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ABSTRACT. This statement is intended for health care
professionals caring for neonates (preterm to 1 month of
age). The objectives of this statement are to:

1. Increase awareness that neonates experience pain;
2. Provide a physiological basis for neonatal pain and

stress assessment and management by health care pro-
fessionals;

3. Make recommendations for reduced exposure of the
neonate to noxious stimuli and to minimize associated
adverse outcomes; and

4. Recommend effective and safe interventions that re-
lieve pain and stress.

ABBREVIATION. Sao2, oxygen saturation.

The International Association for the Study of
Pain has defined pain as “an unpleasant sen-
sory and emotional experience associated with

actual or potential tissue damage or described in
terms of such damage.”1 The interpretation of pain is
subjective. Each person forms an internal construct
of pain through encountered injury. Several experts
suggest that the neonate’s expression of pain does
not fit within the strict definition of the International
Association for the Study of Pain because of the
requirement for self-report.2–4 This lack of ability to
report pain contributes to the failure of health care
professionals to recognize and treat pain aggres-
sively during infancy and early childhood.5 Because
neonates cannot verbalize their pain, they depend on
others to recognize, assess, and manage their pain.
Therefore, health care professionals can diagnose
neonatal pain only by recognizing the neonate’s as-
sociated behavioral and physiological responses.6

Stress is defined as “a physical, chemical, or emo-
tional factor that causes bodily or mental tension and
may be a factor in disease causation.”7 These re-
sponses can be specific to the stressor or can be
generalized and nonspecific. Pain is always stressful,
but stress is not necessarily painful; both require
assessment, evaluation, and treatment. The signs of

pain and stress must be distinguished from signs of
life-threatening conditions, such as hypoxemia or
carbon dioxide retention, that require other forms of
intervention.8

Studies indicate a lack of awareness among health
care professionals of pain perception, assessment,
and management in neonates.9–11 When analgesics
were used in infants, they often were administered
based only on the perceptions of health care profes-
sionals or family members. Fear of adverse reactions
and toxic effects often contributed to the inadequate
use of analgesics. In addition, health care profession-
als often focused on treatment of pain rather than a
systematic approach to reduce or prevent pain.12,13

More recent surveys have demonstrated increased
awareness among health care professionals of pain in
neonates and infants and its assessment and man-
agement.14–16 Several textbooks on pain in neonates
and infants have been published,17–19 and measures
for assessing pain have been developed and validat-
ed.20–24 However, despite the advances in pain as-
sessment and management, prevention and treat-
ment of unnecessary pain attributable to anticipated
noxious stimuli remain limited.25–27 Several impor-
tant concepts must be recognized to provide ade-
quate pain management for the preterm and term
neonate:

• Neuroanatomical components and neuroendo-
crine systems are sufficiently developed to allow
transmission of painful stimuli in the neonate.28–32

• Exposure to prolonged or severe pain may in-
crease neonatal morbidity.33–36

• Infants who have experienced pain during the
neonatal period respond differently to subsequent
painful events.37–41

• Severity of pain and effects of analgesia can be
assessed in the neonate.20–24,42–46

• Neonates are not easily comforted when analgesia
is needed.8

• A lack of behavioral responses (including crying
and movement) does not necessarily indicate a
lack of pain.47

GENERAL PRINCIPLES
By late gestation, the fetus has developed the an-

atomic, neurophysiological, and hormonal compo-

The recommendations in this statement do not indicate an exclusive course
of treatment or serve as a standard of medical care. Variations, taking into
account individual circumstances, may be appropriate.
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nents necessary to perceive pain.11,28–32 Preterm and
term infants demonstrate similar or even exagger-
ated physiological and hormonal responses to pain
compared with those observed in older children and
adults.11,33,35 Some studies suggest that pain experi-
enced early in life by term infants may exaggerate
affective and behavioral responses during subse-
quent painful events.37,38 Neonates who were ex-
posed to numerous painful and noxious stimuli be-
tween postconceptual weeks 28 and 32 showed
different behavioral and physiological responses to
pain compared with neonates of a similar postcon-
ceptual age who had not had such experiences.40 In
addition, toddlers at 18 months corrected age who
were of extremely low weight (,1000 g) at birth (and
thus exposed to numerous noxious stimuli in the
neonatal intensive care unit) were rated by parents as
being less sensitive (reactive) to painful stimuli (eg,
bumps, cuts, common hurts) and demonstrating
more somatic complaints compared with full-term
infants.41,48 In another study, children’s judgment
about pain at age 8 to 10 years were examined using
pictures of children in potentially painful situations
(medical, recreational, daily living, and psychosocial
situations were used as the pain stimuli).39 Two
groups of children who had experienced different
exposure to nociceptive procedures in the neonatal
period were compared. Unlike infants of birth
weight .2500 g, for extremely low birth weight in-
fants (,1000 g), medical pain intensity was rated
significantly higher than psychosocial pain at 8 to 10
years of age, at P , .004.39 These clinical data support
the experimental observations on the long-term ef-
fects of neonatal pain and stress.49

Several validated and reliable pain measures exist
to assess acute pain in term and preterm neonates.24

Behavioral indicators of pain (eg, facial expression,
body movements, crying), and physiological indica-
tors of pain (eg, changes in heart rate, respiratory
rate, blood pressure, oxygen saturation [Sao2], vagal
tone, palmar sweating, and plasma cortisol or cate-
cholamine levels) can be used to assess and manage
stress and pain in neonates. Composite measures of
neonatal pain include the following: 1) the Prema-
ture Infant Pain Profile (PIPP) that includes facial
actions, such as brow bulge, eyes squeezed shut, and
nasolabial furrow, and physiological indicators, in-
cluding heart rate and Sao2 in the context of gesta-
tional age and neonatal state22; 2) CRIES that assesses
Crying, the Requirement for oxygen supplementa-
tion (for Sao2 .95%), Increases in heart rate and
blood pressure, facial Expression and Sleepless-
ness23; and 3) the Neonatal Infant Pain Scale (NIPS),
which assesses facial expression, cry, breathing pat-
terns, movements of arms and legs, and state of
arousal.21 Other assessment measures are unidimen-
sional but include multiple indicators of facial ex-
pression in term and preterm neonates. One such
measure is the Neonatal Facial Coding System20 that
was developed for use in pain research, but study
continues of its clinical usefulness.41 However, there
is a paucity of measures to evaluate pain in very low
birth weight neonates or those who require mechan-
ical ventilation.43,44 There remains a need to establish

the clinical usefulness of existing measures and to
develop measures to assess potential pain in phar-
macologically paralyzed neonates or neonates with
chronic pain.8

Pain is managed most effectively by preventing,
limiting, or avoiding noxious stimuli and providing
analgesia.13 Modifying the environment and provid-
ing anxiolytics for circumstances expected to be
stressful also may be useful. The environment should
be as conducive as possible to the well-being of the
neonate and the family.50,51 Unnecessary noxious
stimuli (acoustic, visual, tactile, vestibular) of neo-
nates should be avoided. Simple comfort measures,
such as swaddling, nonnutritive sucking (pacifier),
and positioning (when not contraindicated because
of specific medical or surgical conditions) should be
used whenever possible for minor procedures.52,53

Oral administration of sucrose reduces pain associ-
ated with painful procedures.54,55 However, these in-
terventions alone may not alleviate moderate to se-
vere pain, and analgesic treatment should be
provided as indicated.

Painful or stressful procedures should be mini-
mized and, when appropriate, coordinated with
other aspects of the neonate’s care. Furthermore, con-
sideration of the least painful method is important.
For example, when performed by trained personnel,
obtaining blood by venipuncture may be less painful
than heel lancing.56–58 Skillful placement of periph-
eral, central, or arterial lines reduces the need for
repeated intravenous punctures or intramuscular in-
jections. Thus, in some such cases, the risk-benefit
balance may favor the more invasive indwelling
catheters. Whenever possible, validated noninvasive
monitoring techniques (eg, pulse oximetry) that
are not tissue damaging should replace invasive
methods.

The risks and benefits of pain management tech-
niques must be considered on an individual basis
within the context of the type and severity of the
painful stimulus. Pharmacological analgesia should
be chosen carefully based on comprehensive assess-
ment of the neonate, efficacy and safety of the drug,
the clinical setting, and experience of the personnel
using the drug. Drug doses, including those for local
anesthetics, should be calculated carefully based on
the current or most appropriate weight of the neo-
nate, and initial doses should not exceed maximal
recommended amounts. Subsequent doses should be
modified based on multiple factors, including the
cause of the pain, previous response, clinical condi-
tion, concomitant drug use, and the known pharma-
cokinetics and pharmacodynamics of the sedative
and analgesic drugs administered. Medications that
might result in the loss of protective reflexes or cause
cardiorespiratory instability should be used only by
appropriately trained persons in an environment
equipped to handle emergencies. Monitoring to en-
sure adequate oxygenation, ventilation, and cardio-
vascular stability should follow the guidelines of the
American Society of Anesthesiologists,59 the Cana-
dian Anaesthetists Society,60 and the American Acad-
emy of Pediatrics.61

Studies are lacking on the management of pain in
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neonatal conditions associated with extensive tissue
damage and those resulting in recurrent or chronic
pain (eg, necrotizing enterocolitis, meningitis, frac-
tured bones). The effects of the use of analgesics or
sedation during the neonatal period on long-term
neurodevelopmental and psychological outcomes
has not been well studied.49 No differences in intel-
ligence, motor function, or behavior at 5 to 6 years of
age were found between neonates who received
morphine for sedation during mechanical ventilation
and placebo-treated neonates.62

PREVENTION OF ACUTE PAIN DURING OR AFTER
SURGERY OR A PAINFUL PROCEDURE

General Anesthesia
Advances in anesthetic medications, techniques,

and monitoring by trained personnel have increased
the safety and efficacy of general anesthesia for pre-
term and term neonates. The state of general anes-
thesia makes the patient pain-free and amnesic dur-
ing surgery; the same medications and techniques
can be used to extend the period of analgesia post-
operatively.63

Regional Anesthesia
Regional techniques, such as peripheral nerve

blocks and central neuraxis blockade (spinal, epi-
dural), are sometimes used to provide anesthesia and
analgesia for procedures on the trunk or limbs, as an
adjunct to general anesthesia, and for postoperative
analgesia.64–68 Examples of regional nerve blocks in-
clude ilioinguinal and iliohypogastric nerve blocks,
penile block, digital block, local infiltration, and in-
tercostal nerve blocks. The duration of such blocks
can be extended by using vasoconstrictors (contrain-
dicated in areas of end-arterial circulation, such as
the penis, digit, and pinna of the ear). The duration
of epidural blockade can be extended with the coad-
ministration of opioids, clonidine, or both. Indwell-
ing epidural catheters threaded from the caudal or
lumbar region may provide analgesia for procedures
above the diaphragm.18,69,70 These techniques should
be used carefully by health care professionals trained
in their use and with appropriate and careful obser-
vation. In neonates, intermittent administration of
dilute local anesthetics with low-dose extradural opi-
oids, such as fentanyl, offers less potential for the
toxic effects of drugs than continuous infusion tech-
niques with either drug alone. Careful calculation of
doses is mandatory to avoid toxic effects for all uses
of local anesthetic agents and for all other medica-
tions used to provide analgesia, sedation, and relief
of anxiety. Accurate calculation is a particular con-
cern in the care of preterm and term neonates in
whom differences in protein binding and metabo-
lism can result in local anesthetic drug accumulation
and toxic effects.71,72

Continuous caudal or epidural blockade may be
administered for several days postoperatively by us-
ing a continuous infusion pump. Continuous infu-
sions are best managed by pain specialists trained in
appropriate pharmacology, frequent assessment of
effects, and the recognition of adverse reactions.

Local Infiltration Anesthesia
Analgesia for procedures in superficial areas, (eg,

chest tube insertion), usually can be managed with
superficial infiltration with local anesthetic agents.
Just as with regional nerve blocks, care must be taken
to remain within maximal recommended total doses
of local anesthetic agents. The addition of bicarbon-
ate to local anesthetics can reduce the pain of local
infiltration.73 For topical use, a cream containing li-
docaine and prilocaine decreases the pain associated
with a variety of minor procedures, although it was
not effective for heel-lance procedures.74–76 For the
success of topical analgesia, at least 1 hour must have
elapsed between application and the time of the pro-
cedure; the analgesia may last 1 to 2 hours.76 Single
applications of this cream have not been shown to
cause clinically important methemoglobinemia in
preterm and term neonates.76 However, despite no
data demonstrating additive risk, caution should be
used when other agents capable of causing methe-
moglobinemia (eg, acetaminophen) are coadminis-
tered.77

Opioids
A variety of opioids are available for pediatric

use.78,79 Although most of these medications have not
received formal approval for use in pediatric patients
by the Food and Drug Administration, their use in
children of all ages is indicated to treat the pain of
procedures, as an adjunct to general anesthesia, for
postoperative or postprocedural pain, and for the
treatment of painful medical conditions. Such medi-
cations may be administered as single or intermittent
boluses or as a continuous infusion. For prolonged
use, continuous infusion is preferred to avoid large
variations in plasma concentration. Whenever med-
ications in this category are administered, there must
be accompanying vigilance for potential adverse ef-
fects on the respiratory and cardiovascular systems.
Such observations may be limited with a single ad-
ministration but must be more intense with repeated
doses, when administered by infusion, or when drug
combinations are used. Agents known to compro-
mise cardiorespiratory function should be adminis-
tered only by persons experienced in airway man-
agement and in settings with the capacity for
continuous monitoring of vital signs (ie, heart rate,
blood pressure, respiratory rate, Sao2).59–61 The need
for continued treatment with the opioid to manage
pain increases the possibility of tolerance that re-
quires dose escalation to maintain analgesia and
slow withdrawal of the drug to avoid abstinence
syndrome.

The risk of adverse effects is directly related to rate
of drug administration, total dose, and combination
with other medications capable of central nervous
system depression. Intravenous boluses of the syn-
thetic opioids (eg, fentanyl, sufentanil, alfentanil)
may be associated with glottic and chest wall rigid-
ity.80 The propensity for these adverse effects is re-
duced by avoiding rapid bolus injection. Adminis-
tration should be by frequent small aliquots or by
infusion over several minutes. The health care pro-
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fessional who administers opioids should be trained
in the recognition and treatment of the adverse com-
plications, including the use of bag-mask ventilation,
an opioid antagonist to oppose the respiratory de-
pression, or a muscle relaxant to treat glottic and
chest wall rigidity.80 The health care professional
must have airway management skills and knowl-
edge of the pharmacodynamics of the administered
drugs to manage life-threatening events. When an
opioid antagonist is administered, the analgesic ef-
fect of opioids also is antagonized. Opioid antago-
nists must be used with caution in neonates who
have received prolonged treatment with opioids (.4
days). In this situation, an antagonist (eg, naloxone)
may precipitate acute opioid withdrawal with sei-
zures, hypertension, and other adverse clinical con-
sequences.81

Concomitant use of opioids and benzodiazepines
necessitates a decrease in the total dose of opioid and
benzodiazepine. However, nonopioid medications
should not be used in place of opioids because they
do not possess analgesic properties. Moreover, the
risk of respiratory depression may be additive or
synergistic.

There are insufficient data to recommend one opi-
oid over another. In general, meperidine is not rec-
ommended for prolonged administration owing to
the possibility of the accumulation of toxic metabo-
lites capable of causing seizures.82 When opioids or
other sedating medications, such as benzodiaz-
epines, are administered for a prolonged period,
physical dependence and tolerance may develop,
thus increasing the opioid or sedative requirements
to maintain patient comfort.81,83–85 The long-term ef-
fects of opioids and sedatives have not been well
established. However, the first concern of the health
care professional should be the treatment of stress or
pain, which later can be followed by managing the
consequences of the stress or pain treatment.33

When stress or pain medications are no longer
deemed necessary, slow weaning of the patient from
opioids and other sedatives over a prolonged period
may be required.81 Such weaning may be a gradual
reduction in daily drug dosage with frequent reas-
sessment to ensure that the patient is free of pain and
withdrawal symptoms or it may be a change to long-
er-acting oral medications, such as methadone, that
can be tapered.81,83–85 The starting dose of methadone
should be calculated to provide a dose equivalent to
the dose of opioid the neonate is receiving. Metha-
done kinetics and dosing requirements for extremely
premature neonates have not been studied ade-
quately.

Titration of dose to observed clinical effect and
administration of the lowest effective dose help to
avoid toxic effects. Rectal administration of opioids
has been described but is not generally recom-
mended owing to irregular and unpredictable ab-
sorption.77

Nonsteroidal Anti-inflammatory Drugs
Generally, this category of medications is used to

treat less intense pain and as an adjunct to reduce the
total dose of more potent analgesics, such as opioids.

Limited data are available on the pharmacokinetics
of acetaminophen (paracetamol) in newborns.86–88

Acetaminophen does not reduce the response to pain
due to heel-lance procedures89 but may provide some
reduction in pain after circumcision.90 There are no
studies in the newborn of the effectiveness and safety
of ketorolac or ibuprofen to reduce pain.91

MANAGEMENT OF NONPAINFUL STRESS
(ANXIETY) IN THE NEONATE

Behaviors associated with pain (eg, crying, grimac-
ing, posturing, sweating, restlessness) also may ac-
company nonpainful care-giving procedures for low
birth weight neonates.45 Additional research is
needed to better differentiate pain, stress, and vari-
ation in behavioral or sleep and awake states.92 A
method to quantitate stress in preterm neonates has
been developed to assist neonatal health care profes-
sionals to recognize and reduce stress in preterm
neonates, although its clinical usefulness requires
further evaluation.46

Noxious environmental stimuli should be mini-
mized. Only limited research addresses the short-
and long-term efficacy and toxic effects of the phar-
macological agents (sedatives and hypnotics) used to
manage perceived neonatal anxiety. Thus, health
care professionals must individualize decisions
about the appropriateness of the use of these drugs
based on extrapolation from adult experience and
common sense. The following concepts must be kept
in mind: 1) Sedatives and anxiolytics do not provide
analgesia. If painful procedures are anticipated, an-
algesics should usually be administered. 2) Long-
term use of many sedatives and hypnotics includes
the risks of tolerance, dependency, and withdrawal.
3) Long-term outcome (particularly neurodevelop-
mental) for infants who have received long-term se-
dation is unknown, although the long-term effects of
neonatal pain and stress were the focus of recent
research.37–41,48 4) Sedatives and hypnotics may cause
respiratory and cardiovascular depression.93–97 Con-
tinuous pulse oximetry and frequent monitoring of
vital signs is recommended strongly. 5) Use of com-
bined therapy with a sedative or hypnotic and an
opioid necessitates a decrease in dosage of each.
Failure to reduce dosage when used in combination
increases the risk of adverse effects, such as respira-
tory depression. In addition, certain combinations,
such as fentanyl and midazolam, should not be given
as rapid infusions because this combination is asso-
ciated with severe systemic hypotension.93–97

Among older infants, benzodiazepines, barbitu-
rates, chloral hydrate, and phenothiazines have been
used for sedation and to relieve anxiety. Of these
options, data are available for the use of benzodiaz-
epines, chloral hydrate, and barbiturates in neonates.
Of the benzodiazepines, midazolam has been ap-
proved for use in neonates, and a randomized, con-
trolled trial has demonstrated sedative effects.97

However, adverse hemodynamic effects and abnor-
mal movements have been associated with its use in
neonates.94–98 If used, a continuous infusion or ad-
ministration of individual doses over at least 10 min-
utes is recommended to reduce the risk of adverse
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effects. Data are insufficient to assess the efficacy and
safety of lorazepam.99–103 Diazepam is not recom-
mended owing to its long half-life, its long-acting
metabolites, and concern about the benzyl alcohol
content, although the dose of benzyl alcohol is far
less than that associated with toxic effects.104,105 Chlo-
ral hydrate has been used extensively as a sedative-
hypnotic in neonates106 but it is metabolized to tri-
chloroethanol, which competes for glucuronidation
and may exacerbate hyperbilirubinemia.107 In addi-
tion, another metabolite (trichloroacetic acid) persists
for up to 1 week after a single dose.108 Owing to a
long half-life for trichloracetic acid and trichloroetha-
nol in premature neonates, repeated doses may be
associated with adverse effects (eg, central nervous
system depression, arrhythmias, and renal failure).109

Thus, repeated doses should not be given. Phenobar-
bital has a long half-life, and barbiturates may in-
crease the reaction to painful stimuli.110 Evidence of
the effectiveness and safety of phenothiazines is lack-
ing; these drugs are not recommended.

RECOMMENDATIONS
• To evaluate and reduce the stress and pain expe-

rienced by neonates, validated measures and as-
sessment tools must be used consistently. The
assessments should continue as long as the neo-
nate requires treatment for stress or pain.

• Health care professionals should use appropriate
environmental, nonpharmacological (behavioral),
and pharmacological interventions to prevent, re-
duce, or eliminate the stress and pain of neonates.

• Pharmacological agents with known pharmacoki-
netic and pharmacodynamic properties and dem-
onstrated efficacy in neonates should be used.
Agents known to compromise cardiorespiratory
function should be administered only by persons
experienced in neonatal airway management and
in settings with the capacity for continuous mon-
itoring.

• Health care institutions should develop and im-
plement patient care policies to assess, prevent,
and manage pain in neonates, including those re-
ceiving palliative care.

• Educational programs to increase the skills of
health care professionals in the assessment and
management of stress and pain in neonates should
be provided.

• There is a need for development and validation of
neonatal pain assessment tools that are easily ap-
plicable in the clinical setting.

• For research purposes, a minimal set of well-de-
fined outcome measures, including short- and
long-term effects of interventions aimed at reduc-
ing stress and pain in the neonate, should be iden-
tified to permit statistical synthesis of data (meta-
analysis) and more accurate estimates of effect
size.
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841

81. Anand KJ, Arnold JH. Opioid tolerance and dependence in infants and
children. Crit Care Med. 1994;22:334–342

82. Armstrong PJ, Bersten A. Normeperidine toxicity. Anesth Analg. 1986;
65:536–538

83. Bhatt-Mehta V. Current guidelines for the treatment of acute pain in
children. Drugs. 1996;51:760–776

84. van Engelen BG, Gimbrere JS, Booy LH. Benzodiazepine withdrawal
reaction in two children following discontinuation of sedation with
midazolam. Ann Pharmacother. 1993;27:579–581

85. Yaster M, Kost-Byerly S, Berde C, Billet C. The management of opioid
and benzodiazepine dependence in infants, children and adolescents.
Pediatrics. 1996;98:135–140

86. Autret E, Dutertre JP, Breteau M, Jonville AP, Furet Y, Laugier J. Phar-
macokinetics of paracetamol in the neonate and infant after adminis-
tration of propacetamol chlorhydrate. Dev Pharmacol Ther. 1993;20:
129–134

87. Birmingham PK, Tobin MJ, Henthorn TK, et al. Twenty-four-hour
pharmacokinetics of rectal acetaminophen in children: an old drug
with new recommendations. Anesthesiology. 1997;87:244–252

88. Van Lingen RA, Deinum JT, Quak JM, et al. Pharmacokinetics and
metabolism of rectally administered paracetamol in preterm neonates.
Arch Dis Child Fetal Neonat Ed. 1999;80:F59–F63

89. Shah V, Taddio A, Ohlsson A. Randomized controlled trial of parac-
etamol for heel prick pain in neonates. Arch Dis Child Fetal Neonat Ed.
1998;79:F209–F211

90. Howard CR, Howard FM, Weitzman ML. Acetaminophen analgesia in
neonatal circumcision: the effect on pain. Pediatrics. 1994;93:641–646

91. Gillis JC, Brogden RN. Ketorolac: a reappraisal of its pharmacody-
namic and pharmacokinetic properties and therapeutic use in pain
management. Drugs. 1997;53:139–188

92. Anand KJ, Aynsley-Green A. Measuring the severity of surgical stress
in newborn infants. J Pediatr Surg. 1988;23:297–305

93. Burtin P, Daoud P, Jacqz-Aigrain E, Mussat P, Moriette G. Hypoten-

460 PREVENTION AND MANAGEMENT OF PAIN AND STRESS IN THE NEONATE
by guest on August 16, 2017Downloaded from 



sion with midazolam and fentanyl in the newborn. Lancet. 1991;337:
1545–1546

94. Jacqz-Aigrain E, Wood E, Robieux I. Pharmacokinetics of midazolam
in critically ill neonates. Eur J Clin Pharmacol. 1990;39:191–192

95. Burtin P, Jacqz-Aigrain E, Girard P, et al. Population pharmacokinetics
of midazolam in neonates. Clin Pharmacol Ther. 1994;56:615–625

96. Jacqz-Aigrain E, Daoud P, Burtin P, Maherzi S, Beaufils F. Pharmaco-
kinetics of midazolam during continuous infusion in critically ill neo-
nates. Eur J Clin Pharmacol. 1992;42:329–332

97. Jacqz-Aigrain E, Daoud P, Burtin P, Desplanques L, Beaufils F. Place-
bo-controlled trial of midazolam sedation in mechanically ventilated
newborn babies. Lancet. 1994;344:646–650

98. Magny JF, Zupan V, Dehan M, d’Allest AM, Nedelcoux H. Midazolam
and myoclonus in neonate. Eur J Pediatr. 1994;153:389–390

99. Maloley PA, Gal P, Mize R, Weaver RL, Ransom JL. Lorazepam dosing
in neonates: application of objective sedation score. DICP. 1990;24:
326–327

100. Sexson WR, Thigpen J, Stajich GV. Stereotypic movements after loraz-
epam administration in premature neonates: a series and review of the
literature. J Perinatol. 1995;15:146–151

101. Reiter PD, Stiles AD. Lorazepam toxicity in a premature infant. Ann
Pharmacother. 1993;27:727–729

102. McDermott CA, Kowalczyk AL, Schnitzler ER, Mangurten HH, Rod-
vold KA, Metrick S. Pharmacokinetics of lorazepam in critically ill
neonates with seizures. J Pediatr. 1992;120:479–483

103. Lee DS, Wong HA, Knoppert DC. Myoclonus associated with loraz-
epam therapy in very-low-birth-weight infants. Biol Neonate. 1994;66:
311–315

104. Jardine DS, Rogers K. Relationship of benzyl alcohol to kernicterus,
intraventricular hemorrhage, and mortality in preterm infants. Pediat-
rics. 1989;83:153–160

105. Brown WJ, Buist NR, Gipson HT, Huston RK, Kennaway NG. Fatal
benzyl alcohol poisoning in a neonatal intensive care unit. Lancet.
1982;1:1250

106. Reimche LD, Sankaran K, Hindmarsh KW, Kasian GF, Gorecki DK,
Tan L. Chloral hydrate sedation in neonates and infants: clinical and
pharmacologic considerations. Dev Pharmacol Ther. 1989;12:57–64

107. Lambert GH, Muraskas J, Anderson CL, Myers TF. Direct hyperbiliru-
binemia associated with chloral hydrate administration in the new-
born. Pediatrics. 1990;86:277–281

108. Mayers DJ, Hindmarsh KW, Sankaran K, Gorecki DKJ, Kasian GF.
Chloral hydrate disposition following single-dose administration to
critically ill neonates and children. Dev Pharmacol Ther. 1991;16:71–77

109. Goldsmith JP. Ventilatory management casebook: chloral hydrate in-
toxication. J Perinatol. 1994;14:74–76

110. Hobbs WR, Rall TW, Verdoorn TA. Hypnotics and sedatives; ethanol.
In: Goodman LS, Gilman AG, Hardman JG, Gilman AG, Limbird, LE,
eds. Goodman & Gilman’s The Pharmacological Basis of Therapeutics. 9th
ed. New York, NY: McGraw-Hill; 1995:374

AMERICAN ACADEMY OF PEDIATRICS 461
by guest on August 16, 2017Downloaded from 



 2000;105;454Pediatrics
Section on Surgery and Canadian Paediatric Society, Fetus and Newborn Committee
Committee on Fetus and Newborn, Committee on Drugs, Section on Anesthesiology,

Prevention and Management of Pain and Stress in the Neonate
 
 

 Services
Updated Information &

 /content/105/2/454.full.html
including high resolution figures, can be found at:

References

 /content/105/2/454.full.html#ref-list-1
at:
This article cites 92 articles, 20 of which can be accessed free

Citations
 /content/105/2/454.full.html#related-urls

This article has been cited by 41 HighWire-hosted articles:

Subspecialty Collections

 /cgi/collection/anesthesiology:pain_medicine_sub
Anesthesiology/Pain Medicine

 /cgi/collection/neonatology_sub
Neonatology

 /cgi/collection/fetus:newborn_infant_sub
Fetus/Newborn Infant
the following collection(s):
This article, along with others on similar topics, appears in

Permissions & Licensing

 /site/misc/Permissions.xhtml
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 /site/misc/reprints.xhtml

Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.
Grove Village, Illinois, 60007. Copyright © 2000 by the American Academy of Pediatrics. All 
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
publication, it has been published continuously since 1948. PEDIATRICS is owned, published, 
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly

by guest on August 16, 2017Downloaded from 



 2000;105;454Pediatrics
Section on Surgery and Canadian Paediatric Society, Fetus and Newborn Committee
Committee on Fetus and Newborn, Committee on Drugs, Section on Anesthesiology,

Prevention and Management of Pain and Stress in the Neonate
 
 

 
 /content/105/2/454.full.html

located on the World Wide Web at: 
The online version of this article, along with updated information and services, is

 

of Pediatrics. All rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.
Boulevard, Elk Grove Village, Illinois, 60007. Copyright © 2000 by the American Academy 
published, and trademarked by the American Academy of Pediatrics, 141 Northwest Point
publication, it has been published continuously since 1948. PEDIATRICS is owned, 
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly

by guest on August 16, 2017Downloaded from 


