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Abstract 

Fentanyl is a systemic opioid related to the phenylpiperidines, it is used in anaesthetic practice and in 

analgesia and the analgesic effect is about 100 times higher than that of morphine. Fentanyl is highly lipid 

soluble, rapidly crosses the blood-brain-barrier, and fentanyl concentrations rapidly decline in plasma and 

cerebrospinal fluid. Fentanyl causes respiratory depression and decreases the heart rate through vagal 

activation. Fentanyl may be administered intravenously, orally, by transdermal, intranasal or by buccal 

application and the oral bioavailability is poor. In infants, fentanyl is given for short term use, sustained use, 

and during therapeutic hypothermia. In children, fentanyl is given intravenously, by transdermal application, 

or by buccal administration and the fentanyl dose varies with the child age and body-weight. Fentanyl has 

been found efficacy and safe in infants and children but it may induce adverse-effects and fentanyl causes 

different effects in infants and children. Following intravenous administration of fentanyl to infants and 

children, the fentanyl elimination half-life ranges from 208 to 1,266 min and the distribution volume ranges 

from 1.92 to 15.2 L/kg. Such variability is due to the wide variation of subject’s demographic characteristics. 

Fentanyl interacts with drugs, the treatment and trials with fentanyl have been studied in infants and children. 

Fentanyl freely crosses the human placenta and poorly migrates into the breast-milk. The aim of this study is 

to review fentanyl dosing, efficacy, safety, effects, adverse-effects, metabolism, pharmacokinetics, drug 

interaction, treatment, and trials in infants and children, and fentanyl placental transfer and migration into the 

breast-milk. 

Key Words: fentanyl; dosing; efficacy and safety; effects; adverse-effects; metabolism; pharmacokinetics; 

drug interaction; treatment, trials; placenta; breast-milk; infants; children 

Introduction 

Mechanism of fentanyl action 

Fentanyl is a systemic opioid related to the phenylpiperidines. The actions 

of fentanyl and its congeners sulfentanil, remifentanil, and sulfentanil are 

similar to those of other MOR agonists. Fentanyl and sulfentanil are 

important drugs in anaesthetic practice because of their relatively short 

time to peak analgesic effect, rapid termination of effect after small bolus 

doses, cardiovascular safety, and capacity to significantly reduce the 

dosing requirement for the volatile agents. In addition, to a role in 

anaesthesia, fentanyl is used in the management of severe pain states 

delivered by several routes of administration [1]. 

Absorption, distribution, metabolism, and elimination of fentanyl 

These agents are highly lipid soluble and rapidly cross the blood-brain-

barrier. This is reflected in the half-life for equilibration between the 

plasma and the cerebrospinal fluid of about 5 min for fentanyl and 

sulfentanil. The levels in plasma and cerebrospinal fluid decline rapidly 

to redistribution of fentanyl from highly perfused tissue groups to other 

tissues such as muscle and fat. As saturation of less well-perfused tissue 

occurs, the duration of effect of fentanyl and sulfentanil approaches the 

length of their elimination half-life is 3 to 4 hours. Fentanyl and 

sulfentanil undergo hepatic metabolism and renal excretion. With the use 

of higher doses or prolonged infusions, the drugs accumulate, these 

clearance mechanisms become progressively saturated, and fentanyl and 

sulfentanil become longer acting [1]. 

Pharmacologic effects of fentanyl, Effects on the cerebral nervous 

system 

Fentanyl and its congeners are all extremely potent analgesics and 

typically exhibit a very short duration of action when given parenterally. 

As with other opioids, nausea, vomiting, and itching can be observed. 

Muscle rigidity, while possible after all narcotics, appears to be more 

common after the high doses used in anaesthetic induction. Rigidity can 
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be treated with depolarizing or non-depolarizing neuromuscular-blocking 

agents, while controlling the patient’s ventilation, but care must be taken 

sure that the patients are not simply immobilized and aware. Respiratory 

depression is similar to that observed with other MOR agonists but onset 

is more rapidly. As with analgesia, respiratory depression after small 

doses is of shorter duration than with morphine but of similar duration 

after large doses or lung infusions. Delayed respiratory depression also 

can be seen after the use of fentanyl or sulfentanil, possibly owing to 

enterohepatic circulation [1]. 

 

Effects on the cardiovascular system 

 

Fentanyl and its derivatives decrease heart rate through vagal activation 

and may modestly decrease blood pressure. However, these drugs do not 

release histamine, and direct depressant effects on the myocardium are 

minimal. For this reason, high doses of fentanyl or sulfentanil are 

commonly used as the primary anaesthetic for patients undergoing 

cardiovascular surgery or for patients with poor cardiac function [1]. 

 

Therapeutic use of fentanyl 

 

Fentanyl citrate and sulfentanil citrate have widespread popularity as 

anaesthetic adjuvants administered intravenously and epidurally. After 

systemic delivery, fentanyl is about 100 times more potent than morphine 

and sulfentanil is about 1,000 times more potent than morphine. The time 

to peak analgesic effect after intravenous administration of fentanyl and 

sulfentanil (about 5 min) is notable less than that of morphine and 

meperidine (about 15 min). Recovery from analgesic effects also occurs 

more quickly. However, with large doses or prolonged infusions, the 

effects of these drugs become more lasting, with durations of action 

becoming similar to those of longer-acting opioids. The use of fentanyl in 

chronic pain treatment has become more widespread. Transdermal 

patches that provide sustained release if fentanyl for 48 to 72 hours are 

available. However, factors promoting increased absorption (e.g., fever) 

can lead to relative overdosage and increased adverse-effects. Trans-

buccal absorption by the use of buccal tablets and lollipop-like lozenges 

permit rapid absorption and has found use in the management of acute 

incident pain and for the relief of breakthrough cancer pain. As fentanyl 

is poorly absorbed in the gastrointestinal tract, the optimal absorption is 

through buccal administration. Fentanyl should only be used in opioid-

tolerant patents, defined as consuming more than 60 mg of oral morphine 

equivalent. Epidural use of fentanyl and sulfentanil for postoperative or 

labour analgesia is popular. A combination of epidural opioids with local 

anaesthetics permits reduction in the dosage of both compounds. Illicit 

use (self-administration by chewing) of fentanyl patches can be deadly, 

and practitioners must be aware of this potential and keep careful control 

of fentanyl stocks [1]. Fentanyl is used to provide perioperative pain 

relief. Remifentanil is a related very short acting alternative. A continuous 

infusion will cause tolerance to develop and exposes infants to symptoms 

of opiate withdrawal. Routine use of a continuous fentanyl infusion seems 

to offer little advantage over bolus prior to painful procedures in 

ventilated preterm newborns [2]. Fentanyl is used in analgesia, sedation, 

or anaesthesia. Fentanyl is a synthetic opioid narcotic analgesic that is 50 

to 100 times more potent than morphine on a weight basis and fentanyl is 

extremely lipid soluble. Fentanyl penetrates the cerebral nervous system 

rapidly. Transient rebound in fentanyl serum concentration may reflect 

sequestration and subsequent release of fentanyl from body fat. Fentanyl 

is metabolized extensively in the liver by CYP3A4 enzyme system and 

then excreted by the kidney. Serum elimination of fentanyl is prolonged 

in infants with liver failure and it is highly bound to plasma protein. The 

distribution volume widely varies (10 to 30 L/kg) and the serum 

elimination half-life is 1 to 15 hours. It is recommended to monitor 

respiratory and cardiovascular status closely, and to observe the 

abdominal distention, loss of bowel sounds, and muscle rigidity [3]. 

 

 
 

Fentanyl molecular structure (molecular weight = 336.471) 

 

Literature search 
The literature search was performed electronically using PubMed 

database as search engine and the following key words were used: 

“fentanyl dosing infants, children”, “fentanyl efficacy safety infants, 

children”, “fentanyl effects infants, children”, “fentanyl adverse-effects 

infants, children”, “fentanyl metabolism”, “fentanyl pharmacokinetics 

infants, children”, “fentanyl drug interactions”, “fentanyl treatment 

infants, children”, “fentanyl trials infants, children”, “fentanyl placental 

transfer”, and “fentanyl breast-milk”. In addition, the books: The 

Pharmacological Basis of Therapeutics [1], Neonatal Formulary [2], 

NEOFAX® by Young and Mangum [3], and The British National 

Formulary for Children [4] are consulted. 

 

Results 
 

Administration schedules of fentanyl to infants and children 
Intravenous administration to infants [2] 

Short term use: Smaller doses (1 to 3 µg/kg), given over 30 seconds, 

may be used to provide analgesia in the spontaneously breathing infant 

but 5 µg/kg intravenous dose will abolish respiration whilst providing 

good brief analgesia; twice this dose is effective for an hour. A low dose 

of 0.67 to 1 µg/kg is sometimes used during less invasive surfactant 

administration in the occasional infant who is seen to “struggle” during 

this procedure. The short duration of action of fentanyl means that the 

infant can be maintained on continuous positive airway pressure. 

Sustained use: Give an initial intravenous injection of 5 µg/kg, and then 

infuse intravenously at a rate of 1 to 1.5 µg/kg/hour. Adjust the dose 

according to response. 

Use during therapeutic hypothermia: There are currently insufficient 

data from hypothermic newborns to recommend any specific dosing 

schedule, however it would seem sensible to begin by halving the 

“normthermic” dose (i.e., by giving 5 µg/kg, and then infusing at 0.75 

µg/kg/hour) and titrating according to the response of the infant. 

Administration to children [4] 

Transdermal application for chronic intractable pain not currently treated 

with a strong opioid analgesic 

Children aged 16 to 17 years. Give initially 12 µg/kg/hour every 72 

hours, alternatively give initially 25 µg/kg/hour every 72 hours, when 

starting, evaluation of the analgesic effect should not be made before the 

system has been worn for 24 hours (to allow for the gradual increase in 

plasma fentanyl concentration) - previous analgesic therapy should be 

phased out gradually from time of first patch application, the dose should 

be adjusted at 24 to 72 hours intervals in step of 12 to 25 µg/kg/hour if 

necessary, more than one patch may be used at a time (but applied at the 

same time to avoid confusion) – consider additional or alternative 

analgesic therapy if the dose required exceeds 300 µg/kg/hour (important: 

it takes 17 hours or more for the plasma fentanyl concentration to decrease 

the dose by 50% - replacement opioid therapy should be intimately at a 

low dose and increased gradually). 

Transdermal application for chronic intractable pain currently treated 

with a strong opioid analgesic 
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Children aged 2 to 17 years. Give an initial dose based on previous 24 

hour opioid requirement (consult product literature), for evaluating 

analgesic efficacy and dose increments. 

Intravenous injection for spontaneous respiration: analgesia and 

enhancement of anaesthesia during operation 

Children aged 1 month to 11 years. Give initially 1 to 3 µg/kg, and then 

1 µg/kg as required, the dose to be administered over at least 30 seconds. 

Children aged 12 to 17 years. Give initially 50 to 100 µg (maximum per 

dose = 200 µg), the dose maximum on specialist advice, and then 25 to 

50 µg as required, the dose to be administered over at least 30 seconds. 

Intravenous injection of assisted ventilation: analgesia and enhancement 

of anaesthesia during operation 

Children aged 1 month to 11 years. Give initially 1 to 5 µg/kg, and then 

1 to 3 µg/kg as required, the dose to be administered over at least 30 

seconds. 

Children aged 12 to 17 years. Give initially 1 to 5 µg/kg, and then 50 to 

200 µg as required, the dose to be administered over at least 30 seconds. 

Intravenous injection of assisted ventilation: analgesia and respiratory 

depression in intensive care 

Children. Give initially 1 to 5 µg/kg, and then (by intravenous infusion) 

give 1 to 6 µg/kg/hour, adjust the dose according to the response. 

Buccal administration using lozenges for breakthrough pain in children 

receiving opioid therapy for chronic cancer pain  

Children aged 16 to 17 years. Give initially 200 µg, the dose to be given 

over 15 min, and then 200 µg after 15 min if required, no more than 2 

dose units for each pain episode; if adequate pain relief not achieved with 

1 dose unit for consecutive breakthrough pain episode, increase the 

strength of the dose unit until adequate pain relief achieved with 4 

lozenges or less daily, if more than 4 episodes of breakthrough pain each 

day, adjust background analgesia. 

 

Efficacy and safety of fentanyl in infants and children 

 

In very preterm infants on mechanical ventilation, continuous fentanyl 

infusion is efficacy and safe in reducing acute pain [5]. Oral 

administration of fentanyl 30 min before entrance to the holding room for 

an operation is found efficacy and safe in children in reducing pain [6]. 

Intranasal fentanyl is found effective and safe in infants and reduces pain 

and does not induce adverse-effects [7]. Intranasal fentanyl is a safe and 

effective medication for the treatment of acute attacks of respiratory 

distress in children with life-limiting conditions [8]. Intranasal fentanyl, 

at a dose of 1.5 µg/kg, is a safe and effective analgesic in the prehospital 

management of acute severe pain in children and may be an attractive 

alternative to both oral and intravenous opiates [9]. Intranasal fentanyl has 

proven to be useful in both in-hospital and out-of-hospital pain 

management settings of pain [10]. Intranasal fentanyl, at doses of 50, 100, 

and 200 µg, is associated with an onset of activity at 10 minutes and 

effective treatment of breakthrough pain compared with placebo [11]. 

Intranasal fentanyl is an effective, safe and well tolerated mode of 

analgesia for children aged 1 to 3 years with moderate to severe pain [12]. 

Intranasal fentanyl has been found safe and efficacy in reducing acute 

pain in children [13]. 

 

Effects of fentanyl in infants and children 

 

Administration of fentanyl bolus for procedural pain and sedation is not 

shown to significantly affect cerebral oxygenation, cerebral tissue oxygen 

extraction, or cardiac output in stable preterm infants [14]. Fentanyl added 

to epidural bupivacaine infusions during labour does not depress neonatal 

respiration or adversely affect neurobehavioral scores and other indices 

of neonatal welfare [15]. The use of intranasal fentanyl during halothane 

or sevoflurane anaesthesia for tympanosotomy tube placement is 

associated with diminished postoperative agitation without an increase in 

vomiting, hypoxemia, or discharge times [16]. There are significant 

correlations between fentanyl dosage and Neonatal Abstinence Score 

Tool score (r = 0.76, P-value < 0.01), between length of infusion of 

fentanyl and Neonatal Abstinence Score Tool score (r = 0.70, P-value < 

0.05), and between chloral hydrate dosage and Neonatal Abstinence Score 

Tool score (r = 0.62, P-value < 0.05) [17]. 

 

Common or very common adverse-effects caused by fentanyl in 

infants and children [4] 

 

With parenteral use: apnoea, hypertension, movement disorders, muscle 

rigidity, post procedural complications, respiratory disorders, and 

vascular pain. With transdermal use: anxiety, appetite decreased, 

asthenia, depression, diarrhoea, dyspnoea, gastrointestinal discomfort, 

hypertension, insomnia, malaise, muscle complains, peripheral oedema, 

sensation abnormal, temperature sensation altered, and tremor. 

Uncommon adverse-effects caused by fentanyl in infants and children 

[4] 
With parenteral use: airway complication of anaesthesia, chills, hiccups, 

and hypothermia. With transdermal use: consciousness impaired, 

cyanosis, fever, gastrointestinal disorders, influenza like illness, memory 

loss, respiratory disorders, seizures, sexual dysfunction, and vision 

blurred. 

Rare or very rare adverse-effects caused by fentanyl in infants and 

children [4] 
With transdermal use: apnoea. 

Adverse-effects caused by fentanyl in infants and children whose 

frequency is not known [4] 
With buccal use: adrenal insufficiency, androgen deficiency, anxiety, 

appetite decreased, asthenia, coma, depersonalization, depression, 

diarrhoea, dyspnoea, emotional lability, fever, gait abnormal, 

gastrointestinal discomfort, gastrointestinal disorders, gingival 

haemorrhage, gingivitis, injury, loss of consciousness, malaise, 

myoclonus, oral disorders, peripheral oedema, seizures, sensation 

abnormal, sleep disorders, speech slurred, taste altered, thinking 

abnormal, throat oedema, vasodilation, vision disorders, weight 

decreased, and withdrawal syndrome neonatal. With parenteral use: 

biliary spasm, cardia arrest, cough, hyperalgesia, loss of consciousness, 

and seizure. With transdermal use: myoclonus, and withdrawal 

syndrome neonatal. 

 

Fentanyl metabolism 

 

CYP3A4*1G genetic polymorphism affects the metabolic-rate of 

fentanyl. There is a positive correlation between CYP3A4 mRNA level 

and metabolic-rate of fentanyl [18]. CYP3A4 is the major catalyst 

involved in fentanyl oxidation to norfentanyl in human liver [19]. Human 

intestinal and liver microsomes catalyse fentanyl metabolism and the 

enzyme which metabolizes fentanyl is CYP3A4 [20]. 

 

Pharmacokinetics of fentanyl in infants and children 

 

Ziesenitz et al. [21] reviewed the pharmacokinetics of fentanyl in 51 

infants and children aged 0 to 1 month to 9.5+2.8 years, and fentanyl dose 

is reported in table 1. 
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N Age Weight (kg) Dose 

(µg/kg) 

TBC 

(ml/min/kg) 

Elimination 

half-life (min) 

DV 

(L/kg) 

Remarks 

2 1+0 days 3.2+1.1 30.3+16.0 16.2+2.59 294+113 5.94+1.47 0 to 1 month 

2 7+0.06 months 6.0+1.2 19.1+14.5 18.1+1.41 233+137 4.45+1.64 1 month to 1 

year 

6 3.17+0.68 

years 

17.3+3.4 10.1+3.1 11.5+4.19 244+79 3.06+1.02 1 to 5 years 

3 12+1.73 years 58.3+13.3 4.3+1.2 7.05+1.24 208+71 1.92+1.04 10 to 14 years 

19 3.2+4.2 years --- 70.5 

(7-144)* 

13.2+9.6 1,266 15.2 All patients 

5 0.14+0.08 

years 

--- 72.6 

(48-144)* 

8.2+4.6 --- --- < 6 years 

9 1.4+1.1 years --- 70.9 

(19-136)* 

--- --- --- 6 months to 6 

years 

5 9.5+2.8 years --- 8.0+3.9 -- --- --- >6years 

 

TBC = total body clearance. DV = distribution volume. *Fentanyl was intravenously infused. 

Table 1: Pharmacokinetic parameters of fentanyl which are obtained in infants and children. Fentanyl was administered by intravenous bolus or by 

intravenous infusion. Figures are the mean+SEM or median and (range), by Ziesenitz et al. [21]. 

 

Fentanyl plasma concentrations after an intravenous bolus (about 30 µg/kg) are found to be lower in infants than in children and these findings may 

result from a larger distribution volume or age-related differences in protein binding. An increase in the total body clearance probably reflects maturation 

of CYP enzymes suggesting that the Michaelis-Menten constant is age dependent. In newborn infants and in older infants during non-cardiac surgery, 

the total body clearance increases with age, with the most rapid increase at a postnatal age of 2 weeks, whereas the distribution volume and the 

elimination half-life do not change after a bolus of 54.1+2.3 µg/kg. After a fentanyl continuous infusion, the elimination half-life is prolonged and the 

distribution volume at steady-state is increased due to a slow redistribution from peripheral compartments. The total body clearance is higher in children 

aged 6 months to 6 years compared to younger or older children (8.2 versus 18.9 versus 8.0 ml/min/kg) which is attributed to increase liver metabolism. 

 

Interaction of fentanyl with drugs 

 

A patient using a fentanyl patch was started on a course of clarithromycin and experienced a respiratory arrest 2 days later [22]. Fentanyl and 

clarithromycin are metabolized by CYP3A4 and following the co-administration of these drugs clarithromycin inhibits fentanyl metabolism and induces 

respiratory depression and death [23]. Two infants developed chest wall rigidity following the co-administration of neuromuscular blocking with 

fentanyl [24]. A patient who received amitriptyline and fentanyl reported an adverse-reaction [25]. Fentanyl is metabolized by CYP3A4 and the co-

administration of fentanyl with drugs which are metabolized by this enzyme inhibits fentanyl metabolism and results in excess of fentanyl serum 

concentration enhancing fentanyl effects [26]. Diltiazem and fentanyl are metabolized by CYP3A4; fentanyl inhibits the metabolism of diltiazem and 

induces delirium [27]. The co-administration of ranitidine and fentanyl increases the risk of seizures [28]. Fentanyl inhibits the P-glycoprotein-mediated 

digoxin transport in Caco-2 cells with IC50 value of 6.5 µM [29]. The dose of tacrolimus was reduced from 1.28 to 0.68 ml/min/kg when it was 

combined with fentanyl as tacrolimus and fentanyl are metabolized by CYP3A4 [30]. 

 

Treatment of infants and children with fentanyl 

 

Fentanyl treatment of newborn infants during therapeutic hypothermia contributes to ameliorate neuroprotection in asphyxiated cooled newborns [31]. 

Fentanyl combined with midazolam is safe and more effective than midazolam alone for sedation therapy in mechanically ventilated children [32]. 

Enteral administration of methadone may expedite fentanyl discontinuation and reduce the risk of withdrawal in critically ill children at high risk for 

opioid abstinence syndrome [33]. Transdermal fentanyl is a useful opioid-agonist for the treatment of moderate to severe chronic cancer pain [34]. 

Treatment of children with therapeutic transdermal fentanyl is feasible and well tolerated [35]. Prophylactic fentanyl-droperidol prolongs the length-

to-stay and recovery time and provides no discrete identifiable benefit over acetaminophen alone in paediatric strabismus repair [36].  

 

Trials with fentanyl in infants and children 

 

In very preterm infants on mechanical ventilation, continuous fentanyl infusion protects the developing brain by relieving pain during the first 72 hours 

of mechanical ventilation [37]. Higher cumulative fentanyl dose in preterm infants correlated with a higher incidence of cerebellar injury and lower 

cerebellar diameter [38]. Integrated pharmacokinetic/pharmacodynamic modelling showed that the usually prescribed dosage regimens of fentanyl in 

neonates may not always provide the optimum degree of sedation [39]. A short course of low dose fentanyl infusion reduces behavioural sedation 

scores, O2 desaturations, and neuroendocrine stress response in preterm ventilated infants [40]. Fentanyl is a more effective analgesic agent than 

morphine and causes fewer adverse-effects than morphine. Fentanyl is superior to morphine for short-term postnatal analgesia in newborn infants [41]. 

The current analyses indicate that fentanyl around the end of surgery reduces the incidence of emergence agitation in children undergoing general 

anaesthesia [42]. A meta-analysis suggests that fentanyl decreases the incidence of emergence agitation under sevoflurane anaesthesia in children and 

postoperative pain but has a higher incidence of postoperative nausea and vomiting [43]. 

 

Transfer of fentanyl across the human placenta 
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The mean umbilical vein to maternal fentanyl ratios is 1.12 for total drug and 1.20 for the free drug and values are unrelated to the last epidural bolus 

to delivery interval [44]. There is rapid transfer of fentanyl to the fetus in early pregnancy and the drug remains in foetal tissue for some time after the 

initial dose is given to the mother [45]. Fentanyl rapidly transfers across the early placenta into the amniotic cavity and foetal blood circulation [46]. 

Fentanyl is detected in the foetal blood 1 min after dosing and peaks at 5 min [47]. Thirty paired samples were obtained from healthy pregnant women 

and foetuses and the foetal to maternal fentanyl plasma concentration ratio ranges between 0.23 and 0.73 indicating fentanyl crosses the human placenta 

[48]. 

 

Migration of fentanyl into the breast-milk 

 

Nitsun et al. [49] studied the pharmacokinetics of fentanyl in the breast-milk of 5 lactating women on the 11+4 weeks of post-partum. Fentanyl was 

intravenously infused at a dose of 100 µg and the concentration of fentanyl in the breast-milk was measured 4, 7, 9, 11, and 24 hours after fentanyl 

dosing. 

 

Value Dose 

(µg) 

Fentanyl amount recovered in the 

breast-milk (µg) 

Fraction of fentanyl maternal dose transferred 

to the breast-milk 

Weight-normalized infant dose of 

fentanyl (µg/kg) 

Median 100 0.024 0.24 0.005 

Range --- 0.0060 to 0.073 0.06 to 0.73 0.001 to 0.015 

 

Table 2. Fentanyl migration into breast-milk within 24 hour (N = 5). Figures are the median and range, by Nitsun et al. [49]. 

 

This table shows that the maximum exposure of fentanyl to the nursing 

infants is < 0.1%. 

Leuschen et al. [50] studied the migration of fentanyl into the breast-milk 

of 10 lactating women and observed a lack of substantial fentanyl 

excretion into the breast-milk after short-term maternal fentanyl exposure. 

 

Discussion 
 

Fentanyl is a systemic opioid related to phenylpiperidines and it is used 

in anaesthetics and in analgesia and the analgesic effects is about 100 

times higher than that of morphine. Fentanyl is highly lipid soluble and 

rapidly crosses the blood-brain-barrier and it is rapidly eliminated in 

plasma and cerebrospinal fluid. Fentanyl may cause nausea, vomiting, 

itching, muscle rigidity, respiratory depression, and decreases heart rate 

through vagal activation. Fentanyl may be administered intravenously, 

orally, and by buccal, transdermal and intranasal applications, and the oral 

bioavailability is poor whereas the bioavailability following buccal 

administration is good [1]. In infants, fentanyl is given intravenously for 

short and sustained uses and during therapeutic hypothermia. For the short 

and sustained uses the fentanyl dose is 1 to 3 µg/kg and 5 µg/kg, 

respectively. For the treatment of hypothermia fentanyl is given at a dose 

of 5 µg/kg followed by an infusion of 0.75 µg/kg/hour [2]. In children, 

fentanyl may be given intravenously, by transdermal application, and by 

buccal administration and the dose varies according to child age and 

body-weight [4]. Fentanyl has been found efficacy and safe in infants and 

children [5-13]. Continuous infusion of fentanyl is found efficacy and safe 

in reducing acute pain in preterm infants maintained on mechanical 

ventilation [5]. Oral fentanyl administered 30 min before starting surgery 

is efficacy and safe in reducing pain [6]. Intranasal fentanyl has been 

found efficacy and safe in reducing pain in infants without inducing 

adverse-effects [7], and in treatment of acute attacks of respiratory 

distress in children with life-limiting conditions [8]. Intranasal fentanyl, 

administered at a dose of 1.5 µg/kg, is an effective and safe analgesic 

agent in reducing acute severe pain in children [9] and in the management 

of pain in both in-hospital and out-hospital children [10]. Intranasal 

fentanyl, at doses of 50, 100, or 200 µg, is an effective treatment of 

breakthrough pain [11], and intranasal fentanyl treats moderate to severe 

pain in children [12, 13]. Fentanyl causes different adverse-effects in 

infants and children [4]. Fentanyl produces different effects in infants and 

children [14-17]. Intravenous fentanyl reduces pain and induces sedation 

in infants and does not affect cerebral oxygenation or cardiac output in 

preterm infants [14], and fentanyl co-administered with bupivacaine 

during labour does not depress neonatal respiratory or adversely affect 

neurobehavioral scores in infants [15]. Intranasal fentanyl use during 

halothane or sevoflurane anaesthesia for tympanosotomy tube placement 

is associated reduced postoperative agitation without increase adverse-

effects or discharge times [16]. There are significant correlations between 

fentanyl dosage and Neonatal Abstinence Score Tool [17]. Fentanyl is 

metabolized into norfentanyl by liver and intestinal CYP3A4 [18-20] and 

CYP3A4*1G genetic polymorphism affects the metabolic-rate of fentanyl 

[18]. The pharmacokinetics of fentanyl have been studied in infants and 

children [21]. The elimination half-life ranges from 208 to 1,266 min 

suggesting that fentanyl is rapidly cleared from the body and the 

distribution volume ranges from 1.92 to 15.2 L/kg. The remarkable 

variation in the elimination half-life and distribution volume is accounted 

by the wide variation in infants and children demographic characteristics. 

Fentanyl interacts with drugs [22-30]. Fentanyl and clarithromycin are 

metabolized by CYP3A4, and clarithromycin inhibits the metabolism of 

fentanyl and induce respiratory depression and death [22, 23]. The 

combination of fentanyl with neuromuscular blocking agents causes chest 

wall rigidity in two infants [24], and the co-administration of amitriptyline 

with fentanyl causes adverse-reactions [25]. Fentanyl is metabolized by 

CYP3A4 and the combination of drugs which are metabolized by this 

enzyme inhibits fentanyl metabolism causing excessive serum 

concentrations of fentanyl enhancing fentanyl effects [26]. Diltiazem and 

fentanyl are metabolized by CYP3A4 and fentanyl inhibits the 

metabolism of diltiazem causing high serum concentration of diltiazem 

which induces delirium [27]. The co-administration of fentanyl with 

ranitidine induces the risk of seizures [28]. Fentanyl inhibits the P-

glycoprotein-mediated digoxin in Caco-2 cells [29]. Tacrolimus is 

metabolized by CYP3A4 and the combination of tacrolimus with fentanyl 

increase tacrolimus serum concentration and the dose of tacrolimus must 

be reduced when tacrolimus is co-administered with fentanyl [30]. The 

treatment of infants and children with fentanyl has been studied [31-36]. 

Fentanyl treatment of newborn infants during therapeutic hypothermia 

ameliorates neuroprotection in asphyxiated cooled newborn infants [31]. 

Fentanyl combined with midazolam is safe and more effective than 

midazolam alone for sedation therapy in mechanical ventilated children 

[32]. Enteral administration of methadone expedites fentanyl 

discontinuous and reduces the risk of withdrawal in critically ill children 

at high risk for opioid abstinence syndrome [33]. Transdermal fentanyl is 

useful for the treatment of moderate to severe chronic cancer pain [35], 

and the prophylactic fentanyl-droperidol prolongs the length-to-stay and 

recovery time and provides no discrete benefit over acetaminophen alone 

in paediatric strabismus repair [36]. The trials with fentanyl have been 

extensively reported in infants and children [37-43]. In preterm infants on 

mechanical ventilation, fentanyl protects the developing brain shortly 

after mechanics ventilation [37]. High cumulative fentanyl dose correlates 
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with a higher incidence of cerebellar injury and lower cerebellar diameter 

in preterm infants [38]. Integrated pharmacokinetic/pharmacodynamic 

modelling showed that the dosing regimen of fentanyl in neonates may 

not provide the optimum sedation [39]. A short course of low dose 

fentanyl infusion reduces behavioural sedation, O2 desaturation, and 

neuroendocrine stress in preterm ventilated infants [40]. Fentanyl used for 

analgesia is superior to morphine produces fewer adverse-effects than 

morphine and it is superior to morphine for short-term postnatal analgesia 

in newborn infants [41]. Fentanyl reduces the incidence of emergence 

agitation in children undergoing general anaesthesia [42], and fentanyl 

decreases the incidence of agitation under sevoflurane anaesthesia in 

children and reduces postoperative pain but has a higher incidence of 

postoperative nausea and vomiting [43]. Fentanyl freely crosses the 

human placenta [44-48] and poorly migrates into the breast-milk [49-50]. 

In conclusion, fentanyl is a systemic opioid related to the 

phenylpiperidines and it is used in anaesthetic practice and in analgesia. 

The analgesic effect of fentanyl is about 100 times more potent than that 

of morphine. Fentanyl is highly lipid soluble, rapidly crosses the blood-

brain-barrier, and the time to peak analgesic effect after intravenous 

administration is about 5 min. Following intravenous administration 

fentanyl is rapidly eliminated in plasma and in cerebrospinal fluid. 

Fentanyl may be administered intravenously, orally, or by intranasal, 

transdermal, or buccal application, the oral bioavailability is poor whereas 

the bioavailability following buccal administration is good. Fentanyl may 

cause nausea, vomiting, itching, and rigidity and the last is treated with 

neuromuscular-blocking agents. Fentanyl may decrease heart rate through 

vagal activation and may modestly decrease blood pressure. In infants, 

intravenous fentanyl is administered for short use, for sustained use, and 

during therapeutic hypothermia. In children, fentanyl is administered by 

intravenously or by transdermal or buccal application and fentanyl dose 

varies according to the child age and body-weight. Fentanyl has been 

found efficacy and safe in infants and children but it may cause adverse-

effects. The effects caused by fentanyl, the treatment of infants and 

children with fentanyl, and the trials conducted with fentanyl in infants 

and children have been extensively studied. The pharmacokinetics of 

infants have been studied in infants and children and the elimination half-

life of fentanyl ranges from 208 to 1,266 min suggesting that fentanyl is 

rapidly eliminated. Fentanyl is metabolized by CYP3A4 in both human 

liver and intestine and fentanyl interacts with drugs. Some interactions 

occur with drugs which are metabolized by CYP3A4; the co-

administration of these drugs with fentanyl affect the fentanyl metabolism 

or pharmacokinetics. Fentanyl freely crosses the human placenta and 

poorly migrates into the beast-milk. The aim of this study is to review the 

clinical pharmacology of fentanyl in infants and children. 
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