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ABSTRACT
Aim
This review informed pain control guidelines for clinicians performing mechanical ventilation, nasal
continuous positive airway pressure and endotracheal intubation on term and preterm newborn
infants.

Methods
We reviewed literature published between 1986 and June 2017 on analgesia and sedation during
assisted ventilation and before endotracheal intubation in newborn infants admitted to neonatal
intensive care units. The subsequent guidelines were developed using the Grading of
Recommendations Assessment, Development and Evaluation approach.

Results
Our review produced five strong standard of care recommendations. One, reduce neonatal stress and
use non-pharmacological analgesia during invasive ventilation. Two, favour intermittent boluses of
opioids, administered after pain scores and before invasive procedures, during short expected periods
of mechanical ventilation, mainly in preterm infants affected by respiratory distress syndrome. Three,
do not use morphine infusion in preterm infants under 27 gestational weeks. Four, always use
algometric scores to titrate analgesic drugs doses. Five, use premedication before endotracheal
intubation for a more rapid, less painful, less traumatic and safer manoeuvre. We also developed 30
conditional recommendations on therapeutic options.
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Conclusion
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Our review produced 35 recommendations on standard care and therapeutic options relating to the
analgesia and sedation of newborn infants during ventilation and before endotracheal intubation.

KEY NOTES
 This review examined literature published between 1986 and June 2017 on analgesia and
sedation during assisted ventilation and before endotracheal intubation in newborn infants
admitted to neonatal intensive care units.
 Five strong standard of care recommendations were developed after the research was
assessed using the Grading of Recommendations Assessment, Development and
Evaluation approach.
 This process was also used to develop 30 conditional recommendations on therapeutic
options.

Keywords: Continuous positive airway pressure, Endotracheal intubation, Guidelines, Mechanical
ventilation, Neonatal pain.

INTRODUCTION
Endotracheal intubation is a stressful, painful and potentially dangerous procedure because it can
impair vital functions and cause trauma to the airways. Premedication of endotracheal intubation with
sedatives, analgesics and muscle relaxants is a well-established practice in adults and children but not
yet fully implemented in infants.

Several studies on more than 1,000 newborn infants demonstrated that premedication, both in term
and preterm infants, facilitated procedures, reduced pain and stress and limited deterioration of vital
parameters, such as heart rate, blood pressure, oxygen saturation and intracranial pressure (1-4). For
the above reasons, premedication before endotracheal intubation is recommended in newborn infants
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(1). Despite these recommendations, the optimal dosage and regimen have not yet been completely
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clarified and no validated scoring systems that can assess the level of sedation prior to endotracheal
intubation have been published in the literature (5).

There are other reasons why neonatologists should control pain during respiratory assistance in
newborn infants. Firstly, newborn infants are able to perceive pain. It has been extensively reported
that neonatal infants have mature and functional ascending pain pathways capable of transmitting
noxious impulses to the neocortex by 24 weeks of gestation and that immature descending pain
pathways expose preterm infants and neonates to a greater intensity of pain for a prolonged period of
time (6). Secondly, newborn infants receiving respiratory assistance are subjected to many painful
procedures such as endotracheal suctioning, heel sticks, venipunctures and central line insertion. In
addition, both mechanical ventilation and the underlying disease may induce pain. Adults studies have
reported that prolonged mechanical ventilation caused them pain, anxiety, panic, nightmares or
distress and trouble breathing (7). Prolonged pain has been shown to influence neonatal morbidity and
have long-term adverse effects (8). However, there is still no consensus on the safety and efficacy of
the drugs, especially opioids, used during neonatal mechanical ventilation (9). That is why our group
decided to review the available evidence in the literature. This paper details pain control guidelines
for clinicians performing mechanical ventilation, nasal continuous positive airway pressure (CPAP)
and endotracheal intubation in term and preterm newborn infants, based on the available scientific
evidence and knowledge. These guidelines are intended to provide an update on those published in
2009 (10), with the aim of promoting and disseminating good clinical practice as a standard of care to
all neonatology services.
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Development of the guidelines
A panel of experts, comprising neonatologists and paediatric anaesthesiologists with proven
experience in the field of analgesia and sedation who work within the pain study group of the Italian
Society of Neonatology, received a mandate from Society to update these guidelines. They included
professionals with known experience in the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) methodology (11). The group, conducted a literature review from 1966 to
month 2017 on each procedure by consulting Medline, the Cochrane Library, Scopus and the ISI Web
of Knowledge databases, using both medical subject heading terms and freely chosen words in
various combinations. These were: infant, newborn, neonates, pain, analgesia, stress, sedation,
anaesthesia, premedication, mechanical ventilation, non-invasive ventilation, nasalCPAP and nonpharmacological intervention. Specific terms for the drugs involved were also used, including
fentanyl, morphine, opioids, benzodiazepines and midazolam. No search restrictions were applied,
such as language, to achieve the widest possible search coverage.

Each member of the working group took responsibility for one or more procedures, analysing the
available literature and assessing each paper according to the GRADE approach (11). This first step
towards the development of the guidelines was documented in an ad hoc format to summarise the
quality of the evidence supporting the efficacy and safety of each analgesic intervention. These were
as follows: high versus moderate, based on evidence from randomised controlled clinical trials and or
systematic reviews of randomised trials and low or very low, based on case-control or observational
studies. Paper were downgraded in order to consider the study limitations for randomised clinical
trials, in accordance with the GRADE system, to take account of inconsistency, indirectness,
imprecision or, publication bias. Papers were also upgraded to consider a large magnitude of effects,
dose-response relationships and the presence of any plausible confounders the could be expected to
reduce a demonstrated effect. The working group held monthly meetings over a period of six months
and reached a consensus on the quality of the evidence and the final grade of recommendation -strong
versus conditional -, for each pain control method.
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expected from the use of a single analgesic method in the newborn infant outweigh the unwanted
effects. Strong means that the desirable effect achieved by adhering to the recommendation
unquestionably outweighs any undesirable effects and most patients would benefit from the
recommended treatment. Conditional applies to methods that probably have more benefits than side
effects but their value is less than certain. According to this classification, strong recommendations
should be implemented as standard care, while conditional recommendations should be seen as
therapeutic options to share with the healthcare team treating the infant, other caregivers and parents.

The expected effects, or outcomes, of the use of analgesics: less pain, when measured with a pain
scale; better composite pain scores; better physiological and behavioural parameters in terms of
decreases in heart rate, desaturations, vagal tone, facial expressions, crying times; other outcomes that
indicate a reduced need for further treatments and additional costs to prevent the complications related
to inadequate pain control.

Once approved by the working group, the document was submitted for critical review by a
multidisciplinary external team of experts, including paediatricians, neonatologists, nurses,
anaesthetists, psychologists, and a representative of the Italian Society of Neonatology’s working
group on quality of care to check for methodological issues. Representatives of parents’ associations
also reviewed and approved the document. The board of the Italian Society of Neonatology approved
the final document and circulated it to all associate neonatologists.

RESULTS
Invasive mechanical ventilation
During mechanical ventilation, neonatal stress should be minimised by reducing and concentrating
painful manoeuvres, reducing lighting and noise levels, providing appropriate containment for the
newborn infant, individualising treatments, promoting the presence of parents in the neonatal
intensive care unit and using non-pharmacological analgesia provided by sweet solutions (12). Very
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low quality of evidence. Strong recommendation. Comfort manoeuvres are not able to reduce pain
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scores during endotracheal suction (12). Very low quality of evidence. Conditional recommendation.

The systemic analgesic pharmacological approach during invasive mechanical ventilation will differ
according to whether mechanical ventilation is expected to last for a short or long time.

Short duration of mechanical ventilation expected, mainly in preterm infants affected by
respiratory distress syndrome
To reduce acute pain in newborn infants on mechanical ventilation, intermittent boluses of opioids are
recommended, as required, on the basis of pain scores and before invasive procedures. The aim of this
individualised approach to pain is to administer the lowest effective dose of opioids and to reduce
complications from uncontrolled pain, while reducing the risk of high cumulative doses of opioids
(Appendix 1) (13-15). Moderate quality of evidence. Strong recommendation.
Clinicians should favour boluses of fentanyl (1-3 mcg/kg intravenous - over at least five minutes) or
remifentanil (0.25 mcg/kg/minute) during painful manoeuvres, instead of morphine, if the patient is at
risk of hypotension and or is less than 27 weeks of gestational age (16). Moderate quality of evidence.
Conditional recommendation.

Boluses of morphine (10-50 mcg/kg, maximum 100 mcg/kg, over 15-30 minutes) should be provided
instead of fentanyl if there is a risk of increased intra-abdominal pressure (17). Low quality of
evidence. Conditional recommendation.

To implement this individualised approach of boluses as required in clinical practice, it should be
mandatory to standardise pain monitoring in the neonatal intensive care unit, based on pain recorded
as the fifth vital sign. Pain scores should be recorded in the medical record, together with the
analgesic strategies used on the basis of pain scores, as well as the efficacy of the treatment.
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Long duration of mechanical ventilation expected, in term and preterm newborn infants with
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severe respiratory failure
Clinicians should favour more constant analgesia, provided by continuous infusions of opioids, in
term and preterm infants with severe respiratory failure due to surgical diseases, malformations,
severe sepsis, pulmonary hypertension and neurological diseases, who might require frequent boluses
of opioids to maintain adequate analgesia and sedation (18-20). Moderate quality of evidence.
Conditional recommendation. However, these studies, mostly conducted on preterm infants with
respiratory distress syndrome, failed to demonstrate that providing continuous infusions of opioids to
infants on mechanical ventilation improved short-term neurological outcomes, severe intraventricular
haemorrhage, periventricular leukomalacia or death within 28 days of life (18,20).

Algometric scores should always be used to titrate the dose of opioids. Quality of evidence could not
be evaluated. Strong recommendation.

Patients should be given high initial doses in order to reach a rapid analgesic effect, then these should
be decreased to the lowest effective dosage, based on pain scores. This approach reduces the
cumulative dose of opioids and decreases the risk of tolerance (21,22) (Appendices 1 and 2). Low
quality of evidence. Conditional recommendation.

Morphine infusions are not recommended in hypotensive preterm infants with a gestational age of less
than 27 weeks (16). Moderate quality of evidence. Strong recommendation.

Clinicians should favour continuous infusions of fentanyl (loading dose 1-2 mcg/kg over 30 minutes,
maintenance dose 0.5-3 mcg/kg/hour), instead of morphine, in the presence of one or more of the
following conditions: risk of hypotension and or a gestational age of less than 27 weeks (16) and
reduced gastrointestinal motility (23). Moderate quality of evidence. Conditional recommendation.
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inactivated by the liver. Quality of evidence could not be evaluated. Conditional recommendation.

Continuous infusions of morphine should be favoured (loading dose 25-50 mcg/kg, maximum 100
mcg/kg over one hour, maintenance dose 7-50 mcg/kg/hour) in newborn infants who have undergone
abdominal surgery and have a risk of increased intra-abdominal pressure (17). Low quality of
evidence. Conditional recommendation

Additional boluses of opioids should be administered before painful invasive or skin breaking
procedures, if continuous infusion or non-pharmacological analgesia are inadequate. In cases where
long-term treatments are required, when the existing opioid can no longer effectively control the pain,
even at the maximum recommended dose, then rotate the opioids (21). Very low quality of evidence.
Conditional recommendation.

Strategies to prevent and manage problems due to prolonged treatment with opioids during
mechanical ventilation (for more comprehensive information on signs and symptoms associated with
prolonged treatment with opioids during mechanical ventilation see Appendix 2).

A number of strategies are available to reduce the incidence of tolerance. These include tailoring
opioids on the basis of pain intensity by giving initial high dosages in order to reach a rapid analgesic
effect then decreasing the dosages on the basis of pain scores. Clinicians can also use short-acting
opioids for procedural pain and long-acting opioids for more prolonged pain. Moreover, we
recommend that after about four days of fentanyl infusion, and after about 14 days of morphine
infusion, even before if the dose was greater than 40 mcg/kg/hour, clinicians should consider
escalating the dose on the basis of pain scores. We also suggest combining opioids with N-methyl-Daspartate receptor antagonists, such as intravenous ketamine at 0.25-0.5 mg/kg, although repeated
ketamine usage may be neurotoxic to immature brains in the absence of noxious stimuli and its use is
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recommendation.

Different strategies can also be used to prevent and recognise the neonatal drug withdrawal. For
example, use a consistent protocol to wean opioids. If the treatment with fentanyl or morphine has
lasted less than five days, it is possible to decrease the original dose by 30-50% to start with, then by
20-30% every 6-8 hours. If the treatment with these two drugs has lasted for more than four days,
especially if a continuous infusion has been used, decrease the original dose by 20% in the first 24
hours and then by 10% every 12 hours (25). Very low quality of evidence. Conditional
recommendation.
The rate and duration of the tapering should be adjusted according to the patient’s response and by
using the Finnegan score (26) every four hours, to monitor the weaning. If the Finnegan score is less
than eight, make sure that all environmental stressful stimuli have been reduced such as light, noise,
handling. If the Finnegan score remains above eight, reverse the tapering, slow it down or pause it, for
example by giving the patients 10% of the dose in 24 hours, while monitoring and managing the
withdrawal symptoms. Quality of evidence could not be evaluated. Conditional recommendation.
Alternative therapeutic strategies can also be used, especially when the infusion needs to be
discontinued. For example clinicians can administer morphine using an oral suspension of 0.1 mg/kg
every six hours. This dosage has been used in babies born to opioids abusing mothers and should be
tailored according to the pain response and withdrawal symptoms (27). Low quality of evidence.
Conditional recommendation;
Clinicians can also give methadone as an oral suspension at an initial dose of 25-100 mcg/kg every
six hours. Alternatively, equi-analgesic doses can be used calculated according to the scheme reported
in Table 1. Methadone should be tapered in six or 11 days depending on the duration of treatment: 714 days or less than 14 days, respectively (28). Very low quality of evidence. Conditional
recommendation.

This article is protected by copyright. All rights reserved.

Clinicians should suspect hyperalgesia when a dosage increase is followed by an increase in pain
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intensity. The following strategies should be used to manage hyperalgesia: reduce the dose of the
current opioid; switch to longer-acting opioids such as morphine instead of fentanyl and methadone
instead of morphine; use associated α2-adrenergic receptor agonists such as clonidine or
dexmedetomidine, which can also be used to treat opioid withdrawal in neonates, and use associated
N-methyl-D-aspartate antagonist drugs, such as ketamine at 0.1-0.25 mg/kg/hour. These drugs should
be prescribed in line with the safety considerations described in the text tolerance earlier in this paper
(21,29,30). Low quality of evidence. Conditional recommendation.

Sedation during mechanical ventilation
In some cases a more pronounced sedative effect is required in late-preterm and in term infants
without hypotension, for example in cases of pulmonary hypertension, severe air leak or after major
surgery. We recommend short acting benzodiazepines, such as midazolam (bolus 0.05-0.2 mg/kg
intravenously over 15 minutes or continuous infusion 0.015-0.060 mg/kg/hour), in association with
opioids. The association of benzodiazepines and opioids can help to reduce the dose of opioids or of
muscle relaxants. This approach, used in clinical practice by the authors of the present guidelines, has
not been documented in the literature. Quality of evidence could not be evaluated. Conditional
recommendation.

Doses of midazolam should be individualised on the basis of post-conceptional age and the treatment
should be limited to a few days. Clearance of midazolam is reduced by concomitant treatment with
opioids and that is why midazolam should be used at lower dosages in mechanically ventilated
newborn infants who are concomitantly treated with opioids. It is important to note that midazolam
should be used with extreme caution in infants receiving fluconazole or erythromycin, as these drugs
are metabolised by the same liver cytochrome enzymes (31).
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incidence of adverse neurological events (32,33). Low quality of evidence. Conditional
recommendation.

There is little clinical evidence to support the use of other drugs, such as dexmedetomidine.
A study evaluated the use of dexmedetomidine, a highly selective alpha-2 agonist receptor with
sedative and analgesic effects, in 42 mechanically ventilated infants with a gestational age of 28-44
weeks. Using a dosage of 0.05-0.2 mcg/kg/hour for a total of 6-24 hours resulted in a good sedative
effect and a good tolerance without significant adverse effects (34). The use of this drug has been
approved by The Italian Agency for Drugs in 2016 for neonates where other analgosedative
treatments have proved to be ineffective. However, due to limited available data, a judicious use is
recommended. Low quality of evidence. Conditional recommendation.

Non-invasive ventilation with positive end expiratory pressure
There are no randomised clinical trials available that cover non-invasive ventilation with positive end
expiratory pressure provided by nasal intermittent ventilation or CPAP.

Our recommendation is to minimise stress and use non-pharmacological analgesic techniques (12).
Very low quality of evidence. Conditional recommendation.

Clinicians are advised to use intravenous boluses of opioids before major invasive procedures, at the
minimum recommended dose (morphine 10-30 mcg/kg and fentanyl 0.5-1 mcg/kg) if infants have a
gestational age of less than 27 weeks. A study that evaluated boluses of morphine in preterm infants
on nasalCPAP showed reduced pain scores. However, a higher incidence of apnoea was detected in
infants with a gestational age of less than 28 weeks and in those treated with dosages of morphine that
were higher than 30 mcg/kg (35). Low quality of evidence. Conditional recommendation.
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It is not necessary to discontinue opioids in newborn infants extubated with non-invasive ventilation,
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because the respiratory depression effect of the opioids usually resolve as tolerance develops. When
transitioning from invasive to non-invasive ventilation, taper opioids slowly and monitor pain by
using algometric scales. Quality of evidence could not be evaluated. Conditional recommendation.
Clinicians should consider sedation with midazolam, as boluses or continuous infusion, in term babies
with pneumothorax and, or, pneumonia. Quality of evidence could not be evaluated. Conditional
recommendation.

Analgesia for respiratory assistance during therapeutic hypothermia
There is a complex interaction between asphyxia, hypothermia and analgesic drugs, as asphyxia may
reduce renal and hepatic function, thus affecting drug metabolism. The function of the P450 complex,
which metabolises many of the drugs used for analgesia and sedation, namely opioids and midazolam,
is temperature-dependent. Mild or moderate hypothermia decreases the systemic clearance of
cytochrome P450 metabolised drugs by between 7% and 22% per degree of Celsius below 37°C
during cooling (36). Clinicians should be aware of the altered pharmacokinetics and
pharmacodynamics of sedative and analgesic drugs during hypothermia and of the need for careful
dose titration (37).

There are no studies about the best opioid or the most appropriate regimen, namely repeated boluses
or continuous infusion, to be used during respiratory assistance in cooled infants. Clinicians using
fentanyl as their first choice can administer a loading dose of 1-2 mcg/kg over one hour and then
titrate the infusion to 0.5-1 mcg/kg/hour based on the infant’s response. Plasma fentanyl
concentrations can increase at the end of the cooling period and remain elevated in the first hours after
rewarming, so monitoring of fentanyl side effects should continue after fentanyl is discontinued (37).
Clinicians using morphine as their first choice should not exceed 10 mcg/kg/hour, as serum morphine
concentrations in the toxic range have been reported to be more common above this infusion rate (38).
Very low quality of evidence. Conditional recommendation.
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continuous infusion can help to reduce the risk of high cumulative doses of opioids, while controlling
dangerous pain and agitation due to hypothermia. See paragraph on short expected duration of
mechanical ventilation. Quality of evidence could not be evaluated. Conditional recommendation.

Endotracheal intubation
Premedication for non-emergent intubation in newborn infants is strongly recommended, to ensure a
more rapid, less painful and less traumatic and safer manoeuvre (1-4). Moderate quality of evidence.
Strong recommendation. For a more comprehensive literature review on endotracheal intubation see
Appendix 3.

Clinicians are advised to use the following sequence. The patient should be given the following
intravenously: atropine (0.01-0.02 mg/kg) plus fentanyl (2 mcg/kg over at least five minutes) plus
succinylcholine (suxamethonium) (2 mg/kg) or rocuronium (0.5-1 mg/kg) immediately prior to
intubation (39-42). Moderate quality of evidence. Conditional recommendation. Muscle relaxant can
be avoided in newborn infants that are not vigorous, for example those with an extremely low birth
weight, those that are severely asphyxiated and those affected by muscular disorders.

Alternative options and the procedures for special cases are as follows. Haemodynamically stable
infants with a post-conceptional age of less than 32 weeks should be given the following
intravenously: atropine (0.01-0.02 mg/kg) plus fentanyl (2 mcg/kg over at least five minutes) plus
midazolam (0.1 mg/kg) (4,43,44). Low quality of evidence. Conditional recommendation.

Haemodynamically stable infants, with a postnatal age greater than 24 hours should be given the
following intravenously, with the dose tailored to the patient’s response: atropine (0.01-0.02 mg/kg)
plus propofol (1-2.5 mg/kg) (45-47). Low quality of evidence. Conditional recommendation.
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(0.01-0.02 mg/kg intravenously) plus ketamine (1-2 mg/kg intravenously) (3). Low quality of
evidence, conditional recommendation.

Before the INtubation-SURfactant-Extubation (INSURE) procedure, when a more rapid recovery of
the respiratory activity is required, use Atropine 0.01-0.02 mg/kg followed by drugs with a short halflife, such as remifentanil 2 mcg/kg over 60 seconds and succinylcholine 2 mg/kg; alternatively,
atropine can be followed by a drug without a significant depressive effect on the respiratory function,
such as propofol 1-2.5 mg/kg. The time needed to recover spontaneous respiratory activity after the
administration of sedative analgesic and muscle relaxant drugs is very variable and unpredictable and
respiratory autonomy should be carefully assessed before extubation. It can be necessary to provide
respiratory support to the newborn infant until the resumption of adequate spontaneous respiratory
activity. Alternatively, and whenever possible, clinicians can use an antagonist drug, such as naloxone
to reverse the effect of opioids, flumazenil to reverse the effect of benzodiazepines and sugammadex
to reverse the effect of rocuronium. There is currently no literature on the use of sugammadex in
newborn infants and it is important to remember that reversal agents often have a shorter half life than
the opioids they are reversing (2,39,42,45,46,48,49). Moderate quality of evidence. Conditional
recommendation.

If a venous line is not available, despite every effort having been made to establish an intravenous
line, especially in the delivery room, consider using a maximum of two doses of intranasal midazolam
(0.2 mg/kg) (50). Low quality of evidence. Conditional recommendation.
The safety considerations for remifentanil, ketamine, propofol and succinylcholine are reported in
Table 2.
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This paper reports the recommendations from a panel of experts after they used the GRADE system to
review the quality of the literature on pain and stress control in newborn infants undergoing
endotracheal intubation and assisted ventilation. The Society wanted to carry out this review as they
hoped that the resulting recommendations would promote and disseminate good clinical practice.

This review shows that, despite the fact that many studies are available, the quality of the evidence
supporting the efficacy and safety of each analgesic intervention was often low or moderate. The
reasons for this included the relatively low number of patients and their characteristics, for example
heterogeneous gestational and postnatal ages, and the heterogeneous drug dosages and the variable
presence of concomitant drugs.

Overall, there is still a gap in knowledge, which includes, but is not limited to, the definition of the
exact dose and therapeutic regimen of analgesic drugs able to counteract the adverse effects of pain
and stress, without significant side effects. For this reason, strong recommendations cannot be
universally given.

Despite this, we thought that it was important to raise awareness on the subject. Our working group
felt that evidence-based tools should be shared so that reasoned and informed choices could be made
about different therapeutic options by the whole team of healthcare providers, other involved
caregivers and parents.

Throughout the evaluation process the academic panel felt the strong need to advocate for a practical
guideline that protects the developing neonate from pain, but also sensitises the healthcare providers
to the notion of stress and pain endured by their patients.
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The review produced five strong recommendations on standards of care. One, reduce neonatal stress
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and use non-pharmacological analgesia during invasive ventilation. Two, favour intermittent boluses
of opioids, administered after pain scores and before invasive procedures, during short expected
periods of mechanical ventilation, mainly in preterm infants affected by respiratory distress syndrome.
Three, do not use morphine infusion in preterm infants under 27 gestational weeks. Four, always use
algometric scores to titrate analgesic drugs doses. Five, use premedication before endotracheal
intubation for a more rapid, less painful, less traumatic and safer manoeuvre.

We also developed 30 conditional recommendations on therapeutic options, including the infusion of
opioids during prolonged ventilation, instead of boluses as required. Indeed, while it may seem
intuitive that lower levels of opioids are better, the negative sequelae from undertreated pain may be
even more harmful than the incompletely known consequences of opioids.

CONCLUSION
Our review produced 35 recommendations on standard care and therapeutic options relating to the
analgesia and sedation of newborn infants during ventilation and before endotracheal intubation.
Further prospective randomised clinical trials are urgently needed in order to broaden our knowledge
about benefits and hazards of analgesic drugs in the fragile population of newborn infants admitted to
neonatal intensive care unit.

ACKNOWLEDGEMENTS
The authors would like to thank Professor. Emanuela Ferretti from the Neonatal Intensive Care Unit,
Children's Hospital of Eastern Ontario, University of Ottawa, for her contribution to the writing of the
manuscript.

This article is protected by copyright. All rights reserved.

FUNDING

Accepted Article

This study received no specific funding.

CONFLICTS OF INTEREST
The authors have no conflict of interests to declare.

ABBREVIATIONS:
CPAP, continuous positive airways pressure; GRADE, Grading of Recommendations Assessment,
Development and Evaluation.

REFERENCES
(1)

Barrington KJ. Premedication for endotracheal intubation in the newborn infant. Paediatr

Child Health 2011; 16: 159-71.

(2)

Badiee Z, Vakiliamini M, Mohammadizadeh M. Remifentanil for endotracheal intubation in

premature infants: a randomized controlled trial. J Res Pharm Pract 2013; 2: 75-82.

(3)

Barois J, Tourneux P. Ketamine and atropine decrease pain for preterm newborn tracheal

intubation in the delivery room: an observational pilot study. Acta Paediatr 2013; 102: e534-8.

(4)

Caldwell CD, Watterberg KL. Effect of premedication regimen on infant pain and stress

response to endotracheal intubation. J Perinatol 2015; 35: 415-8.

(5)

de Kort EHM, Halbmeijer NM, Reiss IKM, Simons SHP. Assessment of sedation level prior

to neonatal intubation: A systemic review. Pediatr Anesth 2018; 28: 28-36

(6)

Simons SH, Tibboel D. Pain perception development and maturation. Semin Fetal Neonatal

Med 2006; 11: 227-31.

(7)

Fink RM, Makic MB, Poteet AW, Oman KS. The Ventilated Patient's Experience. Dimens

Crit Care Nurs 2015; 34: 301-8.

This article is protected by copyright. All rights reserved.

(8)

Ranger M, Grunau RE. Early repetitive pain in preterm infants in relation to the developing

Accepted Article

brain. Pain Manag 2014; 4: 57-67.
(9)

Zimmerman KO, Smith PB, Benjamin DK, Laughon M, Clark R, Traube C et al. Sedation,

analgesia, and paralysis during mechanical ventilation of premature infants. J Pediatr 2017; 180:
99–104.

(10)

Lago P, Garetti E, Merazzi D, Pieragostini L, Ancora G, Pirelli A et al; Pain Study Group of

the Italian Society of Neonatology. Guidelines for procedural pain in the newborn. Acta Paediatr
2009; 98: 932-9.

(11)

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P et al. GRADE: an

emerging consensus on rating quality of evidence and strength of recommendation. BMJ 2008;
336: 924-6.

(12)

Cignacco E, Hamers JP, van Lingen RA, Zimmermann LJ, Müller R, Gessler P et al.

Pain relief in ventilated preterms during endotracheal suctioning: a randomized controlled trial.
Swiss Med Wkly 2008; 138: 635-45.

(13)

Guinsburg R, Kopelman BI, Anand KJ, de Almeida MF, Peres Cde A, Miyoshi MH.

Physiological, hormonal and behavioral responses to a single fentanyl dose in intubated and
ventilated preterm neonates. J Pediatr 1998; 132: 954-9.

(14)

Bouwmeester NJI, Anand JK, van Dijk M, Hop WC, Boomsma F, Tibboel D. Hormonal and

metabolic stress responses after major surgery in children aged 0-3 years: a double-blind,
randomized trial comparing the effects of continuous versus intermittent morphine. Br J Anaesth
2001; 87: 390-9.

(15)

Ancora G, Lago P, Garetti E, Pirelli A, Merazzi D, Mastrocola M et al. Efficacy and safety of

continuous infusion of fentanyl for pain control in preterm newborns on mechanical ventilation. J
Pediatr 2013; 163: 645-51.

(16)

Hall RWI, Kronsberg SS, Barton BA, Kaiser JR, Anand KJ; NEOPAIN Trial Investigator

group. Morphine, hypotension and adverse outcomes among preterm neonates: who’s to blame?
Secondary results from NEOPAIN trial Group. Pediatrics 2005; 115: 1351-9.

This article is protected by copyright. All rights reserved.

(17)

Koehntop DE, Rodman JH, Brundage DM, Hegland MG, Buckley JJ. Pharmacokinetics of

Accepted Article

Fentanyl in neonates. Anesth Analg 1986; 65: 227-32.
(18)

Anand KJS, Hall W, Desai N, Shephard B, Bergqvist LL, Young TE, et al for the NEOPAIN

Trial Investigators Group. Effects of morphine analgesia in ventilated preterm neonates: primary
outcomes from the NEOPAIN randomised trial. Lancet 2004; 363: 1673-82.

(19)

Lago P, Benini F, Agosto C, Zacchello F. Randomized-controlled trial of low-dose fentanyl

infusion in preterm infants with hyaline membrane disease. Arch Dis Child Fetal Neonatal Ed
1998; 79: F194-7.

(20)

Simons SH, van Dijk M, van Lingen RA, Roofthooft D, Duivenvoorden HJ, Jongeneel N et

al. Routine morphine infusion in preterm newborns who received ventilator support: a randomized
controlled trial. JAMA 2003; 290: 2419-27.

(21)

Anand KJ, Willson DF, Berger J, Harrison R, Meert KL, Zimmerman J et al; Eunice Kennedy

Shriver National Institute of Child Health and Human Development Collaborative Pediatric
Critical Care Research Network. Tolerance and withdrawal from prolonged opioid use in critically
ill children. Pediatrics 2010; 125: e1208-25.

(22)

Anand KJ, Clark AE, Willson DF, Berger J, Meert KL, Zimmerman JJ et al; Eunice Kennedy

Shriver National Institute of Child Health; Human Development (NICHD) Collaborative Pediatric
Critical Care Research Network (CPCCRN). Opioid analgesia in mechanically ventilated children:
results from the multicenter Measuring Opioid Tolerance Induced by Fentanyl study. Pediatr Crit
Care Med 2013; 14: 27-36.

(23)

Saarenmaa EI, Huttunen P, Leppaluoto J, Meretoja O, Fellman V. Advantages of fentanyl

over morphine in analgesia for ventilated newborn infants after birth: a randomized trial. J Pediatr
1999; 134: 144-150.

(24)

Yan J, Jiang H. Dual effects of ketamine: neurotoxicity versus neuroprotection in anesthesia

for the developing brain. J Neurosurg Anesthesiol 2014; 26: 155-60.

(25)

Anand KJ, Barton BA, McIntosh N, Lagercrantz H, Pelausa E, Young TE et al. Analgesia and

sedation in preterm neonates who require ventilatory support: results from the NOPAIN trial.

This article is protected by copyright. All rights reserved.

Neonatal Outcome and Prolonged Analgesia in Neonates. Arch Pediatr Adolesc Med 1999; 153:

Accepted Article

331-8.
(26)

Finnegan LP, Connaughton JF Jr, Kron RE, Emich JP. Neonatal abstinence syndrome:

assessment and management. Addict Dis 1975; 2: 141-58.

(27)

Osborn DA, Jeffery HE, Cole M. Opiate treatment for opiate withdrawal in newborn infants.

Cochrane Database Syst Rev 2010; CD002059.

(28)

Robertson RC, Darsey E, Fortenberry JD, Pettignano R, Hartley G. Evaluation of an opiate-

weaning protocol using methadone in pediatric intensive care unit. Pediatr Crit Care Med 2000; 1:
119-23.

(29)

Hallett R and Chalkiadis GA. Suspected opioid-induced hyperalgesia in an infant. Br J

Anaesth 2012; 108: 116–8.

(30)

McClain BC, Probst LA, Pinter E, Hartmannsgruber M. Intravenous Clonidine Use in a

Neonate Experiencing Opioid-induced Myoclonus. Anesthesiology 2001; 95: 549-50.

(31)

Hall RW, Boyle E, Young T. Do ventilated neonates require pain management? Semin

Perinatol 2007; 31: 289-97.

(32)

Ng E, Taddio A, Ohlsson A. Intravenous Midazolam infusion for sedation of infants in the

neonatal intensive care unit. Cochrane Database Syst Rev 2012; 6:CD002052.

(33)

Duerden EG, Guo T, Dodbiba L, Chakravarty MM, Chau V, Poskitt KJ et al.. Midazolam dose

correlates with abnormal hippocampal growth and neurodevelopmental outcome in preterm infants.
Ann Neurol 2016; 7 9: 548-59.

(34)

Chrysostomou C, Schulman SR, Castellanos MH, Cofer BE, Mitra S, Garcia da Rocha M et

al. A phase II/III, Multicenter, Safety, Efficacy, and Pharmacokinetic Study of Dexemedetomidine
in Preterm and Term Neonates. J Pediatr 2014; 164: 276-82.

(35)

Enders J, Gebauer C, Pulzer F, Robel-Tillig E, Knüpfer M. Analgosedation with low-dose

morphine for preterm infants with CPAP: risks and benefits. Acta Paediatr 2008; 97: 880-3.

(36)

Tortorici MA, Kochanek PM, Poloyac SM. Effects of hypothermia on drug disposition,

metabolism, and response: A focus of hypothermia-mediated alterations on the cytochrome P450
enzyme system. Crit Care Med 2007; 35: 2196-204.

This article is protected by copyright. All rights reserved.

(37)

Zanelli S, Buck M, Fairchild K. Physiologic and pharmacologic considerations for

Accepted Article

hypothermia therapy in neonates. J Perinatol 2011; 31: 377–86.
(38)

Róka A, Melinda KT, Vásárhelyi B, Machay T, Azzopardi D, Szabó M. Elevated morphine

concentrations in neonates treated with morphine and prolonged hypothermia for hypoxic ischemic
encephalopathy. Pediatrics 2008; 121: e844-9.

(39)

Dempsey EM, Al Hazzani F, Faucher D, Barrington KJ. Facilitation of neonatal endotracheal

intubation with mivacurium and fentanyl in the neonatal intensive care unit. Arch Dis Child Fetal
Neonatal Ed 2006; 91: F279-82.

(40)

Roberts K, Leone TA, Edwards WH, Rich WD, Finer NN. Premedication for nonemergent

neonatal intubations: a randomized, controlled trial comparing atropine and fentanyl to atropine,
fentanyl and mivacuriun. Pediatrics 2006; 188: 1583-91.

(41)

Lemyre B, Cheng R, Gaboury I. Atropine, Fentanyl and Succinylcholine for non-urgent

intubations in newborns. Arch Dis Child Fetal Neonatal Ed 2009; 94: F439-42.

(42)

Feltman DM, Weiss MG, Nicoski P, Sinacore J. Rocuronium for nonemergent intubation of

term and preterm infants. J Perinatol 2011; 31: 38-43.

(43)

Pereira e Silva Y, Santiago Gomez R, Marcatto J deO, MaximoTA, Barbosa RF, Simões e

Ailva A. Morphine versus remifentanil for intubating preterm neonates. Arch Dis Child Fetal
Neonatal Ed 2007; 92: F293-4.

(44)

Baleine J, Milési C, Mesnage R, Rideau Batista Novais A, Combes C, Durand S et al.

Intubation in the delivery room: experience with nasal Midazolam. Early Hum Dev 2014; 90: 3943.

(45)

Ghanta S, Abdel-Latif ME, Lui K, Ravindranathan H, Awad J, Oei J. Propofol compared with

the morphine, atropine and suxamethonium regimen as induction agents for neonatal endotracheal
intubation: a randomized, controlled trial. Pediatrics 2007; 119: e1248-55.

(46)

Welzing L, Kribs A, Eifinger F, Huenseler C, Oberthuer A, Roth B. Propofol as an induction

agent for endotracheal intubation can cause significant arterial hypotension in preterm neonates.
Pediatr Anaesth 2010; 20: 605-11.

This article is protected by copyright. All rights reserved.

(47)

Simons SH, van der Lee R, Reiss IK, van Weissenbruch MM. Clinical evaluation of propofol

Accepted Article

as sedative for endotracheal intubation in neonates. Acta Pediatrica 2013; 102: e487-92.
(48)

Welzing L, Kribs A, Huenseler C, Eifinger F, Mehler K, Roth B. Remifentanil for INSURE in

preterm infants: a pilot study for evaluation of efficacy and safety aspects. Acta Pediatr 2009; 98:
1416-20.

(49)

Choong K, AlFaleh K, Doucette J, Gray S, Rich B, Verhey L et al. Remifentanil for

endotracheal intubation in neonates: a randomized controlled trial. Arch Dis Child Fetal Neonatal
Ed 2010; 95: F80-4.

(50)

Milési C, Baleine J, Mura T, Benito-Castro F, Ferragu F, Thiriez G et al. Nasal midazolam vs

ketamine for neonatal intubation in the delivery room: a randomized trial. Arch Dis Child Fetal
Neonatal Ed 2018; 103: F221-6.

(51)

Glass PS, Hardman D, Kamiyama Y, Quill TJ, Marton G, Donn KH et al. Preliminary

pharmacokinetics and pharmacodinamics of an ultra-short-acting opioid: remifentanil (GI87084B).
Anesth Analg 1993; 77: 1031-40.

(52)

Welzing L, Ebenfeld S. Remifentanil degradation in umbilical cord blood of preterm infants.

Anesthesiology 2001; 114: 570-7.

(53)

Ancora G, Lago P, Garetti E, Pirelli A, Merazzi D, Pierantoni L et al. Follow-up at the

corrected age of 24 months of preterm newborns receiving continuous infusion of fentanyl for pain
control during mechanical ventilation. Pain 2017; 158: 840-5.

(54)

De Graaf J, Van Lingen RA, Simons SHP, Anand KJS, Duivenvoorden HJ, Weisglas-

Kuperus N et al. Long-term effects of routine morphine infusion in mechanically ventilated
neonates on children’s functioning: Five-year follow-up of a randomized controlled trial. Pain
2011; 152: 1391–7.

(55)

De Graaf J, Van Lingen RA, Valkenburg AJ, Weisglas-Kuperus N, Groot Jebbink L,

Wijnberg-Williams B et al. Does neonatal morphine use affect neuropsychological outcomes at 8
to 9 years of age? Pain 2013; 154: 449–58.

This article is protected by copyright. All rights reserved.

(56)

Avino D, Zhang WH, De Villé A, Johansson AB. Remifentanil versus morphine-Midazolam

Accepted Article

premedication on the quality of endotracheal intubation in neonates: a non inferiority randomized
trial. J Pediatr 2014; 164: 1032-7.

(57)

de Kort EH, Hanff LM, Roofthooft D, Reiss IK, Simons SH. Insufficient Sedation and Severe

Side Effects after Fast Administration of Remifentanil during INSURE in Preterm Newborns.
Neonatology 2017; 111: 172-6.

(58)

Norman E, Wikström S, Hellström-Westas L, Turpeinen U, Hämäläinen E, Fellman V. Rapid

sequence induction is superior to morphine for intubation of preterm infants: a randomized
controlled trial. J Pediatr 2011; 159: 893-9.

(59)

Bétrémieux P, Carré P, Pladys P, Roze O, Lefrançois C, Mallédant Y. Doppler ultrasound

assessment of the effects of ketamine on neonatal cerebral circulation. Dev Pharmacol Ther 1993;
20: 9-13.

(60)

Orebaugh SL. Succinylcholine: Adverse effects and alternatives in emergency medicine. The

American Journal of Emergency Medicine 1999; 17: 715-21.

This article is protected by copyright. All rights reserved.

Appendix 1. Relevant notes when using opioids
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Dosages: These must be calibrated on the basis of birth weight, gestational age at birth and postnatal
age, administering the lower doses to infants with lower birth weights, gestational ages and postnatal
ages.
Boluses: These should be always administered before painful procedures (central venous line
insertion, chest drains etc) and in the presence of prolonged pain (such as an Échelle Douleur
Inconfort Nouveau-Né – EDIN - score > 6).They can be repeated every two hours (fentanyl) or every
four hours (morphine). Remifentanil, has a half-life of about 10 minutes (51,52), can be repeated after
15-30 minutes if necessary. Boluses should be administered slowly.
Continuous infusion: After discontinuation of the fentanyl infusion, continue to monitor symptoms.
Fentanyl can redistribute from the deep tissues, such as adipose and muscle tissue where it
accumulates because it is highly lipophilic, to the blood.
Side effects: Correlate to the cumulative dose of opioids. Include longer duration of mechanical
ventilation, delayed attainment of full enteral feeding, hypotension (morphine) and negative effect on
development (15,16,18,23,53-55). Scores on the intelligence quotient subtest of visual analysis,
obtained in children at five years of age, indicated a significant negative correlation to morphine
consumption during the neonatal period (54), although this effect was not confirmed at 8-9 years of
age (55). Another study demonstrated that a continuous infusion of fentanyl in very preterm infants,
given at 1 mcg/kg/hour during mechanical ventilation, was associated with a significant decrease in
eye and hand co-ordination skills when they were evaluated at two years of corrected age (53).
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Appendix 2. Signs and symptoms associated with prolonged treatment with opioids during
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mechanical ventilation (21,22)
Tolerance: This is a reduced pharmacological efficacy and it rarely occurs when treatment lasts less
than 96 hours. Be aware that the reduced efficacy of ongoing treatment with opioids can be due to
hyperalgesia or to the worsening of pain as well as to the development of tolerance. Moreover,
neonates may seem to be developing tolerance when there are in fact other sources of pain or
discomfort, such as worsening respiratory status or ventilator malfunction.
Drug withdrawal: This can occur when there is an abrupt reduction or discontinuation of opioids. It
includes a group of symptoms that mimics neonatal abstinence syndrome, accompanied by jitteriness,
generalised tremours, convulsions, sweating, fever, mottling, excessive sucking or rooting, poor
feeding, vomiting, diarrhoea and needs to be evaluated with the help of the Finnegan score (26).
The development of tolerance and of drug withdrawal depends on various factors. These include the
type of administered opioid: tolerance and drug withdrawal occur more frequently during treatments
with synthetic opioids and short acting opioids, such as fentanyl and remifentanil, than natural
opioids such as morphine. It is more common in males, preterm infants, with a longer duration of
therapy, when there are simultaneous infusion of sedatives like midazolam. It is also more common if
there is a lower initial dosage of opioids. Tolerance and drug withdrawal are less frequent when
opioids are used to reduce postoperative pain compared to other indications.
Hyperalgaesia: This term refers to pain exacerbated by opioid treatment. It is due to the
hypersensitisation of afferent neurons, the increased production and release of excitatory
neurotransmitters activating N-methyl-D-aspartate receptors and the decreased reuptake of excitatory
neurotransmitters. It can even occur in the absence of tolerance syndrome.
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Appendix 3. Further work on the subject of analgesia and sedation before endotracheal
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intubation
Premedication before endotracheal intubation can have different goals: to reduce and pain, facilitate
procedures and reduce the side effects due procedures.
In order to reduce pain and stress around endotracheal intubation, remifentanil, a short-acting
opioid, has been successfully used at an intravenous dosage of 2 mcg/kg over two minutes (2).
Unfortunately, very little research is available on remifentanil in newborn infants and concerns have
been raised about its safety (Table 2) (2,43,48,49,56,57). Also, the combined use of intravenous
midazolam (0.05-0.20 mg/kg) and intravenous morphine (150 mcg/kg) or fentanyl (1-2 mcg/kg) has
been shown effective. In contrast, just fentanyl, even at an intravenous dosage of 2 mcg/kg may not
ensure enough control of pain and stress (4,43). Morphine is not the drug of choice for this specific
procedure, since it has only been shown to be efficacious at high dosages and its onset of action is
delayed compared with fentanyl, by at least 5-10 minutes from the end of the infusion. Moreover, it
has been demonstrated that morphine causes amplitude-integrated electroencephalography (aEEG)
depression in the six hours following endotracheal intubation (58).
Ketamine at an intravenous dosage of 1-2 mg/kg has also been shown to be effective in reducing pain
and stress due to intubation in newborn infants (3). However, very little research is available on this
drug in newborn infants and the short-term and long-term side effects, especially in very preterm
infants, are little known (Table 2) (3,59).
One study showed that nasal midazolam provided rapid and effective sedation to intubated neonates
in the delivery room (44). Another study showed a lower efficacy of nasal ketamine (2 mg/kg)
compared to nasal midazolam (0.2 mg/kg), but similar side effects, in preterm neonates requiring nonemergency endotracheal intubation for surfactant instillation in the delivery room (50). There is no
available data at the moment on any other drug used for pain control during endotracheal intubation in
infants.
The following strategies have been shown effective to facilitate endotracheal intubation and thus
reduce the time needed for intubation, limit the number of attempts and avoid local trauma due to
laryngoscopy:
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Intravenous fentanyl (2-5 mcg/kg), combined with a muscle relaxant (succinylcholine 2 mg/kg or
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rocuronium 0.5-1 mg/kg) (39-42);






Intravenous remifentanil (2 mcg/kg administered over two minutes) has been shown to improve
overall intubation conditions (2,48). However, intravenous remifentanil (1 mcg/kg) is less
effective than an association of morphine and midazolam after the first attempted intubation, due
its short half-life (56). Moreover, monotherapy with remifentanil, even at 3 mcg/kg, showed less
efficacy when compared with fentanyl 2 mcg/kg plus succinylcholine (49). Remifentanil 1-2
mcg/kg, intravenously as a fast bolus and followed by an intravenous saline flush in 30 seconds
provided insufficient sedation and was associated with a high risk of chest wall rigidity in preterm
neonates (57). Remifentanil 1 mcg/kg plus midazolam improved overall intubation conditions
compared with morphine 150 mcg/kg plus midazolam (43). In conclusion, concerns persist over
remifentanil monotherapy at high doses (2-3 mcg/kg), especially for safety reasons. The
association with a muscle relaxant may be favourable (Table 2);
Intravenous propofol (1-2.5 mg/kg). It should be remembered that propofol may cause
hypotension with a nadir 10-20 minutes following administration, especially at lower gestational
ages and during the first 24 hours of life (Table 2). Therefore, propofol should be only used in
patients with normal blood pressure, after the first 24 hours of life. Blood pressure should be
carefully monitored for at least 30 minutes after propofol administration (45-47).
Midazolam (0.2 mg/kg) given in each nostril, if intravenous access is not available, has been
shown to be more efficient than nasal ketamine (2 mg/kg) with regard to adequately sedating
neonates requiring intubation in the delivery room (50).

When it comes to reducing the complications related to endotracheal intubation - namely
increased intracranial pressure, bradycardia, desaturation and glycaemic stress - studies from the
literature have showed that anaesthesia, appropriate sedation and muscle relaxants, combined with
opioids, are able to prevent increases in blood and intracranial pressure, desaturations and glycaemic
stress. Atropine is useful for reducing bradycardias (4).
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Table 1. Equivalent doses of the main opioids in children.

Agent
Morphine
Fentanyl
Methadone

Dose (mcg/kg)
10-100
1-3
25-100

It appears from the table that fentanyl is about 25 times more powerful than methadone. Therefore, to calculate
the bolus dose of methadone to be administered in an infant receiving continuous infusion with fentanyl it is
necessary to multiply by 25 the dose of fentanyl administered over 1 hour; i.e. fentanyl 2 mcg/kg/h, corresponds
to methadone 50 mcg/kg/dose to be given every 6 hours.
Methadone should then be tapered in 6 or 11 days depending on the duration of treatment (7-14 days or > 14
days, respectively) (56). Very low quality of evidence, conditional recommendation.
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Table 2. Safety considerations on drugs for analgosedation before endotracheal intubation in newborns.

Drug

Warnings

Remifentanil
6 studies on 115 newborns (2,43,48,49,56,57) using 1-3 mcg/kg, reported a high incidence of
chest wall rigidity (about 10%, but up to 43% if infused over 30 seconds) and laryngospasm,
especially among the most immature infants. These side effects are preventable by slow infusion;
alternatively, they can be antagonized by the use of muscle-relaxants or naloxone.

Ketamine
Not yet been extensively studied in the newborn; it did not show any significant cardiovascular
effects in newborns, including preterm infants, when used during invasive procedures (3,59). Its
use is restricted to anesthesiologists in some states.
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Propofol
2 studies that used propofol as premedication for neonatal endotracheal intubation (75 newborns
ranging from 24 to 40 weeks GA), at doses ranging from 1 to 6 mg/kg, reported the risk of
significant arterial hypotension (up to 39% of cases) especially during the first postnatal day.
Lower blood pressure values were observed 10-15 minutes after drug administration (46,47). Its
use is restricted to anesthesiologists in some states.

Succinylcholine
Can cause malignant hyperthermia in predisposed subjects, especially in association with
anesthetic gases. As a depolarizing agent, it can increase potassium levels. There have been rare
reports of cardiac arrest with elevated potassium levels in patients with other underlying diseases,
such as congenital cerebral palsy, tetanus, Duchenne muscular dystrophy, close head injury and in
children with undiagnosed muscle disorders. It can also increase intracranial and intraocular
pressure (60).
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