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BACKGROUND: Premature neonates often require mechanical ventilation during intensive care. However, there is a lack of
clinical consensus on the provision, type, and dosage of analgosedatives. The purpose of this scoping review is to assess the risks
and benefits of providing analgesic and sedative drugs to ventilated premature infants.

METHODS: We sourced primary empirical research reporting outcomes related to the use of pharmacological analgesics and
sedatives in ventilated premature infants. We included articles published in any language in peer-reviewed journals before February
2024 from MEDLINE, Embase, Web of Science, Cochrane Library, and Google Scholar databases. We present the overall study
characteristics, and the reported risks and benefits of analgosedatives within drug sub-groups.

RESULTS: 80 studies were included in the scoping review. Morphine was the most studied drug (39 studies), followed by fentanyl
(19 studies). Midazolam (8 studies) and dexmedetomidine (3 studies) were the most frequently studied sedatives. Analgesic efficacy
was more consistently reported for fentanyl than morphine. The sedative effect of opioids was rarely assessed. Respiratory,
cardiovascular, gastrointestinal, neurological and neurodevelopmental risks were unclear for all opioids. Alternative synthetic
opioids and midazolam appear to be associated with significant risks in the absence of clear benefits. Dexmedetomidine shows
encouraging but limited results and merits further investigation as an opioid-sparing adjunct.

CONCLUSION: At present, fentanyl appears to have the best efficacy and safety profile for analgosedation in this patient
population. This scoping review will support clinicians in their analgosedative management of ventilated premature infants and

identifies research gaps and priorities.

Pediatric Research; https://doi.org/10.1038/s41390-025-04441-y

IMPACT:

® This systematic scoping review provides a comprehensive summary of the evidence of the risks and benefits of analgesics and

sedatives in ventilated premature infants.

® Although morphine is the most extensively studied and used drug, its analgesic effect has been less consistently reported than

that of fentanyl.

® Sedation has rarely been assessed and dexmedetomidine seems a promising sedative adjunct as midazolam use is not

supported by evidence.

INTRODUCTION

Invasive mechanical ventilation has the potential to cause pain
and distress.'™ Over the past decade, despite a dramatic increase
in the use of non-invasive ventilation in neonatal care, the
majority of very premature infants continue to receive mechanical
ventilation during parts of their NICU stay: 84% of infants born
before 29 weeks in the US* and 98% of infants born before
28 weeks in the UK®. Given the cumulative evidence of pain in
infants®, and growing concerns regarding the potential long-term

neurodevelopmental effects of pain and distress in early life”, the
provision of appropriate and effective analgesia and sedation is
paramount. However, there is ongoing controversy regarding the
use of analgesics and sedatives in the context of mechanical
ventilation in premature infants.®° As such, there is substantial
variability, both within and between countries in the use of
analgosedatives and their dosage in NICUs."®'" This is likely due to
a lack of knowledge regarding effective analgesic doses, the
optimal degree of sedation, and uncertainty regarding associated
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acute adverse effects and long-term safety, including negative
neurodevelopmental effects'2.

A lack of consensus on the provision, type, and dosage of
analgosedatives will inevitably result in some premature infants
enduring untreated pain or others experiencing adverse effects
from unnecessary treatment, with both outcomes having potential
long-term consequences.'® Clinical decision-making requires a
comprehensive understanding of the balance of benefits and risks
of any potential treatment from the best available evidence.
Therefore, the aim of this systematic scoping review was to
identify which analgosedative drugs have been studied in
ventilated premature infants and to objectively report their
benefits and risks to guide future clinical management of this
patient population and motivate further research.

METHODS

Study design

The protocol for this review was developed in accordance with the
PRISMA-P 2015 guidelines and checklist,'* and was publicly
registered on 15th June 2022 on OSF, prior to data extraction
(https://doi.org/10.17605/0OSF.I0/YNHGS). This systematic scoping
review aimed to assess the benefits and harms of pharmacological
analgesics and sedatives used in premature neonates receiving
invasive ventilation. We included all study designs from primary
empirical research that were full peer-reviewed publications. A full
list of eligibility criteria is provided in the Supplementary
Information S.1. (Tables S1 and S2).

Objectives

We conducted this scoping review to report the short and long-
term beneficial and harmful outcomes associated with the use of
analgesics and sedatives during invasive ventilation in premature
infants. We sought to examine the results in the context of doses
and open-label treatments and to identify gaps in our knowledge
and research priorities.

Search strategy
We searched five bibliographic databases to identify potentially
relevant records on February 15th, 2022, with the assistance of an

Technologies, Inc), Web of Science Core Collection (Web of
Knowledge), Cochrane Central Register of Controlled Trials (John
Wiley & Sons), and the first 200 search results from Google Scholar
(Publish or Perish). Additionally, we performed backward citation
searching for all studies identified at the end of the screening
process. The search was updated on February 12th, 2024. All
search strategies are provided in full in the Supplementary
Information S.2.

Report selection

Search results were curated and de-duplicated in EndNote and
uploaded to EPPI-Reviewer Web'® for review. Study selection was
a two-stage process: screening on title and abstract followed by
screening on full text. Screening was carried out in duplicate by
two independent reviewers and disagreements settled by
discussion between reviewers. Remaining disagreements were
resolved by a third reviewer. To ensure standardised study
selection process, an initial piloting stage was performed.

Data extraction

Due to the high volume of reports eligible for data extraction
(n = 80), the data extraction process was distributed among five
reviewers (n =15-16 reports each). Each reviewer’s data extrac-
tion results were validated by a second reviewer. Any disagree-
ments were settled by discussion between reviewers. To ensure a
standardized data extraction process, an initial piloting stage was
performed. The standardized data extraction form listing all
extracted data items is available via OSF (https://osf.io/xyjb4) and
a summary of data items are listed in the Supplementary
Information S.3.

RESULTS

Summary of included studies

Our bibliographic database search yielded 1766 records, with 593
duplicates. 1173 records were screened on title and abstract. 136
reports were sought for retrieval. 82 relevant studies were
identified via full text screening; 75 in English, others in
Chinese,'®"” French,'®'® Portuguese®® and German,?'*? translated
for data extraction. Some articles®'** reported the same study,

academic librarian: Embase (Embase.com), MEDLINE (Ovid with considerable overlap of results. Therefore, only data from
( Identification of studies via databases )
—
g Records identified: n= 1766
= * Embase: n=723
3 - MEDLINE: n = 368
= + Web of science: n = 334
S + CENTRAL: n= 141
S + Google scholar: n =200
Sl
l =I Duplicate records removed: n = 593 |
—
| Records screened on title and abstract: n= 1173 |
g‘t l :I Records excluded on title and abstract: n = 1037 |
=
8 | Reports sought for retrieval: n = 136 |
=
@ | [
| Reports not retrieved: n=0 |
v I
| Reports screened on full text: n= 136 |
_
Database records excluded on full text: n = 56
» Wrong record type: n =27
o| * Missing outcome: n=12
— 1 - Wrong intervention: n=10
g » Wrong population: n= 5
'g v + Duplicate data (included in other record): n=2
©
= Reports included in review: n = 80
__J
Fig. 1 Prisma flow diagram. The flow chart illustrates the systematic process of study selection.
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one®® were considered in the review. Similarly, the same patients
and data were reported by two articles,”>** therefore only data
extracted from the later publication were included. The study
selection process is outlined in Fig. 1. A summary of characteristics
of the 80 studies included is presented in Table 1.

Studies were published between 1981 and 2023. Only 10%
(n = 8) were conducted in the last 5 years. Most studies reported
research conducted in Europe (n = 46; 57%). Others were based in
North America (n = 12; 15%), Asia (n = 7; 9%), Australia (n = 4; 5%),
and South America (n = 2; 3%). 10% of studies were international
(n=8); one study did not disclose a location.?> Study designs
were largely randomized controlled trials (RCTs), including 25
double-blind (31%), 5 open (6%), 1 pilot double-blind (1%), and 7
follow-up studies of RCTs (9%). The rest comprised of 19 cohort
studies (24%), 15 case-control studies (19%), and eight case
reports (10%). Most studies were primary (n =52; 65%), mono-
centric (n = 56; 70%), and included only premature infants (n = 59;
74%). The most common study aims were assessment of analgesia
and/or sedation (n = 25). Other aims included respiratory (n = 21),
cardiovascular (n=19), neurological (n=19), stress hormone
(n=10), safety (n=8), pharmacological (n=7), gastrointestinal
(n=7), death (n=3), and renal outcomes (n=1). Many studies
included a placebo group for comparison (29 of 55 studies that
included a comparator group).

The most frequently studied drugs were morphine (n = 34; 42%)
and fentanyl (n = 16; 20%). Other studies investigated the effects of
alternative synthetic opioids (n=12; 15%) such as remifentanil,
alfentanil, sufentanil, diamorphine, meperidine, or sedative agents
(n=13; 16%) including dexmedetomidine, lorazepam, midazolam,
diazepam and phenobarbitone. Five studies included a mixture of
narcotics and/or sedatives (n =5; 6%). Sample sizes ranged from
single case report studies to large observational case-control studies
with 2672 patients,® and included infants as young as 22 weeks’
gestation?’ through to term.

We have classified the studies by drug, reporting the results
within the categories of morphine, fentanyl, other synthetic
opioids, sedatives, and mixed studies of narcotics and/or
sedatives. For each of these categories, we have summarized
the significant benefits and risks reported (Tables 2-6).

Characteristics of studies of morphine

Morphine was studied in premature infants receiving mechanical
ventilation in 39 studies: 12 primary RCTs, 13 secondary reports of
RCTs, 7 cohort studies, 5 case-control studies, and 2 case reports
(Table 2). All studies were of intravenous administration except
one®® in which oral morphine was included. A loading dose was
administered in 19 of the 23 primary studies, ranging widely
between 25 and 200 pg/kg. The most common loading dose was
100 pg/kg (12 studies). Continuous morphine was also adminis-
tered in 16 primary studies at a rate ranging 5-100 pg/kg/h. Only
two primary studies used infusion rates greater than 30 ug/kg/
h,*%% all of which were conducted in the 1990s. Six primary
studies administered a maximum infusion rate of 10 pg/kg/
h,'®*%*" and 10-30ug/kg/h was given in a further eight
studies.>>>33 Five primary studies were open label, of which 4
were RCTs, and all but one study®* provided specific doses of
rescue medication. Most studies compared morphine solely to a
placebo (18/30). Other comparisons included a control group
(n=2); fentanyl (n=2); pancuronium (n=1); pancuronium or
placebo (n=1); diamorphine (n=1); midazolam (n=1); mid-
azolam or placebo (n = 1); remifentanil (n = 1); non-standard pre-
emptive morphine (n=1); phenobarbitone (n=1). All studies
assessed outcomes within the neonatal period, except for five
follow-up studies which examined neurological/neurodevelop-
mental outcomes®>3° or stress hormones in childhood.>” Nine of
the RCTs (2 primary®®*° and 7 secondary) accounted for illness
severity in their analyses, mostly using the Clinical Risk Index for
Babies (CRIB) score.

SPRINGER NATURE

Morphine: analgosedation

Eleven primary studies assessed the analgesic efficacy of
morphine and used a validated pain score. The most frequently
used score was the Premature Infant Pain Profile (PIPP) (5/
11 studies*****"); three studies used multiple different pain
scores.'**#4% Only one primary study assessed the reliability of
this scoring.>® Three primary placebo RCTs reported a reduction in
pain scores in response to endotracheal suction (at 2 and 12 h'¢,
and 24h%). Another RCT reported a significant but clinically
irrelevant effect*’ Three trials reported no difference3>384°
Others reported no difference in analgesia compared to fentanyl*?
or to remifentanil.** Only four studies reported sedation as an
outcome, three of which used COMFORT, a validated sedation
score.’>3%3243 One RCT compared sedation to placebo and
reported a significant reduction in score at 2 and 12 h.'® Another
RCT comparing morphine with midazolam and placebo found
increased scores after stopping morphine.>* Two others found no
difference when comparing morphine with remifentanil*® (during
infusion or 6h post-extubation) or diamorphine,* although
diamorphine induced quicker sedation.

Morphine: risks

Higher mortality was described in three (case control stu-
dies)®**>* of 14 studies reporting mortality. One observational
cohort study reported greater mortality in premature infants
treated with standard morphine rather than pre-emptive mor-
phine, but palliative patients receiving morphine were included.*'

There was minimal evidence of adverse respiratory effects.
Minor changes in ventilatory parameters were reported at various
timepoints in several studies (n=4; negative changes in FiOy;
triggered breaths; functional residual capacity). Most studies
reported no increase in duration of ventilation, and none reported
an increase in pneumothoraces (5 placebo RCT; 2 other RCT) or
bronchopulmonary dysplasia (4 placebo RCTs). There was
conflicting evidence of cardiovascular effects: three placebo RCTs
reported no significant difference in blood pressure,'®3%3? but two
reported an increase in hypotension during loading and within 24
or 48h*"*% and one reported lower blood pressure after the
loading dose.> In addition, there was no reported difference in
blood pressure compared to fentanyl*?, pancuronium?®® or
remifentanil®>. Compared to diamorphine, lower blood pressure
was reported after a loading dose**. Three placebo RCTs reported
a small but statistically significant decrease in heart rate at time
points ranging between 24 and 72h after the start of
infusion'®3%3°, Studies reported no difference in patent ductus
arteriosus.

Minimal evidence of adverse neurological effects of morphine
was observed. Of the 13 RCTs that reported the incidence of
intraventricular hemorrhage (IVH), only one placebo RCT reported
an increase in IVH and this was specifically in infants born at
27-29 weeks of gestation.3® In this trial an increase in combined
outcome of IVH/PVL (Periventricular leukomalacia)/death asso-
ciated with use of open label morphine was identified. One study
reported increased cerebral blood volume after morphine
administration.*® Long-term neurological outcomes were assessed
between 5 and 15 years in four RCT follow-up studies,®>>® which
reported no difference in 1Q, neuropsychological functioning, or
thermal detection and pain thresholds. An association between
opioid exposure and brain volume was reported in one study.>
Consistent with other studies beyond the scope of this review,
suppression of brain activity, characterized by an increase in burst
interval on amplitude-integrated EEG, was reported in one study
compared to no sedation.”

There was mixed evidence of gastrointestinal effects of
morphine. Of the studies that reported gastrointestinal outcomes,
three reported an increased time to feed>'3%*® put three reported
no difference>****° Of six studies reporting necrotizing enter-
ocolitis (NEC) as an outcome measure, none reported an increase
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associated with morphine administration,'®3142483051 | aet]y,

there was no evidence of an effect of morphine on sepsis. Urinary
retention was reported in one case report,®> while one cohort
study and two RCTs did not find an increased risk.>%4>*"

Morphine benefits

Apart from potential analgosedative effects, no major clinically
relevant benefits were reported for morphine. One RCT observed
increased mechanical ventilator synchrony in infants treated with
morphine over 48 h compared to placebo.>° Five RCTs measured
catecholamines within 24 or 96 h of starting morphine, four of
which reported a significant reduction in noradrenaline®®*2448
and three of which reported a significant reduction in
adrenaline 3>4>**

Characteristics of studies of fentanyl

Fentanyl was the second most studied drug for analgosedation in
ventilated preterm infants (Table 3). Seventeen studies were
identified including nine RCTs (8 primary),24’27"'2'5°’52‘55 two
cohort studies,®>® three case-control studies®**’~® and three
case reports.'®'?°° Fentanyl was administered intravenously in all
studies. A loading dose was given in 11 primary studies, ranging
from 1 to 12.5 ug/kg. A continuous infusion was administered in
13 primary studies, ranging from 0.5 to 2 pg/kg/h. The most
common infusion rate was ~1 ug/kg/h. Only 1 study was open
label. 7% Most trials were placebo controlled RCTs (6 trials and
one follow-up). Other comparators included bolus versus con-
tinuous administration,®’ low or no dose,” morphine***?
midazolam/pentobarbital,®* and dexmedetomidine.’® Only three
studies assessed outcomes beyond the neonatal period.>>>”¢°
Only one RCT accounted for illness severity in their analysis. Four
other RCTs confirmed no difference in CRIB score between groups
at baseline.

Fentanyl: analgosedation

Eight studies assessed the analgesic efficacy of fentanyl. Six used a
validated clinical pain score. The PIPP score was most frequently
used (4/6 studies'’?”**%%). Three studies reported multiple
different pain scores.”*?”%! The timing of analgesic assessment
ranged between 30 min after the start of infusion and 7 days.
Three placebo RCTs reported significantly lower PIPP scores with
fentanyl?’°%%; one reported no difference using the Neonatal
Facial Coding System.** One cohort study reported higher PIPP
scores with fentanyl compared to morphine3® Four studies
reported sedation or adjunctive sedative use as an outcome.
One placebo-controlled trial reported lower non-validated seda-
tion scores with fentanyl,>® another reported low NPASS and NIPS
scores with both continuous and bolus fentanyl administration.®’
One study reported decreased adjunctive sedation compared to
morphine,?® and another reported increased adjunctive sedation
compared to dexmedetomidine.®

Fentanyl: additional benefits and risks

There was no increase in mortality with fentanyl administration in
the three placebo RCTs that reported this outcome. There was no
clear evidence of respiratory adverse effects. Two placebo RCTs
reported increased ventilatory parameters with fentanyl*’>* after
several days of administration, whereas two reported no
increase.”** Three placebo RCTs reported no difference in the
duration of mechanical ventilation?”***3; one trial reported slower
weaning>* A cohort study reported increased duration of
ventilation compared to dexmedetomidine.*® Three placebo RCTs
reported no difference in oxygenation®***>* within hours of
starting infusion; three found no difference in the development of
bronchopulmonary dysplasia.>’>>** There was no evidence of
decreased blood pressure in five placebo RCTs>#2742545361 or two
observational studies,”*® and no difference in vasoactive treat-
ment use in two placebo RCTs.’”* Additionally, three placebo

SPRINGER NATURE

RCTs reported no difference in patent ductus arteriosus.?’>>5*

Three placebo RCTs reported a decrease in heart rate at various
time intervals that nevertheless remained within the normal
rang 0.245455

Fentanyl was not associated with increased time to feeding (2
placebo RCTs*"3), sepsis (2 placebo RCTs*>>*), urinary retention (2
placebo RCTs*’*?) or risk of withdrawal (2 placebo RCTs>'"* 1
cohort study?®). Withdrawal was less frequent with fentanyl than
with morphine in one observational study,>® but more frequent
than with dexmedetomidine in another.®® Two placebo RCTs
reported differences in stress-related hormones.***

There was no evidence of neurological adverse effects of
fentanyl. All three placebo RCTs reporting IVH found no significant
difference.?”>"** In terms of neurodevelopmental outcomes, one
RCT follow-up study reported a significant reduction in hand and
eye coordination scores but not in developmental quotient after
adjusting for confounders at 24 months.*® Another RCT found no
difference between fentanyl and placebo for mental develop-
mental index (MDI) and psychomotor developmental index (PDI)
at 3, 6, 9, and 12 months of age.>® A case-control study reported
no significant impact of cumulative fentanyl dose on Bayley I
composite scores at 24 months after adjusting for confounders.>’

Studies of other synthetic opioids

A variety of synthetic opioids were studied in premature infants
receiving mechanical ventilation, including remifentanil (4 studies);
diamorphine (3 studies); alfentanil (3 studies); sufentanil (2 studies);
and meperidine (1 study). This included five RCTs (all of which
were primary), six cohort studies, one case-control study and one
case report (Table 4). There were only two placebo-controlled
trials, one of meperidine®® and one of alfentanil.5®> All synthetic
opioids were administered intravenously with infusion rates
ranging as follows for different drugs: remifentanil
0.075-0.94 pg/kg/h;  diamorphine 15 pg/kg/h;  alfentanil
10-20 pg/kg loading dose; sufentanil 0.05-1 ug/kg/h. None of
the studies investigated outcomes beyond the neonatal period.
Three RCTs demonstrated a balance in various illness-related
indices at baseline between groups. Studies did not account for
illness severity in analyses.

Synthetic opioids: analgosedation

There was no clear evidence of analgesic efficacy among synthetic
opioids. A pain score was reported in eight studies but only three
studies of remifentanil used validated pain scores (NIPS and
COMFORT**%%%%) This included a RCT comparing remifentanil to
morphine,** which found no significant difference during infusion,
a cohort study®® that reported a reduction in pain score 1-h post-
administration, and a case report®® An RCT of meperidine
reported a significant difference in an unvalidated pain score
compared to placebo.®> None of the studies of alfentanil®*®%%” or
sufentanil®*®® assessed analgesia or sedation with a validated
score. No studies of diamorphine assessed analgesia. One RCT
assessed sedation with an unvalidated score and did not find a
difference in sedation compared to morphine over 24 h,* but
reported reduced time to sedation with diamorphine. Limited
evidence was available on the sedative effect of synthetic opioids.
Only three studies assessed sedation, two using COMFORT,**®* a
validated score, to assess the effect of remifentanil. One RCT
reported no difference in sedation compared to morphine®* and a
cohort study reported deep sedation in all patients.®®

Synthetic opioids: additional benefits and risks

There is very little evidence for the added benefits or risks of
remifentanil. In a RCT with morphine, remifentanil administration
was associated with increased mean airway pressures but reduced
time to extubation.*® There was also no difference in blood
pressure or time to feed compared to morphine. No significant
harms were reported. However, they did report infants developing
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tIndicates p < 0.05 CHEOPS—Children’s Hospital of East Ontario Pain Scale.

fIndicates p < 0.01 NIPS—Neonatal Infant Pain Scale.

2Also in morphine table.

respiratory depression,*? h%/poxemia,67 severe muscle rigid-
ity®>” and thoracic rigidity.”* They also reported an increased
incidence of IVH in infants who received diamorphine.** In a RCT
of high and low dose diamorphine, 2/14 infants who received
high dose required resuscitation after receiving the loading
dose.®®

There were no significant changes in arterial blood pressure,
heart rate, plasma-endorphin, cortisol, or glucose concentrations
between meperidine and placebo.®?

Characteristics of studies of sedatives

Several sedative agents have been studied in premature infants
receiving mechanical ventilation (Table 5). The most frequently
studied sedatives were midazolam (8 studies) and dexmedeto-
midine (3 studies). Other agents with single studies included
phenobarbitone, lorazepam, and diazepam. None of the studies
investigated outcomes beyond the neonatal period. Two studies
used a score to demonstrate the balance of illness severity
between groups at baseline3**® One case-control study of
midazolam accounted for baseline characteristics in their multi-
variate analysis.”

Midazolam was studied in 3 placebo RCTs, 1 RCT compared to
morphine, 3 cohort studies and a case report. It was
administered intravenously with an infusion loading dose
ranging 100-200 ug, and continuous infusion rates widely
ranging 20-200 pg/kg/h, with only one open label study.”® Only
two studies used a validated pain score; one was a placebo RCT
that reported significantly lower PIPP scores in response to
endotracheal suction with midazolam compared to placebo.>
Four studies assessed sedation with midazolam; only one used a
validated score. There was no difference in COMFORT scores
following drug administration.>*

Studies of dexmedetomidine included 1 case-control compar-
ison to fentanyl, 1 dose-escalation trial and a case report.
Dexmedetomidine was administered intravenously with an
infusion loading dose ranging 0.05-0.5ug and continuous
infusion rates of 0.05-1.2 ug/kg/h. Only one study was open
label.>® The primary endpoint of both the dose escalation trial
and case-control study with fentanyl was the need for rescue
sedation. In the dose escalation trial, premature infants were
adequately sedated at all doses (based on NPASS scores and
clinical judgment) and did not require additional sedatives.”’
However, some infants (17%) did require administration of
rescue analgesia. In the study comparing dexmedetomidine to
fentanyl, significantly less rescue sedation and analgesia was
required in patients who received dexmedetomidine.>®

Sedatives: additional benefits and risks

There was little evidence of neurological effects with no
difference in PVL and IVH in the three placebo RCTs**”%73 and
two observational studies.”®’* However, one RCT reported an
increased risk of combined IVH, PVL, or death in the midazolam
group compared to morphine, but no difference in Neurobeha-
vioral Assessment of the Preterm (NAPI) scores at 36 weeks.>*
One RCT* and one cohort study’ also reported decrease in
cerebral blood flow with midazolam. There was no evidence of
an effect of midazolam on gastrointestinal outcomes, sepsis,
withdrawal, and mortality, but very few studies reported these
outcomes (see table).

There was no clear evidence of respiratory effects of
midazolam. The three placebo RCTs reported no significant
difference in mechanical ventilation duration,**”%>”3® O, dura-
tion’? or ventilation parameters.”>’> One case-control study
reported increased duration of mechanical ventilation.”® One
placebo RCT,”? one RCT comparing midazolam to morphine®
and three cohort studies’*’® reported a lower BP and
hypotension in the midazolam group, assessed at various
timepoints ranging between 5min and 4 days of starting the
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infusion. One placebo RCT did not find a difference in BP.”® There
was mixed evidence of an effect on heart rate, with one placebo
RCT’? and two cohort studies’>”® reporting reduction, whereas
two RCTs**72 and two cohort studies’*”” did not find a difference
with midazolam.

For dexmedetomidine, there was very little data for added
benefits and risks. In the dose escalation study, an average
decrease in heart rate and blood pressure values was described
and one case of diastolic hypotension was reported, none of
which required intervention.”’ In the case control study with
fentanyl as comparison, shorter duration of mechanical ventila-
tion, shorter time to full feeds and a decrease in culture positive
sepsis were reported.>®

Studies of mixed narcotics/sedatives

We also identified studies of mixed narcotics and/or sedatives
including four case-control studies and one propensity score
matched cohort study (Table 6). These large studies (two
retrospective and three prospective) provide an insight into
outcomes related to the use of narcotics and/or sedatives versus
non-exposed patients. None of them reported on analgesic or
sedative efficacy of these drugs. Four studies reported on duration
of mechanical ventilation, with no differences between treated or
non-treated patients in two’®’® and an increased duration of
mechanical ventilation in treated groups in the remaining.?%%°
Only one study reported on cardiovascular outcomes with no
difference in heart rate and blood pressure.”® 3/4 studies reported
an increased incidence of severe IVH in treated groups,?*”*® and
one, an increased incidence of severe ROP.>® One study reported
no difference in survival without moderate to severe neurological
disabilities at 2 years.”® A higher incidence of death was reported
by two studies®®®% another study reported the opposite.”® These
conflicting results likely reflect various designs, drugs, and
adjustments in these observational studies.

DISCUSSION

We undertook a systematic scoping review of the analgosedative
agents studied in premature infants receiving mechanical ventila-
tion to explore the benefits and risks associated with their use.
Morphine, fentanyl, a variety of other synthetic opioids, and a
selection of sedatives including midazolam and dexmedetomidine
have been studied in this clinical context. Here, we discuss the
overall benefits and risks reported for each of these drugs, identify
associated gaps in our knowledge, and recommend priorities for
future research.

Morphine is the most studied drug for analgosedation in
ventilated preterm infants (39 studies in three decades), but its
efficacy in terms of analgesia and sedation remain unclear.
Morphine is considered a standard for analgosedation in children
and adults; these findings lead us to question whether morphine
is not as effective in this patient population, or whether it is the
way it has been tested. All nine primary placebo RCTs identified in
this review were conducted prior to 2014. Despite conflicting
results of efficacy, over the past decade the focus has shifted to
observational drug or dosing regimen comparisons and follow-up
studies of the primary RCTs. Dosage of both loading boluses and
continuous infusions of morphine have ranged broadly across
studies. However, high doses (>100 ug/kg loading) have been
particularly used in RCTs involving drug-drug comparisons, such
as morphine and diamorphine,** and morphine and remifenta-
nil.** Interestingly, studies which reported positive analgesic
efficacy results were not studies administering the highest doses.
The variability in dosage likely reflects the lack of appropriate
dose-finding studies in this patient population. Furthermore, half
of the placebo RCTs of morphine included open-label administra-
tion of rescue opioids complicating the assessment of analgesic
efficacy. Rescue medication is an ethical imperative as infants who
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appear in pain cannot be ignored by the clinician. However, this
non-randomized intervention can have a significant impact on the
results of a trial. The administration of rescue morphine to infants
receiving placebo has created an ‘as needed’ group comparison,
reducing the chance of identifying a significant difference in
analgesic efficacy. Equally, the administration of rescue medica-
tion to a significant proportion of infants in the morphine
treatment group in several studies suggests that the drug was not
providing adequate pain relief.383°

Studies of morphine which reported pain outcomes used
validated scores for premature infants such as PIPP, COMFORT,
and NIPS. However, only two studies reported the reliability of
their assessments. Given the subjective nature of these scales,
adequate training, use of multiple raters, and reporting of inter-
and intra-rater reliability should be conducted as standard. All
studies but one'® assessed acute pain in response to endotracheal
suctioning. Interestingly, this placebo RCT measured continuous
pain (in the absence of suction) using a validated scale for
premature infants (COMFORT) and reported a significant reduction
in pain at 2 and 12h.'® Endotracheal suctioning is a common
painful®' procedure in NICU but given that variability in catheter
size, pressure, depth, duration, and indication could potentially
impact the distress and physiological instability caused by the
procedure,®? we should question whether this non-standardized
procedure is the optimal way to test analgesia during mechanical
ventilation.

There is minimal data suggesting that morphine causes
significant respiratory or cardiovascular adverse effects in
ventilated premature infants. Some data indicated a prolonged
time to establish enteral feeding,***° which could have an impact
on the postnatal functional adaptation of the gut, its microbial
colonization®® and infectious complications due to prolongation
of parenteral nutrition.®* There were no reports of an increased
incidence of NEC or sepsis. A potential increase in mortality was
only reported in case-control studies. There were also no major
neurological effects, except in extremely premature infants (27-29
GA), in whom intermittent boluses may be associated with an
increased risk of IVH/PVL/death.>® Data from follow-up studies of
RCTs, do not indicate long-term effects of morphine on cognitive
development. However, a growing body of literature regarding
the effects of cumulative morphine exposure during neonatal
hospitalization, beyond the scope of this review, notably provides
concerning evidence of potential long-term neurodevelopmental
effects.®> Overall, it is difficult to identify clear benefits or risks of
routine morphine administration in ventilated premature infants.

Fentanyl, the second most studied drug in ventilated premature
infants, reported positive analgesic efficacy, with three of four
placebo-controlled trials using validated pain scores reporting
significantly lower scores following administration. However, there
is little data regarding the sedative effect of fentanyl, as no
placebo RCTs assessed this outcome. One study comparing bolus
and continuous administration of fentanyl reported deep sedation
in their participants using NPASS.®' Considering fentanyl is
significantly more potent than morphine (50-100x) and the
impact of prolonged deep sedation on the developing brain is
unknown, optimal degree of sedation should be investigated in
future studies. One observational cohort study compared fentanyl
to morphine, but the authors used an unconventional method of
assessing analgesic efficacy, limiting its utility.>® There is some
data to suggest that an increase in ventilatory parameters may be
required following administration?”* but one of these studies
used a larger loading dose.>* Reassuringly, multiple placebo RCTs
reported no associated increase in the duration of mechanical
ventilation. Given current concerns over potential neurological
effects of opioids, it is also reassuring to note that there was no
increase in IVH in the placebo RCTs, which reported this outcome.
However, the only RCT that assessed later neurodevelopmental
outcomes reports a poorer performance in tests of coordination
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and cognition at 24 months in infants who received fentanyl.®

Further research is needed to address optimal dosing and long-
term safety of fentanyl in premature infants, particularly in infants
requiring prolonged periods of mechanical ventilation. The rapid
development of tolerance is a significant issue,® which has not
yet been addressed in this patient population and, unfortunately,
may considerably limit its prolonged use in practice.

Other highly potent synthetic opioids such as remifentanil,
alfentanil, and sufentanil have also been studied in preterm
ventilated infants. There is limited data to assess their efficacy in
this population, and no placebo-controlled trials employing a
validated score to determine analgesic or sedative efficacy. The
risks associated with their administration, which included reports
of severe muscle rigidity and respiratory depression, clearly
outweigh any potential benefits. Notably, all studies were
conducted prior to 2010, and further investigations have not
been undertaken likely due to the considerable risks reported.
However, remifentanil and sufentanil have been studied more
recently for analgosedation in term infants and in the context of
surgical anesthesia and procedural analgesia, and chest wall
rigidity appears to be a common and limiting adverse effect.2’~%°

Midazolam and dexmedetomidine are sedatives which have
been most studied in ventilated premature infants. Given their
classification as sedative drugs, it is surprising that only one RCT
has assessed the sedative efficacy of midazolam in ventilated
premature infants using a validated score (COMFORT), and it did
not demonstrate any sedative effect>* In animal models the
sedative effect of midazolam is not observed until maturation of
supraspinal centers; paradoxical excitation has been reported in
young rats,”® calling into question the potential efficacy of this
drug in premature infants. Clinical data on midazolam in
premature infants also raise concerns over the cardiovascular
and neurological effects of the benzodiazepine including hypo-
tension, decreased cerebral blood flow, myoclonus, and increased
risk of combined death/IVH/PVL in extremely premature infants.
Until recently, midazolam was the most frequently used sedative
in NICUs.'® However, with pre-clinical studies describing neuroa-
poptotic effects’”®? and clinical studies reporting potential
harmful neurodevelopmental effects,”?* there has been a
reduction in the use of midazolam, with some countries
introducing dexmedetomidine in its place.”>?® Dexmedetomidine
is a highly selective, centrally-acting a2 adrenergic agonist, more
commonly used for sedation in older children.”” Although there
are no randomized clinical trials of dexmedetomidine in ventilated
preterm infants, a stepwise dose-escalation trial of dexmedetomi-
dine provides promising initial results in this population.”’ None of
the premature infants in the study required rescue sedative
medication at any drug dose level tested, as determined by NPASS
scoring/clinical judgment. However, some infants (3/18) did
require administration of fentanyl as rescue analgesia. Dexmede-
tomidine has potential opioid sparing properties and could be
efficacious as an adjunct, maximizing the efficacy of analgoseda-
tion whilst minimizing adverse effects. Encouragingly, unlike
midazolam, pre-clinical data also suggest that this sedative may
have neuroprotective effects,”® which merit further investigation
in clinical trials with long-term follow-up.

In summary, we have provided an overview of the data available
from studies of analgosedatives in ventilated premature infants.
Overall, fentanyl appears to have the best efficacy and safety profile
for analgosedation in this patient population, with a positive balance
of benefits and risks. The data for morphine is less clear. Alternative
synthetic opioids and midazolam are associated with significant risks
in the absence of clear benefits. Dexmedetomidine may hold early
promise as an opioid-sparing adjunct sedative, meriting further
investigation. These results are clearly limited by the scoping nature
of the review and a subsequent full systematic review with risk of bias
assessment could yield further detailed conclusions.
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The provision of analgosedation varies greatly worldwide and
analgosedatives are no longer routinely administered to ventilated
premature infants. Only ~20% of units surveyed in a recent global,
prospective, cross-sectional study administer analgosedatives in
more than 80% of these patients. Although opioids remain the most
frequently administered agents, fentanyl use has now overtaken
morphine use overall,®® which is encouraging given the data
reviewed here. However, in England and Wales, although the use of
fentanyl has increased, it remains significantly less frequently
administered than morphine (fentanyl 18% vs morphine 60% of
premature infants born <32 weeks).2° Despite NICE guidance more
than half of UK units continue to routinely give morphine.'® Further
research is required to fully establish the optimal use of fentanyl and
the longer-term effects of repeated administration during extended
periods of mechanical ventilation. Future studies must also take
account of the impact of illness severity on clinical outcomes. To
date, few studies have adjusted for illness severity in their analyses
(morphine: 2 primary RCTs, 7 secondary studies; fentanyl: 1 primary
RCT, 1 case-control). Given that illness severity is a key potential
confounding factor, this is a significant limitation of current
evidence and an important consideration for future studies.

All studies identified in this review investigated the use of pre-
emptive analgosedation. Guidelines are increasingly recommending
the administration of analgosedatives onl¥ ‘as required’ based on cot-
side assessment of pain and sedation.'®' This is complicated by
challenges posed by inconsistent and subjective assessment of pain
and distress using behaviorally focused scores. Encouragingly, most
studies that used non-validated pain scores were conducted prior to
2000. Novel studies of responsive administration of analgosedatives
are now needed in premature infants to justify this emerging
approach to analgosedation. The rigorous use of validated objective
developmentally appropriate assessments of pain will be essential.

In conclusion, based on the current data, fentanyl appears to
have the most favorable efficacy and safety profile compared to
morphine for use in ventilated preterm infants. Further compara-
tive trials of responsive administration using optimal drug doses,
adjunctive sedatives and long-term neurodevelopmental follow-
up are needed to determine the best approach to analgosedation
in this patient population.

DATA AVAILABILITY
The datasets generated and analyzed during the current review are available from
the corresponding author on reasonable request.
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