(ﬁ( Cochrane
/o Library

Cochrane Database of Systematic Reviews

Intravenous midazolam infusion for sedation of infants in the

neonatal intensive care unit (Review)

Ng E, Taddio A, Ohlsson A

Ng E, Taddio A, Ohlsson A.

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit.
Cochrane Database of Systematic Reviews 2017, Issue 1. Art. No.: CD002052.

DOI: 10.1002/14651858.CD002052.pub3.

www.cochranelibrary.com

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) Wl LEY
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1002%2F14651858.CD002052.pub3
https://www.cochranelibrary.com

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

TABLE OF CONTENTS

HEADER ettt ettt e e st e st e st e e st e e s abe e e b e e e s b e e s ab e e s b e e e b e e s e b e e e b e e e be e e R e e e b e e e s bt e e Rt e e bt e e bt e e bt e e eateeh e e e heeeaste e st e e steeenteensteens 1
ABSTRACT ettt sttt et e st e st e et s e sae e bt e b e sae e s st e s e e s sesasesae e st easesasesaee s eensesas e st e st eeasesa s e st e s eeasesaeeeat e s e e ase s et e st e seeaseeat e seeresarennee 1
PLAIN LANGUAGE SUMMARY  .eeiiitiieitententeeite st esttesteestestesseestesssessaesseessesssesssessesssesssesssensessesssesseensessesssesseensesssesssenseensesssesssensesnsesssessaes 2
SUMMARY OF FINDINGS ..ttt ettt st e et e et e st e s tt e e bt e st e s sae e bt e s st e e st e e s beeesbe s st e e abeessba e sbeenasaessbaeesseesaseesasaesnsaessseessaennsaenns 4
BACKGROUND ..ttt st stee e st e sut e st esse st e satesbesssesabesseesbesasesasesseesesaseentessee s esaseentesseensasaseensesseessesasesnsesstensesasesnsesseesesssesnsensasnne 7
OBJECTIVES 7
METHODS ettt ettt st e et e et e e s bt e e bt e e bt e s ut e e st e e sbb e s st e e st e e sab e e st e e aseesaseesaba e sseesabeeeabaeeaseesase e e b aeeabee s baeebeeebee s baeesaeensaens 7
RESULTS ettt ettt et st s sttt e et st e sae e s bt s b e s st e sae e s s e sas e s st esse e s esasesatesseeasesaseenteseensesaseene e seeasesaseeate s e easesateeste s aeasesatesneensesasesnsenseensenasesnnes 9
Figure 1. 10
Figure 2. 12
Figure 3. 13
Figure 4. 15
Figure 5. 15
Figure 6. 16
DISCUSSION 16
AUTHORS' CONCLUSIONS  .oeeeeeteeteeteeste st et este e ste st e s vt e st e e saesseasse et esseesssasseessasssesssanseessesssasseanseensesssasseanseensesssenseensesnsesssanseensesnsesssensesnsens 17
ACKNOWLEDGEMENTS  .ieeierteetterteete sttt ete st st et e testt e s st e b e sseesue e se s s esseesaeesseensesaeessassseensesaeessessseensesseesasasesnsesseeaseensesnnessesseensesneensens 17
REFERENGCES ..ottt ettt ettt ettt e sttt st st e st e st st e s st e she e be s st e eaaesba e sesataeseessaenseeasesuaesbaanseeatasatessaeaseensesasenseenbeesbesssensaensesnsenssenses 18
CHARACTERISTICS OF STUDIES ...eeeiteeeiteeteeeteeete st e et e et e st e sbe e s be e s bt e sab e esasaessbeesasaeensaesasaessbaeasbaesssaesaseesssaesssaesasaessaesnseesseessaeesaens 20
DATA AND ANALYSES 26
Analysis 1.1. Comparison 1 Midazolam versus placebo, Outcome 1 Intraventricular haemorrhage (any grade). ......ccocecevenennnee 26
Analysis 1.2. Comparison 1 Midazolam versus placebo, Outcome 2 Mortality. .....c..cccoceveverieeneienieiinenretneree e 27
Analysis 1.3. Comparison 1 Midazolam versus placebo, Outcome 3 Days of ventilation. ........cccoecevevirernienieiineieneeseeeeeeeenes 27
Analysis 1.4. Comparison 1 Midazolam versus placebo, Outcome 4 Days of supplemental oxygen use. 27
Analysis 1.5. Comparison 1 Midazolam versus placebo, Outcome 5 PNeumMOthorax. ....c..cccceevevevirenereninenieenieenieeseesieneeeenens 27
Analysis 1.6. Comparison 1 Midazolam versus placebo, Outcome 6 Length of NICU stay (days). .....ccoceerernreererenneeercrerenrenenes 28
Analysis 1.7. Comparison 1 Midazolam versus placebo, Outcome 7 Average NAPI scores at 36 weeks' PMA. ......ccccceveenecneencnn. 28
Analysis 1.8. Comparison 1 Midazolam versus placebo, Outcome 8 Poor neurological outcome by 28 days' postnatal age. ..... 28
Analysis 1.9. Comparison 1 Midazolam versus placebo, Outcome 9 PIPP score during drug infusion. .......c.ccceceevevvreevencnenenee 29
Analysis 2.1. Comparison 2 Midazolam versus morphine, Outcome 1 PIPP score during drug infusion. .........ccccvveecnenennennes 29
Analysis 2.2. Comparison 2 Midazolam versus morphine, Outcome 2 Poor neurological outcome up to 28 days' postnatal age. 29
ADDITIONAL TABLES ..ottt ettt et e st st e sat e s e st e sat e s bt e s e s et e sae e be e s e sasesmeesseessesasesae e beesseensesneeseeasesasesneessesasesnsesneessensesnnens 30
APPENDICES ..ttt ettt sttt et st e st este et e st e satestesbe s st esaeebesasesssesaeenbesasesasensaensesasessaenbeeatesasenseeseensesasenstenbaensesstenseenbesasesssenseensesasesasn 30
WHAT'S INEW ettt ettt et e te st e s te e st e et e st e e s te et e esaees e e se e s eessesseaseassaesseessanseasseanseeseanseanseanseess e seanseenseessesseanseesseensesseenseensasssesseenseensanns 31
HISTORY ettt ettt sttt st et s bt e b e st e sae e b e b e sabesae e b e e s se s et e st easeease s et e st enseeaseeate st easasasesat e st essesaseent e seeasesasesneensesasesatenntensesasesnnens 32
CONTRIBUTIONS OF AUTHORS  ..oceetiteieetent ettt ste st esaeestestesateste s sesabessaesbe e b essbessaesbesssesasesssenbesnsesasesseensesnsesasenseensesnsesssenseensesnsesaens 32
DECLARATIONS OF INTEREST  ..eeeiitieiiteeiteeite ettt et e et e st e st e et e s stt e s ste s st e e satesesb e e sbeessbeessseesaseessbeeanbaesaseesasaeaasaessseesasaasnsaeensaesasaesnssennns 33
SOURCES OF SUPPORT  ...ooiiiriieieieeeeeieeeeneeeeeseenne 33
DIFFERENCES BETWEEN PROTOCOL AND REVIEW  ...utiiitiiitiieeitestesieesieetesitesteetestesseestesssesasessaenseessesssessasssesnsesssessesssesssesssessesnsesssessasns 33
INDEX TERMS ettt ettt ettt et st e st e st e s bt e s bt e e b e e s bt e s st e e bt e e st e s st e e st e e ab e e st e e as e e sb e e sbe e abeesaseeeabeeesseesasaesssaeenseesasaessaeanseens 33
Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) i

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
[Intervention Review]

Intravenous midazolam infusion for sedation of infants in the neonatal
intensive care unit

Eugene Ngl, Anna Taddio?2, Arne Ohlsson3@

1Aubrey and Marla Dan Program for High Risk Mothers and Babies, Sunnybrook Health Sciences Centre, Toronto, Canada. 2Graduate
Department of Pharmaceutical Sciences, Hospital for Sick Children Research Institute, Toronto, Canada. 3Departments of Paediatrics,
Obstetrics and Gynaecology and Institute of Health Policy, Management and Evaluation, University of Toronto, Toronto, Canada

AdDeceased

Contact address: Eugene Ng, Aubrey and Marla Dan Program for High Risk Mothers and Babies, Sunnybrook Health Sciences Centre,
Room M4-230A, Toronto, ON, M5S 1B2, Canada. eugene.ng@sunnybrook.ca.

Editorial group: Cochrane Neonatal Group.
Publication status and date: Edited (no change to conclusions), published in Issue 1, 2020.

Citation: NgE, Taddio A, Ohlsson A. Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit. Cochrane
Database of Systematic Reviews 2017, Issue 1. Art. No.: CD002052. DOI: 10.1002/14651858.CD002052.pub3.

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ABSTRACT

Background

Proper sedation for neonates undergoing uncomfortable procedures may reduce stress and avoid complications. Midazolam is a short-
acting benzodiazepinethatis used increasingly in neonatal intensive care units (NICUs). However, its effectiveness as a sedative in neonates
has not been systematically evaluated.

Objectives

Primary objecive

To assess the effectiveness of intravenous midazolam infusion for sedation, as evaluated by behavioural and/or physiological
measurements of sedation levels, in critically ill neonates in the NICU.

Secondary objectives

To assess effects of intravenous midazolam infusion for sedation on complications including the following.

1. Incidence of intraventricular haemorrhage (IVH)/periventricular leukomalacia (PVL).

2. Mortality.

3. Occurrence of adverse effects associated with the use of midazolam (hypotension, neurological abnormalities).
4. Days of ventilation.

5. Days of supplemental oxygen.

6. Incidence of pneumothorax.

7. Length of NICU stay (days).

8. Long-term neurodevelopmental outcomes.

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) 1
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Search methods

We used the standard search strategy of the Cochrane Neonatal Review Group to search the Cochrane Central Register of Controlled Trials
(CENTRAL; 2016, Issue 5), MEDLINE via PubMed (1966 to 16 June 2016), Embase (1980 to 16 June 2016) and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL; 1982 to 16 June 2016). We searched clinical trials databases, conference proceedings and reference
lists of retrieved articles for randomised controlled trials and quasi-randomised trials.

Selection criteria

We selected for review randomised and quasi-randomised controlled trials of intravenous midazolam infusion for sedation in infants aged
28 days or younger.

Data collection and analysis

We abstracted data regarding the primary outcome of level of sedation. We assessed secondary outcomes such as intraventricular
haemorrhage, periventricular leukomalacia, death, length of NICU stay and adverse effects associated with midazolam. When appropriate,
we performed meta-analyses using risk ratios (RRs) and risk differences (RDs), and if the RD was statistically significant, we calculated
the number needed to treat for an additional beneficial outcome (NNTB) or an additional harmful outcome (NNTH), along with their 95%
confidence intervals (95% Cls) for categorical variables, and weighted mean differences (WMDs) for continuous variables. We assessed
heterogeneity by performing the I-squared (I2) test.

Main results

We included in the review three trials enrolling 148 neonates. We identified no new trials for this update. Using different sedation scales,
each study showed a statistically significantly higher sedation level in the midazolam group compared with the placebo group. However,
none of the sedation scales used have been validated in preterm infants; therefore, we could not ascertain the effectiveness of midazolam
in this population. Duration of NICU stay was significantly longer in the midazolam group than in the placebo group (WMD 5.4 days, 95%
Cl 0.40 to 10.5; 12 = 0%; two studies, 89 infants). One study (43 infants) reported significantly lower Premature Infant Pain Profile (PIPP)
scores during midazolam infusion than during dextrose (placebo) infusion (MD -3.80, 95% ClI -5.93 to -1.67). Another study (46 infants)
observed a higher incidence of adverse neurological events at 28 days' postnatal age (death, grade Ill or IV IVH or PVL) in the midazolam
group compared with the morphine group (RR 7.64, 95% Cl 1.02 to 57.21; RD 0.28, 95% CI 0.07 to 0.49; NNTH 4, 95% CI 2 to 14) (tests for
heterogeneity not applicable). We considered these trials to be of moderate quality according to GRADE assessment based on the following
outcomes: mortality during hospital stay, length of NICU stay, adequacy of analgesia according to PIPP scores and poor neurological
outcomes by 28 days' postnatal age.

Authors' conclusions

Data are insufficient to promote the use of intravenous midazolam infusion as a sedative for neonates undergoing intensive care. This
review raises concerns about the safety of midazolam in neonates. Further research on the effectiveness and safety of midazolam in
neonates is needed.

PLAIN LANGUAGE SUMMARY

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit

Review question: For sick babies admitted to a neonatal intensive care unit (NICU), how effective is midazolam, given by continuous
intravenous drip, as a sedative for reducing stress, as measured by changes in behaviour and vital signs?

Background: Proper sedation for babies undergoing uncomfortable procedures while receiving intensive care may reduce stress and avoid
complications. Midazolam is a sedative that is used increasingly in NICUs. However, researchers have not systematically reviewed the
evidence to see if it is effective and safe for babies in this setting.

Study characteristics: We have selected for inclusion in this review randomised controlled trials of continuous intravenous drip of
midazolam as a sedative in babies aged 28 days or younger.

Key results: We included three clinical trials in this review. Using different scales to measure level of sedation, each study showed that
midazolam was effective in providing sedation to babies. However, the validity of the sedation scales used in these studies has not been
proven in babies; therefore, we cannot be certain that midazolam is, in fact, an effective sedative for babies. Moreover, one study showed
that babies who received midazolam had a significantly higher risk of death or brain injury, and combined results of two studies showed
that midazolam use may prolong length of stay in the NICU.

Industry: One of the studies included in this review received support from industry, and for the other two studies, industry provided all
study drugs.

Quality of evidence: We assessed the quality of the evidence on the outcomes of mortality during hospital stay, length of stay in the NICU,
pain, and neurological outcomes at 28 days of life and found the evidence to be of moderate quality, as there was not enough evidence

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) 2
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available. Therefore, we conclude there is not enough evidence to support the use of midazolam as a sedative for babies undergoing
intensive care. Additional research is needed to address the safety and effectiveness of midazolam in this population.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Midazolam infusion compared with placebo for sedation in neonates

Patient or population: neonates requiring intubation and ventilation

Setting: neonatal intensive care unit

Intervention: midazolam infusion

Comparison: placebo infusion

Outcomes Illustrative comparative Relative ef- Number of Quality of the Comments
risks* (95% Cl) fect participants evidence
(95% ClI) (studies) (GRADE)
Assumed risk Correspond-
ing risk
Placebo Midazolam
Mortality High-risk population RR0.79 122 DDDO Risk of bias for these 3 studies was low.
. . (3) Moderate
during hospital 220per1000 165 per 1000 (0.40 to 1.56) We noted no heterogeneity in the results (12 = 0%).
stay
Precision for the point estimate was low, so we downgraded
the quality of the evidence 1 step.
The 3 studies were conducted in the target population of
newborn infants.
Length of NICU Mean length WMD of NICU WMD 5.4 89 300 Risk of bias for these 2 studies was low.
stay (days) of NICU stay for in- days (0.4 to (2) Moderate
stay ranged tervention 10.5) We noted no heterogeneity in the results (12 = 0%).
across con- groups was . . .
trol groups 5.4 days Precision for the point estimate was low, so we downgraded
from 9 to longer. the quality of the evidence 1 step.
S C BV The 2 studies were conducted in the target population of
newborn infants.
PIPP score during  Mean PIPP Mean PIPP MD -3.80 43 B0 Risk of bias for this study was low.
drug infusion scorein score in the (-5.93 to (1) Moderate
the control intervention  -1.67) As we identified only 1 study, tests for heterogeneity were not

Range of scale 0-21
for infants

applicable.
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<28 weeks' PMA group was group was Precision for the point estimate was low, so we downgraded
and 12.7. lower at 8.9. the quality of the evidence 1 step.

0-18 for infants >

36 weeks' This study was conducted in the target population of new-
PMA. Lower score born infants.

= less pain

(Stevens 1996)

Poor neurologi- High-risk population RR1.34 43 B0 Risk of bias for this study was low.
cal outcome by 28 (0.50t03.56) (1) Moderate
days' postnatal 230 per1000 310 per 1000 As we identified only 1 study, tests for heterogeneity were not

age applicable.

Precision for the point estimate was low, so we downgraded
the quality of the evidence 1 step.

This study was conducted in the target population of new-
born infants.

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

Cl: confidence interval; MD: mean difference; NICU: neonatal intensive care unit; PIPP: Premature Infants Pain Profile; PMA: postmenstrual age; RR: risk ratio; WMD: weight-
ed mean difference.

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

Summary of findings 2.

Midazolam infusion compared with morphine infusion for sedation in neonates

Patient or population: neonates requiring intubation and ventilation
Setting: neonatal intensive care unit
Intervention: midazolam infusion

Comparison: morphine infusion

Outcomes Illustrative comparative Relative ef- Number of Quality of the Comments
risks* (95% Cl) fect participants evidence
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. 0 i RADE
Assumed risk  Correspond- sl SRuties) (© )
ing risk

Morphine Midazolam
PIPP score during drugin-  Mean PIPP Mean PIPP MD 1.00 46 SPDO Risk of bias for this study was low.
fusion scorein score in the (-0.66 to (1) Moderate

the control intervention  2.66) As we identified only 1 study, tests for heterogeneity
Range of scale 0-21 for in- group was group was were not applicable.
fants 7.9. 8.9.
<28 weeks' PMA and Precision for the point estimate was low, so we
0-18 for infants > 36 weeks' downgraded the quality of the evidence 1 step.
PMA. L =1

- Lower score Z1ess This study was conducted in the target population of
pain (Stevens 1996) !
newborn infants.

Poor neurological out- High-risk population RR7.64 46 SPPO Risk of bias for this study was low.
come by 28 days' postna- (1.02to (1) Moderate
talage 318 per 1000 41 per 1000 57.21) As we identified only 1 study, tests for heterogeneity

were not applicable.

Precision for the point estimate was low, so we
downgraded the quality of the evidence 1 step.

This study was conducted in the target population of
newborn infants.

*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based

on assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; MD: mean difference; PIPP: Premature Infants Pain Profile; PMA: postmenstrual age; RR: risk ratio.

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

Kieaqi (JF)
aueaydod \\;

‘yyeay 19199
*SUOISII3P pawioju]
*32UBPINS pashiL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

BACKGROUND

Description of the condition

Term and preterm infants are capable of perceiving pain and stress
(Anand 1987). In the neonatal intensive care unit (NICU), supportive
and investigative management of sick infants frequently requires
painful and uncomfortable procedures. However, because pain
and stress are subjective phenomena and are difficult to evaluate
in preverbal infants, use of appropriate analgesia and sedatives
is often overlooked by care providers. It has been suggested
that responses to pain may compromise clinical conditions
(Anand 1992), and that adequate sedation during mechanical
ventilation may decrease stress (Quinn 1993) and facilitate effective
ventilation, so that complications such as pneumothoraces and
intraventricular haemorrhage (IVH) may be prevented (Greenough
1983; Perlman 1985).

Description of the intervention

Benzodiazepines, administered as intravenous infusions or as
intravenous boluses, can be used to provide sedation, but not
analgesia, in many clinical settings. Midazolam is a short-acting
benzodiazepine that has been used increasingly in the NICU.

How the intervention might work

Benzodiazepines are a class of sedatives that act on specific
receptors in the central nervous system. These receptors, which
are present in the foetus from seven weeks' gestation (Hebebrand
1988), potentiate the neuronal inhibitory pathways mediated
by gamma-aminobutyric acid (GABA) (Jacqz-Aigrain 1996).
Researchers have studied the pharmacokinetics of midazolam
in neonates. Midazolam is preferred over other benzodiazepines
because of its water solubility and rapid clearance (Jacqz-Aigrain
1992). Although its elimination half-life is significantly shorter than
that of other benzodiazepines, such as diazepam, its elimination
is delayed in preterm neonates compared with older infants and
children (Lee 1999). Functional immaturity of hepatic and renal
systems in preterm neonates probably accounts for the slower
elimination of midazolam. In a recent very large cohort study
conducted in Europe, midazolam was given to 576 (9%) of the total
cohort of 6680 neonates and to 536 (25%) of 2142 neonates who
were tracheally ventilated (Carbajal 2015). Overall, midazolam was
by far the sedative most commonly used. It was given to 25% of
neonates who had tracheal ventilation, and its use ranged from 0%
to 73% across European countries, despite few clinical data to lend
support for midazolam sedation in neonates.

It is of note that in an animal model, Koch 2008 reported
paradoxical effects of midazolam on nociception and sedation
in rats between postnatal days 3 and 10. Midazolam failed to
sedate young rats and instead caused an excitatory effect by
sensitising their flexor reflex activity. Investigators did not observe
the sedative effects of midazolam in supraspinal centres until later
in life, after maturation. These results highlight the need for better
understanding of the ontogeny of pharmacological effects of drugs
such as midazolam that are used routinely in NICUs.

Why it is important to do this review

The effectiveness of intravenous midazolam as a sedative in
neonates has not been systematically reviewed. Moreover, its safety

at the currently recommended dosage in critically ill neonates has
not been well established.

OBJECTIVES

Primary objective

To assess the effectiveness of intravenous midazolam infusion
for sedation, as evaluated by behavioural and/or physiological
measurements of sedation levels, in critically ill neonates in the
NICU.

Secondary objectives

To assess effects of intravenous midazolam infusion for sedation on
complications including the following.

1. Incidence of intraventricular haemorrhage (IVH)/periventricular
leukomalacia (PVL).

2. Mortality.

3. Occurrence of adverse effects associated with the use of
midazolam (hypotension, neurological abnormalities).

Days of ventilation.

Days of supplemental oxygen.

Incidence of pneumothorax.

Length of NICU stay (days).

Long-term neurodevelopmental outcomes.

© N o Uk

METHODS

Criteria for considering studies for this review
Types of studies

We searched for randomised controlled trials and quasi-
randomised trials in which the use of intravenous midazolam
infusion was compared with placebo or other sedatives in neonates
undergoing intensive care.

Types of participants

We included infants aged 28 days or younger who were admitted to
the NICU requiring sedation for medical interventions.

Types of interventions

Interventions included continuous intravenous infusion of
midazolam administered at a dose of 20 microgram/kg/h to
60 microgram/kg/h for at least 24 hours for sedation during
mechanical ventilation and radiological investigative procedures.

We excluded studies that used a combination of midazolam
and an analgesic for neonates undergoing painful procedures. We
also excluded studies that investigated the use of intravenous
bolus doses of midazolam, unless the bolus was followed by
an infusion; and studies examining use of midazolam as an
anaesthetic induction agent or as an anticonvulsant.

Types of outcome measures
Primary outcomes

The primary outcome was level of sedation, evaluated by:

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) 7
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1. behavioural measures: facial actions, excitability, muscle tone,
physical movements and respiratory behaviour, which may be
evaluated by age-appropriate scoring systems; and

2. physiological parameters: changes in heart rate, respiratory
rate, blood pressure, oxygen saturation and plasma cortisol
or catecholamine levels, measured at baseline and at regular
intervals during midazolam administration.

Secondary outcomes

1. IVH (defined by classification of Papile et al (Papile 1978)).

2. PVL (defined as periventricular cysts on brain imaging, with
exclusion of subependymal or choroid plexus cysts).

3. Mortality (death within 28 days of life).

4. Adverse effects associated with use of midazolam: hypotension
(significant drop from baseline compared with controls),
neurological abnormalities (epileptiform activities, movement
disorders, myoclonus, hypertonia, hypotonia).

. Days of mechanical ventilation.

. Days of supplemental oxygen use.

. Pneumothorax.

. Days of NICU stay.

. Neurodevelopmental outcomes, as evaluated by a validated
developmental assessment tool.

10.Neurobehavioural Assessment of Preterm Infants (NAPI) (Snider

2005).

O 00 N o U

Search methods for identification of studies
Electronic searches

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

We conducted a comprehensive search that included the Cochrane
Central Register of Controlled Trials (CENTRAL; 2016, Issue 5) in
the Cochrane Library; MEDLINE via PubMed (1966 to 16 June
2016); Embase (1980 to 16 June 2016); and the Cumulative Index
to Nursing and Allied Health Literature (CINAHL; 1982 to 16
June 2016), using the following search term: (midazolam), plus
database-specific limiters for randomised controlled trials (RCTs)
and neonates (see Appendix 1 for full search strategies for each
database). We applied no language restrictions.

We searched clinical trials registries for ongoing and recently
completed trials (clinicaltrials.gov; the World Health Organization
International Trials Registry and Platform (www.whoint/ictrp/
search/en/); the ISRCTN Registry).

For previous editions of this review, we identified randomised and
quasi-randomised controlled trials of intravenous midazolam in
infants from the Cochrane Central Register of Controlled Trials
(CENTRAL; 2012, Issue 3) in the Cochrane Library; MEDLINE (from
1985 to March 2012); Embase (1980 to 2012) and CINAHL (1980
to 2012), using the medical subject headings (MeSH): midazolam;
infant; newborn. We searched for abstracts published in Pediatric
Academic Societies Meetings Abstract Archives from 1990 to 2011.
We imposed no language restrictions. We attempted to contact
investigators of studies meeting the inclusion criteria to gather
additional data for analysis. We searched clinical trials registries
for ongoing and recently completed trials (clinicaltrials.gov;

controlled-trials.com; who.int/ictrp), and we searched the Web of
Science to identify any trial that quoted the earliest study that we
identified (Jacqz-Aigrain 1994).

Searching other resources

In addition, we manually searched bibliographies of articles and
personal files and imposed no language restrictions. We attempted
to contact investigators of studies meeting the inclusion criteria to
gather additional data for analysis. We did not attempt to identify
unpublished studies. We excluded studies involving neonates and
older infants and children if we could not extract data for neonates.

Data collection and analysis

We used the standard method of the Cochrane Neonatal
Review Group for performing systematic reviews (http://
neonatal.cochrane.org/resources-review-authors).

Selection of studies

We included randomised and quasi-randomised controlled trials
involving neonates aged 28 days or younger that included a
treatment group and a placebo group. We accepted for the review
studies that reported outcome measures including physiological,
behaviouraland hormonal changes, as well as adverse neurological
outcomes.

We excluded studies involving neonates and older infants and
children if we could not extract data for neonates.

Two review authors (EN, AT) independently decided to include or
exclude a specific study. When discrepancies occurred, the three
review authors (EN, AT, AO) made the decision by consensus.

Data extraction and management

We created a data collection form on which we abstracted
the following data from the included studies: demographics
of participants, age at enrolment into the study, inclusion
and exclusion criteria, sample size, treatment and control
group regimens and outcomes. Two review authors (EN, AT)
independently abstracted the data and resolved differences by
consensus.

Assessment of risk of bias in included studies

Two review authors (EN, AO) independently assessed the risk of
bias (low, high or unclear) of all included trials using the Cochrane
‘Risk of bias’ tool (Higgins 2011) for the following domains:
selection bias, performance bias, attrition bias, reporting bias and
any other bias.

We resolved disagreements by discussion or by consultation with a
third assessor. See Appendix 2 for a detailed description of risks of
bias for each domain.

Measures of treatment effect

We performed statistical analyses using Review Manager 5.1
software. We analysed categorical data using risk ratio (RR), risk
difference (RD) and the number needed to treat for an additional
beneficial (NNTB) or harmful outcome (NNTH). We analysed
continuous data by using weighted mean difference (WMD) and
reported the 95% confidence interval (Cl) for all estimates.

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) 8
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Assessment of heterogeneity

We examined heterogeneity between trials by inspecting forest
plots (if we included at least 10 trials in one analysis) and
quantified the impact of heterogeneity by using the 12 statistic.
If we detected statistical heterogeneity, we planned to explore
possible causes (e.g. differences in study quality, participants,
intervention regimens or outcome assessments) by performing
post hoc subgroup analyses.

Data synthesis

When we identified at least two RCTs that evaluated the
effectiveness of intravenous midazolam infusions by examining the
same outcome measures, we pooled the results to obtain an overall
estimate of effect size using RevMan 5.1.4 (RevMan 2011). We used
the Mantel-Haenszel method for estimates of typical RR and RD,
and the inverse variance method for measured quantities. We used
the fixed-effect model for all meta-analyses.

Quality of the evidence

For the 2016 update, we used the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach, as
outlined in the GRADE Handbook (Schunemann 2013), to assess the
quality of evidence for the following clinically relevant outcomes:
mortality during hospital stay, length of NICU stay, adequacy
of analgesia as measured by the Premature Infant Pain Profile
(PIPP) (Stevens 1996) and poor neurological outcomes by 28 days'
postnatal age. In terms of the primary outcome of level of sedation,
none of the sedation scales used in these studies had been
validated in preterm infants; therefore, we could not ascertain the
effectiveness of midazolam in this population as reported by these
studies and did not subject this outcome to GRADE assessment.

We considered evidence from RCTs as high quality but downgraded
the evidence one level for serious (and two levels for very serious)
limitations on the basis of the following: design (risk of bias),

consistency across studies, directness of evidence, precision of
estimates and presence of publication bias.

The GRADE approach assesses the quality of a body of evidence and
assigns one of four grades.

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

2. Moderate: We are moderately confident in the effect estimate:
The true effect is likely to be close to the estimate of effect but
may be substantially different.

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

Two review authors (EN, AO) independently assessed the quality
of the evidence for each of the outcomes above. We used the
GRADEpro Guideline Development Tool to create ‘Summary of
findings’ tables to report the quality of evidence. See Appendix 3 for
details on assessment of quality of the evidence.

Subgroup analysis and investigation of heterogeneity

We prospectively planned no subgroup analyses.
RESULTS

Description of studies
Results of the search

We presented results of the search in the study flow diagram for the
review update provided in Figure 1. We identified six RCTs on the
use of intravenous midazolam in infants; we included three of these
and excluded three.

Literature searches conducted in September 2009, March 2012 and
June 2016 identified no additional trials.

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) 9
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Figure 1. Study flow diagram: review update.
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Included studies

For details, see Characteristics of included studies.

Jacqz-Aigrain 1994 randomly assigned 46 preterm infants (25 at
< 33 weeks' gestation and 21 at = 33 weeks' gestation) < 48
hours of age to receive midazolam infusion or manufactured
placebo for five days while mechanically ventilated for respiratory
distress syndrome. Twenty-four infants received midazolam and
22 received placebo infusions. Researchers withdrew one infant in
the midazolam group because of major neurological abnormalities
at 24 hours of age; and two infants from the midazolam group
and two from the placebo group within 72 hours owing to rapid
clinical improvement. They noted contamination in one infant in
the placebo group (midazolam was detectable in the serum at
24 hours). Baseline characteristics did not differ between groups.
Severity of illness, as measured by mean airway pressure (MAP)
while ventilated and fraction of inspired oxygen (FiO;) from the
time of enrolment to the end of the study, was not significantly
different between groups. Investigators administered midazolam
as an infusion at 60 microgram/kg/h for up to five days in infants
at = 33 weeks' gestation, and at 60 microgram/kg/h for one
day followed by 30 microgram/kg/h for up to a total of five
days in infants at < 33 weeks' gestation. They did not report
the duration of the infusion. Weaning of sedatives was allowed
after at least 48 hours of administration, but investigators did not
specify a weaning protocol. The primary outcome was adequacy
of sedation as measured by a behavioural score adapted from
the clinical neurological and behavioural scoring system of Barrier
(Barrier 1989) and by changes in physiological variables (heart
rate and blood pressure). The sedation score consisted of five
items that assessed facial expression, sucking, spontaneous motor
activity, excitability/responsiveness to stimulation and excessive
flexion, with scores ranging from 0 (sedation) to 5 (inadequate
sedation). Care providers measured the sedation score four
times per day during treatment (nurses twice, physicians twice).
Secondary outcomes included days of ventilation support, days
of supplemental oxygen, surfactant use, duration of NICU stay
and common complications of preterm birth (e.g. pneumothorax,
pulmonary interstitial emphysema, hypotension, chronic lung
disease, necrotising enterocolitis, intracranial haemorrhage,
persistent pulmonary hypertension of the newborn, death).
Researchers reported outcomes for all 46 infants.

In a multi-centre randomised pilot study (Anand 1999),
investigators assigned 67 preterm infants of 24 to 32 weeks'
gestation who were < 72 hours of age and who were ventilated
for less than eight hours to receive midazolam infusion, morphine
infusion or dextrose placebo infusion for as long as sedation
was considered necessary up to a maximum of 14 days. Twenty-
two infants received midazolam infusion, 24 received morphine
infusion and 21 received dextrose placebo. The three groups
did not differ significantly in baseline characteristics. Severity of
illness at birth, as assessed by the Clinical Risk Index for Babies
(CRIB) score (The International Neonatal Network), showed no
significant differences among groups at birth (P = 0.24). However,
severity of illness as measured by the Neonatal Medical Index
(NMI) (Korner 1993) on the basis of response variables during
the hospital stay showed significant differences in the distribution
of risk categories among the three groups at discharge (P =
0.01). Researchers administered midazolam at 200 microgram/kg
loading dose followed by an infusion of 20 microgram/kg/h, 40

microgram/kg/h or 60 microgram/kg/h for infants of gestational
age 24 to 26 weeks, 27 to 20 weeks or 30 to 33 weeks, respectively.
They administered morphine at 100 microgram/kg loading dose
followed by an infusion of 10 microgram/kg/h, 20 microgram/kg/
h or 30 microgram/kg/h for infants of gestational age 24 to 26
weeks, 27 to 29 weeks or 30 to 33 weeks, respectively. Duration
of the infusion was not different among groups (5.1 days vs 3.4
days vs 5.0 days in the midazolam, morphine and placebo groups,
respectively; P = 0.37). If necessary, they provided additional
boluses of morphine and documented the frequency and amount
given as measures of inadequate sedation. Investigators used a
standardised protocol in weaning sedatives. The primary outcome
was the incidence of adverse neurological events (defined as
neonatal death, grade Ill or IV IVH or PVL). Researchers measured
the adequacy of sedation by obtaining the COMFORT score, an
eight-item behavioural and physiological measurement of distress
in the paediatric intensive care unit (Ambuel 1992). This score
includes assessment of alertness, calmness/agitation, respiratory
response, physical movement, mean arterial blood pressure, heart
rate, muscle tone and facial tension, with scores ranging from
8 (sedated) to 40 (not adequately sedated). They measured
adequacy of analgesia by obtaining the Premature Infant Pain
Profile (PIPP) (Stevens 1996) in response to tracheal suctioning.
The PIPP score includes assessment of gestational age, behavioural
state, heart rate, oxygen saturation, brow bulge, eye squeeze and
nasolabial furrow, with scores ranging from 0 (adequate analgesia)
to 21 (inadequate analgesia). They obtained the two scores on
all infants at baseline, after 24 hours of infusion and at 10 to
12 hours after discontinuation of the infusion. Other secondary
outcomes included days of mechanical ventilation, continuous
positive airway pressure, supplemental oxygen use, incidence of
pneumothorax, duration of NICU and hospital stay, days to full
enteral (full strength, full gavage, full oral) feeds, daily weight gain
and neurodevelopmental outcomes at 36 weeks' corrected age
as measured by Neurobehavioral Assessment of the Premature
Infant (NAPI) examination cluster scores (Korner 1991). Researchers
reported outcomes for all 67 infants.

Arya 2001 randomised 33 infants with birth weight < 2000
grams and requiring mechanical ventilation during the first week
of life to receive midazolam or placebo infusion for sedation.
Seventeen infants received midazolam and 16 received placebo.
The two groups were similar in baseline characteristics. Severity
of respiratory illness, as measured by peak inspiratory pressure
(PIP), MAP, oxygenation index (Ol) and the alveolar-arterial oxygen
gradient (AaDO,), was similar between the two groups at the time
of enrolment. Investigators administered midazolam intravenously
at 200 microgram/kg loading dose followed by an infusion of 60
microgram/kg/h. Infants in both groups also received morphine
infusion at 10 microgram/kg/h during the study period. The study
concentrated on the first 48 hours of midazolam infusion and did
not report on duration of benzodiazepine use nor on method of
weaning. Three infants in each group did not complete the first
24 hours of the study, and four in each group did not complete
48 hours of the study. Reasons for withdrawal were death (13
infants) and extubation (one infant). Researchers included these
infants in the analyses on an intention-to-treat basis. The primary
outcome was adequacy of sedation as measured by a behavioural
score adapted from the clinical neurological and behavioural
scoring system of Barrier (Barrier 1989). This is the same scoring
system used in Jacqz-Aigrain 1994. Study authors assessed infants
for adequacy of sedation before midazolam administration, then
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every six hours over the 48-hour study period. Other measured
outcomes included changes in physiological variables (heart rate
and blood pressure), changes in oxygen requirement (FiO,) and
ventilation requirement (PIP, positive end-expiratory pressure
(PEEP), ventilator rate) and arterial blood gas as measured by mean
daily values. Investigators documented complications related to
mechanical ventilation (air leak, IVH) and potential adverse effects
of midazolam (epileptiform movements, hypotension, tachycardia
and oliguria) while reporting the duration of ventilation. They
reported no long-term outcomes but described outcomes for all 33
infants in the study.

Excluded studies

For details, see Characteristics of excluded studies. We excluded
one trial that used a single bolus dose of intravenous midazolam

(McCarver-May 1996) and another trial that used intravenous
midazolam for anaesthetic induction (Kawakami 1998). The third
excluded trial (Parkinson 1997) used midazolam for sedation in
individuals from one day to 15 years of age, and we could not
extract data pertaining to neonates. The three trials included in this
review (Anand 1999; Arya 2001; Jacqz-Aigrain 1994) reported on
the effectiveness of midazolam infusion and included a total of 146
infants.

Risk of bias in included studies

For details, see the Risk of bias in included studies table, Figure 2
and Figure 3.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Risk of bias for random sequence generation was low in two studies
(Anand 1999; Arya 2001) and unclear in one study (Jacqz-Aigrain
1994). All three studies adequately concealed allocation (Anand
1999; Arya 2001; Jacqz-Aigrain 1994).

Blinding

Risk of performance and detection was low in all three studies
(Anand 1999; Arya 2001; Jacqz-Aigrain 1994).

Incomplete outcome data
Investigators reported outcomes for all randomised infants.

Selective reporting

Aprotocol was not available for any of the three studies, so we could
not judge whether deviations from the protocol occurred.

Other potential sources of bias

Included studies appeared free of other sources of bias. Anand 1999
received support from industry, and Arya 2001 and Jacqz-Aigrain
1994 received midazolam and placebo from a pharmaceutical
company.

Only Arya 2001 performed sample size calculation, and Anand 1999
stated that the study was a pilot trial. All three studies performed
statistical analyses using an intention-to-treat approach.

Effects of interventions

See: Summary of findings for the main comparison; Summary of
findings 2

Midazolam infusion versus placebo (comparison 1)

Anand 1999 evaluated outcomes by performing analysis of variance
to detect statistically significant differences among midazolam,
morphine and placebo groups. For this review, we performed
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comparisons between the midazolam group and the placebo
group on relevant continuous outcome variables using information
provided by the publication (sample size, mean, standard deviation
(SD), standard error of the mean). For the current update of this
review, we included an additional comparison of midazolam versus
morphine infusion for the outcome of PIPP during drug infusion, as
well as for poor neurological outcome by 28 days' postnatal age.

Primary outcomes

Primary outcomes involved level of sedation, as evaluated by:

1. behavioural measures: facial actions, excitability, muscle tone,
physical movements and respiratory behaviour, which may be
evaluated by age-appropriate scoring systems; and

2. physiological parameters: changes in heart rate, respiratory
rate, blood pressure, oxygen saturation and plasma cortisol
or catecholamine levels, measured at baseline and at regular
intervals during midazolam administration.

In Additional Table 1 ('Sedation scores used in included studies'),
we present some basic information about measures of sedation
used. All investigators applied the scores to infants and children,
most of whom were older than one month, and did not include
preterm newborn infants. None of the tools used to assess sedation
had been validated for use in newborn infants. We therefore
reported the results of each included study separately, as did the
authors of the included trials. We did not enter data for sedation
scores into RevMan analyses. For the same reasons, we did not
include sedation scores in the 'Summary of findings' tables.

Sedation scores (behavioural measures)

Jacqz-Aigrain 1994 enrolled and reported on 46 newborn infants.
Sedation scores (behavioural measures) (Barrier 1989; Craig 1984;
Robieux 1991) were not different between groups at baseline. The
midazolam group had consistently lower scores (more sedated)
than the placebo group on all days, as assessed by both nurses and
physicians (P < 0.05). Investigators observed significant decreases
in sedation scores from baseline (mean (SD) score 1.9 (0.4)) to day
1 (score 1.1 (0.3); P < 0.01), day 2 (score 0.8 (0.2); P < 0.010) and
day 3 (score 1.1 (0.3); P <0.05) in the midazolam group (per nurses'
scores) and significantincreasesin the placebo group from baseline
(mean (SD) score 1.7 (0.3)) to day 1 (score 2.6 (0.3); P < 0.01) (per
physicians' scores).

Anand 1999 enrolled and reported on 67 preterm infants and found
statistically significantly lower COMFORT scores (more sedated) in
the midazolam group during the infusion (mean (SD) score 14.9
(4.6) vs 17.5 (4.2); P = 0.04), although they noted no statistically
significant differences in scores between the two groups before
infusion and 12 hours after the infusion was stopped (mean (SD)
score 15.9 (3.8) vs 15.6 (3.2); P = 0.8, before the infusion; and
15.8 (4.7) vs 16.2 (4.1); P = 0.76, after the infusion). In response to
tracheal suctioning, the midazolam group had significantly lower
PIPP scores (more sedated) during the infusion compared with the
placebo group (mean (SD) score 8.9 (3.3) vs 12.7 (3.8); P<0.001). The
requirement for additional morphine was not statistically different
between midazolam and placebo groups, but midazolam groups
tended to require fewer additional morphine doses than placebo
groups.

Arya 2001 enrolled and reported on 33 preterm newborns. Sedation
scores were not significantly different between the two groups at

baseline. The midazolam group had statistically significantly lower
sedation scores (more sedated) compared with the placebo group
from 18 hours after the start of infusion (median (range) score 0 (0 to
3)vs 1(0to 4); P<0.05). This trend continued for the study duration
(up to 48 hours), with statistically significant differences noted at 36
(median (range) score 0 vs 1 (0 to 3); P < 0.05), 42 (0 (0-3) vs 1 (0-3);
P <0.05) and 48 hours (0 (0 to 2) vs 1 (0 to 3); P < 0.05) of study drug
infusion.

Even though Jacqz-Aigrain 1994 and Arya 2001 used the same
sedation score, we could not combine results on adequacy of
sedation by meta-analysis, as Arya 2001 presented sedation
scores as median values and ranges, whereas Jacqz-Aigrain 1994
presented results as means and SDs.

Sedation scores (physiological parameters)

Jacqz-Aigrain 1994 enrolled and reported on 46 newborn infants.
The physiological parameters heart rate and blood pressure did
not differ between groups at baseline but were significantly lower
in the midazolam group than in the placebo group on days 1 and
2. These trends continued through to day 5, although they were
not statistically significant. One infant in the midazolam group and
seven in the placebo group (P < 0.05) were inadequately sedated
and required fentanyl and muscle relaxants within 72 hours. Two
infants in the midazolam group received fentanyl within 72 hours
(Jacqz-Aigrain 1994).

Secondary outcomes
Intraventricular haemorrhage (outcome 1.1)

Neither Jacqz-Aigrain 1994 nor Anand 1999 found a statistically
significant difference between midazolam and placebo groups
in the incidence of IVH. Arya 2001 observed no intracranial
haemorrhage during the 48-hour study period in all enrolled
neonates. Meta-analysis of results of the three studies (n = 122)
showed no statistically significant differences in the incidence of
IVH of any grade (typical RR 1.68,95% CI 0.87 to 3.24; typical RD 0.12,
95% Cl-0.02 to 0.26; 12 = 0% (none) for RR but 64% (moderate) for
RD; Analysis 1.1).

Mortality (outcome 1.2)

Neither Jacqz-Aigrain 1994 nor Anand 1999 found a statistically
significant difference in mortality between midazolam and placebo
groups. Arya 2001 did not report mortality as an outcome measure.
However, six infants in the midazolam group and seven in the
placebo group died before completing the 48-hour study period.
Meta-analysis of results of the three studies showed no evidence of
effect (typical RR 0.79, 95% Cl 0.40 to 1.56; typical RD -0.05, 95% Cl
-0.18 t0 0.09; 12 = 0% (none for both RR and RD); Analysis 1.2).

Days on ventilation (outcome 1.3)

Combined results of Jacqz-Aigrain 1994 and Anand 1999 showed
no statistically significant difference in days of ventilation (WMD 3.6
days, 95% CI-0.2 to 7.4 days; 12 = 0% (none); Analysis 1.3).

Arya 2001 presented data on days of ventilation as median values
and ranges, so we could not combine these data with data from
the other two studies. Median duration of ventilation (range) was
53 hours (7 to 216) in the midazolam group and 59 hours (13 to 194)
in the placebo group.

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) 14
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Days on supplemental oxygen use (outcome 1.4)

Combined results of Jacqz-Aigrain 1994 and Anand 1999 showed no
statistically significant difference in days of supplemental oxygen
use (WMD 0.6 days, 95% Cl -5.3 to 6.6 days; 12 = 0% (none); Analysis
1.4).

Pneumothorax (outcome 1.5)

All three studies (Anand 1999; Arya 2001; Jacqz-Aigrain 1994)
reported on pneumothorax (n = 122) and observed no significant
effect of midazolam versus placebo for this outcome (typical RR

1.08, 95% Cl 0.41 to 2.84; typical RD 0.01, 95% CI -0.10 to 0.12; I2 =
0% (none for both); Analysis 1.5).

Length of NICU stay (outcome 1.6)

Jacqgz-Aigrain 1994 and Anand 1999 reported that length of NICU
stay was not statistically significantly different between midazolam
and placebo groups. Meta-analysis of these data showed that the
midazolam group had a statistically significantly longer length of
stay in the NICU than the placebo group (WMD 5.4 days, 95% CI 0.4
to 10.5 days; 12 = 0% (none); Analysis 1.6; Figure 4).

Figure 4. Forest plot of comparison: 1 Midazolam versus placebo, outcome: 1.6 Length of NICU stay (days).
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Arya 2001 did not report on length of NICU stay.

Average NAPI score at 36 weeks' postmenstrual age (outcome 1.7)

Anand 1999 reported average NAPI score at 36 weeks'
postmenstrual age and found no significant difference between
midazolam and placebo (dextrose) groups (MD -2.10, 95% Cl -14.38
to 10.18; tests for heterogeneity not applicable; Analysis 1.7).

Poor neurological outcome up to 28 days' postnatal age (IVH grade Il
or IV, PVL or death at 28 days or sooner without discharge from the
NICU) (outcome 1.8)

Anand 1999 reported on this outcome and described no statistically
significant difference between midazolam and placebo (dextrose)

Favours Treatment Favours Control

groups (RR 1.34, 95% Cl 0.50 to 3.56; RD 0.08, 95% Cl -0.19 to 0.35;
tests for heterogeneity not applicable; Analysis 1.8).

PIPP score during drug infusion (outcome 1.9)

Anand 1999 reported on this outcome and found a statistically
significant difference between midazolam and placebo (dextrose)
groups favouring the midazolam group (MD -3.80, 95% CI -5.93 to
-1.67; tests for heterogeneity not applicable; Analysis 1.9; Figure 5).

Figure 5. Forest plot of comparison: 1 Midazolam versus placebo, outcome: 1.9 PIPP score during drug infusion.
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Occurrence of adverse effects associated with midazolam
administration

Jacqz-Aigrain 1994 observed no adverse neurological effects, but
investigators excluded one infant in the midazolam group from the
study within 24 hours owing to major neurological abnormalities.
Researchers provided no details of this case and reported no
statistically significant differences between groups in the incidence
of hypotension requiring albumin or vasoactive drugs (8/24 vs
6/22).

Anand 1999 noted no adverse neurological effects associated with
midazolam administration and did not report the incidence of
hypotension.

-4 -2 0 2 4
Favours [midazolam] Favours [dextrose]

Arya 2001 described no adverse neurological effects associated
with midazolam administration. Researchers noted epileptiform
movements of unknown cause in two infants in the placebo group
and noted no significant hypotension in any infant during the study
period.

Neurodevelopmental outcome

Jacqz-Aigrain 1994 and Arya 2001 did not report long-term
neurodevelopmental outcomes.

Midazolam infusion versus morphine (comparison 2)
PIPP score during drug infusion (outcome 2.1)

Anand 1999 reported on this outcome and described no statistically
significant differences between midazolam and morphine groups
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(MD 1.00, 95% Cl -0.66 to 2.66; tests for heterogeneity not
applicable).

Poor neurological outcome by 28 days’ postnatal age (IVH grade
1l or IV, PVL or death at 28 days or sooner without discharge
from the NICU) (outcome 2.2)

Arya 2001 reported on this outcome in 46 infants. Investigators
observed statistically significantly increased risk of poor

neurological outcome by 28 days' postnatal age compared with
infants treated with morphine (RR 7.64, 95% Cl 1.02 to 57.21;
RD 0.28, 95% Cl 0.07 to 0.49; NNTH 4, 95% CI 2 to 14; test for
heterogeneity not applicable; Analysis 2.2; Figure 6).

Figure 6. Forest plot of comparison: 2 Midazolam versus morphine, outcome: 2.2 Poor neurological outcome up to

28 days' postnatal age.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup EBwvents  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1899 7 22 1 24 1000% 764[1.02 587.21]
Total (95% CI) 22 24 100.0% 7.64 [1.02,57.21] —————
Total events 7 1
Heterageneity: Mat applicatile o o 1.D o0

Test for overall effect: £=1.88 (F = 0.05)

DISCUSSION

Summary of main results

Since midazolam was introduced into the neonatal intensive care
unit (NICU) in the 1980s, little information has been published
on its effectiveness and safety when administered to critically ill
neonates. Most reports to date are case series and case reports of
midazolam use in patients of diverse age groups (from three days
to 18 years of age), given at variable doses (from 0.025 mg/kg to
0.3 mg/kg administered as a bolus, to 24 microgram/kg/h to 400
microgram/kg/h administered as an infusion) (Hartwig 1991; Pellier
1999; Rosen 1991; Stenhammar 1994). The three studies included in
this review (Anand 1999; Arya 2001; Jacqz-Aigrain 1994) are the only
randomised controlled trials (RCTs) conducted to date on the use
of midazolam infusion for sedation in infants. Repeated literature
searches in September 2009, March 2012 and June 2016 yielded no
additional trials.

Tools to measure level of sedation in preterm infants are few (AAP/
CPS 2000). Sedation level in such infants is currently measured by
scales previously validated in older infants and children. Whether
these scales are appropriate in preterm infants is unknown.
Therefore, in the three RCTs included in this review (Anand 1999;
Arya 2001; Jacqz-Aigrain 1994), although intravenous infusion of
midazolam appeared to provide an effective sedative compared
with placebo, investigators could draw no definitive conclusions
on its effectiveness as a sedative in preterm infants. Anand 1999
assessed level of sedation using the COMFORT score, a composite
scale based on eight behavioural and physiological items used to
assess distress (Ambuel 1992). Although these items are applicable
to preterm infants, this score has been validated only in older
infants and children (mean age, 37.1 months). Jacqz-Aigrain 1994
and Arya 2001 used a sedation scale adapted from the scoring
system of Barrier (Barrier 1989), which had not been validated
in preterm infants, by selecting five of 10 items from the scoring
system. The validity of such an adapted score in assessing sedation
level in neonates is unknown.

Jacqz-Aigrain 1994 showed similar incidences of intracranial
haemorrhage between midazolam and control groups. However,

Favours [midazolam] Favours [morphineg]

the midazolam-treated infant who was excluded within 24 hours for
major neurological abnormalities raises concern about the safety
of midazolam. In Anand 1999, the incidence of poor neurological
outcomes (death, severe intraventricular haemorrhage (IVH),
periventricular leukomalacia (PVL)) was higher in the midazolam
group than in placebo and morphine groups (32% vs 24% vs
4%, respectively; P = 0.03). It should be noted, however, that the
morphine group included a higher percentage of female infants
with slightly higher birth weight and more mature gestational
age. These baseline characteristics may have contributed to the
differences in neurological outcomes noted in these groups.

Overall completeness and applicability of evidence

Today, only 146 neonates have been enrolled in three trials
comparing midazolam versus placebo or morphine. The studies
included in this review observed adverse neurological events
more frequently, although possibly multi-factorial in origin, among
midazolam-treated infants.

Quality of the evidence

The three trials included in this review (Anand 1999; Arya 2001,
Jacqz-Aigrain 1994) had small sample sizes but low risk of bias
for most of the items included in the risk of bias tables. We rated
risk of bias as unclear for selective reporting (reporting bias), as
the protocols for all three studies were not available to us. We
assessed these trials as having moderate quality according to
GRADE Working Group grades of evidence. Thus further research
is likely to have an important impact on our confidence in the
estimate of effect and may change the estimate. Most important,
none of the sedation scales used in these trials had been validated
in newborns, and we could include only a few outcomes in the
'Summary of findings' tables (Summary of findings for the main
comparison; Summary of findings 2).

Potential biases in the review process

We are aware of no biases in our review process. However, although
we used a robust search method, we cannot exclude the possibility
that we could have missed literature evidence.

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) 16
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Agreements and disagreements with other studies or
reviews

The literature has reported adverse neurological effects associated
with midazolam in term and preterm neonates (Adams 1997;
Bergman 1991; Collins 1991; Magny 1994; Ng 2002; van den
Anker 1992). Investigators have reported a variety of transient
neurological effects after boluses or infusions, or both, of
midazolam, including impaired level of consciousness, lack of
visual following, hypertonia, hypotonia, choreic movements,
dyskinetic movements, myoclonus and epileptiform activity. They
have noted abnormalities on electroencephalograms in some
cases. In all cases, effects were transient, although researchers
have not reported long-term neurodevelopmental outcomes. Two
studies (Harte 1997; van Straaten 1992) found a significant decrease
in middle cerebral artery blood flow velocity among preterm
infants administered a single bolus injection of midazolam. This
effect lasted up to one hour and was directly related to a
drop in mean arterial blood pressure. Thus, it appears that the
neurological effects of midazolam may be related at least in part
to transient cerebral hypoperfusion. Long-term sequelae of these
effects remain unknown.

The mechanism of midazolam-induced hypotension was thought
to be vasodilation related to levels of extravascular prostanoids
and calcium (Modanlou 1997). Jacqz-Aigrain 1994 found that
the number of infants with haemodynamic instability was not
significantly different between midazolam and placebo groups
(eight vs six, respectively), although infants in the midazolam group
had significantly lower blood pressure than infants in the placebo
group. Other investigators (Burtin 1991; Ng 2002; van den Anker
1992) observed significant hypotension in several preterm infants
after bolus doses and infusions of midazolam that required volume

resuscitation or vasoactive drugs. In most cases, providers had
administered fentanyl concomitantly.

AUTHORS' CONCLUSIONS

Implications for practice

This systematic review can provide no definitive conclusions about
the effectiveness and safety of midazolam infusion (in the dose
range of 30 microgram/kg/h to 60 microgram/kg/h) as a sedative
in preterm neonates. Authors of studies included in this review
observed adverse neurological events, although possibly multi-
factorial in origin, more frequently in midazolam-treated infants.
These adverse effects cannot be dismissed in light of previous
case reports of serious neurological and haemodynamic effects
provided by non-randomised uncontrolled studies as well as
studies on effects of midazolam on cerebral artery blood flow
velocity. Therefore, evidence is currently insufficient to support
routine use of intravenous midazolam infusion for sedation of
newborn infants in the NICU.

Implications for research

Reliable, valid and clinically useful scales are needed to measure
level of sedation in preverbal infants. When such scales are
developed, investigators must conduct further research on the
effectiveness of sedatives such as midazolam infusion on term and
preterm infants. With regards to safety of midazolam use in infants,
researchers must undertake additional studies on associated short-
term and long-term adverse effects.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Anand 1999

Methods Multi-centre, randomised, double-blind, placebo-controlled pilot study (NOPAIN trial)

1. Blinding of randomisation - yes

2. Blinding of intervention - yes

3. Complete follow-up - yes

4. Blinding of outcome measure - yes

Participants Preterm infants from 24 to 32 weeks' gestational age at < 72 hours' postnatal age who were ventilated
for <8 hours were eligible for inclusion.

Exclusion criteria: major congenital anomalies, severe intrapartum asphyxia (5-minute Apgar score < 3),
participation in other studies interfering with the NOPAIN trial procedures

67 infants were randomised.

Demographic data: values presented as means (SDs)
Midazolam group (n=22)

Gestational age: 28.6 weeks (2.5 weeks)

Birth weight: 1245 grams (445 grams)

Entry weight: 1224 grams (491 grams)

Male: 54.5%

Duration of infusion: 122.2 hours (122.1 hours)
CRIB score: 5.7 (3.5)

Morphine group (n =24)

Gestational age: 29.2 weeks (2.2 weeks)

Birth weight: 1230 grams (475 grams)

Entry weight: 1265 grams (501 grams)

Male: 46.2%

Duration of infusion: 81.0 hours (94.1 hours)
CRIB score: 4.5 (3.1)

Placebo (10% dextrose) group (n =21)
Gestational age: 28.1 weeks (2.2 weeks)

Birth weight: 1049 grams (419 grams)

Entry weight: 1188 grams (524 grams)

Male: 57.1%

Duration of infusion: 121.1 hours (120.8 hours)
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Anand 1999 (continued)

CRIB score: 6.6 (4.0)

Interventions

Midazolam was given as 200 microgram/kg loading dose followed by infusion of 20 microgram/kg/h,
40 microgram/kg/h or 60 microgram/kg/h for those whose gestational age was 24 to 26 weeks, 27 to 29
weeks or 30 to 33 weeks, respectively.

Morphine was given as 100 microgram/kg loading dose, followed by infusion of 10 microgram/kg/h, 20
microgram/kg/h or 30 microgram/kg/h for those whose gestational age was 24 to 26 weeks, 27 to 29
weeks or 30 to 33 weeks, respectively.

Additional analgesia was given, as needed, by intravenous morphine boluses at the discretion of the
clinical team. The amount and frequency of additional morphine were recorded as an outcome mea-
sure. Infusions were weaned according to a set protocol. Maximum duration of study treatment was 14
days.

Outcomes Severity of illness was measured by the CRIB score (The International Neonatal Network) and the NMI
(Korner 1993).
Primary outcome
Incidence of adverse neurological events (neonatal death, grade Ill or IV IVH, PVL)
Secondary outcomes
Level of sedation, as measured by the COMFORT score (Ambuel 1992). Pain response to tracheal suc-
tioning, as assessed by the PIPP (Stevens 1996). All of these scores were assessed before the start of
study treatment, after 24 hours of infusion and at 10 to 12 hours after discontinuation of treatment.
Incidence of pneumothorax, days of ventilatory support, continuous positive airway pressure and oxy-
gen, length of intensive care unit and hospital stay and neurodevelopmental outcomes were measured
by NAPI cluster scores (Korner 1991) at 36 weeks' corrected gestational age.

Notes Balanced randomisation by blocks stratified by each participating centre. Randomisation was per-
formed by a 24-hour automated telephone response system.
Reasons for non-enrolment were provided.
Finnegan Neonatal Abstinence Scale (Finnegan 1975) was administered at 12 and 24 hours after dis-
continuation of study infusion, then daily.
This study was supported by industry: Astra Pain Control, Sodertélje, Sweden.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Balanced randomisation was done in blocks, stratified by each participating

tion (selection bias) centre via a 24-hour automated telephone response system that was available

24 hours a day for authorised users at each site.
Allocation concealment Low risk Following enrolment, randomised group allocation was faxed to the partici-
(selection bias) pating NICU and hospital pharmacy. Only 1 pharmacist at each site had access
to the codes regarding drug assignment.

Blinding of participants Low risk Physicians, nurses and all NICU staff were masked to the identity of study drug.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Physicians, nurses and all NICU staff were masked to the identity of study drug.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Outcomes were reported on all infants enrolled in the trial.

(attrition bias)

All outcomes
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Anand 1999 (continued)

Selective reporting (re-
porting bias)

Unclear risk The protocol for the study was not available to us, so we cannot ascertain
whether deviations from the protocol occurred.

Other bias Low risk Trial appears free of other bias.
Arya 2001
Methods Randomised, double-blind, placebo-controlled trial

1. Blinding of randomisation - yes

2. Blinding of intervention - yes

3. Complete follow-up - yes

4. Blinding of outcome measure - yes

Study location: neonatal unit of a tertiary hospital, New Dehli, India

Study period: not stated

Participants

Newborn infants <2000 grams needing mechanical ventilation during first week of life were eligible for
inclusion.

Exclusion criteria: encephalopathy, birth asphyxia, major malformation, maternal benzodiazepine use
before delivery

33 infants were randomised.
3iin each group did not complete the first 24 hours of the study; 4 in each group did not complete the
first 48 hours of the study

Reasons for withdrawal: death (13) and extubation (1)
Demographic data: values presented as means (SDs), unless indicated

Midazolam group (n=17)

Gestational age: 31.5 weeks (2.4 weeks)
Birth weight: 1263 grams (326 grams)
Male: 58.8%

PIP at baseline: 19.9 cmH,0 (5.5 cmH,0)

MAP at baseline: 8.7 cmH50 (3.2 cmH,0)

Median (range) Ol at baseline: 5 (1 to 22)
Median (range) AaDO, at baseline: 205 (13 to 619)

Placebo group (n=16)

Gestational age: 32.3 weeks (2.2 weeks)
Birth weight: 1337 grams (297 grams)
Male: 75.0%

PIP at baseline: 21.2 cmH;0 (7.1 cmH,0)

MAP at baseline: 9.8 cmH,0 (4.3 cmH,0)

Median (range) Ol at baseline: 5 (2 to 55)
Median (range) AaDO, at baseline: 234.5 (59 to 553)

Interventions

Midazolam was given as 200 microgram/kg loading dose followed by infusion of 60 microgram/kg/h.
Duration of infusion and method of weaning were not specified.

Infants in both groups received morphine infusion at 10 microgram/kg/h during the study.

Study consisted of 48 hours of infusion.

Outcomes

Primary outcome

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review)
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Arya 2001 (Continued)

Adequacy of sedation was measured every 6 hours by a 5-item behavioural scale (facial expression,
sucking, continuous motor activity, excitability and response to stimulation, excessive flexing) (Barri-
er 1989); physiological measures of sedation level included mean daily values of heart rate and blood

pressure.

Secondary outcomes

Intracranial haemorrhage and epileptiform movement, haemodynamic instability (hypotension,
tachycardia, oliguria) with the need for volume expansion or vasoactive drugs, or both, ventilation re-
quirement (peak inspiratory and PEEP, MAP and rate), days of ventilation, incidence of pulmonary air

leak
Notes Randomisation was performed with opaque envelopes containing computer-generated random num-
bers.
Ranbaxy Laboratoried Ltd provided drugs and placebo for the study.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random numbers were placed in opaque envelopes.
tion (selection bias)
Allocation concealment Low risk Opaque envelopes contained computer-generated random numbers.
(selection bias)
Blinding of participants Low risk Placebo was manufactured with colour and vial volume similar to those of
and personnel (perfor- study drug.
mance bias)
All outcomes
Blinding of outcome as- Low risk Sedation score was determined by an investigator who was blinded to alloca-
sessment (detection bias) tion of infants.
All outcomes
Incomplete outcome data  Low risk Three patients each in midazolam and placebo groups did not complete 24
(attrition bias) hours of follow-up after enrolment. Additionally, 4 patients in the midazolam
All outcomes group and 4 in the placebo group did not complete 48 hours of follow-up. Rea-
sons for withdrawal included death (6 in midazolam group and 7 in placebo
group) and cessation of mechanical ventilation (1 in midazolam group).
Selective reporting (re- Unclear risk The protocol for the study was not available to us, so we cannot ascertain
porting bias) whether deviations from the protocol occurred.
Other bias Low risk Trial appears free of other bias.

Jacqz-Aigrain 1994

Methods

Randomised, double-blind, placebo-controlled trial
Randomisation was stratified by 2 gestational age groups (< 33 weeks and = 33 weeks).

1. Blinding of randomisation - cannot determine
2. Blinding of intervention - yes

3. Complete follow-up - yes

4. Blinding of outcome measure - yes
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Jacqz-Aigrain 1994 (Continued)

Participants

Newborn infants < 48 hours of age who required intubation and ventilation for respiratory distress syn-
drome were eligible for inclusion.

Exclusion criteria: previous exposure to benzodiazepines (maternal/infant), congenital anomalies, ma-
jor neurological abnormalities, low Apgar score at 5 minutes (score not defined by study authors)

48 preterm infants were enrolled. 1 who received midazolam previously and 1 with 5-minute Apgar
score of 0 were excluded. 46 infants (25 at < 33 weeks', 21 at > 33 weeks' gestational age) were included
in the analysis.

Demographic data: values presented as means (SDs)

Midazolam group (n=24)

Gestational age: 32.1 weeks (2.8 weeks)

Birth weight: 1820 grams (647 grams)

Male: 58.3%

5-Minute Apgar score: 9.0 (1.2)

MAP at enrolment: 12 mmHg (2 mmHg)

FiO, at enrolment: 49% (13%)

Duration of infusion: 78.7 hours (30.9 hours)

Placebo group (n=22)

Gestational age: 32.8 weeks (2.6 weeks)

Birth weight: 2000 grams (548 grams)

Male: 59.1%

5-Minute Apgar score: 8.1 (2.3)

MAP at enrolment: 13 mmHg (2 mmHg)

FiO, at enrolment: 51% (16%)

Interventions

24 infants received midazolam infusion.

For infants = 33 weeks: 60 microgram/kg/h for up to 5 days

For infants < 33 weeks: 60 microgram/kg/h for 1 day, then 30 microgram/kg/h for up to 5 days
Infusion could have been stopped after 48 hours if no longer required.

22 infants received a manufactured placebo.

Additional sedation with fentanyl or use of muscle relaxant was permitted; the study protocol was in-
terrupted in such cases, but data from these infants were used in the analysis.

Outcomes Primary outcome
Adequacy of sedation was measured 4 times per day (twice by nurses and twice by physicians) on a
5-item behavioural scale (facial expression, sucking, spontaneous motor activity, excitability and re-
sponse to stimulation, excessive flexing); physiological measures of sedation level included mean daily
values of hourly heart rate, systolic and diastolic blood pressures.
Secondary outcomes
Incidence of intracranial haemorrhage and epileptiform movement; haemodynamic instability (need
for fluid, albumin, vasoactive drugs); ventilation requirement (PIP, PEEP, MAP); days of ventilation; days
of supplemental oxygen; incidence of pneumothorax and pulmonary interstitial emphysema; total
days of NICU stay
Serum concentrations of midazolam were monitored before and 24 and 48 hours after the start of infu-
sion and at the end of treatment.

Notes Randomisation was performed by selecting the next envelope in 2 boxes, 1 for each gestational age
stratum.
Protocol for weaning of study drug was not described.
Midazolam and placebo were supplied by Laboratories Roche, Paris, France.

Risk of bias

Bias Authors' judgement  Support for judgement
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Jacqz-Aigrain 1994 (Continued)

Random sequence genera-  Unclear risk No information was provided.

tion (selection bias)

Allocation concealment Low risk Randomisation to treatment or placebo was stratified by gestational age at

(selection bias) birth (< 33 weeks and = 33 weeks). The intensive care unit had 2 boxes contain-
ing individual treatments for 5 days. When an infant met all entry criteria, in-
vestigators used the next envelope in the appropriate box.

Blinding of participants Low risk Medical staff, radiologist and pharmacologist interpreting the study were

and personnel (perfor- blinded to treatment assignment.

mance bias)

All outcomes

Blinding of outcome as- Low risk Medical staff, radiologist and pharmacologist interpreting the study were

sessment (detection bias) blinded to treatment assignment.

All outcomes

Incomplete outcome data  Low risk Outcomes were reported for all enrolled infants except 1; 1 infant was immedi-

(attrition bias) ately excluded because he had previously received midazolam, and 1 was ex-

All outcomes cluded because of an Apgar score of 0 at 5 minutes of age. Data for the remain-
ing 46 infants were analysed.

Selective reporting (re- Unclear risk The protocol for the study was not available to us, so we cannot ascertain

porting bias) whether deviations from the protocol occurred.

Other bias Low risk Trial appears free of other bias.

AaDO;: alveolar-arterial oxygen gradient; CRIB: Clinical Risk Index for Babies; FiO,: fraction of inspired oxygen concentration; IVH:
intraventricular haemorrhage; MAP: mean airway pressure; NAPI: Neurobehavioral Assessment of the Premature Infant; NICU: neonatal
intensive care unit; NMI: Neonatal Medical Index; NOPAIN: Neonatal Outcome and Prolonged Analgesia In Neonates; Ol: oxygenation
index; PEEP: positive end-expiratory pressures; PIP: peak inspiratory pressure; PIPP: Premature Infant Pain Profile; PVL: periventricular
leukomalacia; SD: standard deviation.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Kawakami 1998

Arandomised, controlled trial comparing intravenous lidocaine (1.5 mg/kg) vs intravenous mida-
zolam (0.1 mg/kg) in addition to lidocaine for anaesthetic induction in 27 neonates undergoing
surgery. We excluded this study because midazolam was given as a single bolus dose and was not

used as a sedative.

McCarver-May 1996

A randomised cross-over trial comparing intravenous midazolam (0.2 mg/kg) vs oral chloral hy-
drate (75 mg/kg) for sedation during neuroimaging studies in 7 full-term neonates. We excluded
this study because midazolam was given as a single bolus dose.

Parkinson 1997

Arandomised, controlled trial comparing oral chloral hydrate (25 mg/kg to 50 mg/kg) vs promet-
hazine (0.5 mg/kg to 1.0 mg/kg) vs an intravenous midazolam infusion (50 microgram/kg/h to 300
microgram/kg/h) for sedation in critically ill children. We excluded this study because the popula-
tion studied included children from 1 day to 15 years of age, and because we could not extract from
the study data for neonates.
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DATA AND ANALYSES

Comparison 1. Midazolam versus placebo

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

1 Intraventricular haemorrhage (any grade) 3 122 Risk Ratio (M-H, Fixed, 95% CI)  1.68 [0.87, 3.24]

2 Mortality 3 122 Risk Ratio (M-H, Fixed, 95% CI) 0.79[0.40, 1.56]

3 Days of ventilation 2 89 Mean Difference (IV, Fixed, 95%  3.60 [-0.25, 7.44]
Cl)

4 Days of supplemental oxygen use 2 89 Mean Difference (IV, Fixed, 95%  0.64 [-5.30, 6.57]
cl

5 Pneumothorax 3 122 Risk Ratio (M-H, Fixed,95% CI)  1.08 [0.41, 2.84]

6 Length of NICU stay (days) 2 89 Mean Difference (IV, Fixed, 95%  5.44 [0.40, 10.49]
Cl)

7 Average NAPI scores at 36 weeks' PMA 1 43 Mean Difference (IV, Fixed, 95%  -2.10 [-14.38, 10.18]
Cl)

8 Poor neurological outcome by 28 days' 1 43 Risk Ratio (M-H, Fixed, 95% CI)  1.34[0.50, 3.56]

postnatal age

9 PIPP score during drug infusion 1 43 Mean Difference (IV, Fixed, 95% -3.80[-5.93,-1.67]

cl)

Analysis 1.1. Comparison 1 Midazolam versus placebo, Outcome 1 Intraventricular haemorrhage (any grade).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1999 10/22 4/21 —— 39.53% 2.39[0.88,6.44]
Arya 2001 0/17 0/16 Not estimable
Jacqz-Aigrain 1994 8/24 6/22 —— 60.47% 1.22[0.5,2.97]
Total (95% CI) 63 59 i 100% 1.68[0.87,3.24]
Total events: 18 (Treatment), 10 (Control)
Heterogeneity: Tau?=0; Chi*=0.97, df=1(P=0.32); 1>=0%
Test for overall effect: Z=1.56(P=0.12)

01 02 05 1 2 5 10 Favours Control

Favours Treatment
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Analysis 1.2. Comparison 1 Midazolam versus placebo, Outcome 2 Mortality.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1999 1/22 2/21 40—‘— 15.24% 0.48[0.05,4.88]
Arya 2001 6/17 7/16 53.69% 0.81[0.34,1.89]

Jacqz-Aigrain 1994 4/24 4/22 + 31.07% 0.92[0.26,3.23]

Total (95% Cl) 63 59 * 100% 0.79[0.4,1.56]
Total events: 11 (Treatment), 13 (Control) ‘
Heterogeneity: Tau?=0; Chi*=0.24, df=2(P=0.89); 1>=0% ‘
Test for overall effect: Z=0.67(P=0.5) ‘
Favours Treatment ~ 0.01 0.1 1 10 100 Favours Control

Analysis 1.3. Comparison 1 Midazolam versus placebo, Outcome 3 Days of ventilation.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Anand 1999 22 14.2 (11.1) 21 12.2 (12.7) & 28.96% 2[-5.14,9.14]
Jacqz-Aigrain 1994 24 12.3(10) 22 8(5.2) —B— 71.04% 4.25[-0.31,8.81]
Total *** 46 43 e 100% 3.6[-0.25,7.44]
Heterogeneity: Tau?=0; Chi*=0.27, df=1(P=0.6); 1>=0%
Test for overall effect: Z=1.83(P=0.07)

Favours Treatment  -10 -5 0 5 10 Favours Control

Analysis 1.4. Comparison 1 Midazolam versus placebo, Outcome 4 Days of supplemental oxygen use.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Anand 1999 22 35(33) 21 32.3(30.2) —‘0— 9.87% 2.7[-16.19,21.59]
Jacqz-Aigrain 1994 24 9.2(9.2) 22 8.8(12.1) . 90.13% 0.41[-5.84,6.66]
Total *** 46 43 * 100% 0.64[-5.3,6.57]
Heterogeneity: Tau?=0; Chi>=0.05, df=1(P=0.82); 1>=0% ‘

Test for overall effect: Z=0.21(P=0.83) ‘

Favours Treatment ~ -100 -50 0 50 100 Favours Control

Analysis 1.5. Comparison 1 Midazolam versus placebo, Outcome 5 Pneumothorax.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1999 1/22 1/21 16.4% 0.95[0.06,14.3]
Arya 2001 0/17 0/16 Not estimable

Jacqz-Aigrain 1994 6/24 5/22 83.6% 1.1[0.39,3.1]

Total (95% Cl) 63 59 ‘ 100% 1.08[0.41,2.84]
1

Favours Treatment ~ 0.01 0.1 10 100 Favours Control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Total events: 7 (Treatment), 6 (Control)
Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.92); 1>=0%
Test for overall effect: Z=0.15(P=0.88)

Favours Treatment ~ 0.01 0.1 1 10 100 Favours Control

Analysis 1.6. Comparison 1 Midazolam versus placebo, Outcome 6 Length of NICU stay (days).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Anand 1999 22 48.6 (31.1) 21 37.5(31.4) } 7.28% 11.1[-7.59,29.79]
Jacqz-Aigrain 1994 24 14 (12) 22 9(5) —.— 92.72% 5[-0.24,10.24]
Total *** 46 43 e 100% 5.44[0.4,10.49]
Heterogeneity: Tau?=0; Chi*=0.38, df=1(P=0.54); 1>=0%
Test for overall effect: Z=2.12(P=0.03)

Favours Treatment ~ -10 -5 0 5 10 Favours Control

Analysis 1.7. Comparison 1 Midazolam versus placebo, Outcome 7 Average NAPI scores at 36 weeks' PMA.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Anand 1999 2 53.6(183) 21 55.7(22.5) -.- 100% -2.1[-14.38,10.18]
Total *** 22 21 * 100% -2.1[-14.38,10.18]

Heterogeneity: Not applicable
Test for overall effect: Z=0.34(P=0.74)

Favours [midazolam] -100 -50 0 50 100 Favours [dextrose]

Analysis 1.8. Comparison 1 Midazolam versus placebo,
Outcome 8 Poor neurological outcome by 28 days' postnatal age.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Anand 1999 7/22 5/21 B 100% 1.340.5,3.56]
Total (95% Cl) 22 21 ’ 100% 1.34[0.5,3.56]
Total events: 7 (Treatment), 5 (Control) ‘

Heterogeneity: Not applicable ‘

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

Favours [midazolam]  0.01 0.1 1 10 100 Favours [dextrose]
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Analysis 1.9. Comparison 1 Midazolam versus placebo, Outcome 9 PIPP score during drug infusion.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Anand 1999 2 8.9 (33) 21 12.7(3.8) o 100% -3.8[-5.93,-1.67]
Total *** 22 21 ~a— 100% -3.8[-5.93,-1.67]
Heterogeneity: Not applicable
Test for overall effect: Z=3.49(P=0)
Favours [midazolam] S5 25 0 25 5 Favours [dextrose]
Comparison 2. Midazolam versus morphine
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 PIPP score during drug infusion 1 46 Mean Difference (IV, Fixed, 95% Cl) 1.0[-0.66, 2.66]
2 Poor neurological outcome up to 28 days' 1 46 Risk Ratio (M-H, Fixed, 95% CI) 7.64[1.02,57.21]

postnatal age

Analysis 2.1. Comparison 2 Midazolam versus morphine, Outcome 1 PIPP score during drug infusion.

Study or subgroup Midazolam Morphine Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Anand 1999 2 8.9 (33) 24 7.9(2.3) ——8B—> 0% 1[-0.66,2.66]
Total *** 22 24 ——ee—  100% 1[-0.66,2.66]

Heterogeneity: Not applicable
Test for overall effect: Z=1.18(P=0.24)

Favours [midazolam] -2 -1 0 1 2 Favours [morphine]

Analysis 2.2. Comparison 2 Midazolam versus morphine, Outcome
2 Poor neurological outcome up to 28 days' postnatal age.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Anand 1999 7/22 1/24 B 100% 7.64[1.02,57.21]
Total (95% Cl) 22 24 ——— 100% 7.64[1.02,57.21]

Total events: 7 (Experimental), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.98(P=0.05)

Favours [midazolam]  0-01 0.1 1 10 100 Favours [morphine]
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ADDITIONAL TABLES

Table 1. Sedation scores used in included studies

Study refer- Name Reference for the Age of infants/children subjected to the score Score val-
ence for in- of score score idated
cluded trial used in new-
borns?
Anand 1999 COMFORT  Ambuel 1992; Ambuel 1992 - 37 participants (age newborn to 204 months (mean No
Scale Marx 1994 37.1;SD 52.7))

Marx 1994 - children (age 0 to 102 months (mean age > 1 year)

Arya 2001 Sedation Barrier 1989 Barrier 1989 - 23 infants (age 1 to 7 months) No
score
Jacqz- Behaviour  Craig 1984; Barri- Craig 1984 - 30 children (age 2 to 24 months) No
Aigrain 1994  score er 1989; Robieux
1991 Barrier 1989; Robieux 1991 - 41 infants and toddlers (age 3 to 36
months)

APPENDICES

Appendix 1. Standard search method

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

Embase: (infant, newborn or newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW
or Newborn or infan* or neonat*) AND (human not animal) AND (randomized controlled trial or controlled clinical trial or randomized or
placebo or clinical trials as topic or randomly or trial or clinical trial)

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

Cochrane Library: (infant or newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW)

Appendix 2. Risk of bias tool

The following issues were evaluated and entered 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 categorised 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);

N

. high risk (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 categorised the method used to conceal the allocation sequence as:

1. lowrisk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);
2. high risk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or
3. unclear risk.
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3. Blinding (checking for possible performance bias). Was knowledge of the allocated intervention adequately prevented during the study?
At study entry? At the time of outcome assessment?

For each included study, we categorised the method used to blind study participants and personnel from knowledge of which intervention
a participant received. Blinding was assessed separately for different outcomes or classes of outcomes. We categorised the methods as:

1. low risk, high risk or unclear risk for participants;
2. low risk, high risk or unclear risk for personnel; and
3. low risk, high risk or unclear risk for outcome assessors.

4. Incomplete outcome data (checking for possible attrition bias through withdrawals, drop-outs, protocol deviations). Were incomplete
outcome data adequately addressed?

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

1. low risk (<20% missing data);
2. high risk (= 20% missing data); or
3. unclear risk.

5. Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?

For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. We
assessed the methods as:

1. low risk (when it is clear that all of the study’s prespecified outcomes and all expected outcomes of interest to the review have been
reported);

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

3. unclear risk.
6. 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 described any important concerns that we had about other possible sources of bias (e.g. whether a potential
source of bias was related to the specific study design, whether the trial was stopped early owing to some data-dependent process). We
assessed whether each study was free of other problems that could put it at risk of bias as:

1. lowrisk;
2. highrisk; or
3. unclearrisk.

If needed, we planned to explore the impact of the level of bias by undertaking sensitivity analyses.

Appendix 3. Quality of the evidence assessment

In cases where we considered the risk of bias arising from inadequate concealment of allocation, randomised assignment, complete
follow-up or blinded outcome assessment to reduce our confidence in the effect estimates, we downgraded the quality of evidence
accordingly. We evaluated consistency via similarity of point estimates, extent of overlap of confidence intervals and statistical criteria
including measurement of heterogeneity (1?). We downgraded the quality of evidence when large and unexplained inconsistency was
present across study results (i.e. some studies suggest important benefit and others no effect or harm without a clinical explanation). We
assessed precision according to the 95% confidence interval (Cl) around the pooled estimation. When trials were conducted in populations
other than the target population, we downgraded the quality of evidence because of indirectness.

WHAT'S NEW
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HISTORY

Review first published: Issue 2, 2000

Date Event

Description

29 July 2016 New search has been performed

We updated this review in July 2016 and identified no new trials.
We expanded on the risk of bias tables and activated new head-

ings in several sections of the review. We included 'Summary of

findings' tables.

29 July 2016 New citation required but conclusions We identified no new trials for this update and did not change re-
have not changed view conclusions.
22 July 2014 Amended We made minor amendments.

22 March 2012 New citation required but conclusions

have not changed

We identified no new trials and made no changes to review con-
clusions.

22 March 2012 New search has been performed

This updates the review, "Intravenous midazolam infusion for se-
dation of infants in the neonatal intensive care unit", published
in the Cochrane Database of Systematic Reviews (Ng 2003).

We performed a literature search in March 2012.

9 September 2009 New search has been performed This updates the review, "Intravenous midazolam infusion for se-
dation of infants in the neonatal intensive care unit", published
in the Cochrane Library (2003, Issue 1) (Ng 2003).

We identified no new trials.

2 November 2008 Amended We converted the review to new review format.

1 August 2006 New search has been performed In an updated search conducted in August 2006, we found no ad-
ditional studies. We made no changes to review conclusions as a
result of this update.

17 September 2002 New citation required and conclusions We made substantive amendments. We conducted a new search

have changed

in September 2002 and identified 1 additional randomised con-
trolled trial for inclusion. We made no changes to review conclu-
sions as a result of this update.

CONTRIBUTIONS OF AUTHORS
ENg.

Development and writing of the protocol.

Literature search and identification of trials for inclusion.
Evaluation of methodological quality of included trials.
Abstraction of data independent of co-review author.
Entry of data into RevMan.

o pr LN

Intravenous midazolam infusion for sedation of infants in the neonatal intensive care unit (Review) 32
Copyright © 2020 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

6. Writing of Results section.
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