
Pharm-03A6 Explain how differences in the pharmacokinetics of alfentanil 
and fentanyl can influence the way they are administered intravenously. 51% 
 
Background 
 
Both fentanyl and alfentanil are synthetic opioids and derivatives of phenylpiperidine 
They are full agonists at the opioid receptor and thus potent analgesics 
Also used in sedation and as an adjunct in general anaesthesia 
 
Fentanyl is approximately 5 times more potent than alfentanil 
 
Pharmacokinetic differences 
 
Distribution 
 
Properties Fentanyl Alfentanil 
pKa 8.4 6.5 

Unionised fraction 9% 89% 

Lipid solubility 6 × alfentanil  

Protein binding 85% 90% 

Volume of distribution 4 L/kg 0.4 L/kg 

 
Alfentanil has significantly lower pKa than fentanyl ! at physiological pH (7.4), 
alfentanil has significantly higher unionised fraction than fentanyl 
∴ alfentanil (1 ~ 2 min) has much faster onset of peak action than fentanyl (3 ~ 5 
min) 
This is despite fentanyl having 6 times lipid solubility and slightly greater protein 
binding 
 
Metabolism and Clearance 
 
Properties Fentanyl Alfentanil 
Mode of metabolism Hepatic (CYP 3A4) 

N-demethylation 

Hepatic (CYP 3A4) 

N-dealkylation 

Metabolite Main = norfentanyl 

Inactive 

Main = noralfentanil 

Inactive 

Clearance 13 mL/kg/min 6 mL/kg/min 

Elimination t1/2β 2 ~ 4 hrs 1.5 hr 

CSHT (4 hr infusion) 4 hr 1 hr 

 
Fentanyl has 10 times larger Vd than alfentanil but only 2 times larger clearance 
∴ fentanyl’s elimination half time is longer than that for alfentanil 
∴ fentanyl has much slower offset than alfentanil – especially after prolonged 
infusions 
 



 
Implications for administration 
 
The more rapid onset and offset of alfentanil compared to fentanyl makes it better 
suited as an analgesic for transient noxious stimuli (e.g. laryngoscopy + intubation) 
 
The timing of administration of alfentanil and fentanyl need to be adjusted in relation 
to their pharmacokinetic properties 
e.g. during induction of general anaesthesia, alfentanil onset matches that of 
suxamethonium (intubating condition after ~ 1 minute) whereas fentanyl onset 
matches that of vecuronium/cisatracurium (intubating condition after 3 ~ 4 minutes) 
 
Fentanyl’s longer duration of action makes it more appropriate when long lasting 
analgesia is desired 
 
The lower lipophilicity of alfentanil and smaller volume of redistribution when 
compared to fentanyl ! shorter CSHT ! alfentanil is more appropriate for prolonged 
infusions (e.g. targeted controlled infusion) 
 
CSHT of fentanyl when used as a continuous infusion will rapidly increase with 
context ! difficult to control offset kinetics 
 
Examiner’s comments - 54% of candidates passed this question. 
 
It was not sufficient to list the pharmacokinetic parameters of these two drugs without 
reference to the core of the question, which was to explain how these characteristics 
influence the way the drugs are administered intravenously. Relative comparisons of 
the pharmacokinetic values were satisfactory and given the same credence as exact 
kinetic values. 
Marks were given for a description of how data such as pKa, lipid solubility, protein 
binding, volume of distribution and clearance influenced the drugs’ relative potency, 
onset, and duration of action. The time to peak effect and context sensitive half time 
of the two drugs could also be compared. All these factors in turn could influence the 
choice of drug, timing of administration, dose, dosing intervals and dosing regimens 
that are used in clinical practice. 
 


