
Pharm-96B9 Briefly explain the factors which determine the duration of effect of 
intravenously administered bolus doses of fentanyl. 
 
Background 
 
Fentanyl is a synthetic opioid, derivative of phenylpiperidine, which acts as a full 
agonist at opioid receptors 
Commonly used for analgesia, procedural sedation and adjunct to general anaesthesia 
 
Factors that influence duration of effect 
 
Offset of effect occurs when effect site [fentanyl] falls below threshold required to 
produce therapeutic effect 
 
This depends on: 
(1) dose of fentanyl 
(2) pharmacokinetic profile of fentanyl 
(3) drug and patient factors that alter threshold 
 
Dose of fentanyl 
 
Fentanyl boluses rapidly reach the effect site to produce effect 
Time to peak effect ≈ 3 ~ 5 minutes 
 
Small fentanyl boluses (1 ~ 5 microg/kg) has short duration of action 
Offset due to rapid re-distribution 
Re-distribution half time (t1/2α) ≈ 2 minutes 
Duration of action ≈ 30 minutes 
 
Large fentanyl boluses (50 ~ 100 microg/kg) has long duration of action 
Peripheral compartments are loaded ∴ offset due to metabolism and elimination 
Terminal elimination half time (t1/2β) ≈ 2 ~ 4 hours 
Duration of action ≈ more than 4 hours 
 
Pharmacokinetic properties 
 
Distribution 
Fentanyl is highly lipophilic (600× morphine) 
pKa 8.4 ! low unionised fraction 
Volume of distribution ≈ 4 L/kg 
Protein binding ≈ 85% 
Fentanyl has 85% pulmonary sequestration + re-released 
 
Fentanyl can be sequestered by acidic environment in stomach ! passes down GIT 
! meets basic environment of duodenum/small bowel ! re-released ! delayed 
effect (second peak) 
 
Metabolism 
Metabolism via N-demethylation (CYP 3A4) ! norfentanyl and other inactive 
metabolites 



 
Elimination 
Minimal renal clearance of parent drug 
Clearance 17 mL/kg/min 
After 4 hour infusion, CSHT ≈ 4 hours 
 
Given above PK parameters: 
Hepatic dysfunction, liver enzyme inhibitors and other drugs competing for CYP3A4 
(e.g. midazolam) can all reduce fentanyl metabolism ! prolong duration of action 
 
Old age ! reduced volume of distribution ! prolong duration of action 
 
Increased body fat content ! increased volume of distribution ! more rapid 
redistribution after small bolus ! shorter duration of action 
However, more accumulation in fat compartments after large bolus ! longer duration 
of action 
 
Drug and patient factors that alter threshold 
 
Concurrent administration of analgesics and sedatives can exert synergism with 
fentanyl ! lower threshold required for clinical effects ! prolonged duration of 
action 
 
Old age ! more sensitive to pharmacodynamic effects of fentanyl (lower threshold 
required for clinical effect) ! prolong duration of action 
 
Examiner’s comments 
 
This question was primarily about the pharmacokinetics of fentanyl, the opioid most 
frequently used during anaesthesia in this region. Many answers failed to demonstrate 
an understanding of the implications of using high versus low doses of fentanyl, or 
even describe correctly the offset of a standard 100 µ  g i.v. dose. The possibility of 
secondary peaks and suggested mechanisms could have been mentioned in a good 
answer. Very few answers indicated that the lung is now recognised as a major site 
for sequestration of fentanyl. Changes in kinetics in the elderly was often 
mentioned, but this is mainly related to decreased clearance rather than to change in 
volume of distribution. Candidates often wrote down the phrase "context-sensitive 
half-life", but did not indicate in any way with the rest of their answer that they 
understood this concept or its significance in relation to fentanyl. Distribution and 
elimination half-times were often confused or not identified. About 70% of candidates 
passed this question. 
 


