no treatment for neonates receiving mechanical ventilation;
Summary of findings 2 Opioids compared to other analgesics
and sedatives for neonates receiving mechanical ventilation;
Summary of findings 3 Morphine compared to fentanyl
for neonates receiving mechanical ventilation; Summary of
findings 4 Morphine compared to diamorphine for neonates
receiving mechanical ventilation; Summary of findings 5 Fentanyl
compared to sufentanil for neonates receiving mechanical
ventilation; Summary of findings 6 Fentanyl compared to
remifentanil for neonates receiving mechanical ventilation

Comparison 1. Any opioid compared to control (placebo or no
intervention)

Fifteen studies compared opioids to placebo or no intervention
(Summary of findings 1): morphine was used in eight studies
(Anand 1999; Anand 2004; Dyke 1995; Jiang 2012; Quinn 1992;
Quinn 1993; Simons 2003; Siwiec 1999), and fentanyl was used in
seven (Ancora 2013; Chen 2015; Guinsburg 1998; Lago 1998; Lago
1999; Orsini 1996; Qiu 2019). Infants randomised to midazolam
in Anand 1999 are included in Comparison 2, not in Comparison 1.

Primary outcomes
Pain - Premature Infant Pain Profile (PIPP) (Outcome 1.1)
PIPP - less than 12 hours after infusion (Outcome 1.1.1)

Two trials reported on this outcome (MD -5.74, 95% CI -6.88 to -4.59;
50 participants, 2 studies; I* = 96%; subgroup analysis 1.1.1; Figure
4) (Chen 2015; Siwiec 1999).
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Figure 4. Comparison 1 (Any opioid compared to control). Outcome 1.1: PIPP = Premature Infant Pain Profile scale

Opioids Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
1.1.1 < 12 hours after infusion
Chen 2015 7.1 15 15 15.5 2.6 15 57.0%  -8.40[9.92,-6.88] g 2°202@2 @
Siwiec 1999 5.7 1.1 10 7.9 2.6 10 43.0%  -2.20[-3.95,-0.45] . 2000 2 @
Subtotal (95% CI) 25 25 100.0% -5.74 [-6.88 , -4.59] ‘
Heterogeneity: Chi2 = 27.50, df = 1 (P < 0.00001); 12 = 96%
Test for overall effect: Z = 9.80 (P < 0.00001)
1.1.2 > 12 and < 48 hours after infusion
Anand 1999 7.9 23 24 12.7 38 21 40%  -4.80([-6.67,-2.93] I 000000
Anand 2004 8 2.69 449 8.77 3.18 449  932%  -0.77[-1.16,-0.38] B o000 O® 0
Siwiec 1999 59 1.7 10 8.5 3.1 10 29%  -2.60[-4.79,-0.41] N 2000 2 ®
Subtotal (95% CI) 483 480 100.0% -0.98 [-1.35, -0.61] ’
Heterogeneity: Chi2 = 19.31, df = 2 (P < 0.0001); 12 = 90%
Test for overall effect: Z = 5.18 (P < 0.00001)
1.1.3 Multiple time points (e.g. during endotracheal suctioning)
Simons 2003 9.86 2.4 73 9.76 28 77 100.0% 0.10[-0.73, 0.93] 000000
Subtotal (95% CI) 73 77 100.0% 0.10 [-0.73, 0.93] ’
Heterogeneity: Not applicable
Test for overall effect: Z = 0.24 (P = 0.81)

do 5 T

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

PIPP - greater than or equal to 12 and less than 48 hours after
infusion (Outcome 1.1.2)

Three trials reported on this outcome (MD -0.98, 95% Cl -1.35
to -0.61; 963 participants, 3 studies; 1> = 90%; subgroup analysis
1.1.2; Figure 4) (Anand 1999; Anand 2004; Siwiec 1999).

Scores for this pain scale at any other time points were not reported.

Pain - Neonatal Facial Coding System (NFCS) (Outcome 1.2)

One study reported on this outcome at less than 12 hours after
infusion (MD 0.19, 95% Cl -1.15 to 1.53; 22 participants, 1 study;
Analysis 1.2) (Guinsburg 1998). The test for heterogeneity was not
applicable.

Scores for this pain scale at any other time points were not reported.

Pain - Neonatal Infant Pain Scale (NIPS) (Outcome 1.3)

Simons 2003 reported on this outcome by multiple measurements
during endotracheal suctioning (MD 0.19, 95% CI -0.72 to 0.34; 150

Favours Opioids Favours Control

participants, 1 study; Analysis 1.3). The test for heterogeneity was
not applicable.

Scores for this pain scale at any other time points were not reported.

Pain - COMFORTneo (Outcome 1.4)

Two trials reported on this outcome at the time point greater than
orequalto 12 and less than 48 hours after infusion (MD -3.33,95% Cl
-4.98 t0 -1.68; 65 participants, 2 studies; 1 =0%; Analysis 1.4) (Anand
1999; Siwiec 1999).

Scores for this pain scale at any other time points were not reported.

Duration of ventilation (days) (Outcome 1.5)

Seven trials reported on this outcome (MD 0.23,95% CI-0.38 t0 0.83;
1259 participants, 7 studies; I = 30%; Analysis 1.5; Figure 5) (Anand
1999; Anand 2004; Lago 1998; Lago 1999; Qiu 2019; Simons 2003;
Siwiec 1999).
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Figure 5. Comparison 1 (Any opioid compared to control). Outcome 1.5: Duration of mechanical ventilation

(respiratory support with an endotracheal tube)

Opioids Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
1.5.1 All studies
Anand 1999 75 8.3 24 122 12.7 21 09% -4.70[-11.07, 1.67] I 0000020
Anand 2004 17.6 21.7 449 145 18.7 449 52% 3.10[0.45, 5.75] . 0000020
Lago 1998 9 8 27 7 10 28 1.6% 2.00[-2.78, 6.78] — 190200
Lago 1999 7 7 15 7 4 16 2.2% 0.00 [-4.05 , 4.05] — 2 00O 2@
Qiu 2019 442 1.32 30 438 1.27 30  845%  0.04[-0.62,0.70] [ @007 2@
Simons 2003 6.47 9 73 55 7 77 54%  0.97[-1.62,3.56] 1 00O ® @
Siwiec 1999 13.8 16.6 10 19 14.6 10 02% -5.20[-1890,850] — . | 2900 2 ®
Subtotal (95% CI) 628 631 100.0% 0.23 [-0.38, 0.83] ’
Heterogeneity: Chi2 = 8.59, df = 6 (P = 0.20); I2 = 30%
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Only Anand 2004, the largest study reporting on this
outcome, found a significant difference in time spent on the
ventilator between opioid and control groups. Data on this
outcome were presented in a figure with a P value (P =0.0338). Data
used for meta-analysis were obtained via personal communication.

Results on duration of ventilation could not be combined by meta-
analysis for the studies of Dyke and Quinn (Dyke 1995; Quinn 1992;
Quinn 1993), because they presented this outcome as a median
and a range. Orsini 1996 described in his article that no significant
differences were found in duration of ventilator use between the
two groups, but no actual data were available for analysis.

Meta-analysis of results of the three studies with no dose
adjustments or open-label boluses did not show any statistically

Favours Opioids Favours Control

significant effect (MD 0.03, 95% Cl -0.62 to 0.67; 111 participants,
3 studies; I* = 0%); subgroup 1.5.2; Figure 5) (Lago 1999; Qiu 2019;
Siwiec 1999).

Meta-analysis of results of the two studies that considered only
very preterm infants did not show any statistically significant effect
(MD 1.95, 95% Cl -0.50 to 4.39; 943 participants, 2 studies; I> =
80%; subgroup 1.5.3; Figure 5) (Anand 1999; Anand 2004). Because
of its high heterogeneity, this meta-analysis (outcome 1.5.3) should
be interpreted with caution.

Neonatal mortality (Outcome 1.6)
Five trials reported on this outcome (RR 1.12, 95% Cl 0.80 to 1.55;

1189 participants, 5 studies; 1> = 0%; Analysis 1.6; Figure 6) (Anand
1999; Anand 2004; Lago 1998; Quinn 1992; Simons 2003).
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Figure 6. Comparison 1 (Any opioid compared to control). Outcome 1.6: Neonatal mortality is defined as

mortality during the first 28 days of life
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(F) Selective reporting (reporting bias)
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The only study with no dose adjustments or open-label boluses
reporting on this outcome did not show any statistically significant
effect (RR 1.27, 95% CI 0.32 to 4.98; 41 participants, 1 study;
subgroup 1.6.2; Figure 6) (Quinn 1993). The test for heterogeneity
was not applicable.

Meta-analysis of results of the two studies that considered only very
preterm infants did not show any statistically significant effect (RR
1.18,95% Cl 0.82 to 1.68; 943 participants, 2 studies; I? for RR =38%,
for RD = 60%; subgroup 1.6.3; Figure 6) (Anand 1999; Anand 2004).

Mortality to discharge (Outcome 1.7)

Four trials reported on this outcome (RR 1.09, 95% CI 0.52 to 1.88;
178 participants, 4 studies; 1? for RR and RD = 0%; Analysis 1.7) (Dyke
1995; Lago 1998; Quinn 1992; Quinn 1993).

Two studies with no dose adjustments and no open-label boluses
reported on this outcome (Dyke 1995; Quinn 1993). No events
occurred in Dyke 1995. Quinn 1993 did not show any statistically
significant effect (RR 1.43, 95% Cl 0.47 to 4.32; 41 participants, 1
study; I? for RR = not applicable, for RD = 0%); subgroup 1.7.2).

Favours Opioids Favours Control

No studies considering only very preterm infants reported on this
outcome (subgroup 1.7.3).

Neurodevelopmental outcome at 18 to 24 months (moderate to severe
disability) (Outcome 1.8)

Ancora 2013 reported on this outcome (RR 2.00, 95% CI 0.39
to 10.29; 78 participants, 1 study; Analysis 1.8). The test for
heterogeneity was not applicable. This study included very preterm
infants; open-label boluses of fentanyl were allowed.

Neurodevelopmental outcome at 5 to 6 years (moderate to severe
disability) (Outcome 1.9)

Quinn 1993 reported on this outcome (RR 1.60, 95% Cl 0.56
to 4.56; 95 participants, 1 study; Analysis 1.9). The test for
heterogeneity was not applicable. This study included only very
preterm infants; open-label boluses of morphine were allowed.
This time point (5 to 6 years) was added post hoc.;

Secondary outcomes
Weight gain at hospital discharge (Outcome 1.10)

Anand 1999 reported on this outcome (MD -0.18, 95% Cl -0.64
to 0.28; 45 participants, 1 study; Analysis 1.10). The test for
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heterogeneity was not applicable. This study included very preterm
infants; open-label boluses of morphine were allowed.

Days to reach full enteral feeding (Outcome 1.11)

Three trials reported on this outcome (MD 1.68, 95% CI 0.12 to 3.25;
974 participants, 3 studies; I = 0%; Analysis 1.11) (Anand 1999;
Anand 2004; Lago 1999).

The only study with no dose adjustments or open-label boluses
reporting on this outcome did not show any statistically significant
effect (MD 0.00, 95% CI -3.52 to 3.52; 31 participants, 1 study;
subgroup 1.11.2) (Lago 1999). The test for heterogeneity was not
applicable.

Meta-analysis of results of the two studies that considered only very
preterm infants showed longer time to reach full enteral feeding
(MD 2.10, 95% CI 0.35 to 3.85; 943 participants, 2 studies; I* =
0%; subgroup 1.11.3) (Anand 1999; Anand 2004). Data obtained via
personal communication were used.

Length of stay in hospital (days) (Outcome 1.12)

Three trials reported on this outcome (MD 1.68, 95% CI 0.12 to 3.25;
131 participants, 3 studies; I* = 0%; Analysis 1.12) (Anand 1999; Lago
1998; Lago 1999).

The only study with no dose adjustments and no open-label
boluses reporting on this outcome did not show any statistically
significant effect (MD -2.00,95% CI -26.74 to 22.74; 31 participants, 1
study; subgroup 1.12.2) (Lago 1999). The test for heterogeneity was
not applicable.

The only study considering only very preterm infants did not show
any statistically significant effect (MD -1.40, 95% Cl -18.48 to 15.68;
45 participants, 1 study; subgroup 1.12.3) (Anand 1999). The test for
heterogeneity was not applicable.

Results from Dyke 1995 and Anand 2004 (no statistically significant
differences between opioid and control groups) could not be
combined in the meta-analysis because researchers presented this
outcome as median and range.

Bronchopulmonary dysplasia (BPD; oxygen need at 28 days of life)
(Outcome 1.13)

Four trials reported on this outcome (RR 1.17, 95% Cl 0.75 to 1.82;
262 participants, 4 studies; 1 for RR and RD = 0%; Analysis 1.13)
(Dyke 1995; Lago 1998; Lago 1999; Simons 2003).

Two studies with no dose adjustments and no open-label boluses
reported on this outcome (RR 1.10, 95% CI 0.36 to 3.37; 57
participants, 2 studies; I* for RR and RD = 0%; subgroup 1.13.2) (Dyke
1995; Lago 1999).

No studies considering only very preterm infants reported on this
outcome (subgroup 1.13.3).

Chronic lung disease (oxygen need at 36 weeks' postmenstrual age)
(Outcome 1.14)

Four trials reported on this outcome (RR 0.97, 95% Cl 0.83 to 1.15;
964 participants, 4 studies; I for RR = 38%, for RD = 62%; Analysis
1.14) (Anand 2004; Ancora 2013; Orsini 1996; Siwiec 1999).

Two studies with no dose adjustments and no open-label boluses
reported on this outcome (RR 0.18, 95% CI 0.03 to 0.92; 40

participants, 2 studies; I> for RR and RD = 0%; subgroup 1.14.2)
(Orsini 1996; Siwiec 1999).

One study considering only very preterm infants reported on this
outcome (RR 1.02, 95% Cl 0.78 to 1.32; 175 participants, 2 studies;
subgroup 1.14.3) (Anand 1999). The test for heterogeneity was not
applicable.

Necrotising enterocolitis (NEC) (Outcome 1.15)

Five trials reported on this outcome (RR 1.03, 95% Cl 0.61 to 1.76;
1278 participants, 5 studies; I? for RR and RD = 0%; Analysis 1.15)
(Anand 2004; Ancora 2013; Jiang 2012; Lago 1998; Simons 2003).

One study with no dose adjustments and no open-label boluses
reported on this outcome (RR 1.09, 95% Cl 0.07 to 16.41; 46
participants, 1 study; subgroup 1.15.2) (Jiang 2012). The test for
heterogeneity was not applicable.

No studies considering only very preterm infants reported on this
outcome (subgroup 1.15.3).

Any intraventricular haemorrhage (IVH any Papile grade) (Outcome
1.16)

Eight trials reported on this outcome (RR 0.84, 95% CI 0.67 to 1.05;
515 participants, 8 studies; I for RR = 28%, for RD = 34%; Analysis
1.16) (Anand 1999; Ancora 2013; Dyke 1995; Jiang 2012; Orsini 1996;
Quinn 1992; Quinn 1993; Simons 2003).

Four studies with no dose adjustments and no open-label boluses
reported on this outcome (RR 0.87, 95% Cl 0.51 to 1.49; 133
participants, 4 studies; 12 for RR = 0%, for RD = 22%; subgroup 1.16.2)
(Dyke 1995; Jiang 2012; Orsini 1996; Quinn 1993).

One study considering only very preterm infants reported on this
outcome (RR 0.66, 95% CI 0.17 to 2.60; 45 participants, 1 study;
subgroup 1.16.3) (Anand 1999). The test for heterogeneity was not
applicable.

Severe intraventricular haemorrhage (IVH Papile grade 3/4) (Outcome
1.17)

Six trials reported on this outcome (RR 1.03, 95% CI 0.81 to 1.30;
1299 participants, 6 studies; I> for RR = 15%, for RD = 33%; Analysis
1.17) (Anand 1999; Anand 2004; Ancora 2013; Lago 1998; Simons
2003; Siwiec 1999).

One study with no dose adjustments and no open-label boluses
reported on this outcome (RR 0.33, 95% CI 0.02 to 7.32; 20
participants, 1 study; subgroup 1.17.2) (Siwiec 1999). The test for
heterogeneity was not applicable.

Two studies considering only very preterm infants reported on this
outcome (RR 1.12, 95% CI 0.78 to 1.60; 943 participants, 2 studies;
12 for RR = 57%, for RD = 73%; subgroup 1.17.2) (Anand 1999; Anand
2004).

Periventricular leukomalacia (PVL) (Outcome 1.18)

Seven trials reported on this outcome (RR 0.83, 95% Cl| 0.57 to
1.21; 1345 participants, 7 studies; I> for RR and RD = 0%; Analysis
1.18) (Anand 1999; Anand 2004; Ancora 2013; Jiang 2012; Lago 1998;
Simons 2003; Siwiec 1999).

Two studies with no dose adjustments and no open-label boluses
reported on this outcome (RR 1.07, 95% Cl| 0.48 to 2.42; 66
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participants, 2 studies; 1? for RR = 42%, for RD = 65%; subgroup
1.18.2) (Jiang 2012; Siwiec 1999).

Two studies considering only very preterm infants reported on this
outcome (RR 0.80, 95% Cl 0.49 to 1.29; 943 participants, 2 studies;
12 for RR and RD = 0%; subgroup 1.18.3) (Anand 1999; Anand 2004).

Hypotension requiring medical treatment (Outcome 1.19)

Three studies reported on this outcome (RR 1.48, 95% Cl 1.26 to
1.74; 1083 participants, 3 studies; I> for RR = 71%, for RD = 31%;
Analysis 1.19) (Anand 2004; Quinn 1993; Simons 2003).

One study with no dose adjustments and no open-label boluses
reported on this outcome (RR 1.27, 95% CI 0.32 to 4.98; 41
participants, 1 study; subgroup 1.19.2) (Quinn 1993). The test for
heterogeneity was not applicable.

One study considering only very preterm infants reported on this
outcome (RR 1.63, 95% CI 1.25 to 2.11; 898 participants, 1 study;
subgroup 1.19.3) (Anand 2004). The test for heterogeneity was not
applicable.

Within Comparison 1, no studies reported on ALPS-Neo, CRIES,
EDIN, N-PASS, neurodevelopmental outcome at 18 to 24 months,
retinopathy of prematurity, and focal gastrointestinal perforation.
Comparison 2. Morphine compared to midazolam

Two studies compared morphine to midazolam (Anand 1999; Liem
1999; Summary of findings 2). Only Anand 1999 reported on
outcomes specified in this review. The test for heterogeneity was
notapplicable. This study included only very preterm infants; open-
label boluses of morphine were allowed.

Infants randomised to dextrose 10% in Anand 1999 are included in
Comparison 1, not in Comparison 2.

Primary outcomes
Pain - Premature Infant Pain Profile (PIPP) (Outcome 2.1)

Anand 1999 reported on this outcome (MD -1.00, 95% Cl -2.66 to
0.66; 46 participants, 1 study; Analysis 2.1).

Pain - COMFORTneo (Outcome 2.2)

Anand 1999 reported on this outcome (MD -0.20, 95% Cl -2.51 to
2.11; 46 participants, 1 study; Analysis 2.2).

Duration of ventilation (days) (Outcome 2.3)

Anand 1999 reported on this outcome (MD -6.70, 95% Cl -12.40 to
-1.00; 46 participants, 1 study; Analysis 2.3).

Neonatal mortality (Outcome 2.4)

Anand 1999 reported on this outcome (RR 0.31, 95% CI 0.01 to 7.16;
46 participants, 1 study; Analysis 2.4).

Secondary outcomes
Weight gain at hospital discharge (Outcome 2.5)

Anand 1999 reported on this outcome (MD -0.19, 95% Cl -0.66 to
0.28; 46 participants, 1 study; Analysis 2.5).

Days to reach full enteral feeding (Outcome 2.6)

Anand 1999 reported on this outcome (MD 1.70, 95% CI -7.09 to
10.49; 46 participants, 1 study; Analysis 2.6).

Length of stay in hospital (days) (Outcome 2.7)

Anand 1999 reported on this outcome (MD -21.90, 95% Cl -43.56 to
-0.24; 46 participants, 1 study; Analysis 2.7).

Any intraventricular haemorrhage (IVH any Papile grade) (Outcome
2.8)

Anand 1999 reported on this outcome (RR 0.28, 95% CI 0.09 to 0.87;
46 participants, 1 study; Analysis 2.8).

Severe intraventricular haemorrhage (IVH Papile grade 3/4) (Outcome
2.9)

Anand 1999 reported on this outcome (RR 0.08, 95% CI 0.00 to 1.43;
46 participants, 1 study; Analysis 2.9).

Periventricular leukomalacia (PVL) (Outcome 2.10)

Anand 1999 reported on this outcome (RR 0.23, 95% CI 0.03 to 1.90;
46 participants, 1 study; Analysis 2.10).

Within Comparison 2, no studies reported on NFCS, NIPS,
ALPS-Neo, CRIES, EDIN, N-PASS, mortality to discharge,
neurodevelopmental outcome, BPD, retinopathy of prematurity
(ROP), NEC, focal gastrointestinal perforation, and hypotension.

Comparison 3. Morphine compared to fentanyl

Three studies compared morphine to fentanyl (see Summary
of findings 3) (lonides 1994; Naderi 2017; Saarenmaa 1999).
Only Saarenmaa 1999 reported on outcomes specified in this
review. The test for heterogeneity was not applicable. This study
included both term and preterm infants; open-label boluses of
morphine or fentanyl were allowed.

Primary outcomes

Mortality to discharge (Outcome 3.1)

Saarenmaa 1999 reported on this outcome (RR 1.21, 95% CI 0.43 to
3.45; 163 participants, 1 study; Analysis 3.1).

Secondary outcomes

Severe intraventricular haemorrhage (IVH Papile grade 3/4) (Outcome
3.2)

Saarenmaa 1999 reported on this outcome (RR 0.59, 95% CI 0.18 to
1.95; 163 participants, 1 study; Analysis 3.3).

Necrotising enterocolitis (NEC) (Outcome 3.3)

Saarenmaa 1999 reported on this outcome (RR 0.83, 95% CI 0.35 to
2.00; 163 participants, 1 study; Analysis 3.2).

Hypotension requiring medical treatment (Outcome 3.4)

Saarenmaa 1999 reported on this outcome (RR 1.10, 95% CI 0.94 to
1.29; 163 participants, 1 study; Analysis 3.4).

Within Comparison 3, no studies reported on pain scales,
duration of mechanical ventilation (MV), neonatal mortality,
neurodevelopmental outcome, growth parameters, time to full
enteral feeding, length of hospital stay, BPD, IVH any grade, PVL,
ROP, and focal gastrointestinal perforation.
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Comparison 4. Morphine compared to diamorphine

One study compared morphine to diamorphine (see Summary of
findings 4) (Wood 1998), and these researchers reported on three
of the outcomes specified in this review. The test for heterogeneity
was not applicable. This study included preterm and very preterm
infants (< 35 weeks); open-label boluses of opioids were not
allowed.

Primary outcome
Neonatal mortality (Outcome 4.1)

Wood 1998 reported on this outcome (RR 1.17, 95% CI 0.43 to 3.19;
88 participants, 1 study; Analysis 4.1).

Secondary outcomes

Any intraventricular haemorrhage (IVH any Papile grade) (Outcome
4.2)

Wood 1998 reported on this outcome (RR 0.65, 95% CI 0.40 to 1.07;
88 participants, 1 study; Analysis 4.2).

Bronchopulmonary dysplasia (BPD; oxygen need at 28 days of life)
(Outcome 4.3)

Wood 1998 reported on this outcome (RR 1.07, 95% CI 0.60 to 1.88;
88 participants, 1 study; Analysis 4.3).

Within Comparison 4, no studies reported on pain scales, duration
of MV, mortality to discharge, neurodevelopmental outcome,
growth parameters, time to full enteral feeding, length of hospital
stay, BPD at 36 weeks' postconceptional age, severe IVH, PVL, NEC,
ROP, focal gastrointestinal perforation, and hypotension.

Comparison 5. Fentanyl compared to sufentanil

Schmidt 2010 compared fentanyl to sufentanil (see Summary
of findings 5); these researchers reported on one of the
outcomes specified in this review. The test for heterogeneity
was not applicable. This study included only term infants (< 35
weeks); open-label boluses of opioids were not allowed.

Primary outcome

Duration of ventilation (days) (Outcome 5.1)

Schmidt 2010 reported on this outcome (MD 9.00, 95% Cl -6.80 to
24.80; 20 participants, 1 study; Analysis 5.1).

Within Comparison 5, no studies reported on pain scales, mortality,
neurodevelopmental outcome, growth parameters, time to full
enteral feeding, length of hospital stay, BPD, IVH, PVL, NEC, ROP,
focal gastrointestinal perforation, and hypotension.

Comparison 6. Fentanyl compared to remifentanil

Welzing 2012 compared fentanyl to remifentanil (see Summary of
findings 6); these investigators reported on one of the outcomes
specified in this review. The test for heterogeneity was not
applicable. This study included very preterm and preterm infants (<
37 weeks); open-label boluses of opioids were allowed.

Secondary outcome
Hypotension requiring medical treatment (Outcome 6.1)

Welzing 2012 reported on this outcome (RR 1.20,95% C1 0.50 t0 2.88;
24 participants, 1 study; Analysis 6.1).

Within Comparison 6, no studies reported on pain scales,
duration of MV, mortality, neurodevelopmental outcome, growth
parameters, time to full enteral feeding, length of hospital stay,
BPD, IVH, PVL, NEC, ROP, and focal gastrointestinal perforation.

DISCUSSION

Summary of main results

We evaluated the benefits and harms of opioids for infants receiving
mechanical ventilation for any respiratory disease compared
to placebo or no drug, other opioids, or other analgesics or
sedatives. The primary comparison (i.e. use of opioids versus
placebo or no intervention) is the most relevant to address
the main research question of this review. Furthermore, it
included 15 studies (corresponding to 1632 infants) of the 23
included studies (2023 infants): morphine versus placebo or no
intervention in eight studies, and fentanyl versus placebo or no
intervention in seven studies. We are uncertain whether morphine
or fentanyl has an effect on pain because of limitations in study
design, high heterogeneity, and imprecision of estimates (see
Quality of the evidence; Summary of findings 1). The use
of morphine or fentanyl probably has little or no effect in
reducing the duration of mechanical ventilation and neonatal
mortality. We are uncertain whether opioids have an effect on
neurodevelopmental outcomes at 18 to 24 months because of
serious imprecision of the estimates and indirectness. Limited
data were available for the other comparisons (i.e. two studies
(54 infants) on morphine versus midazolam, three (222 infants)
on morphine versus fentanyl, and one each on morphine
versus diamorphine (88 infants), morphine versus remifentanil
(20 infants), fentanyl versus sufentanil (20 infants), and fentanyl
versus remifentanil (24 infants)). For these comparisons, no meta-
analyses were conducted because outcomes were reported by one
study. Study authors reported extremely limited data on outcomes
such as long-term neurodevelopmental assessment and ratings of
pain. Anand 2004 has raised concerns about higher hypotension
incidence among the most vulnerable population of very preterm
infants.

Data on the other comparisons planned in this review are scarce.
Two studies (54 infants) compared morphine to midazolam, three
(222 infants) morphine to fentanyl, and one each morphine to
diamorphine (88 infants), morphine to remifentanil (20 infants),
fentanyl to sufentanil (20 infants), and fentanyl to remifentanil (24
infants). The limited information size within these comparisons
does not allow assessment of the benefits and harms of these
interventions. When morphine was compared to midazolam, one
small study showed similar pain scores between the two groups but
fewer adverse effects with morphine.

Analysis of the effects of opioids in studies with no dose
adjustments or open-label boluses was limited by very small
information size and therefore could not elucidate this aspect.
Different dosage regimens were used across studies, but no clear
relationship to effect could be found. We identified one ongoing
trial comparing fentanyl with midazolam.

Overall completeness and applicability of evidence

Most studies evaluated the effect of an opioid started at the
beginning of mechanical ventilation, assuming that mechanical
ventilation is a painful or distressful procedure. The overall effect of
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opioids in this setting was found to be small and quite inconsistent.
Given the pharmacological characteristics of opioids, possible
explanations for this finding are numerous: pain could have been
measured incorrectly, or newborns on mechanical ventilation may
not always feel pain. Effects of opioids given 'on demand' in studies
that allowed for extra protocol opioid administration could have
altered measurements of pain. Non-pharmacological interventions
that were not mentioned in these papers could reduce pain and
stress among newborns on the ventilator, thus reducing the need
for drug control of pain. Indeed, Simons 2003 found very low pain
scores for a situation in which lack of effect of opioids would be
expected.

One major problem regarding pain scale scores involves differences
in measuring pain across studies. Pain was assessed with well-
validated and less well-validated scales (Giordano 2019; Olsson
2021). For validated pain scales (e.g. Premature Infant Pain Profile
(PIPP) score), the mean difference of 0.98 points at the most
relevant time window (i.e. 12 to 48 hours after opioid infusion)
was statistically significant in favour of the opioid group, but
this difference is not considered clinically significant (Ballantyne
1999). At the earlier time point (i.e. the first 12 hours after
opioid infusion), the mean difference was 5.74 points; however
information size was limited to two small studies (50 infants in
total) and certainty of the evidence was very low (limitations
in study design, heterogeneity, and imprecision of estimates
- GRADE). Marked statistical heterogeneity was found in both
analyses (Figure 4). Heterogeneity can be caused by the small
sample sizes of groups or by differences between small and large
beneficial effects. Siwiec 1999, when evaluating PIPP score without
any stimulus, found a PIPP score below 6 in the morphine group,
which is considered to represent minimal pain (Ballantyne 1999).
The study measuring PIPP during suctioning did not find any
reduction in PIPP score below 7.9 points (i.e. incomplete control of
pain) (Simons 2003).

One of the objectives of the review - to test effects of opioids
according to administration of drugs on an 'as needed' basis
based on signs of pain - was addressed by Lago 1998. This study
showed a significant reduction in pain when fentanyl was titrated
(administered in proportion to need) according to assessment of
pain in the newborn. However, the limitations (a limited number
of patients evaluated with a scale that was not well validated, i.e.
behavioural sedation score) of this trial do not allow conclusions to
be drawn.

We could not perform an appropriate a priori subgroup analysis to
detect differential effects because of the paucity of outcome data
amongst the included trials.

We were able to summarise available evidence in a comprehensive
way, as we obtained additionalinformation about study design and
outcome data from study authors.

Quality of the evidence

We rated the certainty of evidence for clinically relevant outcomes
as very low to moderate (see Summary of findings 1; Summary of
findings 2; Summary of findings 3; Summary of findings 4; Summary
of findings 5; Summary of findings 6). We downgraded the overall
certainty of evidence for critical outcomes because of limitations
in study design (i.e. unclear and high risk of bias in most domains)
and imprecision of results (small information size and wide

confidence intervals). We downgraded the certainty of evidence for
pain scales by three levels because of limitations in study design
(unclear selective reporting), high heterogeneity (differences
between small and large beneficial effects), and imprecision of
estimates (small sample size and wide confidence interval). We
downgraded certainty of evidence for duration of mechanical
ventilation by one level because of unclear risk of bias in most
studies, and neonatal mortality by one level because of imprecision
of estimates. We downgraded the certainty of evidence for
neurodevelopmental outcomes by three levels because of serious
imprecision of the estimates and indirectness. When secondary
outcomes were considered, the certainty of evidence was low
(limitations in study design and imprecision of estimates) for
bronchopulmonary dysplasia, intraventricular haemorrhage, and
time to reach full enteral feeding (limitations in study design
and imprecision of estimates), and it was very low for weight
gain (limitations in study design and serious imprecision of
estimates) and length of hospital stay (indirectness and serious
imprecision of estimates).

Heterogeneity was significantly high in the PIPP analyses. Causes
of heterogeneity were not formally analysed in a post-hoc analysis
because of the paucity of studies within each subgroup. However,
possible explanations include inconsistency among opioids used,
differences in dosage of opioids used, differences in outcome
measures, and differences in statistical reporting of results
(see Table 1). In addition, high heterogeneity was identified in
the analysis of three studies reporting duration of mechanical
ventilation among very preterm infants, and in three studies
reporting hypotension requiring medical treatment. The 'extra
protocol' use of opioids in more recent studies may dilute the effect
of the intervention being studied. On the other hand, this issue
confirms the fact that opioids are now widely accepted for use in
the neonatal intensive care unit, and that it is considered unethical
to not give newborns the analgesic relief they need, if clinically
justified. We could not assess the presence of publication bias by
creating funnel plots because of the paucity of studies included in
the meta-analyses.

Potential biases in the review process

We used standard methods of Cochrane Neonatal in conducting
this systematic review. It is unlikely that the literature search
applied to this review may have missed relevant trials; thus we
are confident that this systematic review summarises all presently
available randomised trial evidence on opioids in ventilated
infants. We applied no language restrictions and succeeded in
having two trials translated from Mandarin to English (Chen 2015;
Jiang 2012). We excluded seven trials because of characteristics of
the study design (Anand 2008; Bell 1987; Bergqvist 2007; Hwang
1999; Palmer2005), because of the age of children in the population
(Akkermans 2015), or because the article was a commentary
(Perlman 2005).

We succeeded in obtaining additional information from study
authors.

Agreements and disagreements with other studies or
reviews

Opioids for newborn infants receiving mechanical ventilation (Review)

In 2005 Aranda and colleagues reviewed the use
of opioids and other drugs (midazolam, ibuprofen,
indomethacin, and acetaminophen) in neonates receiving
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mechanical ventilation (Aranda 2005). Similar to our review,
their meta-analysis reported that morphine and fentanyl can
reduce pain and agitation but may prolong the duration of
mechanical ventilation. Use of drugs other than opioids for
sedation and analgesia in ventilated infants has been addressed
in other Cochrane Reviews (e.g. on midazolam (Ng 2017), on
clonidine (Romantsik 2017a)). However, comparisons to opioids
were not included. A systematic review on opioids and alpha-2-
agonists for analgesia and sedation in newborn infants, including
ventilated infants, is in preparation (Kinoshita 2020). Finally, a
Cochrane overview of systematic reviews on pharmacological
pain and sedation interventions for prevention of intraventricular
haemorrhage in ventilated preterm infants is under preparation
(Romantsik 2017b).

Previous versions of this review compared the use of opioids with
no intervention, placebo, or other analgesics (Bellu 2005; Belll
2008). For this update, we added the head-to-head comparison to
the analyses, thus identifying seven additional studies: three on
morphine versus fentanyl (lonides 1994; Naderi 2017; Saarenmaa
1999), and one each on morphine versus diamorphine (Wood
1998), fentanyl versus sufentanil (Schmidt 2010), fentanyl versus
remifentanil (Welzing 2012), and morphine versus remifentanil (e
Silva 2008). However, limited data were available for most of these
comparisons, and the effects of different opioids could not be
determined.

For this update, we could add data from follow-up studies of
patients enrolled in trials conducted in the previous decade.

AUTHORS' CONCLUSIONS

Implications for practice

We are uncertain whether opioids have an effect on pain
and neurodevelopmental outcomes at 18 to 24 months; the use of
morphine or fentanyl probably has little or no effect in reducing the
duration of mechanical ventilation and neonatal mortality.

Data on the other comparisons planned for this review (opioids
versus analgesics; opioids versus other opioids) are extremely
limited and do not allow any conclusions.

In the absence of firm evidence to support a routine policy, opioids
should be used selectively - based on clinical judgement and
evaluation of pain indicators - although pain measurement in
newborns is subject to limitations.

Implications for research

There is a need to investigate this issue fully in large, well-
conducted studies. Future studies should enrol only newborns who
express indicators of pain (based on validated pain scores) when
on mechanical ventilation. Data are specifically needed for very
preterm infants. Medium-term (one to three years) and long-term
(longer than three years) neurodevelopmental consequences of
opioid treatment have not been adequately addressed to date,
so if additional data could be obtained from follow-up studies of
patients enrolled in recent trials, they would be very valuable. More
research is needed to clarify the clinical importance of hypotension
in very preterm infants and the underlying mechanisms leading to
hypotension.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Anand 1999

Study characteristics

Methods Multi-centre randomised placebo-controlled trial

Participants 67 preterm infants (24 to 32 weeks) on a ventilator by < 8 hours were eligible for inclusion
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Anand 1999 (continued)

Exclusion criteria: postnatal age > 72 hours, positive-pressure ventilation = 8 hours, major congenital
anomalies, severe intrapartum asphyxia (Apgar score < 3 at 5 min), participation in other studies inter-
fering with NOPAIN trial procedures criteria

Interventions

Morphine group (n = 24): loading dose 100 mcg/kg for all gestational ages

Midazolam group (n =22): loading dose 200 mcg/kg followed by infusion of 20, 40, or 60 mcg/kg/hour
for infants of gestational ages 24 to 26, 27 to 29, and 30 to 32 weeks, respectively

Placebo group (n=21): dextrose 10%

Treatment continued as long as necessary (written protocol for stopping drugs), max 14 days. Addition-
al analgesia with morphine bolus doses was allowed. Amount and frequency of additional morphine
were recorded as an outcome measure

Outcomes Primary outcome: incidence of adverse neurological events (neonatal death, grade IIl/IV IVH, PVL)
Secondary outcomes: level of sedation (measured by COMFORT score); pain response to tracheal suc-
tioning (assessed by PIPP) - all scores assessed before start of treatment, after 24 hours of infusion, and
at 10 to 12 hours after treatment was discontinued; incidence of pneumothorax; days of ventilatory
support; continuous positive airway pressure and oxygen; length of intensive care unit and hospital
stay; days needed to reach full enteral feeding; weight gain at hospital discharge; neurodevelopmental
outcome (measured by Neurobehavioral Assessment of NAPI cluster scores at 36 weeks' corrected for
gestational age)

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was performed by an automated procedure in blocks, strati-

tion (selection bias) fied by centre

Allocation concealment Low risk Allocation concealment was ensured by an automated telephone response

(selection bias) system

Blinding of participants Low risk Caregivers were blinded to treatment

and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Outcome assessors were blinded to treatment

sessment (detection bias)

Incomplete outcome data  Low risk Outcomes were reported for all patients enrolled

(attrition bias)

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Anand 2004
Study characteristics
Methods Multi-centre randomised placebo-controlled trial

Participants

898 preterm (23 to 32 weeks) babies intubated within 72 hours of birth and ventilated for <8 hours at
enrolment
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Anand 2004 (continued)

Exclusion criteria: major congenital anomalies, asphyxia, intrauterine growth retardation, maternal
opioid addiction, participation in other clinical trials

Interventions Morphine group (n =449): loading dose 100 mcg/kg followed by infusion of 10, 20, or 30 mcg/kg/hour
for infants of gestational ages 23 to 26, 27 to 29, and 30 to 32 weeks, respectively
Placebo group (n =449): additional analgesia with morphine bolus doses was allowed

Outcomes Primary outcomes: a composite of neonatal death, grade Ill/IV IVH, and PVL
Secondary outcomes: pain response to tracheal suctioning (assessed by PIPP) - scores were assessed
before start of treatment, after 24 and 72 hours of infusion, and at 12 hours after treatment was discon-
tinued; days of ventilatory support; days of oxygen supplementation; days to full volume feeding

Notes Data on PIPP scores, duration of ventilation, days to reach full enteral feeding were obtained by per-
sonal communication with the study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was performed by an automated procedure, stratified by cen-
tion (selection bias) tre and groups of gestational age at birth

Allocation concealment Low risk Allocation concealment was ensured by an automated telephone response
(selection bias) system

Blinding of participants Low risk Caregivers were blinded to treatment

and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Assessors were blinded to treatment

sessment (detection bias)

Incomplete outcome data  Low risk Outcomes were reported for all patients enrolled
(attrition bias)

Selective reporting (re- Unclear risk Trail not registered; protocol not available
porting bias)

Other bias Low risk Study appears to be free of other sources of bias
Ancora 2013
Study characteristics
Methods Multi-centre randomised double-blind placebo-controlled study
Participants 131 preterm infants (22 to 32 weeks) mechanically ventilated during the first 72 hours of life were eligi-

ble for inclusion

Exclusion criteria: known genetic or chromosomal disorders; severe IVH (grade Ill and intraparenchy-
mal haemorrhage); cystic PVL; need for postoperative analgesic therapy during the first week of life;
participation in another clinical trial; probable rapid extubation

Interventions Fentanyl group (n = 64): intravenous loading dose of 1 microg/kg in 30 minutes, followed by continuous
intravenous infusion of 1 mg/kg/hour
Placebo group (n =67): continuous infusion of placebo

Opioids for newborn infants receiving mechanical ventilation (Review) 37
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Ancora 2013 (Continued)

Masked treatment was started within 24 hours from initiation of MV and had to be continued until the
end of MV (if interrupted before 7 days of life). After the seventh day of life, newborns still receiving MV
were treated for pain according to local protocols. Infants could receive open-label boluses of fentanyl
as required

In both groups, infants could receive open-label boluses of fentanyl as required

Outcomes Primary outcome: acute pain response to daily heel prick (assessed by PIPP Scale); prolonged pain
measured 3 times daily on the EDIN validated algometric scale
Secondary outcomes: infant’s clinical status; duration of hospitalisation; duration of MV; chronic lung
disease (need for supplemental oxygen at 36 weeks' PMA); use of MV at 1 week of age; duration of the
first cycle of MV (hours); age at full enteral feeding (i.e. milk volume of 150 mL/kg/d); age at first meco-
nium passage (hours); IVH, cystic PVL, or death within 28 days of life; chest wall rigidity; bladder size
during first week of life. Diuresis, blood pressure, and use of vasopressors were recorded as well
At 24 months' corrected age, developmental assessment was performed with the revised Griffiths Men-
tal Development Scales, providing a general developmental quotient (DQ) of infants’ abilities and 5
subscale quotients (locomotor, personal and social, hearing and language, eye and hand co-ordina-
tion, performance)
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk The randomisation code was developed with a computerised random number
tion (selection bias) generator
Allocation concealment Low risk Allocation was made by a request sent to the local pharmacy, which had a spe-
(selection bias) cific randomisation list, stratified by GA and balanced in blocks of 6 at 1:1, de-
veloped by the pharmacy at the co-ordinating centre
Blinding of participants Low risk The local pharmacy prepared study medication (fentanyl or placebo) and
and personnel (perfor- packed it in a similar way
mance bias)
Blinding of outcome as- Low risk Quote: "double-blind design"
sessment (detection bias)
Incomplete outcome data  Low risk Allinfants accounted for
(attrition bias)
For follow-up study (Ancora 2017), outcomes were missing for more than 10%
of participants, although dropout did not differ between treatment groups
(23.5% and 25.0% lost at follow-up in fentanyl and placebo groups, respective-
ly)
Selective reporting (re- Low risk All outcomes reported
porting bias)
Other bias Low risk Study appears to be free of other sources of bias
Chen 2015
Study characteristics
Methods Single-centre randomised controlled trial
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Chen 2015 (continued)

Participants

30 newborns (28 to 39 weeks) mechanically ventilated longer than 24 hours, with disease including
neonatal pneumonia, neonatal respiratory distress syndrome, neonatal aspiration pneumonia, and
neonatal wet lung

Exclusion criteria: not stated

Interventions

Fentanyl group (n = 15): 2 mcg/kg by intravenous bolus injection (bolus time > 10 minutes), followed by
continuous intravenous infusion (2 mcg/kg/hour; dose was adjusted according to degree of pain in the
patient)

Control group (n = 15): no intervention

Outcomes Heart rate; respiratory rate; blood pressure; percutaneous oxygen saturation; PIPP score recorded be-
fore treatment and at 30 minutes, 2 hours, and 4 hours after drug administration
Mental development index (MDI) and psychomotor development index (PDI) were measured using the
CDCC intellectual development scale for infants, during follow-up at 3, 6, 9, and 12 months after dis-
charge

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Random sequence generation is not specified

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment is not specified

(selection bias)

Blinding of participants High risk Unblinded intervention

and personnel (perfor-

mance bias)

Blinding of outcome as- Unclear risk Blinding of outcome assessment is not specified

sessment (detection bias)

Incomplete outcome data  Low risk Allinfants are accounted for

(attrition bias)

Selective reporting (re- Unclear risk We could not ascertain if there were deviations from the original protocol in

porting bias) the final publication (trial not registered, protocol not available)

Other bias Low risk Study appears to be free of other sources of bias

Dyke 1995
Study characteristics
Methods Single-centre randomised double-blind placebo-controlled trial

Participants

26 preterm infants (29 to 36 weeks) requiring mechanical ventilation for hyaline membrane disease

Exclusion criteria: major congenital malformations

Interventions

Morphine group (n = 12): loading dose 100 mcg/kg over 30 minutes followed by continuous infusion 10
mcg/kg/hour
Placebo group (n = 14): dextrose 5%
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Dyke 1995 (Continued)

Infusion continued until weaning from intermittent mandatory ventilation, or for maximum of 48
hours' therapy. Pancuronium allowed for infants not stabilised by ventilatory adjustment and marked-
ly asynchronous with the ventilator (2/12 infants in morphine group, 3/14 in the placebo group)

Outcomes Primary outcomes: heart rate, blood pressure, respiratory rate hourly; severity of respiratory distress;
interaction of the infant with positive-pressure ventilation
Secondary outcomes: duration of oxygen therapy; ventilator therapy and hospitalisation; incidence of
bronchopulmonary dysplasia, periventricular haemorrhage, and pneumothorax

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was performed by a computer-generated list in the pharmacy

tion (selection bias)

Allocation concealment Low risk Allocation concealment was adequate

(selection bias)

Blinding of participants Low risk Caregivers were blinded to treatment

and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Assessors were blinded to treatment

sessment (detection bias)

Incomplete outcome data  Low risk There was no loss to follow-up

(attrition bias)

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias
e Silva 2008

Study characteristics

Methods Single-centre double-blind randomised controlled trial

Participants

20 neonates were enrolled according to the inclusion criteria: preterm neonates (28 to 34 weeks) with
clinical and radiological features compatible with RDS, requiring elective tracheal intubation and sur-
factant therapy

Exclusion criteria: major congenital malformations; birth weight < 1000 g; previous or concurrent use
of opioid for any reason; haemodynamic instability before indication of tracheal intubation; volume ex-
pansion need

Interventions

Remifentanil group (n = 10): continuous infusion of 0,5 mcg/kg/min

Morphine group (n = 10): continuous infusion of 10 mcg/kg/hour

Both infusions began 15 minutes after successful intubation. If extubation was possible (gas results
were normal, and there was no other concomitant event to contraindicate extubation), continuous
drug infusion was stopped
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Outcomes Primary outcome: time to awaken and time to extubate after interruption of opioid administration. The
presence of open eyes, limb movements, and individual respiratory incursions defined awake
Secondary outcomes: level of pain (NIPS Scale, COMFORT Scale); HR; BP; temperature; SpO,; continu-
ous positive airway pressure (CPAP) therapy duration

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Arandom number table was used to randomise premature neonates

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not stated

(selection bias)

Blinding of participants Low risk Carers were blinded

and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Assessors were blinded

sessment (detection bias)

Incomplete outcome data  Low risk No loss to follow-up

(attrition bias)

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Guinsburg 1998

Study characteristics

Methods

Single-centre randomised double-blind placebo-controlled trial

Participants

22 preterm infants (< 32 weeks) mechanically ventilated since birth, with postnatal age 12 to 48 hours,
with an indwelling arterial umbilical line

Exclusion criteria: maternal opioid use or abuse during pregnancy, labour, or delivery; administration
of muscle relaxants, analgesics, or sedatives before or during the study period; grade Il to IV intraven-
tricular haemorrhage; central nervous system malformations; gross neurological abnormalities; intu-
bation or re-intubation within 4 hours before patient observation

Interventions

Intervention group (n = 11): single dose of fentanyl (3 mcg/kg) injected over 2 minutes
Control group (n =11): 0.2 mL normal saline injected over 2 minutes

Outcomes Serum cortisol and growth hormone; blood glucose and lactate; vital signs. Behavioural pain scales:
modified postoperative COMFORT Scale and NFCS for 10 minutes. All outcomes measured before treat-
ment, at 30 minutes and at 60 minutes after treatment

Notes

Risk of bias
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Guinsburg 1998 (Continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomisation was not stated

tion (selection bias)

Allocation concealment Unclear risk The use of sealed envelopes was stated, but it is not clear how allocation con-

(selection bias)

cealment was dealt with

Blinding of participants
and personnel (perfor-

Low risk Quote: "the drug randomization code was broken and statistical analysis was
performed after all data had been recorded"

mance bias)

Blinding of outcome as- Low risk Assessors were stated to be blinded to treatment

sessment (detection bias)

Incomplete outcome data  Low risk Outcomes were reported for all patients enrolled

(attrition bias)

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias
lonides 1994

Study characteristics

Methods Single-centre randomised controlled trial

Participants

Infants mechanically ventilated who required the use of pancuronium and/or morphine or fentanyl, ac-
cording to the attending physician's judgement, were included

Exclusion criteria: asphyxia (Apgar score < 3 at 5 minutes); foetal drug exposure; sepsis; major congeni-
tal anomalies

Among the 27 neonates enrolled, 2 were excluded because of inadequate blood sampling, 3 received
only pancuronium, and the remaining 22 were randomly assigned to fentanyl or morphine

Interventions

Fentanyl group (n =10): 3 mcg/kg as a single intravenous dose

Morphine group (n =12): 0.1 mg/kg as a single intravenous dose

4 newborns in the fentanyl group and 2 in the morphine group received both pancuronium and opioid;
pancuronium was always administered first, followed by opiate in 1 hour

Outcomes B-Endorphin concentration before and 1 hour after administration of each medicine; HR; systolic and
diastolic BP
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Patients were assigned by medical record number
tion (selection bias)
Allocation concealment High risk The chosen sequence did not allow for allocation concealment
(selection bias)
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lonides 1994 (continued)

Blinding of participants Unclear risk Blinding was not clearly ensured
and personnel (perfor-

mance bias)

Blinding of outcome as- Unclear risk Blinding was not clearly ensured
sessment (detection bias)

Incomplete outcome data  Low risk Allinfants accounted for

(attrition bias)

2 infants subsequently excluded because of inadequate blood sampling

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Unclear risk The randomisation process between morphine and fentanyl groups was start-
ed after the attending physician decided whether to use pancuronium, opi-
ates, or both

Jiang 2012
Study characteristics
Methods Single-centre randomised controlled double-blind trial

Participants

46 full-term or premature neonates who required MV were recruited

Exclusion criteria: history of severe asphyxia and hypoxia (5-minute Apgar score <4, umbilical blood pH
<7.0); severe intraventricular haemorrhage; severe congenital malformation (e.g. congenital heart dis-
ease, diaphragmatic hernia, cleft palate); paralysis; history of use of neuromuscular blocker agents

Interventions

Morphine group (n =22): i.v. infusion (> 1 hour) of 5% glucose-saline 10 mL + morphine 100 mcg/kg, fol-
lowed by continuous i.v. infusion of 5% glucose-saline 24 mL + morphine 10 mcg/kg/hour for several
days until criteria for withdrawal were met

Control group (n =24): i.v. infusion (> 1 hour) of 5% glucose-saline 10 mL, followed by continuous i.v. in-
fusion of 5% glucose-saline 24 mL for several days until criteria for withdrawal were met

Outcomes Respiratory rate (RR); peak inspiratory pressure (PIP); positive end-expiratory pressure (PEEP); fraction
of inspired oxygen (FiO,); mean arterial pressure (MAP); heart rate (HR).
Pain assessment by N-PASS score and COMFORT score was measured at 30 minutes, 2 hours, 6 hours,
12 hours, 24 hours, and 48 hours after administration; brain ultrasound was done at Day 1 (before ad-
ministration), 5, 7, and 14. Total ventilation time, total time from withdrawal to extubation, total oxy-
gen time after ventilation, and adverse events were evaluated

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was done with 15 sets of opaque envelopes containing 4 cards
reporting A or B (A = intervention; B = control). A member of the research group
took out a random card from a random set for each newborn included

Allocation concealment Low risk Envelopes were opaque
(selection bias)
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Jiang 2012 (continued)

Blinding of participants Low risk The nurse knew only the meaning of "A" and "B" as intervention or control and

and personnel (perfor- labelled drugs so they were not different in volume, appearance, and odour

mance bias)

Blinding of outcome as- Low risk Assessors were blinded to treatment

sessment (detection bias)

Incomplete outcome data  Low risk Allinfants were accounted for

(attrition bias)

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)
Not reported in results: total ventilation time, total time from withdrawal to
extubation, total oxygen time after ventilation, brain ultrasound

Other bias Low risk Study appears to be free of other sources of bias

Lago 1998
Study characteristics
Methods Single-centre randomised double-blind controlled trial

Participants

55 preterm infants (26 to 34 weeks) requiring mechanical ventilation for hyaline membrane disease,
with indwelling catheters

Exclusion criteria: asphyxia (Apgar <5 at 5 minutes); foetal drug exposure; sepsis; major congenital
anomalies

2 infants died (1 in fentanyl group and 1 in control group) and were excluded from analysis

Interventions

Fentanyl group (n = 26): continuous infusion at 0.5 to 2 mcg/kg/hour adjusted to render the neonate se-
dated but arousable (according to the behavioural sedation score)
Control group (n =27): no intervention

Outcomes Urine metanephrine:normetanephrine molar ratio concentration; behavioural sedation score (assessed
every 2 hours during the study period); severity of hyaline membrane disease; need for surfactant re-
placement; evidence of clinically significant patent ductus arteriosus; days of ventilatory support and
oxygen treatment; air leak; IVH; PVL; BPD; days to exclusive enteral feeding; days to reach birth weight;
length of hospital stay

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomisation was not stated

tion (selection bias)

Allocation concealment Low risk The use of sealed envelopes was reported (study author's communication)

(selection bias)

Blinding of participants High risk Caregivers were not blinded

and personnel (perfor-

mance bias)
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Lago 1998 (Continued)

Blinding of outcome as-
sessment (detection bias)

Unclear risk

Assessors were stated to be blinded to treatment, but blinding was unlikely

Incomplete outcome data  High risk 2 patients died after enrolment and were excluded from statistical analysis
(attrition bias)
Selective reporting (re- Unclear risk Trial not registered; protocol not available
porting bias)
Other bias Low risk Study appears to be free of other sources of bias
Lago 1999
Study characteristics
Methods Single-centre randomised double-blind placebo-controlled trial

Participants

31 preterm infants (> 28 weeks to < 37 weeks) ventilated for hyaline membrane disease
Exclusion criteria: not stated

Interventions

Fentanyl group (n = 15): continuous infusion of 1.5 mcg/kg/hour scaled down by 0.5 mcg/kg/hour every
24 hours, for a total of 72 hours
Placebo group (n =16): 5% glucose

Outcomes Ventilator setting; sedation score (not described) every 4 hours; severity of respiratory disorder; radi-
ological score; duration of ventilation; need for surfactant therapy; duration of oxygen dependence;
electromyographic activity of intercostal muscles

Notes Data, methods, and details were obtained by personal communication with the study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomisation was not stated

tion (selection bias)

Allocation concealment Low risk The use of sealed envelopes was reported (study author's communication)

(selection bias)

Blinding of participants Low risk Caregivers were unaware of treatment

and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Assessors were stated to be blinded to treatment

sessment (detection bias)

Incomplete outcome data Unclear risk Allinfants were accounted for. However, as the study is available as an ab-

(attrition bias) stract only, risk for attrition bias is unclear

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Opioids for newborn infants receiving mechanical ventilation (Review) 45

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
q Li b rary Better health. Cochrane Database of Systematic Reviews
Liem 1999
Study characteristics
Methods Randomised controlled trial

Participants

8 preterm infants (29.9 to 32.1 weeks) who needed MV
Exclusion criteria: no information

Interventions

Midazolam group (n =4): loading dose 0.2 mg/kg, maintenance 0.2 mg/kg/hour
Morphine group (n =4): loading dose 0.05 mg/kg, maintenance 0.001 mg/kg/hour

Outcomes Concentration changes of oxyhaemoglobin, deoxyhaemoglobin, and total haemoglobin in the brain
were continuously measured with near-infrared spectrophotometry for 1 hour Changes in cerebral
blood flow velocity (pulsed Doppler US) in internal carotid artery (in %) were determined before and at
15, 30, and 60 minutes after sedation

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Random sequence generation was not specified

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not mentioned

(selection bias)

Blinding of participants Unclear risk Blinding was not specified

and personnel (perfor-

mance bias)

Blinding of outcome as- Unclear risk Blinding was not specified

sessment (detection bias)

Incomplete outcome data  Unclear risk Number of infants lost to follow-up or analysed for each outcome was not

(attrition bias) specified

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Naderi 2017
Study characteristics
Methods Single-centre randomised double-blinded clinical trial

Participants

32 newborns with gestational age between 26 and 38 weeks undergoing intubation and mechanical
ventilation (for at least 24 hours) were included

Exclusion criteria: asphyxia (possible hepatic or renal damage); Apgar scores below 5 at fifth minute
after birth; direct hyperbilirubinaemia; neonatal hepatitis; biliary system anomalies; cardiovascular
anomalies; gastrointestinal obstructions
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Morphine group (n = 16): intravenous loading dose of 100 mcg/kg in the first hour, with maintenance
dose of 12 mcg/kg/hour for the next 24 hours

Fentanyl group (n = 16): intravenous loading dose of 2 mcg, with maintenance dose of 0.25 mcg/kg/
hour

Outcomes Ultrasonographic measurements of gallbladder dimensions (length, width, depth, and volume), as well
as occurrence of hydrops of gallbladder, were evaluated on the third and sixth days after drug adminis-
tration

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomisation was not stated

tion (selection bias)

Allocation concealment Unclear risk The use of sealed envelopes was stated, but it is not clear how allocation con-

(selection bias) cealment was dealt with

Blinding of participants Low risk Carers were blinded

and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Assessors were blinded

sessment (detection bias)

Incomplete outcome data  Low risk Allinfants were accounted for

(attrition bias)

Selective reporting (re- Low risk All outcomes were reported

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Orsini 1996
Study characteristics
Methods Single-centre randomised double-blind placebo-controlled trial

Participants

20 preterm infants (26 to 36 weeks), > 1000 grams birth weight, undergoing mechanical ventilation for
respiratory distress syndrome, with indwelling arterial catheter

Exclusion criteria: any analgesic, sedating agent or muscle relaxant given before informed consent
could be obtained

Interventions

Fentanyl group (n = 11): loading dose 5 mcg/kg over 20 minutes followed by continuous infusion of 2
mcg/kg/hour for 72 hours, 1 mcg/kg/hour for the next 24 hours, and 0.5 mcg/kg/hour for the final 24
hours (total: 5 days)

Placebo group (n =9): dextrose 5% in water

Outcomes

Behavioral score; vital signs every 2 hours; cortisol and 11-deoxycortisol levels at baseline and daily 3-
methyl histidine/urinary creatinine ratio and urea excretion (as indicators of catabolism); incidence of
intraventricular haemorrhage; patent ductus arteriosus; bronchopulmonary dysplasia; sepsis
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Orsini 1996 (Continued)

Notes Data on pain and on incidence of CLD and IVH were obtained by personal communication with the
study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomisation was performed in the pharmacy by random number genera-

tion (selection bias) tion (not otherwise specified)

Allocation concealment Low risk Allocation concealment was adequate

(selection bias)

Blinding of participants Low risk Caregivers were blinded to treatment
and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Assessors were blinded to treatment

sessment (detection bias)

Incomplete outcome data  Low risk There was no loss to follow-up
(attrition bias)

Selective reporting (re- Unclear risk Trial not registered; protocol not available
porting bias)

Other bias Low risk Study appears to be free of other sources of bias
Qiu 2019
Study characteristics
Methods Single-centre double-blind randomised placebo-controlled trial
Participants 60 premature newborns (< 32 weeks' GA) mechanically ventilated in the first 72 hours after birth

Exclusion criteria: serious birth injury; serious malformation; significant parenchymal brain injury
(grade IV IVH or PVL); treatment with analgesics or sedatives

Interventions Fentanyl group (n = 30): intravenous loading dose of 1 mcg/kg in 30 minutes, followed by continuous
intravenous infusion of 1 mcg/kg/hour immediately after MV
Placebo group (n =30): 5% glucose at the same rate as fentanyl
Dose of fentanyl/glucose was decreased to 0.5 mcg/kg/hour when default parameters for MV were as
follows: FiO, <25%, RR < 25 bpm, and MAP <7 cmH,0. 30 minutes later, MV was stopped after discon-
tinuation of infusion

Outcomes PIPP; cerebral blood flow velocity (by transcranial Doppler at 1, 3, and 7 days after MV); neuron-specific
enolase (NSE) concentrations in plasma samples (immediately before and after MV); cerebral function
monitoring (CFM) recordings (obtained at 37 weeks' GA)

Also, pH, Pa0O,, PaCO,, MAP, heart rate, cardiac output, PIP, PEEP, mean airway pressure, and FiO, were
recorded immediately before administration and at 1, 12, 24, 48, and 72 hours after the start of the infu-

sion
Notes
Risk of bias
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Qiu 2019 (continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was done with a random numbers table
tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not specified
(selection bias)

Blinding of participants Low risk Carers were blinded
and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Assessors were blinded

sessment (detection bias)

Incomplete outcome data  Unclear risk 3 neonates in the fentanyl group and 4 neonates in the control group were ex-
(attrition bias) cluded after randomisation because they were discharged within 2 weeks;
they were not included in the analysis

Selective reporting (re- Unclear risk Trial not registered; protocol not available
porting bias)

Other bias Low risk Study appears to be free of other sources of bias
Quinn 1992

Study characteristics

Methods Single-centre randomised double-blind controlled trial

Participants 95 preterm newborns (57, excluding those receiving only morphine)

Entry criteria: newborns with hyaline membrane disease who were fighting against the ventilator (on
clinical impression); postnatal age >4 hours and <48 hours; no prior treatment with narcotic analgesic
or neuromuscular blocking agent

Interventions Morphine group (n =29): 50 mcg/kg/hour by continuous infusion, increased to 100 mcg/kg/hour if the
newborn was still struggling after 2 hours. Babies in this group were allowed to receive pancuronium if
still fighting the ventilator after 4 hours (n=7)

Pancuronium group (n =28): 100 mcg/kg per dose given as required to inhibit breathing. Babies in this
group were given morphine for painful procedures (n = 4)

Morphine + pancuronium group (n = 38): continuous morphine at 50 mcg/kg/hour + intermittent pan-
curonium at 100 mcg/kg as required; morphine not increased above 50 mcg/kg/hour

We extracted data from the morphine + pancuronium group and the pancuronium group (i.e. pancuro-
nium was a co-intervention); we did not include the group receiving only morphine

Drug therapy continued until FiO, < 0.45. 1 baby stopped treatment within 24 hours because FiO, fell
below 0.45

Outcomes Catecholamines; plasma levels; blood pressure; heart rate; peak inspiratory pressure; FiO, on entry to
the study and after 6 hours' treatment; days on ventilator; air leaks; intraventricular haemorrhage; PDA;
death
5to 6 years' follow-up outcomes: I1Q (by Weschler Preschool and Primary Scale of Intelligence); motor
impairment (by Movement Assessment Battery for Children); behaviour problems (by Child Behaviour
Checklist completed by a parent); blood thyroid-stimulating hormone level

Notes
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Quinn 1992 (continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Study authors stated that randomisation was performed by drawing a sealed

tion (selection bias) envelope. These authors did not state how the list of randomisation was gen-
erated

Allocation concealment High risk Allocation concealment was inadequate

(selection bias)

Blinding of participants High risk Blinding of interventions and outcomes was not clearly ensured

and personnel (perfor-

mance bias)

Blinding of outcome as- High risk Blinding of interventions and outcomes was not clearly ensured

sessment (detection bias)

Incomplete outcome data  Unclear risk Clinical outcomes were reported for 28 of the 38 randomised infants to mor-

(attrition bias) phine and for 28 of 28 in the control group. Unclear if due to a typo in the man-
uscript or attrition bias. A power calculation was made for differences in cate-
cholamine levels. Analysis of clinical data was performed on an intention-to-
treat basis

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Quinn 1993
Study characteristics
Methods Single-centre randomised double-blind placebo-controlled trial

Participants

41 preterm (< 34 weeks) infants who required mechanical ventilation and received surfactant (Curo-
surf) for hyaline membrane disease
Exclusion criteria: babies who did not have an arterial line in situ

Interventions

Morphine group (n =21): loading dose 100 mcg/kg/hour for 2 hours followed by 25 mcg/kg/hour as a
continuous infusion. Treatment was continued until the baby was on a ventilator
Placebo group (n =20): dextrose 5%

Outcomes

Catecholamine; plasma levels; blood pressure; heart rate and ventilator setting (peak inspiratory pres-
sure and oxygen concentration) at study entry and after 6 hours' treatment; arterial/alveolar oxygen
ratio at 0 hours and at 24 hours; pain score (based on level of consciousness, crying, posture, and fa-
cial expression); days on ventilator; air leaks; intraventricular haemorrhage; PDA; death during first 6
months of life

5to 6 years' follow-up outcomes: 1Q (by Weschler Preschool and Primary Scale of Intelligence); motor
impairment (by Movement Assessment Battery for Children); behaviour problems (by Child Behaviour
Checklist completed by a parent); blood thyroid-stimulating hormone level

Notes

Risk of bias
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Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was performed by using a stratified table

tion (selection bias)

Allocation concealment Low risk Pharmacy allowed for adequate allocation concealment

(selection bias)

Blinding of participants Low risk Caregivers were stated to be blinded, except for the consultant physician re-

and personnel (perfor- sponsible for the baby

mance bias)

Blinding of outcome as- Low risk Assessors were stated to be blinded

sessment (detection bias)

Incomplete outcome data  Low risk There was no loss to follow-up for clinical outcomes. A power calculation was

(attrition bias) made for differences in catecholamines levels. Analysis of clinical data was
performed on an intention-to-treat basis. The trial was terminated after an in-
terim analysis showed differences in adrenaline concentrations

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Saarenmaa 1999

Study characteristics

Methods

Single-centre double-blind randomised controlled trial

Participants

163 babies mechanically ventilated during the first day of life fulfilled study entry criteria: 24 weeks' or
longer GA, estimated duration of MV = 1 day, with indwelling arterial line
Exclusion criteria: chromosomal aberrations; major anomalies

Interventions

Fentanyl group (n = 83): loading dose of 10.5 mcg/kg in 1 hour, followed by maintenance rate of 1.5
mcg/kg/hour for = 24 hours

Morphine group (n = 80): loading dose of 140 mcg/kg in 1 hour, followed by maintenance dose of 20
mcg/kg/hour for = 24 hours

Additional analgesia with opioid boluses was allowed. The bolus, equal to a 1-hour maintenance infu-
sion dose, could be given 4 times a day at the most. Muscle relaxation could be used if the infant was
struggling against the ventilator despite analgesia

Outcomes

Primary outcome (used for sample size calculation): gastrointestinal motility and urinary retention
Secondary outcomes: duration of MV; beginning of enteral feeding (days); duration of opioid infusion
(hours); administration of opioid boluses; pancuronium relaxation; surfactant treatment; RDS; infec-
tion; PPHN; NEC; IVH (grades 3 + 4); mortality; severity of pain assessed with (i) physiological parame-
ters (heart rate, arterial blood pressure, and oxygen saturation); (ii) behavioural pain responses before,
during, and after tracheal suction assessed with a pain score adapted from the Neonatal Infant Pain
Scale of the Children “s Hospital of East Ontario Pain Scale; (iii) stress hormone concentrations (nora-
drenaline, adrenaline, and beta-endorphin) before and 2 and 24 hours after the start of treatment

Notes

Power calculation was made on urinary retention and decreased gastrointestinal motility

Risk of bias
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Saarenmaa 1999 (Continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Infants were randomised in 5 blocks with closed envelopes. Sequence genera-
tion (selection bias) tion was not specified

Allocation concealment Unclear risk Allocation concealment was not specified

(selection bias)

Blinding of participants Low risk Carers were blinded
and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Assessors were blinded

sessment (detection bias)

Incomplete outcome data  Low risk 2 infants in the fentanyl group did not receive the infusion; their data are in-

(attrition bias) cluded in an ITT analysis. Data on plasma catecholamine and endorphin lev-
els were not available for all infants; however loss to follow-up seems similar
in the 2 groups

Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Schmidt 2010

Study characteristics

Methods Single-centre randomised double-blind trial

Participants 20 term neonates (= 37 weeks) mechanically ventilated longer than 24 hours were included
Exclusion criteria: known allergy to fentanyl or sufentanil; renal or hepatic dysfunction (serum cre-
atinine > 1.5 mg/dL, urinary production < 0.5 mL/(kg x hour) after 48 hours; glutamate-oxaloac-
etate-transferase (GOT) > 150 U/L, Quick < 25%); maternal history of prenatal opioid abuse; chromoso-
mal disorders; major anomalies

Interventions Fentanyl group (n = 10): intravenous loading dose of 2 to 3 ug/kg in 15 minutes, followed by mainte-
nance rate of 1 pug/(kg x hour)
Sufentanil group (n = 10): intravenous loading dose of 0.28 to 0.42 pg/kg in 15 minutes, followed by
maintenance rate of 0.14 pg/(kg x hour)
In case of inadequate analgesia (estimated by the Hartwig Behavioural Pain Scale score), opioid dose
was adjusted in steps of 0.5 to 1 pg/(kg x hour) fentanyl or 0.07 to 0.14 pg/(kg x hour) sufentanil accord-
ing to flow rate. Administration of an additional bolus equal to a 2-hour maintenance infusion dose was
possible. As sedative, co-medication midazolam was allowed

Outcomes Primary outcome: duration of weaning, defined as time to extubation after opioid discontinuation
Secondary outcomes: SNAP score (Score for Neonatal Acute Physiology) within the first 24 hours; TISS
(Therapeutic Intervention Scoring System) daily; behavioural analgesic and sedation scores (Hartwig
score) every 4 hours; HR; ABP; oxygen saturation; diuresis; urinary cortisol levels; Quick value, GOT, and
creatinine (daily); co-medications; enteral/oral feeding; withdrawal symptoms (Finnegan score); dura-
tion of MV also measured

Notes Power calculation was made on the duration of weaning
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Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Randomisation by concealed envelops in blocks of 4 patients. Sequence gen-
tion (selection bias) eration not specified
Allocation concealment Unclear risk Allocation concealment was not specified
(selection bias)
Blinding of participants Low risk Doctors as well as nurses were blinded with respect to medication
and personnel (perfor-
mance bias)
Blinding of outcome as- Low risk Doctors as well as nurses were blinded with respect to medication
sessment (detection bias)
Incomplete outcome data  Unclear risk Tables 1 and 2 report 10 patients for each group, whereas in the Methods, it is
(attrition bias) reported (quote): "comparison of weaning time at the interim analysis (inten-
tion-to-treat population n = 13, fentanyl n = 6, and sufentanil group =7)"
Selective reporting (re- Unclear risk All outcomes reported; protocol not available
porting bias)
Other bias Low risk Study appears to be free of other sources of bias
Simons 2003
Study characteristics
Methods Randomised double-blind placebo-controlled trial in 2 NICUs

Participants

150 ventilated neonates

Inclusion criteria: all neonates admitted to NICU who required mechanical ventilation; postnatal age <
3 days; ventilation < 8 hours

Exclusion criteria: severe asphyxia; severe IVH; major congenital malformations; facial malformations;
neurological disorders; continuous or intermittent treatment with neuromuscular blockers

Interventions

Morphine group (n = 73): loading dose 100 mcg/kg followed by 10 mcg/kg/hour continuous infusion
Placebo group (n =77): sodium chloride in 5% glucose

Masked treatment was continued for 7 days or less (as for clinical conditions); after 7 days, study med-
ication was weaned or stopped, or was replaced by open-label morphine infusion During study peri-
od, additional morphine was allowed if patients from either group were judged to be in pain or distress
based on decisions of the attending physician

Outcomes

Primary outcomes: pain response: PIPP, NIPS, and visual analogue scale at standardised time points

Secondary outcomes: incidence of all grades of IVH and poor neurological outcome (severe IVH, PVL,
or death); duration of MV; length of NICU stay; incidence of comorbidity (chronic lung disease; sep-
sis; necrotising enterocolitis; PDA); number of painful procedures; MAP; administration of volume ex-
panders and vasopressor drugs; number of infants with hypotensive MAP measurements as compared
with "normal" values of BP; concentrations of adrenaline and noradrenaline in arterial blood plasma

Primary and secondary outcomes were measured during hospital stay and were reported by Simons
2003 and Simons 2005

Opioids for newborn infants receiving mechanical ventilation (Review)
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Simons 2003 (Continued)

Follow-up outcomes:

1. At 5 years (reported by de Graaf 2011 and de Graaf 2014): 1Q score (measured by short version of the
Revision Amsterdam Child Intelligence Test); visual motor integration (assessed with the Beery-Buk-
tenica Developmental Test of Visual-Motor Integration); T-scores from Child Behavior Checklist (CBCL)
completed by parents and teachers; chronic pain (assessed by the Dutch Chronic Pain Questionnaire
completed by parents); health-related quality of life (by Health Utility Index scores); diurnal rhythm
of cortisol concentration

2. At8or9years (reported by de Graaf 2013 and Valkenburg 2015): 1Q score (measured by short version
of the Wechsler Intelligence Scale for Children Il1); visual motor integration (assessed with the Beery-
Buktenica Developmental Test of Visual-Motor Integration); T-scores from CBCL completed by parents
and teachers; executive function skills; reaction time 1- and 5-choice; spatial span forward and back-
ward; rapid visual information processing; spatial planning and spatial working memory test; ability
to acquire rules and adjust to set shifting; ability to inhibit a response; executive function behaviourin
daily life. Thermal sensitivity, chronic pain, and minor neurological dysfunction were also evaluated

Notes Data on duration of ventilator days were presented for the first period (NICU stay) and as total duration
of ventilator days during admission. Data from the first period were used for the meta-analysis

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Method of randomisation: computer-generated randomisation list to select 10
tion (selection bias) random permuted blocks stratified into 5 groups of gestational age ranges
Allocation concealment Low risk Allocation concealment was ensured

(selection bias)

Blinding of participants Low risk Blinding of caregivers was attained
and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Blinding of assessors was attained

sessment (detection bias)

Incomplete outcome data  Low risk There was no loss to follow-up
(attrition bias)

Selective reporting (re- Unclear risk Trial not registered; protocol not available
porting bias)

Other bias Low risk Study appears to be free of other sources of bias
Siwiec 1999
Study characteristics
Methods Randomised double-blind controlled trial
Participants 20 preterm infants (26 to 35 weeks), birth weight 810 to 2750 grams, receiving mechanical ventilation

Exclusion criteria: not stated

Interventions Morphine group (n = 10): loading dose 100 mcg/kg over 30 minutes followed by continuous infusion of
20 mcg/kg/hour for 1 to 5 days
Control group (n = 10): no intervention
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Siwiec 1999 (continued)

Outcomes PIPP and COMFORT scores; ventilatory setting; mean airways pressure, ventilatory rate, FiO,; pneu-
mothorax; grade IV intraventricular haemorrhage; periventricular leukomalacia; BPD

Notes Data on pain scores were obtained by personal communication with the study author
Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomisation was not stated

tion (selection bias)

Allocation concealment Low risk The use of sealed envelopes was reported (study author's communication)
(selection bias)

Blinding of participants High risk Caregivers were stated to be not blinded
and personnel (perfor-

mance bias)

Blinding of outcome as- High risk Assessors were stated to be not blinded

sessment (detection bias)

Incomplete outcome data  Unclear risk Loss to follow-up not reported; number of patients evaluated for each out-
(attrition bias) come not reported
Selective reporting (re- Unclear risk Trial not registered; protocol not available

porting bias)

Other bias Low risk Study appears to be free of other sources of bias

Welzing 2012

Study characteristics

Methods Single-centre double-blind randomised controlled trial

Participants 24 mechanically ventilated infants were recruited
Inclusion criteria: gestational age = 36 weeks with postnatal age no greater than 60 days; intubation
within the last 12 hours; expected analgesia and sedation requirement due to mechanical ventilation
for a further 12 to 96 hours
Exclusion criteria: CNS insult (e.g. asphyxia); structural brain disorder affecting ability to assess the lev-
el of sedation

Interventions Fentanyl group (n = 12): 3 mcg/kg/hour combined with midazolam 50 pg/kg/hour. Subsequently,
opioid was adjusted in steps of 1 pg/kg/hour (maximum 10 mcg/kg/hour) to achieve and maintain a
Hartwig score between 9 and 13
Remifentanil group (n =12): 9 ug/kg/hour combined with midazolam 50 pg/kg/hour. Subsequently,
opioid was adjusted in steps of 3 pg/kg/hour (maximum 30 mcg/kg/hour) to achieve and maintain a
Hartwig score between 9 and 13
Pre-medication for endotracheal intubation was given and boluses as needed to keep the infant sedat-
ed and pain-free until the start of study medication, which had to be started at the latest 12 hours after
intubation. Increased dosage of midazolam and boli of thiopental were allowed. If analgesia and seda-
tion were insufficient despite the maximum allowed opioid and midazolam dosage, the infant was ex-
cluded from the study

Outcomes Primary outcome: extubation time (time from cessation of opioid infusion until extubation)
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Welzing 2012 (Continued)

Secondary outcomes: efficacy in analgesia and sedation (Hartwig score); haemodynamic stability (MBP,
HR); adverse effects; opioid tolerance (number of doses, number of dose adjustments); opioid with-
drawal (Finnegan score); opioid-induced hyperalgesia (CHIPPS Scale score and Flexion Withdrawal Re-
flex threshold) in the first 48 hours after extubation

Notes Of 24 infants randomised, 1 was withdrawn from the fentanyl group because of insufficient analgesia
despite the maximum allowed dosage, and 2 were withdrawn from the remifentanil group because of
protocol deviation

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomisation list

tion (selection bias)

Allocation concealment Low risk Allocation concealment was ensured by the central pharmacy of the hospital

(selection bias)

Blinding of participants Low risk Interventions were masked; the trial was stated to be double-blinded

and personnel (perfor-

mance bias)

Blinding of outcome as- Low risk Interventions were masked; the trial was stated to be double-blinded

sessment (detection bias)

Incomplete outcome data  Unclear risk If analgesia and sedation were insufficient despite the maximum allowed opi-

(attrition bias) oid and midazolam dosage, the infant was excluded from the study (not con-

sidered for the ITT analysis)

Selective reporting (re- High risk Outcomes reported in the article seemed much more than those established in

porting bias) the protocol. Moreover, not all outcomes in the protocol were reported in the

article (discharge time from the PICU)

Other bias Low risk Study appears to be free of other sources of bias

Wood 1998
Study characteristics
Methods Single-centre double-blind randomised controlled trial

Participants

88 babies were eligible

Inclusion criteria: neonates less than 35 weeks' PMA at birth, greater than 2 hours but less than 48
hours old at trial entry; who required IPPV (intermittent positive-pressure ventilation) and therefore se-
dation. An indwelling intra-arterial access was needed as an inclusion criterion

Exclusion criteria: early neonatal surgery; severe congenital malformation; previous administration of
opiates

Interventions

Morphine group (n =44): 200 mcg/kg over 2 hours, followed by maintenance infusion of 25 mcg/kg/
hour
Diamorphine group (n =44): 120 mcg/kg over 2 hours, then 15 mcg/kg/hour

Outcomes Mean arterial blood pressure (MABP); coefficient of variation (CV) of 10 successive systolic blood pres-
sure values; sedation level (by a 4-parameter sedation score and a qualitative judgement) recorded at
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0, 2, 6, and 24 hours into the infusion; plasma concentrations of adrenaline and noradrenaline evaluat-
ed at 0 and 24 hours

Duration of infusion (hours); days of MV; IVH (all grades); parenchymal brain lesions; air leak; PDA; oxy-
gen required at 28 days; death (up to 28 days) also recorded

Notes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Method of randomisation was not stated

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not stated
(selection bias)

Blinding of participants Low risk Clinicians, nurses, and parents were blinded to randomisation. Infusion solu-
and personnel (perfor- tions were made up by the hospital pharmacy in identically presented syringes
mance bias)

Blinding of outcome as- Low risk Trial was stated to be double-blinded: probably done (clinicians and nurses
sessment (detection bias) were blinded)

Incomplete outcome data  High risk For many outcomes, data for almost 50% of infants were missing

(attrition bias)

Selective reporting (re- Unclear risk Trial not registered; protocol not available
porting bias)

Other bias Low risk Study appears to be free of other sources of bias

ABP: arterial blood pressure; BP: blood pressure; BPD: bronchopulmonary dysplasia; bpm: beats per minute; CBCL: Child Behavior
Checklist; CDCC: Child Development Center of China; CFM: cerebral function monitoring; CHIPPS: Children and Infants Postoperative
Pain Scale; CLD: chronic lung disease; CNS: central nervous system; CPAP:continuous positive airway pressure; CV: coefficient of variation;
DQ: developmental quotient; EDIN: Echelle de Douleur et d'Inconfort du Nouveau-né; FiO,: fraction of inspired oxygen: GA: gestational age;
GOT: glutamate-oxaloacetate-transferase; HR: heart rate; IPPV: intermittent positive-pressure ventilation; IQ: intelligence quotient; ITT:
intention-to-treat; i.v.: intravenous; IVH: intraventricular haemorrhage; MABP: mean arterial blood pressure; MAP: mean arterial pressure;
MBP: mean arterial blood pressure; min: minutes; MDI: mental development index; MV: mechanical ventilation; N-PASS: Neonatal Pain,
Agitation and Sedation Scale; NAPI: Neurobehavioral Assessment of the Preterm Infant; NEC: necrotising enterocolitis; NFCS: Neonatal
Facial Coding System; NICU: neonatal intensive care unit; NIPS: Neonatal-Infant Pain Scale; NOPAIN: Neonatal Outcome and Prolonged
Analgesia in Neonates; NSE: neuron-specific enolase; PDA: patent ductus arteriosus; PDI: psychomotor development index; PEEP: positive
end-expiratory pressure; PICU: paediatric intensive care unit; PIP: peak inspiratory pressure; PIPP: premature infant pain profile; PMA: post-
menstrual age; PPHN: persistent pulmonary hypertension of the newborn; PVL: periventricular leukomalacia; RDS: respiratory distress
syndrome; RR: respiratory rate; SNAP score: Score for Neonatal Acute Physiology; TISS: Therapeutic Intervention Scoring System.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Akkermans 2015 Wrong patient population
Anand 2008 Wrong study design
Bell 1987 Wrong study design
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Study Reason for exclusion
Bergqvist 2007 Wrong study design
Hwang 1999 Wrong study design
Palmer 2005 Wrong study design
Perlman 2005 Commentary

Characteristics of ongoing studies [ordered by study ID]

IRCT2017082417413N26

Study name Comparing the effect of fentanyl and midazolam on the sedation of infants under mechanical ven-
tilation: a randomized clinical trial

Methods Unblinded mono-centre randomised controlled trial
Sample size: 60 newborns
Setting: Najmiyeh Hospital, Tehran, Iran

Participants Inclusion criteria: ventilated infants weighing between 2.5 and 4 kg
Exclusion criteria: congenital heart disease; brain anomalies; metabolic or chromosomal syn-
dromes

Interventions Fentanyl 0.5 microg/kg
Midazolam 0.1 mg/kg

Outcomes Primary outcomes: duration of hospital stay; duration of mechanical ventilation
Secondary outcome: pneumothorax

Starting date Expected recruitment start date: 1 July 2016

Contact information Mohammad Hossein Khosravi; dr.mhkhosravi@gmail.com

Notes

DATA AND ANALYSES

Comparison 1. Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil, sufentanil, pethidine, meperidine,
codeine) compared to control (placebo or no intervention), with or without other non-pharmacological measures

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.1 Pain (PIPP) 5 Mean Difference (IV, Fixed, 95% Subtotals only
cl)
1.1.1 <12 hours after infusion 2 50 Mean Difference (IV, Fixed, 95% -5.74 [-6.88, -4.59]
cl)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1.1.2>12 and <48 hours afterin- 3 963 Mean Difference (IV, Fixed, 95% -0.98 [-1.35,-0.61]

fusion Cl)

1.1.3 Multiple time points (e.g. 1 150 Mean Difference (IV, Fixed, 95% 0.10[-0.73, 0.93]

during endotracheal suctioning) Cl)

1.2 Pain (NFCS) 1 Mean Difference (IV, Fixed, 95% Subtotals only
Cl)

1.2.1 <12 hours after infusion 1 22 Mean Difference (IV, Fixed, 95% 0.19[-1.15,1.53]
cl)

1.3 Pain (NIPS) 1 Mean Difference (IV, Fixed, 95% Subtotals only
ol)

1.3.1 Multiple time points (e.g. 1 150 Mean Difference (IV, Fixed, 95% -0.19[-0.72, 0.34]

during endotracheal suctioning) Cl)

1.4 Pain (COMFORTneo) 2 Mean Difference (1V, Fixed, 95% Subtotals only
Cl)

1.4.1=12 and <48 hours afterin- 2 65 Mean Difference (IV, Fixed, 95% -3.33[-4.98,-1.68]

fusion Cl)

1.5 Duration of ventilation (days) 7 Mean Difference (IV, Fixed, 95% Subtotals only
cl)

1.5.1 All studies 7 1259 Mean Difference (IV, Fixed, 95% 0.23[-0.38,0.83]
Cl)

1.5.2 With no dose adjustments 3 111 Mean Difference (IV, Fixed, 95% 0.03[-0.62, 0.67]

or open-label boluses Cl)

1.5.3 Very preterm infants only 3 1003 Mean Difference (IV, Fixed, 95%  0.17[-0.47,0.80]
Cl)

1.6 Neonatal mortality 5 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

1.6.1 All studies 5 1189 Risk Ratio (M-H, Fixed, 95% Cl) 1.12[0.80, 1.55]

1.6.2 With no dose adjustments 1 41 Risk Ratio (M-H, Fixed, 95% Cl) 1.27[0.32,4.98]

or open-label boluses

1.6.3 Very preterm infants only 2 943 Risk Ratio (M-H, Fixed, 95% Cl) 1.18[0.82,1.68]

1.7 Mortality to discharge 4 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

1.7.1 All studies 4 178 Risk Ratio (M-H, Fixed, 95% Cl)  0.99[0.52, 1.88]

1.7.2 With no dose adjustments 2 67 Risk Ratio (M-H, Fixed, 95% Cl) 1.43[0.47,4.32]

or open-label boluses

1.8 Neurodevelopmental out- 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

come at 18 to 24 months (moder-
ate to severe disability)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1.8.1 All studies 1 78 Risk Ratio (M-H, Fixed, 95% Cl) 2.00[0.39,10.29]

1.8.2 Very preterm infants only 1 78 Risk Ratio (M-H, Fixed, 95% Cl) 2.00[0.39, 10.29]

1.9 Neurodevelopmental out- 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

come at 5 to 6 years (disability)

1.9.1 All studies 1 95 Risk Ratio (M-H, Fixed, 95% Cl) 1.60[0.56, 4.56]

1.10 Weight gain at discharge (g/ 1 Mean Difference (IV, Fixed,95%  Subtotals only

kg per day) cl)

1.10.1 All studies 1 45 Mean Difference (IV, Fixed, 95% -0.18 [-0.64, 0.28]
Cl)

1.10.2 Very preterm infants only 1 45 Mean Difference (IV, Fixed, 95% -0.18 [-0.64, 0.28]
Cl)

1.11 Days to reach full enteral 3 Mean Difference (IV, Fixed, 95% Subtotals only

feeding Cl)

1.11.1 All studies 3 974 Mean Difference (IV, Fixed, 95% 1.68[0.12,3.25]
cl)

1.11.2 With no dose adjustments 1 31 Mean Difference (IV, Fixed, 95% 0.00[-3.52, 3.52]

or open-label boluses Cl)

1.11.3 Very preterm infants only 2 943 Mean Difference (IV, Fixed, 95%  2.10[0.35, 3.85]
Cl)

1.12 Length of stay in hospital 3 Mean Difference (IV, Fixed,95%  Subtotals only

(days) cl)

1.12.1 All studies 3 131 Mean Difference (IV, Fixed, 95% 1.85[-6.88, 10.57]
cl)

1.12.2 With no dose adjustments 1 31 Mean Difference (IV, Fixed, 95% -2.00[-26.74,22.74]

or open-label boluses Cl)

1.12.3 Very preterm infants only 1 45 Mean Difference (IV, Fixed, 95% -1.40[-18.48, 15.68]
Cl)

1.13 Oxygen at 28 days of life 4 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

(BPD any grade)

1.13.1 All studies 4 262 Risk Ratio (M-H, Fixed, 95% Cl) 1.19[0.73,1.92]

1.13.2 With no dose adjustments 2 57 Risk Ratio (M-H, Fixed, 95% Cl) 1.10[0.36, 3.37]

or open-label boluses

1.14 Oxygen at 36 weeks' post- 4 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

menstrual age (BPD moderate or

severe)

1.14.1 All studies 4 964 Risk Ratio (M-H, Fixed, 95% Cl) 0.99[0.80, 1.23]

Opioids for newborn infants receiving mechanical ventilation (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

60



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1.14.2 With no dose adjustments 2 40 Risk Ratio (M-H, Fixed, 95% Cl) 0.18[0.03,0.92]
or open-label boluses

1.14.3 Very preterm infants only 2 924 Risk Ratio (M-H, Fixed, 95% Cl) 1.05[0.85,1.31]
1.15 Necrotising enterocolitis 6 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
1.15.1 All studies 5 1278 Risk Ratio (M-H, Fixed, 95% Cl) 1.03[0.61, 1.76]
1.15.2 With no dose adjustments 1 46 Risk Ratio (M-H, Fixed, 95% CI) 1.09[0.07, 16.41]
or open-label boluses

1.15.3 Very preterm infants only 2 1029 Risk Ratio (M-H, Fixed, 95% Cl) 1.09[0.56,2.10]
1.16 Any intraventricular haemor- 8 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
rhage (IVH)

1.16.1 All studies 8 515 Risk Ratio (M-H, Fixed, 95% Cl) 0.84 [0.65, 1.09]
1.16.2 With no dose adjustments 4 133 Risk Ratio (M-H, Fixed, 95% Cl) 0.87[0.51, 1.49]
or open-label boluses

1.16.3 Very preterm infants only 2 176 Risk Ratio (M-H, Fixed, 95% Cl) 0.84[0.53,1.33]
1.17 Severe intraventricular 6 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
haemorrhage (Papile grade 3/4)

1.17.1 All studies 6 1299 Risk Ratio (M-H, Fixed, 95% Cl) 0.98[0.71, 1.34]
1.17.2 With no dose adjustments 1 20 Risk Ratio (M-H, Fixed, 95% Cl) 0.33[0.02,7.32]
or open-label boluses

1.17.3 Very preterm infants only 3 1074 Risk Ratio (M-H, Fixed, 95% Cl) 1.09[0.78, 1.52]
1.18 Periventricular leukomalacia 7 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
(PVL)

1.18.1 All studies 7 1345 Risk Ratio (M-H, Fixed, 95% Cl) 0.83[0.57,1.21]
1.18.2 With no dose adjustments 2 66 Risk Ratio (M-H, Fixed, 95% Cl) 1.07[0.48,2.42]
or open-label boluses

1.18.3 Very preterm infants only 3 1074 Risk Ratio (M-H, Fixed, 95% Cl) 0.75[0.47,1.19]
1.19 Hypotension requiring med- 3 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
ical treatment

1.19.1 All studies 3 1083 Risk Ratio (M-H, Fixed, 95% CI) 1.39[1.13,1.72]
1.19.2 With no dose adjustments 1 41 Risk Ratio (M-H, Fixed, 95% Cl) 1.27[0.32,4.98]
or open-label boluses

1.19.3 Very preterm infants only 1 898 Risk Ratio (M-H, Fixed, 95% Cl) 1.62[1.25,2.11]
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Analysis 1.1. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl,
alfentanil, sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no
intervention), with or without other non-pharmacological measures, Outcome 1: Pain (PIPP)

Opioids Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 < 12 hours after infusion
Chen 2015 7.1 1.5 15 15.5 2.6 15 57.0%  -8.40[-9.92,-6.88] g
Siwiec 1999 5.7 1.1 10 7.9 2.6 10 43.0% -2.20 [-3.95, -0.45] —m—
Subtotal (95% CI) 25 25 100.0% -5.74 [-6.88 , -4.59] ‘

Heterogeneity: Chi2 = 27.50, df = 1 (P < 0.00001); 12 = 96%
Test for overall effect: Z = 9.80 (P < 0.00001)

1.1.2 > 12 and < 48 hours after infusion

Anand 1999 7.9 2.3 24 12.7 3.8 21 4.0% -4.80 [-6.67 , -2.93] S
Anand 2004 8 2.69 449 8.77 3.18 449 93.2% -0.77 [-1.16 , -0.38] .
Siwiec 1999 5.9 1.7 10 8.5 3.1 10 2.9% -2.60 [-4.79, -0.41] —_—
Subtotal (95% CI) 483 480 100.0% -0.98 [-1.35, -0.61] ’

Heterogeneity: Chi2 = 19.31, df = 2 (P < 0.0001); I2 = 90%
Test for overall effect: Z = 5.18 (P < 0.00001)

1.1.3 Multiple time points (e.g. during endotracheal suctioning)

Simons 2003 9.86 24 73 9.76 2.8 77 100.0% 0.10[-0.73, 0.93]

Subtotal (95% CI) 73 77 100.0% 0.10 [-0.73, 0.93] ,
Heterogeneity: Not applicable

Test for overall effect: Z = 0.24 (P = 0.81)

-10 5 5 10
Favours Opioids Favours Control

Analysis 1.2. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl,
alfentanil, sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no
intervention), with or without other non-pharmacological measures, Outcome 2: Pain (NFCS)

Opioids Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.2.1 < 12 hours after infusion
Guinsburg 1998 2.55 1.64 11 2.36 1.56 11 100.0%  0.19[-1.15, 1.53]
Subtotal (95% CI) 11 11 100.0% 0.19 [-1.15, 1.53]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.28 (P = 0.78)

Test for subgroup differences: Not applicable _1:00 —!'iO 0 5:0 160
Favours Opioids Favours Control
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Analysis 1.3. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl,
alfentanil, sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no
intervention), with or without other non-pharmacological measures, Outcome 3: Pain (NIPS)

Opioids Control
Study or Subgroup

Mean SD Total Mean SD Total  Weight

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

1.3.1 Multiple time points (e.g. during endotracheal suctioning)

Simons 2003 4.46 1.67 73 4.65 1.65 77 100.0%
77 100.0%

Subtotal (95% CI) 73
Heterogeneity: Not applicable
Test for overall effect: Z = 0.70 (P = 0.48)

Test for subgroup differences: Not applicable

-0.19[-0.72, 0.34]
-0.19 [-0.72, 0.34]

2100 -50 0 50 100
Favours Opioids Favours Control

Analysis 1.4. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention),
with or without other non-pharmacological measures, Outcome 4: Pain (COMFORTneo)

Opioids Control

Study or Subgroup Mean SD Total Mean SD Total  Weight

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

1.4.1 2 12 and < 48 hours after infusion

Anand 1999 (1) 14.7 3.2 24 17.5 4.2 21
Siwiec 1999 12.9 2.13 10 16.9 341 10 43.9%
Subtotal (95% CI) 34

Heterogeneity: Chi2 = 0.50, df = 1 (P = 0.48); I> = 0%
Test for overall effect: Z = 3.95 (P < 0.0001)

Test for subgroup differences: Not applicable

Footnotes

31 100.0%

-2.80[-5.01,-0.59] ——
-4.00[-6.49,-1.51] —
-3.33[-4.98,-1.68]

-2 -1 1 2
Favours Opioids Favours Control

(1) Metaanalyis is not displayed as different pain scales were used. The graph shows the effect within each trial.
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Analysis 1.5. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention),
with or without other non-pharmacological measures, Outcome 5: Duration of ventilation (days)

Opioids Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
1.5.1 All studies
Anand 1999 75 8.3 24 122 12.7 21 09% -4.70[-11.07, 1.67] I 0000020
Anand 2004 17.6 21.7 449 145 18.7 449 52% 3.10[0.45, 5.75] . 0000020
Lago 1998 9 8 27 7 10 28 1.6% 2.00[-2.78, 6.78] — 190200
Lago 1999 7 7 15 7 4 16 2.2% 0.00 [-4.05 , 4.05] — 2 00O 2@
Qiu 2019 442 1.32 30 438 1.27 30  845%  0.04[-0.62,0.70] ] @007 2@
Simons 2003 6.47 9 73 55 7 77 54%  097[-1.62,3.56] 1 00O ® @
Siwiec 1999 13.8 16.6 10 19 14.6 10 02% -5.20[-1890,850] — . | 2900 2 ®
Subtotal (95% CI) 628 631 100.0% 0.23 [-0.38, 0.83] )
Heterogeneity: Chi2 = 8.59, df = 6 (P = 0.20); I2 = 30%
Test for overall effect: Z = 0.74 (P = 0.46)
1.5.2 With no dose adjustments or open-label boluses
Lago 1999 7 7 15 7 4 16 2.5% 0.00 [-4.05 , 4.05] — 09000220
Qiu 2019 4.42 1.32 30 4.38 1.27 30 97.2% 0.04 [-0.62, 0.70] . 29002 20
Siwiec 1999 13.8 16.6 10 19 14.6 10 0.2%  -5.20[-18.90, 8.50] N W— 900 e
Subtotal (95% CI) 55 56 100.0% 0.03 [-0.62, 0.67]
Heterogeneity: Chi2 = 0.56, df = 2 (P = 0.76); 2= 0%
Test for overall effect: Z = 0.08 (P = 0.93)
1.5.3 Very preterm infants only
Anand 1999 7.5 8.3 24 122 12.7 21 1.0% -4.70[-11.07, 1.67] I 0000020
Anand 2004 17.6 21.7 449 145 18.7 49 57% 3.10[0.45, 5.75] — 'YX X X EX )
Qiu 2019 442 1.32 30 438 127 30 933%  0.04[-0.62,0.70] ] 200> 220
Subtotal (95% CI) 503 500 100.0% 0.17 [-0.47 , 0.80] )
Heterogeneity: Chi2 = 7.10, df = 2 (P = 0.03); I = 72%
Test for overall effect: Z = 0.52 (P = 0.60)
Test for subgroup differences: Chi? = 0.20, df = 2 (P = 0.90), I = 0% _2=0 _1=0 1,0 2,0
Favours Opioids Favours Control
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Opioids for newborn infants receiving mechanical ventilation (Review) 64
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Analysis 1.6. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention),
with or without other non-pharmacological measures, Outcome 6: Neonatal mortality

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.6.1 All studies
Anand 1999 0 24 2 21 4.4% 0.18[0.01,3.47] ¢
Anand 2004 58 449 47 449 77.7% 1.23[0.86, 1.77] .
Lago 1998 1 27 1 28 1.6% 1.04 [0.07 , 15.76] [
Quinn 1993 4 21 3 20 5.1% 1.27[0.32, 4.98] PR
Simons 2003 4 73 7 77 11.3% 0.60[0.18, 1.97] R N
Subtotal (95% CI) 594 595 100.0% 1.12[0.80, 1.55] ‘
Total events: 67 60

Heterogeneity: Chi2 = 2.85, df =4 (P = 0.58); 2 = 0%
Test for overall effect: Z = 0.65 (P = 0.51)

1.6.2 With no dose adjustments or open-label boluses

Quinn 1993 4 21 3 20 100.0% 1.27[0.32, 4.98]
Subtotal (95% CI) 21 20 100.0% 1.27[0.32, 4.98]
Total events: 4 3

Heterogeneity: Not applicable
Test for overall effect: Z = 0.34 (P = 0.73)

1.6.3 Very preterm infants only

Anand 1999 0 24 2 21 5.4% 0.18[0.01,3.47] ¢

Anand 2004 58 449 47 449  94.6% 1.23[0.86, 1.77]

Subtotal (95% CI) 473 470 100.0% 1.18 [0.82, 1.68] ,
Total events: 58 49

Heterogeneity: Chi? = 1.63, df = 1 (P = 0.20); I? = 38%
Test for overall effect: Z = 0.90 (P = 0.37)

001 0.1 10 100
Favours Opioids Favours Control
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Analysis 1.7. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention),
with or without other non-pharmacological measures, Outcome 7: Mortality to discharge

Opioids Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
1.7.1 All studies
Dyke 1995 0 12 0 14 Not estimable 0092 ® O
Lago 1998 1 27 1 28 7.0% 1.04[0.07 , 15.76] [E— 2 90200
Quinn 1992 7 28 9 28 63.9% 0.78[0.34, 1.80] 2 09000 0
Quinn 1993 6 21 4 20 29.1% 1.43[0.47 , 4.32] P00 ® O
Subtotal (95% CI) 88 90 100.0% 0.99 [0.52, 1.88]
Total events: 14 14
Heterogeneity: Chi2 = 0.74, df = 2 (P = 0.69); 12 = 0%
Test for overall effect: Z = 0.05 (P = 0.96)
1.7.2 With no dose adjustments or open-label boluses
Dyke 1995 0 12 0 14 Not estimable X XX X NN )
Quinn 1993 6 21 4 20 100.0% 1.43[0.47 , 4.32] 000000
Subtotal (95% CI) 33 34 100.0% 1.43[0.47,4.32] t
Total events: 6 4
Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)
Test for subgroup differences: Chi2 = 0.32, df = 1 (P = 0.57), 12 = 0% 0_61 Ofl 1:0 160

Favours Opioids Favours Control

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.8. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil, sufentanil, pethidine,
meperidine, codeine) compared to control (placebo or no intervention), with or without other non-pharmacological
measures, Outcome 8: Neurodevelopmental outcome at 18 to 24 months (moderate to severe disability)

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.8.1 All studies
Ancora 2013 4 39 2 39 100.0% 2.00[0.39, 10.29] __._
Subtotal (95% CI) 39 39 100.0% 2.00 [0.39, 10.29] ‘
Total events: 4 2

Heterogeneity: Not applicable
Test for overall effect: Z = 0.83 (P = 0.41)

1.8.2 Very preterm infants only

Ancora 2013 4 39 2 39 100.0% 2.00[0.39, 10.29] __._
Subtotal (95% CI) 39 39 100.0% 2.00[0.39, 10.29] ‘
Total events: 4 2

Heterogeneity: Not applicable

Test for overall effect: Z = 0.83 (P = 0.41)
Test for subgroup differences: Chi? = 0.00, df = 1 (P = 1.00), I> = 0% 0_61 0{1 1:0 160
Favours Opioids Favours Control
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Analysis 1.9. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil, sufentanil,
pethidine, meperidine, codeine) compared to control (placebo or no intervention), with or without other
non-pharmacological measures, Outcome 9: Neurodevelopmental outcome at 5 to 6 years (disability)

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.9.1 All studies
Quinn 1993 12 62 4 33 100.0% 1.60 [0.56 , 4.56]
Subtotal (95% CI) 62 33 100.0% 1.60 [0.56 , 4.56] 1
Total events: 12 4

Heterogeneity: Not applicable
Test for overall effect: Z = 0.87 (P = 0.38)

Test for subgroup differences: Not applicable 0.61 Ofl 10 160
Favours Opioids Favours Control

Analysis 1.10. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention), with or
without other non-pharmacological measures, Outcome 10: Weight gain at discharge (g/kg per day)

Opioids Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.10.1 All studies
Anand 1999 1.78 0.72 24 1.96 0.84 21 100.0% -0.18 [-0.64, 0.28]
Subtotal (95% CI) 24 21 100.0% -0.18 [-0.64 , 0.28]

Heterogeneity: Not applicable
Test for overall effect: Z = 0.77 (P = 0.44)

1.10.2 Very preterm infants only
Anand 1999 1.78 0.72 24 1.96 0.84 21 100.0% -0.18 [-0.64, 0.28] .
Subtotal (95% CI) 24 21 100.0% -0.18 [-0.64 , 0.28]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.77 (P = 0.44)

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 1.00), I? = 0% _1:00 _5:0 5:0 160
Favours Opioids Favours Control
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Analysis 1.11. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention), with
or without other non-pharmacological measures, Outcome 11: Days to reach full enteral feeding

Opioids Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.11.1 All studies
Anand 1999 23.4 16.4 24 18.6 15.5 21 2.8% 4.80[-4.53, 14.13]
Anand 2004 22.8 13.9 449 20.8 13.3 449  77.4% 2.00[0.22, 3.78]
Lago 1999 11 5 15 1 5 16 19.8% 0.00 [-3.52, 3.52]
Subtotal (95% CI) 488 486 100.0% 1.68[0.12, 3.25]
Heterogeneity: Chi? = 1.43, df = 2 (P = 0.49); I = 0%
Test for overall effect: Z = 2.11 (P = 0.04)
1.11.2 With no dose adjustments or open-label boluses
Lago 1999 11 5 15 11 5 16 100.0% 0.00 [-3.52, 3.52]
Subtotal (95% CI) 15 16 100.0% 0.00 [-3.52, 3.52]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
1.11.3 Very preterm infants only
Anand 1999 23.4 16.4 24 18.6 15.5 21 3.5% 4.80[-4.53,14.13]
Anand 2004 22.8 13.9 449 20.8 13.3 449 96.5% 2.00[0.22, 3.78]
Subtotal (95% CI) 473 470 100.0% 2.10[0.35, 3.85]

Heterogeneity: Chi2 = 0.33, df = 1 (P = 0.56); I = 0%
Test for overall effect: Z = 2.35 (P = 0.02)

<100 -50
Favours Opioids

50 100
Favours Control

Analysis 1.12. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention), with
or without other non-pharmacological measures, Outcome 12: Length of stay in hospital (days)

Opioids Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.12.1 All studies
Anand 1999 56.1 23.9 24 57.5 33.1 21 26.1% -1.40 [-18.48 , 15.68] R S
Lago 1998 39 22 27 35 20 28 61.5% 4.00[-7.12,15.12]
Lago 1999 49 37 15 51 33 16 12.4% -2.00 [-26.74 , 22.74]
Subtotal (95% CI) 66 65 100.0% 1.85 [-6.88 , 10.57]
Heterogeneity: Chi2 = 0.38, df = 2 (P = 0.83); 2= 0%
Test for overall effect: Z = 0.41 (P = 0.68)
1.12.2 With no dose adjustments or open-label boluses
Lago 1999 49 37 15 51 33 16 100.0% -2.00 [-26.74 , 22.74]
Subtotal (95% CI) 15 16 100.0% -2.00 [-26.74 , 22.74] i
Heterogeneity: Not applicable
Test for overall effect: Z = 0.16 (P = 0.87)
1.12.3 Very preterm infants only
Anand 1999 56.1 23.9 24 57.5 33.1 21  100.0% -1.40 [-18.48 , 15.68]
Subtotal (95% CI) 24 21 100.0% -1.40 [-18.48 , 15.68] t

Heterogeneity: Not applicable
Test for overall effect: Z = 0.16 (P = 0.87)

50 25
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25 50
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Opioids for newborn infants receiving mechanical ventilation (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

68



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Analysis 1.13. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil, sufentanil,
pethidine, meperidine, codeine) compared to control (placebo or no intervention), with or without
other non-pharmacological measures, Outcome 13: Oxygen at 28 days of life (BPD any grade)

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.13.1 All studies
Dyke 1995 1 12 2 14 7.6% 0.58[0.06 , 5.66] - .
Lago 1998 6 27 2 28 8.1% 3.11[0.69, 14.09] J I
Lago 1999 4 15 3 16 12.0% 1.420.38, 5.33] P I
Simons 2003 17 73 18 77 72.3% 1.00[0.56, 1.78]
Subtotal (95% CI) 127 135 100.0% 1.19[0.73, 1.92] t
Total events: 28 25

Heterogeneity: Chi2 = 2.36, df = 3 (P = 0.50); I2 = 0%
Test for overall effect: Z = 0.70 (P = 0.48)

1.13.2 With no dose adjustments or open-label boluses

Dyke 1995 1 12 2 14 38.9% 0.58[0.06 , 5.66] T E—
Lago 1999 4 15 3 16 61.1% 1.42[0.38, 5.33]

Subtotal (95% CI) 27 30 100.0% 1.10 [0.36 , 3.37] t
Total events: 5 5

Heterogeneity: Chi2 = 0.45, df =1 (P = 0.50); I2 = 0%
Test for overall effect: Z = 0.16 (P = 0.87)

Test for subgroup differences: Chi? = 0.02, df = 1 (P = 0.90), I* = 0% 0.61 Oil 1:0 160
Favours Opioids Favours Control
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Analysis 1.14. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil, sufentanil,
pethidine, meperidine, codeine) compared to control (placebo or no intervention), with or without other non-
pharmacological measures, Outcome 14: Oxygen at 36 weeks' postmenstrual age (BPD moderate or severe)

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.14.1 All studies
Anand 2004 87 391 88 402 71.1% 1.02[0.78, 1.32]
Ancora 2013 31 64 28 67 22.4% 1.16[0.79, 1.69] 1
Orsini 1996 1 11 4 9 3.6% 0.20[0.03, 1.52] P —
Siwiec 1999 0 10 3 10 2.9% 0.14[0.01,2.45] ¢— W L
Subtotal (95% CI) 476 488 100.0% 0.99 [0.80, 1.23] 0
Total events: 119 123

Heterogeneity: Chi2 = 4.83, df = 3 (P = 0.18); 2 = 38%
Test for overall effect: Z = 0.05 (P = 0.96)

1.14.2 With no dose adjustments or open-label boluses

Orsini 1996 1 11 4 9 55.7% 0.20[0.03, 1.52] —
Siwiec 1999 0 10 3 10 44.3% 0.14[0.01,245] — @m 1
Subtotal (95% CI) 21 19 100.0% 0.18 [0.03, 0.92] ’
Total events: 1 7

Heterogeneity: Chi2 = 0.04, df =1 (P =0.84); 2 = 0%
Test for overall effect: Z = 2.06 (P = 0.04)

1.14.3 Very preterm infants only

Anand 2004 87 391 88 402 76.0% 1.02[0.78, 1.32]
Ancora 2013 31 64 28 67  24.0% 1.16 [0.79, 1.69]
Subtotal (95% CI) 455 469 100.0% 1.05[0.85, 1.31]
Total events: 118 116

Heterogeneity: Chi? = 0.32, df =1 (P =0.57); 2= 0%
Test for overall effect: Z = 0.44 (P = 0.66)

Test for subgroup differences: Chi? = 4.42, df = 2 (P = 0.11), I? = 54.8% 0.61 0?1 1 10 160
Favours Opioids Favours Control
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Analysis 1.15. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention),
with or without other non-pharmacological measures, Outcome 15: Necrotising enterocolitis

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.15.1 All studies
Anand 1999 9 449 8 449  31.9% 1.13[0.44, 2.89]
Anand 2004 8 64 8 67 31.2% 1.05[0.42, 2.62] I
Jiang 2012 1 22 1 24 3.8% 1.09 [0.07 , 16.41] [ R
Lago 1998 0 26 1 27 5.9% 0.35[0.01, 8.12]
Simons 2003 7 73 7 77 27.2% 1.05[0.39, 2.86]
Subtotal (95% CI) 634 644 100.0% 1.03 [0.61, 1.76] T
Total events: 25 25

Heterogeneity: Chi2 = 0.50, df =4 (P = 0.97); 2 = 0%
Test for overall effect: Z = 0.13 (P = 0.90)

1.15.2 With no dose adjustments or open-label boluses

Jiang 2012 1 22 1 24 100.0% 1.09[0.07, 16.41]
Subtotal (95% CI) 22 24 100.0% 1.09 [0.07, 16.41]
Total events: 1 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.06 (P = 0.95)

1.15.3 Very preterm infants only

Anand 2004 9 449 8 449 50.6% 1.13[0.44, 2.89] T
0.1 1 10

Ancora 2013 8 64 8 67  49.4% 1.05[0.42, 2.62]
Subtotal (95% CI) 513 516 100.0% 1.09 [0.56 , 2.10]
Total events: 17 16

Heterogeneity: Chi? = 0.01, df =1 (P =0.91); 2= 0%

Test for overall effect: Z = 0.25 (P = 0.81)

Test for subgroup differences: Chi? = 0.01, df = 2 (P = 0.99), I> = 0% 0.61 160
Favours Opioids Favours Control
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Analysis 1.16. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil, sufentanil,
pethidine, meperidine, codeine) compared to control (placebo or no intervention), with or without
other non-pharmacological measures, Outcome 16: Any intraventricular haemorrhage (IVH)

Risk Ratio

M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Opioids Control
Study or Subgroup Events Total Events Total Weight
1.16.1 All studies
Anand 1999 3 24 4 21 4.9%
Ancora 2013 20 64 24 67 27.0%
Dyke 1995 3 12 1 14 1.1%
Jiang 2012 7 22 10 24 11.0%
Orsini 1996 1 11 3 9 3.8%
Quinn 1992 15 28 9 28  10.4%
Quinn 1993 6 21 6 20 7.1%
Simons 2003 17 73 31 77  34.8%
Subtotal (95% CI) 255 260 100.0%
Total events: 72 88
Heterogeneity: Chi2 = 9.69, df =7 (P =0.21); I2 = 28%
Test for overall effect: Z =1.32 (P =0.19)
1.16.2 With no dose adjustments or open-label boluses
Dyke 1995 3 12 1 14 4.6%
Jiang 2012 7 22 10 24 48.0%
Orsini 1996 1 11 3 9 16.6%
Quinn 1993 6 21 6 20 30.8%
Subtotal (95% CI) 66 67 100.0%
Total events: 17 20
Heterogeneity: Chi2 = 2.98, df = 3 (P = 0.40); I2 = 0%
Test for overall effect: Z = 0.52 (P = 0.61)
1.16.3 Very preterm infants only
Anand 1999 3 24 4 21 15.4%
Ancora 2013 20 64 24 67 84.6%
Subtotal (95% CI) 88 88 100.0%
Total events: 23 28

Heterogeneity: Chi2 = 0.15, df =1 (P =0.70); 2 = 0%
Test for overall effect: Z = 0.75 (P = 0.45)

Test for subgroup differences: Chi2 = 0.01, df = 2 (P = 0.99), I = 0%

0.66 [0.17, 2.60]
0.87[0.54, 1.42]
3.50[0.42 , 29.39]
0.76 [0.35, 1.66]
0.27[0.03, 2.19]
1.67 [0.88, 3.16]
0.95[0.37, 2.47]
0.58 [0.35, 0.95]
0.84 [0.65 , 1.09]

3.50[0.42, 29.39]
0.76 [0.35, 1.66]
0.27[0.03, 2.19]
0.95[0.37, 2.47]
0.87 [0.51 , 1.49]

0.66[0.17, 2.60]
0.87[0.54, 1.42]
0.84 [0.53 , 1.33]

001 0.1
Favours Opioids

10 100
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Analysis 1.17. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil, sufentanil,
pethidine, meperidine, codeine) compared to control (placebo or no intervention), with or without other
non-pharmacological measures, Outcome 17: Severe intraventricular haemorrhage (Papile grade 3/4)

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.17.1 All studies
Anand 1999 0 24 3 21 5.4% 0.13[0.01,230] ¢——u 1
Anand 2004 55 449 46 449 66.4% 1.20[0.83, 1.73] B
Ancora 2013 8 64 9 67 12.7% 0.9310.38, 2.26] JR
Lago 1998 0 27 2 28 3.5% 0.21[0.01, 4.13]
Simons 2003 3 73 7 77 9.8% 0.45[0.12, 1.68] R
Siwiec 1999 0 10 1 10 2.2% 0.33[0.02, 7.32]
Subtotal (95% CI) 647 652 100.0% 0.98 [0.71, 1.34] ’
Total events: 66 68

Heterogeneity: Chi2 = 5.89, df =5 (P =0.32); 2 = 15%
Test for overall effect: Z = 0.14 (P = 0.89)

1.17.2 With no dose adjustments or open-label boluses

Siwiec 1999 0 10 1 10 100.0% 0.33[0.02, 7.32] .
Subtotal (95% CI) 10 10 100.0% 0.33 [0.02, 7.32] ‘
Total events: 0 1

Heterogeneity: Not applicable
Test for overall effect: Z = 0.70 (P = 0.49)

1.17.3 Very preterm infants only

Anand 1999 0 24 3 21 6.4% 0.13[0.01,2.30] ¢— = [
Anand 2004 55 449 46 449  78.6% 1.20[0.83, 1.73]

Ancora 2013 8 64 9 67 15.0% 0.93[0.38, 2.26]

Subtotal (95% CI) 537 537 100.0% 1.09 [0.78 , 1.52]

Total events: 63 58

Heterogeneity: Chi2 = 2.49, df = 2 (P = 0.29); I2 = 20%
Test for overall effect: Z = 0.49 (P = 0.62)

Test for subgroup differences: Chi? = 0.71, df = 2 (P = 0.70), I> = 0% 0.61 0?1 1:0 160
Favours Opioids Favours Control
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Analysis 1.18. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil,
sufentanil, pethidine, meperidine, codeine) compared to control (placebo or no intervention), with
or without other non-pharmacological measures, Outcome 18: Periventricular leukomalacia (PVL)

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.18.1 All studies
Anand 1999 1 24 1 21 2.0% 0.88[0.06, 13.14] -
Anand 2004 27 449 34 449  64.1% 0.79[0.49, 1.29] B
Ancora 2013 2 64 5 67 9.2% 0.42[0.08, 2.08] S
Jiang 2012 8 22 6 24 10.8% 1.45[0.60, 3.53] J
Lago 1998 3 27 3 28 5.5% 1.04[0.23, 4.70] [ N
Simons 2003 2 73 2 77 3.7% 1.05[0.15, 7.29] N
Siwiec 1999 0 10 2 10 4.7% 0.20[0.01, 3.70]
Subtotal (95% CI) 669 676 100.0% 0.83[0.57,1.21] ‘
Total events: 43 53
Heterogeneity: Chi2 = 3.33, df =6 (P =0.77); 2 = 0%
Test for overall effect: Z = 0.98 (P = 0.33)
1.18.2 With no dose adjustments or open-label boluses
Jiang 2012 8 22 6 24 69.7% 1.45[0.60, 3.53] _I._
Siwiec 1999 0 10 2 10  30.3% 0.20[0.01, 3.70] -
Subtotal (95% CI) 32 34 100.0% 1.07 [0.48 , 2.42]
Total events: 8 8

Heterogeneity: Chi? = 1.72,df =1 (P =0.19); I2 = 42%
Test for overall effect: Z = 0.17 (P = 0.86)

1.18.3 Very preterm infants only

Anand 1999 1 24 1 21 2.7% 0.88 [0.06, 13.14]
Anand 2004 27 449 34 449 85.1% 0.79[0.49, 1.29]
Ancora 2013 2 64 5 67 12.2% 0.42[0.08 , 2.08]
Subtotal (95% CI) 537 537 100.0% 0.75[0.47 , 1.19]
Total events: 30 40

Heterogeneity: Chi2 = 0.57, df =2 (P =0.75); 2 = 0%
Test for overall effect: Z =1.23 (P =0.22)

001 0.1 1 10
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Analysis 1.19. Comparison 1: Any opioid (e.g. morphine, diamorphine, fentanyl, alfentanil, sufentanil,
pethidine, meperidine, codeine) compared to control (placebo or no intervention), with or without
other non-pharmacological measures, Outcome 19: Hypotension requiring medical treatment

Opioids Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.19.1 All studies
Anand 2004 117 449 72 449 65.7% 1.63[1.25, 2.11] [ ]
Quinn 1993 4 21 3 20 2.8% 1.27[0.32, 4.98] PR
Simons 2003 31 71 35 73  31.5% 0.91[0.64, 1.30] -
Subtotal (95% CI) 541 542 100.0% 1.39[1.13,1.72] ‘
Total events: 152 110

Heterogeneity: Chi2 = 6.79, df =2 (P =0.03); 2= 71%
Test for overall effect: Z = 3.06 (P = 0.002)

1.19.2 With no dose adjustments or open-label boluses

Quinn 1993 4
Subtotal (95% CI)
Total events: 4

Heterogeneity: Not applicable

Test for overall effect: Z = 0.34 (P = 0.73)

1.19.3 Very preterm infants only

Anand 2004 117
Subtotal (95% CI)
Total events: 117

Heterogeneity: Not applicable

21 3
21

3

449 72
449

72

Test for overall effect: Z = 3.62 (P = 0.0003)

Comparison 2. Morphine compared to midazolam

20 100.0%
20 100.0%

449 100.0%
449 100.0%

1.27[0.32, 4.98]
1.27 [0.32, 4.98]

-

1.63[1.25, 2.11]
1.63 [1.25, 2.11]

<

001 01
Favours Opioids

10 100
Favours Control

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.1 Pain (PIPP) 1 Mean Difference (IV, Fixed, 95% Subtotals only
Cl)
2.2 Pain (COMFORTneo) 1 Mean Difference (IV, Fixed, 95% Subtotals only
Cl)
2.3 Duration of ventilation (days) 1 Mean Difference (IV, Fixed, 95% Subtotals only
Cl)
2.4 Neonatal mortality 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
2.5 Weight gain at discharge (g/kg 1 Mean Difference (IV, Fixed, 95% Subtotals only
per day) Cl)
1 Mean Difference (IV, Fixed, 95% Subtotals only

2.6 Days to reach full enteral feed-
ing

cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.7 Length of stay in hospital (days) 1 Mean Difference (IV, Fixed, 95%  Totals not select-
Cl) ed
2.8 Any intraventricular haemor- 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
rhage (IVH)
2.9 Severe intraventricular haem- 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

orrhage (Papile grade 3/4)

2.10 Periventricular leukomalacia 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
(PVL)

Analysis 2.1. Comparison 2: Morphine compared to midazolam, Outcome 1: Pain (PIPP)

Opioids Midazolam Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI 1V, Fixed, 95% CI
Anand 1999 7.9 2.3 24 8.9 3.3 22 -1.00[-2.66, 0.66] —
-10 -5 0 5 10
Favours Opioids Favours Control

Analysis 2.2. Comparison 2: Morphine compared to midazolam, Outcome 2: Pain (COMFORTneo)

Opioids Midazolam Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Anand 1999 14.7 3.2 24 14.9 4.6 22 -0.20[-2.51,2.11]
2100 -50 50 100
Favours Opioids Favours Control

Analysis 2.3. Comparison 2: Morphine compared to midazolam, Outcome 3: Duration of ventilation (days)

Opioids Midazolam Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Anand 1999 7.5 8.3 24 14.2 11.1 22 -6.70[-12.40,-1.00] -+
2100 -50 0 50 100
Favours Opioids Favours Control
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Analysis 2.4. Comparison 2: Morphine compared to midazolam, Outcome 4: Neonatal mortality

Opioids Midazolam Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1999 0 24 1 22 0.31[0.01, 7.16] i
001 0.1 1 10 100
Favours Opioids Favours Control

Analysis 2.5. Comparison 2: Morphine compared to midazolam, Outcome 5: Weight gain at discharge (g/kg per day)

Opioids Midazolam Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Anand 1999 1.78 0.72 24 1.97 0.89 22 -0.19[-0.66, 0.28]
2100 -50 0 50 100
Favours Opioids Favours Control

Analysis 2.6. Comparison 2: Morphine compared to midazolam, Outcome 6: Days to reach full enteral feeding

Opioids Midazolam Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Anand 1999 234 16.4 24 21.7 14 22 1.70[-7.09, 10.49] .
2100 -50 50 100
Favours Opioids Favours Control

Analysis 2.7. Comparison 2: Morphine compared to midazolam, Outcome 7: Length of stay in hospital (days)

Opioids Midazolam Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Anand 1999 56.1 23.9 24 78 46.5 22 -21.90 [-43.56, -0.24] —_
2100 50 0 50 100
Favours Opioids Favours Control

Analysis 2.8. Comparison 2: Morphine compared to midazolam, Outcome 8: Any intraventricular haemorrhage (IVH)

Opioids Midazolam Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1999 3 24 10 22 0.28 [0.09, 0.87] R T—
001 0.1 ] 10 100
Favours Opioids Favours Control
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Analysis 2.9. Comparison 2: Morphine compared to midazolam,
Outcome 9: Severe intraventricular haemorrhage (Papile grade 3/4)

Opioids Midazolam Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1999 0 24 5 22 0.08[0.00,1.43] ¢—p— |
001 0.1 1 10 100
Favours Opioids Favours Control

Analysis 2.10. Comparison 2: Morphine compared to midazolam, Outcome 10: Periventricular leukomalacia (PVL)

Opioids Midazolam Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1999 1 24 4 22 0.23[0.03, 1.90] -
001 0.1 1 10 100
Favours Opioids Favours Control

Comparison 3. Morphine vs fentanyl

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

3.1 Mortality to discharge 1 Risk Ratio (M-H, Fixed, 95% Subtotals only
Cl)

3.2 Severe intraventricular haemor- 1 Risk Ratio (M-H, Fixed, 95% Subtotals only

rhage (Papile grade 3/4) Cl)

3.3 Necrotising enterocolitis 1 Risk Ratio (M-H, Fixed, 95% Subtotals only
Cl)

3.4 Hypotension requiring medical 1 Risk Ratio (M-H, Fixed, 95% Subtotals only

treatment Cl)

Analysis 3.1. Comparison 3: Morphine vs fentanyl, Outcome 1: Mortality to discharge

Morphine Fentanyl Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Saarenmaa 1999 7 80 6 83 1.21[0.43, 3.45] R T —
01 02 05 1 2 5 10
Favours Morphine Favours Fentanyl
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Analysis 3.2. Comparison 3: Morphine vs fentanyl, Outcome
2: Severe intraventricular haemorrhage (Papile grade 3/4)

Morphine Fentanyl Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Saarenmaa 1999 4 80 7 83 0.59[0.18, 1.95] _—
001 0.1 10 100
Favours Morphine Favours Fentanyl

Analysis 3.3. Comparison 3: Morphine vs fentanyl, Outcome 3: Necrotising enterocolitis

Morphine Fentanyl Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Saarenmaa 1999 8 80 10 83 0.83[0.35, 2.00] i
001 0.1 1 10 100
Favours Morphine Favours Fentanyl

Analysis 3.4. Comparison 3: Morphine vs fentanyl, Outcome 4: Hypotension requiring medical treatment

Morphine Fentanyl Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Saarenmaa 1999 67 80 63 83 1.10[0.94, 1.29] 1
001 0.1 1 10 100
Favours Morphine Favours Fentanyl

Comparison 4. Morphine vs diamorphine

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.1 Neonatal mortality 1 Risk Ratio (M-H, Fixed, 95% Subtotals only

cl)
4.2 Any intraventricular haemorrhage 1 Risk Ratio (M-H, Fixed, 95% Subtotals only
(IVH) Cl)
4.3 Bronchopulmonary dysplasia (BPD) 1 Risk Ratio (M-H, Fixed, 95% Subtotals only
defined as oxygen required at 28 days Cl)
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Analysis 4.1. Comparison 4: Morphine vs diamorphine, Outcome 1: Neonatal mortality

Morphine Diamorphine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Wood 1998 7 44 6 44 1.17[0.43, 3.19] —
001 01 10 100
[Not identical] Favours Diamorphine

Analysis 4.2. Comparison 4: Morphine vs diamorphine, Outcome 2: Any intraventricular haemorrhage (IVH)

Morphine Diamorphine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Wood 1998 15 44 23 44 0.65[0.40, 1.07] —
001 01 1 10 100
[Not identical] Favours Diamorphine

Analysis 4.3. Comparison 4: Morphine vs diamorphine, Outcome 3:
Bronchopulmonary dysplasia (BPD) defined as oxygen required at 28 days

Morphine Diamorphine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Wood 1998 16 44 15 44 1.07 [0.60, 1.88] —4—
001 0.1 1 10 100
Favours Morphine Favours Diamorphine

Comparison 5. Fentanyl vs sufentanil

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

5.1 Duration of mechanical ventila- 1 Mean Difference (IV, Fixed, 95%  Subtotals only

tion Cl)

Analysis 5.1. Comparison 5: Fentanyl vs sufentanil, Outcome 1: Duration of mechanical ventilation

Fentanyl Sufentanyl Mean Difference Mean Difference
Study or Subgroup Mean [days] SD [days] Total Mean [days] SD [days] Total 1V, Fixed, 95% CI [days] 1V, Fixed, 95% CI [days]
Schmidt 2010 42 11 10 33 23 10 9.00 [-6.80 , 24.80] R
Test for subgroup differences: Not applicable _2:0 _1:0 0 1:0 2:0
Favours Fentanyl Favours Sufentanil
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Comparison 6. Fentanyl vs remifentanil

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

6.1 Hypotension requiring medical 1 24 Risk Ratio (M-H, Fixed, 95% 1.20[0.50, 2.88]

treatment Cl)

Analysis 6.1. Comparison 6: Fentanyl vs remifentanil, Outcome 1: Hypotension requiring medical treatment

Fentanyl Remifentanil Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Welzing 2012 6 12 5 12 100.0% 1.20[0.50, 2.88]
Total (95% CI) 12 12 100.0% 1.20 [0.50, 2.88]
Total events: 6 5
Heterogeneity: Not applicable 0.05 0.2 1 5 20
Test for overall effect: Z = 0.41 (P = 0.68) Favours Fentanyl Favours Remifentanil

Test for subgroup differences: Not applicable
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ADDITIONAL TABLES
Table 1. Overview of included studies

Study ID Country Sample size GA (weeks) Intervention Comparison Administration Open-label
boluses
Comparison 1: opioids vs placebo or no intervention
Anand 1999* USA, UK, Ger- 674 24to0 32 Morphine Dextrose 10% LD + Cladj Morphine
many, Sweden
Anand 2004 USA, UK, France, 898 23t0 32 Morphine Placebo LD + Cladj Morphine
Sweden
Dyke 1995 Australia 26 29to 36 Morphine Dextrose 5% LD +Cl No
Jiang 2012 China 46 33t039 Morphine Glucose 5% LD +ClI No
Quinn 1992 UK 57 <34 Morphine No intervention Cl Morphine
Quinn 1993 UK 41 <34 Morphine Dextrose 5% LD +Cl No
Simons 2003 Netherlands 150 27t032 Morphine Glucose 5% LD +Cl Morphine
(interquartile)
Siwiec 1999 Not reported 20 26to35 Morphine No intervention LD +Cl No
Ancora 2013 Italy 131 22t032 Fentanyl Placebo LD +ClI Fentanyl
Chen 2015 China 30 28to 39 Fentanyl No intervention LD + Cladj No
Guinsburg 1998 Brazil 22 <32 Fentanyl Saline Single dose No
Lago 1998 Italy 55 26 to 34 Fentanyl No intervention Cladj No
Lago 1999 Italy 31 28to0 37 Fentanyl Placebo Cl No
Orsini 1996 USA 20 26to 36 Fentanyl Placebo LD +Cl No
Qiu 2019 China 60 <32 Fentanyl Glucose 5% LD +Cl Mo

Comparison 2: opioids vs other analgesics and sedatives
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Table 1. Overview of included studies (continued)

Anand 1999* USA, UK, Ger- 670 24t0 32 Morphine Midazolam LD + Cladj Morphine
many, Sweden
Liem 1999 Not reported 8 30to032 Morphine Midazolam LD +Cl No
Comparison 3: opioids vs other opioids
lonides 1994 USA 27 30to 38 Morphine Fentanyl Single dose No
Naderi 2017 Iran 32 26 to 38 Morphine Fentanyl LD +ClI No
Saarenmaa 1999 Finland 163 29to 36 Morphine Fentanyl LD +Cl Drug not
(interquartile) specified
Wood 1998 UK 88 <35 Morphine Diamorphine LD +Cl No
e Silva 2008 Brazil 20 281t0 34 Morphine Remifentanil Cl No
Schmidt 2010 Germany 20 =37 Fentanyl Sufentanil LD +Cladj Midazolam
Welzing 2012 Germany 24 <36 Fentanyl Remifentanil Cladj Midazolam,
thiopental

Cl: continuous infusion; Cladj: continuous infusion and infusion rate adjustment based on pain score/clinical evaluation; GA: gestational age; LD: loading dose.
aThis study is described in both Comparison 1 and Comparison 2 because it comprised three arms: morphine sulphate, midazolam hydrochloride, and placebo.
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APPENDICES

Appendix 1. 'Risk of bias' tool

We will use the standard methods of Cochrane and Cochrane Neonatal to assess the methodological quality of the trials. For each trial,
we will seek information regarding the method of randomisation, blinding, and reporting of all outcomes for all infants enrolled in the
trial. We will assess each criterion as having low, high, or unclear risk of bias. Two review authors will separately assess each study. We will
resolve any disagreements by discussion. We will add this information to the 'Characteristics of included studies' table. We will evaluate
the following issues and will 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 will categorise the method used to generate the allocation sequence as:

1. low risk (any truly random process, e.g. random number table; computer random number generator);
2. highrisk (any non-random process, e.g. odd or even date of birth; hospital or clinic record number); or
3. unclear risk.

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

1. low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);
2. highrisk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or
3. unclear risk.

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

For each included study, we will categorise the methods used to blind study participants and personnel from knowledge of which
intervention a participant received. Blinding will be assessed separately for different outcomes or class of outcomes. We will categorise
the methods as:

1. low risk, high risk, or unclear risk for participants; and
2. 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 will categorise the methods used to blind outcome assessment. Blinding will be assessed separately for
different outcomes or classes of outcomes. We will categorise the methods as:

1. low risk for outcome assessors;
2. high risk for outcome assessors; or
3. 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 each included study and for each outcome, we will describe the completeness of data including attrition and exclusions from analysis.
We will note 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 when reported, and whether missing data were balanced across groups or
were related to outcomes. When sufficient information is reported or supplied by the trial authors, we will re-include missing data in the
analyses. We will categorise the methods as:

1. low risk (<20% missing data);
2. high risk (= 20% missing data); or
3. unclear risk.

6. Selective reporting bias. Were reports of the study free of suggestion of selective outcome reporting?

For each included study, we will describe 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 will compare pre-specified outcomes versus outcomes eventually reported
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in the published results. If the study protocol was not published in advance, we will contact study authors to gain access to the study
protocol. We will assess the methods as:

1. lowrisk (whenitis clear thatall of the study's pre-specified outcomes and all expected outcomes of interest to the review were reported);

2. high risk (when not all of the study's pre-specified outcomes were reported; one or more reported primary outcomes were not pre-
specified outcomes of interest and were reported incompletely and so cannot be used; study failed to include results of a key outcome
that would have been expected to have been reported); or

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

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

1. lowrisk;
2. highrisk; or
3. unclear risk.

If needed, we will explore the impact of the level of bias using sensitivity analyses.

Appendix 2. Search methods for previous publication

This review will update the existing review, "Opioids for neonates receiving mechanical ventilation", which was published in the Cochrane
Library in 2008 (Bellti 2008). For the previous publications, trials were searched for using Cochrane Neonatal's search strategy. Randomised
and quasi-randomised controlled trials of opioid use in neonates were identified by electronic searches of the Cochrane Central Register of
Controlled Trials (CENTRAL, 2007, Issue 2), in the Cochrane Library; MEDLINE (from 1966 to June 2007); Embase (from 1974 to June 2007),
and CINAHL (from 1982 to 2007). Expert informants in the areas of anaesthesia, paediatric surgery, and neonatology were contacted, and
previous reviews and lists of relevant articles cross-referenced in the search for relevant trials. Abstracts from the Society for Pediatric
Research and the European Society for Pediatric Research from 1995 until 2006 were handsearched.

Because of the nature of the questions, the search strategy was focused on patients and interventions and involved the following text
words or MeSH subject headings (or both): infan*, neonat*, newborn*, morphine, diamorphine, fentanyl, alfentanil, sufentanil, pethidine,
meperidine, codeine, methadone, narcotics, sedation, analgesia.

No language restriction was used. No attempts were made to identify unpublished studies.

Appendix 3. Search strategy

The RCT filters have been created using Cochrane's highly sensitive search strategies for identifying randomised trials (Higgins 2011a). The
neonatal filters were created and tested by the Cochrane Neonatal Information Specialist

CENTRAL
#1 MeSH Descriptor: [Infant, newborn] EXPLODE ALL

#2 (infan* or newborn* or "new born" or "new borns" or "newly born" or neonat* or baby* or babies or premature or prematures or
prematurity or preterm* or "pre term" or premies or "low birth weight" or "low birthweight" or VLBW or LBW or ELBW or NICU):ti,ab,kw

#3 (morphine OR diamorphine OR fentanyl OR alfentanil OR sufentanil OR pethidine OR meperidine OR codeine OR methadone OR
remifentanil):ti,ab,kw

#4 (articifial respiration OR respiration OR mechanical ventilation OR ventilat* OR intubat* OR intubation): ti,ab,kw
#5#1 OR #2
#6 #5 AND #3 AND #4

Cochrane Library
#1 MeSH Descriptor: [Infant, newborn] EXPLODE ALL

#2 (infan* or newborn* or "new born" or "new borns" or "newly born" or neonat* or baby* or babies or premature or prematures or
prematurity or preterm* or "pre term" or premies or "low birth weight" or "low birthweight" or VLBW or LBW or ELBW or NICU):ti,ab,kw

Opioids for newborn infants receiving mechanical ventilation (Review) 85
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

#3 (morphine OR diamorphine OR fentanyl OR alfentanil OR sufentanil OR pethidine OR meperidine OR codeine OR methadone OR
remifentanil):ti,ab,kw

#4 (articifial respiration OR respiration OR mechanical ventilation OR ventilat* OR intubat* OR intubation): ti,ab,kw
#5#1 OR #2
#6 #5 AND #3 AND #4 5

PubMed

#1 (((infant, newborn[MeSH] OR newborn*[TIAB] OR "new born"[TIAB] OR "new borns"[TIAB] OR "newly born"[TIAB] OR baby*[TIAB] OR
babies*[TIAB] OR premature[TIAB] OR prematurity[TIAB] OR preterm[TIAB] OR "pre term"[TIAB] OR “low birth weight”[TIAB] OR "low
birthweight"[TIAB] OR VLBW[TIAB] OR LBW[TIAB] OR infan*[TIAB] OR neonat*[TIAB])))

#2 (((((morphine OR diamorphine OR fentanyl OR alfentanil OR sufentanil OR pethidine OR meperidine OR codeine OR
methadone))) OR ("Narcotics"[Majr] OR "Analgesia"[Majr] OR sedation[Title/Abstract] OR opioid*[Title/Abstract] OR remifentanil))
OR (((((((("Morphine"[Mesh]) OR "Heroin"[Mesh]) OR "Fentanyl"[Mesh]) OR "Alfentanil"[Mesh]) OR "Sufentanil"[Mesh]) OR
"Meperidine"[Mesh]) OR "Codeine"[Mesh]) OR "Methadone"[Mesh] OR “Remifentanil”[Mesh]))

#3 (("respiration, artificial"[Mesh]) OR respiration OR mechanical ventilation OR ventilat* OR intubat* OR intubation)

#4 ((((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])))

#5 #1 AND #2 AND #3 AND #4
Embase
#1. 'narcotic analgesic agent'/exp/mj OR 'analgesia'/exp/mj OR sedation:ti,ab

#2. 'morphine":abti OR 'diamorphine":ab,ti OR 'fentanyl:abti OR 'alfenatil:abti OR 'sufentanil:abjti OR 'pethidine":abti OR
'meperidine':ab,ti OR 'codeine":ab,ti OR 'methadone':ab,ti OR 'morphine'/exp OR 'diamorphine'/exp OR 'fentanyl'/exp OR 'alfentanil'/exp
OR 'sufentanil'/exp OR 'pethidine'/exp OR 'methadone'/exp OR 'remifentanil':ab,ti OR 'remifentanil'/exp OR opioid*:ti,ab

#3. #1 OR #2
#4. 'prematurity'/exp OR 'infant'/exp

#5. newborn™:ti,ab OR 'new born':ti,ab OR 'new borns':ti,ab OR 'newly born':ti,ab OR baby*:ti,ab OR babies:ti,ab OR premature:ti,ab OR
prematurity:ti,ab OR preterm:ti,ab OR 'pre term':ti,ab OR 'low birth weight':ti,ab OR 'low birthweight':ti,ab OR vlbw:ti,ab OR lbw:ti,ab OR
infant:ti,ab OR infants:ti,ab OR infantile:ti,ab OR infancy:ti,ab OR neonat*:ti,ab

#6. #4 OR#5

#7. 'randomized controlled trial'/exp OR 'randomized controlled trial' OR 'controlled clinical trial'/exp OR 'controlled clinical trial' OR
'randomized':ab,ti OR 'placebo':ab,ti OR 'randomly':ab,ti OR 'trial':ab,ti OR 'clinical trial'/exp OR 'clinical trial'

#8 'artificial ventilation'/exp OR ventilation OR 'ventilat*":ab,ti OR 'intuba*'":ab,ti OR respiration:abti
#9 #3 AND #6 AND #7 AND #8

CINAHL

#1

(infant or infants or infantile or infancy or newborn* or "new born" or "new borns" or "newly born" or neonat* or baby* or babies or
premature or prematures or prematurity or preterm or preterms or "pre term" or premies or "low birth weight" or "low birthweight" or
VLBW or LBW)

#2 (morphine OR diamorphine OR fentanyl OR alfentanil OR sufentanil OR pethidine OR meperidine OR codeine OR methadone OR MH
morphine OR MH diamorphine OR MH fentanyl OR MH alfentanil OR MH sufentanil OR MH pethidine OR MH meperidine OR MH codeine OR
MH methadone OR MH remifentanil OR MJ narcotics OR MJ sedation OR MJ analgesia OR Tl opioid* OR AB opioid*)

#3 ((respiration, artificial MH) OR respiration OR mechanical ventilation OR ventilat* OR intubat* OR intubation)

#4 (TX "randomized controlled trial" ORTX "controlled trial" OR TX randomized OR TX placebo ORTX "clinical trials as topic" OR TX randomly
OR TX trial OR PT clinical trial)
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#5 #1 AND #2 AND #3 AND #4

Clinicaltrials.gov

infant, newborn, opioid

WHO ICTRP

Search term: opioid

Search filter: Clinical trials in children
HISTORY

Protocol first published: Issue 9, 2020
Review first published: Issue 3,2021

Date Event Description
2 January 2013 Amended Edit made to Anand 1999, 'Characteristics of included studies' ta-
ble

Interventions:

Loading dose corrected to read "100 mcg/kg for all gestational
ages"

Placebo group (n =21) corrected to read "dextrose 10%"

10 June 2008 Amended Converted to new review format

31 August 2007 New search has been performed This updates the review, "Opioids for neonates receiving me-
chanical ventilation", published in the Cochrane Library, Issue 1,
2005 (Bellt1 2005)
Updated strategy for search done in June 2007 found no new
studies. Secondary reports from previous studies were identi-
fied. Data from these reports are now included in the review. Hy-
potension requiring medical treatment is now included among
the secondary outcomes

31 August 2007 New citation required and conclusions Substantive amendments made
have changed
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

1. We added a subgroup analysis for studies in which no dose adjustments or open-label boluses were made

2. We created 4 time windows for each pain scale:
a. Lessthan 12 hours after infusion

b. Greater than or equal to 12 and less than 48 hours after infusion
c. Greater than or equal to 48 hours after infusion
d. Multiple time points (e.g. during endotracheal suctioning).

3. We modified post hoc time points for the outcome neurodevelopmental outcome (Types of outcome measures; Analysis 1.8; Analysis
1.9)

INDEX TERMS

Medical Subject Headings (MeSH)

Analgesics, Opioid [adverse effects] [*therapeutic use]; Bias; Child Development [drug effects]; Fentanyl [adverse effects]
[therapeutic use]; Heroin [adverse effects] [therapeutic use]; Hypnotics and Sedatives [adverse effects] [therapeutic use]; Infant
Mortality; Infant, Premature; Midazolam [adverse effects] [therapeutic use]; Morphine [adverse effects] [therapeutic use]; Pain,
Procedural [*prevention & control]; Placebos [therapeutic use]; Randomized Controlled Trials as Topic; Remifentanil [adverse effects]
[therapeutic use]; Respiration, Artificial [*adverse effects] [statistics & numerical data]; Sufentanil [adverse effects] [therapeutic use]

MeSH check words

Humans; Infant; Infant, Newborn
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