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STEP 1: STATE THE PROPOSAL.  State if this is a proposed new guideline; revision to current guideline; or deletion of current guideline.

Existing guideline, practice or training activity, or new guideline: 
Revision of Guideline based on the question of whether the indications for and dose of Naloxone use in the delivery room be changed.  

“Naloxone hydrochloride is a narcotic antagonist without respiratory-depressant activity. It is specifically indicated for reversal of respiratory depression in a newly born infant whose mother received narcotics within 4 hours of delivery. Always establish and maintain adequate ventilation before administration of naloxone. Recommended concentration: 1.0 mg/mL solution; route: ET or IV preferred, IM or SC acceptable but delayed onset of action; dose: 0.1 mg/kg.”

Step 1A: Refine the question; state the question as a positive (or negative) hypothesis.  State proposed guideline recommendation as a specific, positive hypothesis. Use single sentence if possible.  Include type of patients; setting (in- /out-of-hospital); specific interventions (dose, route); specific outcomes (ROSC vs. hospital discharge).
The following hypothesis was formulated after primary question:

Naloxone should be administered to depressed neonates in the delivery room whose mothers received opioids prior to delivery. 

Step 1B: Gather the Evidence; define your search strategy. Describe search results; describe best sources for evidence.

State major criteria you used to limit your search: Number of articles meeting criteria for further review: 

The following MeSH terms were used: Naloxone, Narcan, Narcotic Antagonists, Respiratory depression, delivery room, neonate, infant 

List electronic databases searched (at least AHA EndNote 7 Master library [http://ecc.heart.org/], Cochrane database for systematic reviews and Central Register of Controlled Trials [http://www.cochrane.org/], MEDLINE [http://www.ncbi.nlm.nih.gov/PubMed/ ], and Embase), and hand searches of journals, review articles, and books.

Medline, (PubMed), Embase, LILACS, Cochrane Systematic Reviews, ECC EndNote library 

•  State major criteria you used to limit your search; state inclusion or exclusion criteria (e.g., only human studies with control group?  no animal studies? N subjects > minimal number?  type of methodology? peer-reviewed manuscripts only?  no abstract-only studies?)
Neonatal human and animal studies. Review articles were searched for additional references. After first search was conducted and citations identified, the following criteria was used to limit the citations: the article should have some content regarding neonatal use of naloxone in the delivery room.

•  Number of articles/sources meeting criteria for further review: Create a citation marker for each study (use the author initials and date or Arabic numeral, e.g., “Cummins-1”). .  If possible, please supply file of best references; EndNote 6+ required as reference manager using the ECC reference library.
There were 90 possible articles, but only 23 met final criteria. Of these 23, 2 meta-analyses referred to the same data but were published in different journals, and 2 articles by the same authors referred to the same data but were published in different journals.

STEP 2:  ASSESS THE QUALITY OF EACH STUDY

Step 2A:  Determine the Level of Evidence. For each article/source from step 1, assign a level of evidence—based on study design and methodology.
	Level of Evidence
	Definitions

(See manuscript for full details)

	Level 1
	Randomized clinical trials or meta-analyses of multiple clinical trials with substantial treatment effects



	Level 2
	Randomized clinical trials with smaller or less significant treatment effects

None

	Level 3
	Prospective, controlled, non-randomized, cohort studies

None

	Level 4
	Historic, non-randomized, cohort or case-control studies

 Herschel 2000

	Level 5
	Case series: patients compiled in serial fashion, lacking a control group

None

	Level 6
	Animal studies or mechanical model studies

Castro 1993, Chernick 1980, Chernick 1982, Laudenbach 2001, Ting 1994,

	Level 7
	Extrapolations from existing data collected for other purposes, theoretical analyses

Evans 1976, Gerhardt 1977, Wiener 1977a&b, Dick 1978a&b, Hodgkinson 1978a&b, Bonta 1979, Brice 1979, Welles 1984 Young 1984,, Chernick 1988,, McGuire 2002 (=McGuire 2003), McGuire 2004.

	Level 8
	Rational conjecture (common sense); common practices accepted before evidence-based guidelines 

None


Step 2B: Critically assess each article/source in terms of research design and methods. 

Was the study well executed? Suggested criteria appear in the table below.  Assess design and methods and provide an overall rating. Ratings apply within each Level; a Level 1 study can be excellent or poor as a clinical trial, just as a Level 6 study could be excellent or poor as an animal study. Where applicable, please use a superscripted code (shown below) to categorize the primary endpoint of each study.  For more detailed explanations please see attached assessment form.

	Component of Study and Rating
	Excellent
	Good
	Fair
	Poor
	Unsatisfactory

	Design & 



Methods
	Highly appropriate sample or model, randomized, proper controls 

AND

Outstanding accuracy, precision, and data collection in its class
	Highly appropriate sample or model, randomized, proper controls

OR

Outstanding accuracy, precision, and data collection in its class
	Adequate, design, but possibly biased


OR

Adequate under the circumstances
	Small or clearly biased population or model

OR
Weakly defensible in its class, limited data or measures
	Anecdotal, no controls, off target end-points

OR
Not defensible in its class, insufficient data or measures


A = Return of spontaneous circulation
C = Survival to hospital discharge

E = Other endpoint

B = Survival of event


D = Intact neurological survival

Step 2C: Determine the direction of the results and the statistics: supportive? neutral? opposed?

	DIRECTION of study by results & statistics: 
	SUPPORT the proposal
	NEUTRAL
	OPPOSE the proposal

	Results
	Outcome of proposed guideline superior, to a clinically important degree, to current approaches
	Outcome of proposed guideline no different from current approach
	Outcome of proposed guideline inferior to current approach


Step 2D: Cross-tabulate assessed studies by a) level, b) quality and c) direction (ie, supporting or neutral/ opposing); combine and summarize. Exclude the Poor and Unsatisfactory studies.  Sort the Excellent, Good, and Fair quality studies by both Level and Quality of evidence, and Direction of support in the summary grids below. Use citation marker (e.g. author/ date/source).  In the Neutral or Opposing grid use bold font for Opposing studies to distinguish them from merely neutral studies. Where applicable, please use a superscripted code (shown below) to categorize the primary endpoint of each study.
SUPPORTING EVIDENCE

Naloxone should be administered to depressed neonates in the delivery room whose mothers received opioids prior to delivery. 

Level of Evidence

	
	
	1
	2
	3
	4
	5
	6
	7

	Quality of Evidence
	Excellent


	
	
	
	
	
	
	

	
	Good


	
	
	
	
	
	Chernick 19822

Ting 19942
	Wiener 1977a1
Wiener 1977b1

Hodgkinson 19781


	
	Fair


	
	
	
	
	
	Chernick 19802
	Evans 19761
Gerhardt 19771
Brice 19791




1: narcotic exposed infants (or animals), but not necessarily depressed at birth
2: depressed infants (or animals) at birth not exposed to narcotics prior to delivery

NEUTRAL OR OPPOSING EVIDENCE
Naloxone should be administered to depressed neonates in the delivery room whose mothers received opioids prior to delivery.  

Level of Evidence

	
	
	1
	2
	3
	4
	5
	6
	7

	Quality of Evidence
	Excellent


	
	
	
	
	
	
	McGuire 20021

McGuire 20031
McGuire 20042

	
	Good


	
	
	
	
	
	Castro 19934
Laudenbach 20012
	Bonta 19791
Chernick 19882



	
	Fair


	
	
	
	Herschel 20003
	
	Young 19842
	Dick 1978a1
Dick 1978b1
 Welles 19841



1: narcotic exposed infants or animals, but not necessarily depressed at birth
2: depressed infants or animals at birth not exposed to narcotics prior to delivery
3: depressed infants at birth exposed to narcotics prior to delivery
4: animals not depressed at birth and not exposed to narcotics prior to delivery
5: pharmacological studies
STEP 3.  DETERMINE THE CLASS OF RECOMMENDATION.  Select from these summary definitions.
	CLASS
	CLINICAL DEFINITION
	REQUIRED LEVEL OF EVIDENCE

	Class I

Definitely recommended. Definitive, 

excellent evidence provides support. 
	• Always acceptable, safe

• Definitely useful 

• Proven in both efficacy & effectiveness

• Must be used in the intended manner for
  proper clinical indications. 
	• One or more Level 1 studies are present (with rare 

   exceptions) 

• Study results consistently positive and compelling



	Class II:
Acceptable and useful
	• Safe, acceptable

• Clinically useful

• Not yet confirmed definitively
	• Most evidence is positive

• Level 1 studies are absent, or inconsistent, or lack 

  power 

• No evidence of harm

	  • Class IIa: Acceptable and useful

Good evidence provides support 
	• Safe, acceptable

• Clinically useful 

• Considered treatments of choice
	• Generally higher levels of evidence

• Results are consistently positive 

	  • Class IIb: Acceptable and useful

Fair evidence provides support  
	• Safe, acceptable 

• Clinically useful

• Considered optional or alternative 

   treatments
	• Generally lower or intermediate levels of evidence

• Generally, but not consistently, positive results



	Class III: 

Not acceptable, not useful, may be 

harmful 
	• Unacceptable

• Not useful clinically

• May be harmful.      
	• No positive high level data

• Some studies suggest or confirm harm. 

	Indeterminate
	• Research just getting started.

• Continuing area of research

• No recommendations until

   further research
	• Minimal evidence is available

• Higher studies in progress 

• Results inconsistent, contradictory

• Results not compelling


STEP 3:  DETERMINE THE CLASS OF RECOMMENDATION.  State a Class of Recommendation for the Guideline Proposal.  State either  a) the intervention, and then the conditions under which the intervention is either Class I, Class IIA, IIB, etc.; or b) the condition, and then whether the intervention is Class I, Class IIA, IIB, etc.
Indicate if this is a  __Condition or   X Intervention

Final Class of recommendation: __Class I-Definitely Recommended  __Class IIa-Acceptable & Useful; good evidence                                __Class IIb-Acceptable & Useful; fair evidence 
__Class III – Not Useful; may be harmful          X Indeterminate-minimal evidence or inconsistent
REVIEWER’S PERSPECTIVE AND POTENTIAL CONFLICTS OF INTEREST: Briefly summarize your professional background, clinical specialty, research training, AHA experience, or other relevant personal background that define your perspective on the guideline proposal.  List any potential conflicts of interest involving consulting, compensation, or equity positions related to drugs, devices, or entities impacted by the guideline proposal.  Disclose any research funding from involved companies or interest groups.  State any relevant philosophical, religious, or cultural beliefs or longstanding disagreements with an individual.

Neonatologist with 19 years of postgraduate experience. Clinical training in Federal University of São Paulo. Fellowship (1988-90) at North Shore University Hospital – Cornell medical College, NY, USA. Masters degree and PhD in Science in the Federal University of São Paulo. Associate Professor of Neonatology at Federal University of São Paulo. Chief of Neonatal ICU at São Hospital of Federal University of São Paulo. Member of the National Task Force on Neonatal Resuscitation of Brazilian Pediatric Society (since 1996) and Coordinator of the State Task Force on Neonatal Resuscitation of São Paulo Pediatric Society (from 1996 until 2004). Main research interest: pain in neonate. Conflict of interest: none.

REVIEWER’S FINAL COMMENTS AND ASSESSMENT OF BENEFIT / RISK: Summarize your final evidence integration and the rationale for the class of recommendation.  Describe any mismatches between the evidence and your final Class of Recommendation. “Mismatches” refer to selection of a class of recommendation that is heavily influenced by other factors than just the evidence. For example, the evidence is strong, but implementation is difficult or expensive; evidence weak, but future definitive evidence is unlikely to be obtained. Comment on contribution of animal or mechanical model studies to your final recommendation. Are results within animal studies homogeneous?  Are animal results consistent with results from human studies?  What is the frequency of adverse events?  What is the possibility of harm? Describe any value or utility judgments you may have made, separate from the evidence.  For example, you believe evidence-supported interventions should be limited to in-hospital use because you think proper use is too difficult for pre-hospital providers. Please include relevant key figures or tables to support your assessment.

The evidence supporting routine naloxone use in the delivery room is sparse: 

First: there are no studies with the dose currently recommended by AAP/AHA guidelines, and in addition there are no studies in neonates regarding dosing via the ET route. The only part of the current recommendation that has some evidence is that the IV route seems better than the IM route regarding initiation of action. However naloxone pharmacological studies in newborn infants are sparse.

Second: indirect evidence indicates that respiratory depression is reversed at least for a short period of time after administration of naloxone: there is improvement of alveolar ventilation in the first 30 minutes after drug administration, improvement of respiratory efforts, and improvement of the CO2 curve response slope. But these results were obtained mainly in neonates that really would not need the antagonist since they did not need respiratory assistance in the delivery room, although they were exposed to opioids prior to delivery. Studies done in depressed babies not exposed to opioids prior to birth do not show clear benefits of a naloxone infusion. Moreover, we do not have good studies in the situation that we are really interested in, namely depressed babies at birth exposed to opioids prior to delivery. Finally, we do not have any study that addresses clinically relevant endpoints regarding the antagonism of respiratory depression by naloxone: does the drug decrease the need for prolonged ventilation in the delivery room (DR) and/or in the NICU?

Third: Although there is evidence of improved neurological assessment in neonates that receive naloxone at birth and who were exposed in utero to opioids, there are concerns regarding the clinical relevance of these findings and long term safety of naloxone. Some initial and very limited animal information raises questions about long term effects of naloxone regarding the potential to increase neuronal and/or white matter damage in asphyxiated patients, and regarding modifications in pain responsiveness during life. Further studies are also needed that examines the effects of naloxone in the context of prior narcotic exposure. The concern of an adverse effect is based on one case report.

Final conclusion: At this point naloxone should not be given routinely in the DR to depressed neonates exposed or not to opioids prior to delivery because no important improvement is noted (Bonta,1979, Chernick 1982, 1988, Ting 1994, Herschel 2000, McGuire 2002, 2003) and the drug may have potential long term harmful effects (Castro 1993, Laudenbach 2001, McGuire 2004). Randomized clinical trials to assess clinical relevant endpoints and safety of the drug are needed.
Preliminary draft/outline/bullet points of Guidelines revision:  Include points you think are important for inclusion by the person assigned to write this section.  Use extra pages if necessary.
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ABSTRACTS AND CRITIQUE FOR EACH INCLUDED STUDY IN THIS REVIEW

1. Naloxone studies with neonates (animals or human) exposed to opioids prior birth and depressed at birth:

Bonta BW, Gagliardi JV, Williams V, Warshaw JB. Naloxone reversal of mild neurobehavioral depression in normal newborn infants after routine obstetric analgesia. J Pediatr 1979;94:102-5. 

Abstract 
To investigate the presence of subtle narcotic depression following maternal narcotic analgesia, we have evaluated the effects of naloxone versus placebo in a double-blind parallel group study in 43 normal term newborn infants whose mothers had received routine narcotic analgesia within six hours prior to delivery. Infants were given either an intramuscular injection of 20 microgram/kg naloxone or 0.20 ml/kg placebo after determination of the one-minute Apgar score, and the following measurements were compared: Apgar scores at one and five minutes, capillary blood gas values at one, 60, 120, and 240 minutes, and neurobehavioral assessments at one, 4, and 24 hours. No adverse effects from naloxone were observed. Neither Apgar scores nor capillary blood gas determinations differed significantly between the two groups. Response to sound was significantly higher in the naloxone group at 24 hours. The alertness score was significantly higher for the naloxone group at one and four hours; the general assessment score for the naloxone group was significantly higher at four and 24 hours. Average scores of naloxone and placebo groups were also different at four and 24 hours of age. These data demonstrate that maternal narcotic analgesia may produce subtle changes in alertness and general behavior not reflected by Apgar scores or respiratory status, potentially reversible by administration of naloxone shortly following delivery.

(LOE 7-Neutral)
Critique: Blinded, randomized clinical trial that excluded asphyxiated newborn infants exposed to opioids during labor and delivery. That means, the targeted population for the question proposed in this review is inadequate, since naloxone was given only to infants with Apgar score > 6 at 1 minute. Effects of naloxone in the patients studied were very subtle (clinical importance?).

 Brice JE, Moreland TA, Walker CH.  Effects of pethidine and its antagonists on the newborn. Arch Dis Child 1979;54:356-61. 

Abstract 
Nalorphine and naloxone were compared as to their effectiveness as pethidine antagonists. 85 infants were divided into a Control group containing 19 newborn babies whose mothers did not receive pethidine and the babies received no antagonist, and three groups in which the mothers all received pethidine and the babies had either no antagonist (24), nalorphine IV (16), or naloxone IV (26). All the babies were assessed by measuring their neurobehavioral states and respiratory functions. A further 12 newborn babies had naloxone plasma levels measured by radioimmunoassay. Although standard doses of nalorphine effectively antagonized the depressive effect on respiration induced by pethidine, there was a pronounced and undesirable excitatory agonist action. Naloxone was not observed to have any agonist activity, but the recommended IV dose (0.01 mg/kg) had only a slight and delayed antagonist action as measured by respiratory function tests. A more rapid and improved antagonism was noted after this dose was doubled (0.02 mg/kg). The plasma elimination-phase half-life of naloxone after intravenous cord injection was about 3 hours.

(LOE 7 supportive)
Critique: randomized clinical trial (blinding for outcome assessment was partial) that included depressed and non-depressed newborn infants exposed to opioids during labor and delivery. That means the targeted population for the question proposed in this review is inadequate, since naloxone was given to infants not necessarily depressed at birth. Effects of naloxone in the patients studied were subtle (uncertain clinical importance). Pharmacokinetic data are sparse.

Castro RM, Cabral Filho JE, Costa JA, Costa FBR, Gallindo MAC, Hecksher CA. Neonatal treatment with naloxone causes permanent hyperalgesia in rats. Braz J Med Biol Res 1993;26:747-51. 

Abstract 
The effect of treatment with naloxone early in life on pain responsiveness was studied in Wistar rats. Litters of six rats were divided equally into groups of 3 pups receiving daily naloxone (50 mg/kg, sc) and 3 pups receiving saline from the 3rd to 18th day of life. On days 30, 50, 70 and 90, one group of animals previously injected during suckling with naloxone (N = 21) and another with saline (N = 21) were submitted to the hot-plate test to measure the latency to paw licking. Other groups of rats also treated during suckling with naloxone (N = 13) and saline (N = 14) were assessed for the antinociceptive effect of morphine (10 mg/kg,sc). The naloxone group displayed a lower latency than the saline group in all test sessions and a diminished analgesic response to morphine. The results indicate that the use of naloxone (an antagonist opioid) during suckling, the brain growth spurt period, facilitates a long-lasting increased pain responsiveness and alters antialgesic mechanisms. In this respect, the opioid and non-opioid effects of naloxone on the ontogeny of neural systems should be taken into account.

(LOE 6 opposing)
Critique: experimental study of naloxone given to animals that were not exposed to opioids prior to delivery and were not depressed at birth. Animals exposed to naloxone during early life had more long term problems regarding decreased threshold to pain and decreased response to analgesic properties of opioids. These observations raise concerns regarding long term consequences of repeated naloxone doses administered to neonates soon after birth.

Chernick V, Craig RJ. Naloxone reverses neonatal depression caused by fetal asphyxia. Science 1982;216:1252-3. 
Abstract 
Pregnant near-term rabbits were given an intravenous dose of saline or the opiate antagonist naloxone and then asphyxiated. The fetuses were delivered by cesarean section and evaluated for respiration, color, muscle tone, response to stimulation, and general activity at 1, 3, 5, 10, 15, and 30 minutes of age. The naloxone-treated pups had significantly better scores during the first 15 minutes after birth than the saline-treated pups. Naloxone did not adversely affect the scores of nonasphyxiated pups. These data suggest that endogenous opiates worsen the neonatal depression caused by intrauterine asphyxia and that this effect can be reversed by naloxone. 

(LOE 6 supportive)
Critique: experimental study of animals exposed or not to naloxone in utero and then asphyxiated. Naloxone given prior to birth improved clinical outcome. Experimental design does not respond to questions in review: is naloxone beneficial when given after birth to depressed babies exposed to opioid during delivery and/or labor?

Chernick V, Madansky DL, Lawson EE. Naloxone decreases the duration of primary apnea with neonatal asphyxia. Pediatr Res 1980;14:357-9 

Abstract 
Naloxone, a specific opiate antagonist with no agonist properties, in doses of 0.4 and 4.0 mg/kg was found to markedly reduce the duration of primary apnea in asphyxiated newborn rabbits. There was no effect on the duration of the hyperpneic phase (time to primary apnea) or on survival time (time to last gasp). It is suggested that endogenous opiate-like peptides are released during asphyxia and are the major factor in the suppression of medullar inspiratory neuronal discharge during primary apnea.

(LOE 6 Supportive)
Critique: experimental trial of depressed animals not exposed to opioids during labor and delivery. This means that the targeted population for the question proposed in this review is questionable since naloxone was given to animals not exposed to opioids in the last 4 hours prior to delivery. Results indicate possible benefit with respect to the time to onset of regular breathing.

Chernick V, Manfreda J, De Booy V, Davi M, Rigatto H, Seshia M. Clinical trial of naloxone in birth asphyxia. J Pediatr 1988;113:519-25. 

Abstract 
To determine whether endogenous opiates play a role in the pathogenesis of perinatal asphyxia, a blinded clinical trial of naloxone, a competitive opiate receptor blocker, was undertaken in infants with low 1-minute Apgar scores. Of 85 infants with 1-minute Apgar score 0 to 3, 44 received an injection of naloxone (approximately 0.4 mg/kg) and 41 received saline solution. In 108 infants with 1-minute Apgar score 4 to 6, 54 received naloxone and 54 saline solution. In neither group was there a significant effect of naloxone on respiratory frequency or heart rate up to 30 minutes after injection, nor at 24 hours of age. In both groups active muscle tone of upper and lower limbs was increased by naloxone, a response that may not be beneficial in the face of inadequate oxygen delivery to vital organs. We conclude that naloxone at this dose had no readily apparent benefit in the resuscitation of the asphyxiated newborn infant.

(LOE 7 Neutral)
Critique: randomized clinical trial that included depressed newborn infants (Apgar at 1 minute < 7) not exposed to opioids during labor and delivery. That means the targeted population for the question proposed in this review is questionable since naloxone was given to infants not exposed to opioids 4 hours prior to delivery. Naloxone did not show any beneficial effects in this study, except for the improvement in the active muscle tone that may, in fact, increase O2 requirements in these already asphyxiated patients.

Dick W, Knoche E, Traub E. Clinical investigations of the influence of various naloxone doses on the newborn. J Perinat Med 1978;6:95-110. 

Abstract 
This is a two part study  designed to evaluate different doses of naloxone given to newborn infants whose mothers received meperidine  during labor. In the first part, 40 neonates were studied , divided in 4 groups according to the dose of naloxone given by umbilical vein (10 – none; 10 – 0,02 mg/kg; 10 – 0,03 mg/kg; 10 – 0,04 mg/kg). In the second part  30 neonates were assessed: 10 received 0,04 mg/kg and the other 20, placebo). Patients were assessed regarding capillary blood gas values at 1, 5, 10, 30 and 60 minutes after naloxone infusion. In both parts pO2, pCO2, pH and BE values were similar in all groups. 

(LOE 7 Neutral)
Critique: blind, randomized clinical trial that included depressed and non-depressed newborn infants exposed to opioids during labor and delivery. That means the targeted population for the question proposed in this review is inadequate, since naloxone was given to infants not necessarily depressed at birth. No protective effects of naloxone were seen with respect to blood gases in opioid exposed neonates.

Evans JM, Hogg MI, Rosen M. Reversal of narcotic depression in the neonate by nalozone. Br Med J 1976;2:1098-100. 

Abstract 
Naloxone 40 mug was administered intravenously one minute after birth to 20 out of 44 neonates whose mother had been given pethidine in labor. These neonates were compared with 20 others whose mothers had had only lumbar epidural block. Alveolar PCO2, alveolar ventilation, and ventilatory rate were measured 10 and 30 minutes after birth. The untreated neonates of mothers who had had pethidine showed significant ventilatory depression compared with infants in the epidural and naloxone-treated groups. The naloxone-treated neonates were comparable with the epidural group, although the effects of naloxone were diminishing at 30 minutes. Naloxone is an effective narcotic antagonist which should be considered to be the drug of choice for treating narcotic depression in the neonate. 

(LOE 7 Supportive)
Critique: randomized clinical trial that included depressed and non-depressed newborn infants exposed to opioids during labor and delivery. There were methodological problems regarding blindness of randomization, of intervention, and of outcome assessment. Again, the targeted population for the question proposed in this review is inadequate, since naloxone was given to infants not necessarily depressed at birth. Naloxone increased alveolar ventilation with 30 minutes of life compared to Control infants (WMD 23mL/kg/min 95%CI -8 to 54 mL/kg/min). It does not state the clinical implications of this finding (decrease need of bag and mask ventilation in DR? Decrease need of intubation in DR? Decrease need of prolonged ventilation after birth? Decrease need of assisted ventilation and/or NICU admission?).

Gerhardt T, Bancalari E, Cohen H, Rocha LF.  Use of nalotone to reverse narcotic respiratory depression in the newborn infant. J Pediatr 1977;90:1009-12. 

Abstract 
Twenty neonates whose mothers had received meperidine (1.0 to 1.5 mg/kg) intravenously within three hours of delivery were studied to determine the effectiveness of naloxone in reversing neonatal respiratory depression. The following measurements were carried out within 20 to 30 minutes after delivery: minute ventilation, end tidal CO2, and ventilatory response to CO2. These determinations were repeated after administration of either placebo or naloxone, 0.01 mg/kg intramuscularly. Minute ventilation and PAco were within a normal range before medication in both groups, but the slope of the CO2 response curve was decreased, indicating mild-to-moderate respiratory depression. After administration of placebo the test results did not change significantly. After administration of naloxone, VE increased significantly (P less than 0.05) and the slope of the CO2 response curve doubled (P less than  0.001). Naloxone effectively reverses narcotic depression of the respiratory center in the newborn infant.

(LOE7 Supportive)
Critique: randomized clinical trial that included depressed and non-depressed newborn infants exposed to opioids during labor and delivery. Blinding of randomization, intervention and of outcome assessment is not stated in article. Again, the targeted population for the question proposed in this review is inadequate, since naloxone was given to infants not necessarily depressed at birth. Naloxone increased the slope of the CO2 response curve in opioid exposed infants. That means that probably, in depressed newborn infants, naloxone could aid normalization of the newlyborn’s respiratory rhythm in the DR.

Herschel M, Khoshnood B, Lass NA. Role of naloxone in newborn resuscitation. Pediatrics 2000;106:831-4. 

Abstract 
OBJECTIVE: Because of questions about the basis for the use of naloxone in resuscitation of the newborn, we wished to evaluate the use of naloxone at our institution and an affiliated hospital. METHODOLOGY: Evaluation of the actual use of naloxone at a university hospital and a community hospital: we document naloxone use by daily survey for a month in one; in the other, we perform a retrospective record review of 1 year's use. RESULTS: The university hospital had 240 births during February, 1998. Naloxone was given twice: once, 7 minutes before delivery to a woman at term who had received opiates about 2 hours previously; and once, intramuscularly, to a premature infant for apnea, before being intubated. The community hospital had 2044 births during fiscal 1998. Twenty-six neonates were identified as having received naloxone. Of the 26, 13 received naloxone without needing ventilatory support; all 13 with respiratory depression had a predisposing perinatal complication. CONCLUSION: The use of naloxone in practice may not conform to the American Academy of Pediatrics' guidelines for use in resuscitation of the newborn. The use of naloxone in resuscitation of the newborn should be reevaluated.

(LOE 4 Neutral)

Critique: this study evaluates the profile of DR naloxone use in 2 ways: retrospective chart review for 1 hospital with a large number of neonates, and prospective data collection for a unit with a smaller number of patients included. Although it has an excellent introduction and discussion, actual data retrieved from the article does not help to answer the questions of this review, but does underline that this review is needed.

Hodgkinson R, Bhatt M, Kim SS, Grewal G, Marx GF. Neonatal neurobehavioral tests following cesarean section under general and spinal anesthesia. Am J Obstet Gynecol 1978;132:670-4. 

Abstract 
The Scanlon Group of Early Neonatal Neurobehavioral Tests (E.N.N.S.) was administered to 150 babies delivered by elective cesarean section. Fifty of the mothers were induced into general anesthesia with thiopental, 4 mg per kilogram, and 50 with ketamine, 1 mg. per kilogram. Fifty mothers received spinal anesthesia with 6 to 8 mg. of tetracaine. All mothers receiving spinal anesthesia were given 100 per cent oxygen by a transparent face mask and all undergoing general anesthesia received N2O-O2 (6L:6L) until delivery of the baby. All mothers were healthy and all babies weighed 2,500 grams or more, were apparently normal, and had Apgar scores of 7 or more at one minute to 10 at five minutes. Spinal anesthesia was associated with the greatest percentage of high scores on both the first and second day for overall assessment, pinprick response, tone, rooting, sucking. Moro response, placing, alertness, and total decrement (habituation) scores. There was a statistically significant difference between all the scores for spinal compared to the other two groups. The scores were lowest following a thiopental induction and intermediate with ketamine although the difference did not reach statistical significance. 

(LOE 7 supportive)
Critique: cohort study of neonates exposed to meperidine alone, meperidine and naloxone or nothing in utero with no reference to respiratory depression or resuscitation need soon after birth. Design does not respond to questions in review: is naloxone beneficial when given after birth to depressed babies exposed to an opioid during delivery and/or labor? In this study naloxone improved neurological assessment for a brief period of time. At 4 hours of age differences between neonates exposed to opioid or opioid plus naloxone were negligible.

Hodgkinson R, Bhatt M, Grewal G, Marx GF.  Neonatal neurobehavior in the first 48 hours of life: effect of the administration of meperidine with and without naloxone in the mother. Pediatrics 1978;62:294-8. 

Abstract 
The early neonatal neurobehavioral scale was administered to three groups of newborns at 2, 4, and 24 hours of age. Group 1 consisted of 28 babies whose mothers had received no narcotics during labor, group 2 of 33 babies whose mothers had received meperidine hydrochloride alone during labor, and group 3 of 40 babies whose mothers had received meperidine followed by 0.4 mg of naloxone hydrochloride intravenously approximately 15 minutes before delivery. Babies who were not exposed to meperidine showed a statistically significantly greater percentage of high scores than those exposed to meperidine alone for all items on the neurobehavioral scale at 2 and 4 hours and for all items except tone and Moro response at 24 hours. Similarly, babies whose mothers had received meperidine and naloxone showed a significantly greater percentage of high scores than those whose mothers had received meperidine alone at 2 hours of age. At 4 hours a difference was found for tone and rooting and at 24 hours for overall score, placing, and total decrement score. It is concluded that naloxone given intravenously to the mother reverses the effect of meperidine on neonatal neurobehavior for approximately two hours after birth. At 4 and 24 hours, however, the neurobehavior of neonates exposed to meperidine and naloxone is depressed almost as much as that of babies exposed to meperidine alone. 

(LOE 7)
Critique: exactly the same study as described above (Hodgkinson R, Bhatt M, Kim SS, Grewal G, Marx GF. Neonatal neurobehavioral tests following cesarean section under general and spinal anesthesia. Am J Obstet Gynecol 1978;132:670-4) published again in another journal.

Laudenbach V, Calo G, Guerrini R, Lamboley G, Benoist JF, Evrard P, Gressens P. Nociceptin/orphanin FQ exacerbates excitotoxic white-matter lesions in the murine neonatal brain. J Clin Invest 2001;107:457-66. 

Abstract 
Intracerebral administration of the excitotoxin ibotenate to newborn mice induces white-matter lesions, mimicking brain lesions that occur in human preterm infants. Nociceptin (NC), also called orphanin FQ, is the endogenous ligand of the opioid receptor-like 1 (ORL1) receptor and does not bind classical high-affinity opioid receptors. In the present study, administration of NC exacerbated ibotenate-induced white-matter lesions while coadministration of ibotenate with either of two NC antagonists reduced excitotoxic white-matter lesions by up to 64%. Neither ibotenate plus endomorphin I (a selective mu receptor agonist), nor ibotenate plus naloxone (a classical opioid receptor antagonist) modulated the excitotoxic lesion. Pretreatment with antisense oligonucleotides targeting the NC precursor peptide mRNA significantly reduced ibotenate-induced white-matter damage. Finally, high doses of fentanyl, which stimulates both classical mu-opioid receptors and ORL1, exacerbated excitotoxic white-matter lesion. This toxic effect was blocked by inhibiting ORL1 but not classical opioid receptors. Together, these findings show that endogenous or exogenous stimulation of the ORL1 receptor can be neurotoxic and that blocking NC signaling protects the white matter against excitotoxic challenge. These data point to potential new avenues for neuroprotection in human preterm infants at high risk of brain lesions.

(LOE 6 neutral)
Critique: this animal study does not address rats exposed to narcotics, but it does address asphyxiated rats with HIE. The interesting point is that naloxone does not protect against excitotoxic challenge to neurons and white matter injury.

McGuire W, Fowlie P, Evans D. Naloxone for preventing morbidity and mortality in newborn infants of greater than 34 weeks' gestation with suspected perinatal asphyxia. Cochrane Database Syst Rev 2004;1:CD003955.

Abstract 
 BACKGROUND: Studies in animal models have suggested that naloxone, a specific opiate antagonist, may improve outcomes for newborn infants with perinatal asphyxia. OBJECTIVES: In newborn infants of greater than 34 weeks' gestation with suspected perinatal asphyxia: to assess the effects of naloxone versus placebo or no drug, and of single versus multiple doses of naloxone, on mortality, long term neurological problems, severity of hypoxic-ischemic encephalopathy, and frequency of neonatal seizures. SEARCH STRATEGY: We used the standard search strategy of the Cochrane Neonatal Review Group. This included searches of the Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library, Issue 3, 2003), MEDLINE (1966 - August 2003), EMBASE (1980 - August 2003), conference proceedings, and previous reviews. SELECTION CRITERIA: Randomized or quasi-randomized controlled trials comparing naloxone versus placebo, or no drug, or another dose of naloxone, in newborn infants of greater than 34 weeks' gestation with suspected perinatal asphyxia. DATA COLLECTION AND ANALYSIS: We extracted data using the standard methods of the Cochrane Neonatal Review Group, with separate evaluation of trial quality and data extraction by two authors. The pre-specified outcomes for this review were: death before hospital discharge, severe neurodevelopmental disability, severity of hypoxic-ischemic encephalopathy, and seizures in the neonatal period. MAIN RESULTS: We identified only one eligible randomized controlled trial. This study compared the use of naloxone with placebo in newborn infants with an Apgar score of six or less at one minute after birth. There were not any data on the pre-specified outcomes for this review. REVIEWER'S CONCLUSIONS: There are insufficient data available to evaluate the safety and effectiveness of the routine use of naloxone for newborn infants of greater than 34 weeks' gestation with suspected perinatal asphyxia. A further randomized controlled trial is needed to determine if naloxone benefits newborn infants with suspected perinatal asphyxia. Such a trial should assess clinically important outcomes such as mortality, and adverse short and long term neurological outcomes.

(LOE 7 Neutral)

Critique: this is systematic review with the methodological requirements of the Cochrane Neonatal Review Group. For the question proposed in this new review, only studies that considered the use of naloxone for depressed or asphyxiated neonates are considered. That population is closer to the newborns for whom the AAP considers naloxone administration (depressed patients, exposed to narcotics prior birth), but again the clinically relevant situation for the present review (infant’s exposure to narcotics prior birth) is not studied since the objective of McGuire’s review was the possible neuroprotection given by naloxone in the asphyxiated infants. In this regard, only one study was found and no conclusions can be drawn. It is noteworthy that no conclusion can be made in respect to long term safety of naloxone.

McGuire W, Fowlie PW. Naloxone for narcotic-exposed newborn infants. Cochrane Database Syst Rev 2002;4:CD003483. 

Abstract 
BACKGROUND: Naloxone, a specific opiate antagonist, is available for the management of newborn infants with respiratory depression that may be due to transplacentally-acquired opiates. However, it is unclear which groups of newborn infants may benefit from this therapy, and whether naloxone has any harmful effects. OBJECTIVES: In newborn infants who have been exposed trans-placentally to narcotics, does naloxone reduce the need for, or duration of, ventilatory support or neonatal unit admission. SEARCH STRATEGY: The standard search strategy of the Cochrane Neonatal Review Group was used. This included electronic searches of the Cochrane Controlled Trials Register (The Cochrane Library, Issue 1, 2002), MEDLINE (1966 - February 2002), EMBASE (1988 - February 2002), and previous reviews including cross references. SELECTION CRITERIA: Randomized controlled trials comparing the administration of naloxone versus placebo, or no drug, or another dose of naloxone, to newborn infants with suspected or confirmed trans-placental exposure to narcotics. DATA COLLECTION AND ANALYSIS: Data were extracted using the standard methods of the Cochrane Neonatal Review Group, with separate evaluation of trial quality and data extraction by each author and synthesis of data using relative risk, risk difference and weighted mean difference. MAIN RESULTS: We found nine trials that compared the effects of naloxone versus placebo or no drug in newborn infants exposed to maternal narcotic analgesia prior to delivery. The main outcomes reported were measures of respiratory function in the first six hours of life. Although we found some evidence that naloxone increases alveolar ventilation, we did not find any data on the pre-specified primary outcomes of this review: the need for assisted mechanical ventilation or admission to a neonatal unit. REVIEWER'S CONCLUSIONS: There is a need for a randomized controlled trial to determine if naloxone confers any clinically important benefits to newborn infants with respiratory depression that may be due to trans-placentally acquired narcotic.

(LOE 7 Neutral)
Critique: this is a systematic review with the methodological requirements of the Cochrane Neonatal Review Group. As the authors state, although 9 randomized clinical trials could be retrieved in their search, all of them were done about 20 years ago and they do not answer the clinically relevant questions: does naloxone improve short term respiratory and neurological outcome? Is naloxone administration safe in long term follow up? Do the AAP and ILCOR recommend correct doses and routes?

 McGuire W, Fowlie PW. Naloxone for narcotic exposed newborn infants: systematic review. Arch Dis Child Fetal Neonatal Ed 2003;88:F308-11. 

Abstract 
BACKGROUND: Naloxone, a specific opiate antagonist, is available for the treatment of newborn infants with respiratory depression that may be due to transplacentally acquired opiates. AIMS: To determine if this treatment has any clinically important benefits, and whether there are any harmful effects. METHODS: Randomized controlled trials that compared naloxone with placebo or no drug for newborn infants with transplacental exposure to narcotics were systematically reviewed. The Cochrane Controlled Trials Register (CCTR; 2002, Issue 3), Medline (1966 to June 2002), and Embase (1988 to June 2002) were searched. Data were extracted, analyzed, and synthesized using the standard methods of the Cochrane Neonatal Collaborative Review Group. RESULTS: Nine trials were found that fulfilled the specified inclusion criteria. Although there was evidence that naloxone increased alveolar ventilation, no data were found on the specified primary outcomes of this review: the need for assisted ventilation or admission to a neonatal unit. CONCLUSIONS: There is a need for a randomized controlled trial to determine if naloxone confers any clinically important benefits on newborn infants with respiratory depression that may be due to transplacentally acquired narcotic.

(LOE 7 Neutral)

Critique: this is systematic review with the methodological requirements of the Cochrane Neonatal Review Group. Actually, it is a Cochrane review, last update in 2002 (McGuire W, Fowlie PW. Naloxone for narcotic-exposed newborn infants. Cochrane Database Syst Rev 2002;4:CD003483) published in a summarized form in a paper journal. As the authors state, although 9 randomized clinical trials could be retrieved in their search, all of them were done about 20 years ago and they do not answer the clinically relevant questions: does naloxone improve short term respiratory and neurological outcome? Is naloxone safe in long term followup? Do the AAP and ILCOR recommend correct doses and routes?
Ting P, Pan Y. The effects of naloxone on the post-asphyxic cerebral pathophysiology of newborn lambs. Neurol Res 1994;16:359-64 

Abstract 
Both early post-ischemic blood-brain barrier disruption and enhanced brain endogenous opioid system activity have been implicated in the pathogeneses of ischemic neuronal damage; however, their roles in neonatal asphyxia have not been evaluated. Under alpha-Chloralose anesthesia, 17 newborn lambs were asphyxiated until their mean arterial pressures were < or = 25 mmHg. They were then immediately resuscitated, and assigned to two groups. Group I, but not group II lambs received IV bolus of 10 mg kg-1 Naloxone within 5 min of resuscitation. The infusion was continued at the same dose hourly until sacrificed 24 h post-asphyxia. Arterial pH/gases, intracranial/arterial pressures, and rectal temperature were monitored. Neurological examinations were performed on both groups prior to sacrifice, and the blood-brain barrier integrity was assessed by Evans blue. Despite aggressive resuscitation, 5 lambs died during asphyxia, but 12 survived and were assigned according to the protocol. There were no significant group differences in the magnitude of asphyxia, arterial and intracranial pressures. However, blood-brain barrier disruption was observed in 5 out of 6 untreated, and in only 1 of the 6 lambs treated with Naloxone (p < 0.05). Severe neurological abnormalities were observed in 75% of lambs with disrupted, but in none of the animals with intact blood-brain barrier (p < 0.05). Our study suggests that post-asphyxia blood-brain barrier disruption is causally related to poor neurological outcome, and that Naloxone prevents both the disruption, and the neurological dysfunction among those survivors with intact blood-brain barrier.

(LOE 6 supportive)
Critique: experimental trial of depressed lambs not exposed to opioids during labor and delivery. After delivery, lambs were randomized to continuous naloxone infusion or no treatment for 24 hours. Again, this means that the targeted population for the question proposed in this review is questionable; since naloxone was given to animals not exposed to opioids in the last 4 hours prior to delivery. Results are very challenging since depressed animals that received naloxone had a decrease in blood brain barrier disruption.

Welles B, Belfrage P, de Chateau P.  Effects of naloxone on newborn infant behavior after maternal analgesia with pethidine during labor. Acta Obstet Gynecol Scand 1984;63:617-9. 

Abstract 
Infants born to mothers receiving 100 mg of pethidine during labor, were randomly given either 100 micrograms of naloxone (n = 14) or 0.25 ml 0.9% NaCl (n = 13) one hour post partum. Infant behavior was assessed with the Brazelton Neonatal Behavioral Assessment Scale (BNBAS) and the Broussard Neonatal Perception Inventory (NPI). No differences in cluster scores on the BNBAS were found between the two groups. Both groups improved scores over time in 4 out of 7 clusters. On the NPI, mothers assessed naloxone infants as having less optimal behavior than did the Control mothers. The results of this study on the effects of naloxone on infant behavior and maternal perception of newborn behavior do not warrant administration of naloxone after maternal analgesia with pethidine in the absence of clinical evidence of respiratory depression in the newborn.

(LOE 7 Neutral)
Critique: randomized clinical trial with blind assessment of outcome that excluded asphyxiated newborn infants exposed to opioids during labor and delivery. That means the targeted population for the question proposed in this review is inadequate, since naloxone was given only to infants with an Apgar score > 7 at 1 minute and > 8 at 5 minutes. Neurologic evaluation and maternal perception of narcotic exposed infants that did or did not receive naloxone were similar. Naloxone increased alveolar ventilation within 30 minutes of life compared to Control infants (WMD 23mL 95%CI -8 to 54 mL), but the differences between groups were subtle (of uncertain clinical importance). The authors do not state the clinical implications of this finding (decrease need of bag and mask ventilation in DR? Decrease need of intubation in DR?)

Wiener PC, Hogg MI, Rosen M. Effects of naloxone on pethidine-induced neonatal depression. Part I--Intravenous naloxone. Br Med J 1977;2:228-9. 

Abstract 
 Infants whose mothers had had pethidine during labor were given either naloxone 40 microgram or isotonic saline administered intravenously double-blind within one minute of birth. Peak alveolar carbon dioxide tension, carbon dioxide excretion, alveolar ventilation, feeding behavior, and habituation to a specific sound stimulus were measured regularly up to 48 hours after birth. Alveolar carbon dioxide tension was significantly lower and alveolar ventilation significantly higher half an hour after birth in the naloxone-treated group than in the saline-treated group, but these differences between the groups were not significant at any other time, and there were no significant differences in sucking frequency or pressure, milk consumption, or habituation to the auditory stimulus.

(LOE 7 Supportive)

Critique: Blind, randomized clinical trial that included term newborn infants exposed to opioids during labor and delivery (depression status at birth is not stated). Again, the targeted population for the question proposed in this review is inadequate, since naloxone was given only to depressed infants at birth. Naloxone increased alveolar ventilation within 30 minutes of life compared to Control infants (WMD 35mL/kg/min 95%CI 6 to 64 mL), but not at 4 hours (WMD 14mL 95%CI -53 to +81 mL/kg/min). It does not state the clinical implications of this finding (decreased need for bag-mask ventilation in DR? Decreased need of intubation in DR? Decreased need of prolonged ventilation after birth? Decreased need of assisted ventilation and/or NICU admission?). It does not compare routes of naloxone administration, but gives only the IV route with the subtle effects described above.

Wiener PC, Hogg MI, Rosen M. Effects of naloxone on pethidine-induced neonatal depression. Part II--Intramuscular naloxone. Br Med J 1977;2:229-31 

Abstract 
Thirty full-term infants whose mothers had pethidine during labor were given either naloxone 200 microgram or normal saline intramuscularly. The drugs were chosen blindly and administered within one minute of birth. Naloxone produced a significant reduction in mean alveolar carbon dioxide tension and an increase in carbon dioxide excretion and mean alveolar ventilation at all times up to 48 hours after birth. The mean rate of habituation to a repeated auditory stimulus, the mean sucking frequency, the sucking pressure, and the mean consumption of milk were all significantly higher in the naloxone-treated group than in the placebo-treated group up to 48 hours after birth. Intramuscular naxolone therefore seemed to reverse the undesirable effects of pethidine.

(LOE 7 Supportive)
Critique: Blind, randomized clinical trial that included term newborn infants exposed to opioids during labor and delivery (depression status at birth is not stated). Again, the targeted population for the question proposed in this review is inadequate since naloxone was given only to depressed infants at birth. Naloxone increased alveolar ventilation within 30 minutes of life compared to Control infants (WMD 81mL/kg/min 95%CI 52 to 110 mL/kg/min), and at 4 hours (WMD 55mL/kg/min 95%CI 34 to 77 mL/kg/min). Although, these findings seem robust, the authors do not state their clinical implications (decreased need of bag and mask ventilation in DR? Decreased need of intubation in DR? Decreased need of prolonged ventilation after birth? Decreased need of assisted ventilation and/or NICU admission?). Also, naloxone in this study decreases the time spent by infants to habituate to a sound stimulus. It does not compare routes; naloxone was only given IM with the effects described above.

Young RS, Hessert TR, Pritchard GA, Yagel SK. Naloxone exacerbates hypoxic-ischemic brain injury in the neonatal rat. Am J Obstet Gynecol 1984;150:52-6. 

Abstract 
Recent reports suggest that naloxone, an opiate antagonist, may adversely affect the asphyxiated fetus. We found that naloxone exacerbated hypoxic-ischemic brain injury in the 7-day-old rat subjected to unilateral common carotid artery ligation and hypoxia. Moreover, there was no amelioration of systemic acidosis or brain edema in naloxone-treated animals compared to animals treated with saline solution. High doses of naloxone may reduce the resistance of the fetus to hypoxic stress.

(LOE 6- opposing)
Critique: experimental study in asphyxiated animal not exposed to opioids prior to delivery. Naloxone given soon after injury was not neuroprotective.

Naloxone studies with neonates (animals or human) not exposed to opioids prior birth and depressed at birth:

ANIMAL STUDIES   Pharmacokinetic Studies

Moreland TA, Brice JE, Walker CH, Parija AC.  Naloxone pharmacokinetics in the newborn. Br J Clin Pharmacol 1980;9:609-12. 

Plasma naloxone levels were determined by RIA over a period of 6--36 h in three groups of neonates, (1) those given 35 microgram I.V. (n = 6), (2) those given 70 microgram i.v. (n = 6) and (3) those given 200 microgram I’m. (n = 17) naloxone HCl within 1 min of birth. 2 After intravenous administration of 35 and 70 microgram of naloxone peak levels of 4--15 ng/ml and 9--20 ng/ml respectively were reached in 5--40 min and the mean plasma half-life after both doses was 3.1 +/- 0.5 h. 3 Peak levels of 7--35 ng/ml were reached 0.5 to 2 h after intramuscular administration of 200 microgram. The fall in concentration after this was consistently biphasic with the levels declining rapidly between one and four hours and then slowly from four hours onwards. 4 Plasma levels at 24--36 h after I’m. administration were as high as they were 4 h after I.V. administration of 35 microgram and this may account for the prolonged duration of action when this route is used.

Critique: interesting pharmacokinetic study that gives evidence for a more rapid action of naloxone given IV than IM. Since the IV and IM doses are different, conclusions are difficult to draw. It does not address current recommended doses.

Stile IL, Fort M, Wurzburger RJ, Rodvold KA, Spector S, Hiatt IM, Hegyi T.  The pharmacokinetics of naloxone in the premature newborn. Dev Pharmacol Ther 1987;10:454-9. 

We examined the pharmacokinetic properties of naloxone in a group of premature infants infused with an intravenous bolus of the drug. Ten infants with a mean birth weight of 1,328 +/- 402 g and a gestational age of 29.4 +/- 2.8 weeks were studied at an age of 4.5 +/- 3.2 days of life. Following administration of 0.4 mg/kg of naloxone, we obtained blood samples at specific time intervals, and stored the serum for later analysis by a radioimmunoassay method. Calculations from the serum concentration versus time relationship resulted in an elimination rate constant of 0.75 +/- 0.39/h, a half-life of 70.5 +/- 35.2 min, a systemic clearance of 39.13 +/- 14.53 ml/min/kg, and an apparent volume of distribution of 3.52 +/- 1.20 liters/kg.

Critique: pharmacokinetic study of IV naloxone in premature neonates. It does not address current recommended doses.







