
Pharm-11B6 Discuss the advantages and disadvantages of using morphine and 
fentanyl for post-operative patient controlled analgesia (PCA). 
 
Background 
 
Patient controlled analgesia (PCA) is an analgesia method whereby the patient 
controls the amount of analgesics received within certain predefined constraints. 
 
Aim of PCA = achieve adequate analgesia without causing excessive sedation 
 
A typical implementation involves patient activating computerised pump via remote 
! pump drives syringe containing analgesic ! preset dose of analgesic delivered 
from syringe to infusion line attached to intravenous access ! patient receives 
analgesic 
 
Successful implementation of PCA requires: 

(1) patient understanding and compliance 
(2) analgesic agent with appropriate pharmacokinetic and pharmacodynamic 

profiles 
(3) appropriate equipments – PCA machine, circuit and intravenous access 

 
Morphine vs Fentanyl PCA 
 
For adult patients: 
Typical settings for morphine PCA are 0.5 ~ 2 mg boluses with 5 ~ 10 min lockout 
Typical settings for fentanyl PCA are 10 ~ 20 microg boluses with 5 ~ 10 min lockout 
 
Pharmacokinetic properties 
 
Properties Morphine Fentanyl Comparison 
Distribution 

Relative lipophilicity Lower Higher 

(600 × morphine) 

High lipophilicity ! 

more rapid diffusion 

across BBB 

pKa 

%unionised (pH 7.4) 

7.9 

23% 

8.4 

9% 

High unionised fraction 

! more rapid onset of 

action 

t1/2ke0 ~ 4.5 hrs ~ 5 min fentanyl has much 

faster equilibration 

time at the effect site 

than morphine 

Protein binding 35% 85% ↑PB ! ↓Vd 

↑PB = effect more 

affected by plasma 

[protein] 



Vd 3.5 L/kg 4 L/kg Similar 

Overall onset Slow 

peak effect in 19 min 

Rapid 

peak effect in 3.6 min 

Overall, morphine has 

slower onset of action 

than fentanyl because it 

is much less lipophilic 

∴ repeated boluses 

may stack ! increase 

side effects (e.g. 

sedation and resp 

depression) 

Overall offset Slow Rapid Overall morphine has 

slower offset of action 

! longer lasting 

analgesia than fentanyl 

! ↓fluctuations 

Metabolism 

Mode Hepatic 

Glucuronidation 

Hepatic 

N-dealkylation and 

hydroxylation 

Plasma and effect site 

[drug] increase in liver 

failure 

Metabolites active (M6G) and 

inactive (M3G) 

metabolites 

inactive metabolites 

(mainly norfentanyl) 

Morphine has active 

metabolites ! may 

accumulate in renal 

failure 

Elimination 

Clearance 15 ~ 30 mL/kg/hr 10 ~ 20 mL/kg/hr Similar clearance rate 

Elimination half-time 

(t1/2β) 

2 ~ 4 hours 2 ~ 4 hours Similar terminal 

elimination half time 

because CL and Vdss 

are similar 

Renal elimination Of active metabolites Of inactive metabolites In patients with renal 

impairment, M6G will 

accumulate ∴ 

morphine PCA is 

inappropriate 

 



Pharmacodynamic properties 
 
Properties Morphine Fentanyl Comparison 
Local rash Higher incidence of 

local histamine release 

Lower incidence of 

local histamine release 

 

Delirium/confusion More conducive Less conducive Avoid morphine PCA 

in elderly 

Opioid induced 

hyperalgesia (OIH) 

↓fluctuation of drug 

level ! ↓OIH 

↑fluctuation of drug 

level ! ↑OIH 

 

 
 
Overall, 
 
fentanyl PCA advantages – predictable onset and offset pharmacokinetics; rapid onset 
fentanyl PCA disadvantages – rapid offset may also be a disadvantage ! each bolus 
is short lasting ∴ require frequent patient boluses; may need concurrent background 
infusion 
 
morphine PCA advantages – boluses are reasonably rapid onset, each bolus lasts 
longer lasting ∴ avoids frequent boluses from patient + fluctuations in [drug] level 
morphine PCA disadvantage – prone to oversedation if frequent boluses (stacking); 
less tolerant in the elderly population due to side effects 
 
Examiner’s comments - 43.5% of candidates passed this question. 
 
This question was not well answered. A pass answer needed to demonstrate both a 
clear understanding of the objectives of Patient Controlled Analgesia, knowledge 
of the relative pharmacokinetics and pharmacodynamics of morphine and 
fentanyl, and translation of that knowledge to the PCA technique to indicate the 
relative advantages and disadvantages of the opioids.  
An opening statement outlining that the aims of postoperative PCA using opioids 
aimed for effective analgesia with rapid onset and a duration of action that could 
maintains analgesia, without causing sedation, was well regarded, but infrequently 
given. 
Discussion of pharmacological parameters of morphine and fentanyl, including 
differences, needed to be in the context of their administration by PCA, highlighting 
how the pharmacology determined their advantages and disadvantages. Indicating 
differences in lipophilicity, redistribution profile, metabolism and elimination of 
the opioids and their metabolites was important. These features then related to the 
advantages and disadvantages including relative onset and offset times, speed of 
redistribution, half-life, accumulation of the opioid or metabolites and safety, 
including in specific settings, such as PCA in the elderly, hepatic or renal 
impairment. Some candidates appreciated that advantages in some contexts could be 
disadvantages in another. 
Answers suffered from lack of any statement relating to objectives of PCA, 
inadequate consideration of pharmacokinetics, lack of translation of the relative 
opioid pharmacology to the PCA method of administration, errors of fact, and 
inclusion of imprecise comments. Statements relating to clinical experience were 



considered where the pharmacological principles behind these statements were 
provided 
 


