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Analgesia, or pain-relief, is one of the main components of anaesthetic care. There are many drugs that 
target the pain response at different levels but the main analgesic drugs used during the time surrounding 
surgery are opioids such as morphine and fentanyl.  
 
The timing and dosing of opioid administration is determined by nurses and anaesthetists. They observe 
various markers of pain to aid their decision-making.   
 
There are additional tools that help drug-dosing decisions by predicting the level of opioids working at the 
opioid receptors in the central nervous system. They do this by calculating the movement of the drug 
between different compartments of the body over time. This approach is called effect-site level guided drug 
delivery. The widespread availability of smart phones and apps that predict the effect-site level of opioids 
has presented an opportunity to improve opioid administration and analgesic care of patients.   
 
This project builds upon three previous summer studentships looking into how the effect-site levels of 
opioids change during surgery, in the recovery room and the ward. They have found in general, patients 
requiring higher level of opioids in surgery usually have a high requirement for opioids in the recovery room; 
that individual patient requirements are very variable; and that most patients seem to need a certain, 
individualized level in the recovery room and that if they drop below this level, more opioids are required.  
 
In this project we wanted to examine further the use of effect-site guided drug delivery in the recovery room 
by exploring the relationships between selected markers of pain, such as breathing rate and pain scores, 
and the computer modeling of effect-site opioid levels. We hope to be able to use data monitored directly 
from the patient to help guide pain therapy 
  
From Nov 2013 to Jan 2014 we observed 26 patients between 18 to 65 years of age undergoing open 
surgery of limb fractures or similar. In the recovery room the breathing rate was monitored using 
capnography and ECG-based plethysmography which are routinely available in the recovery room. These 
measured the carbon dioxide in each breath and the movement of the chest wall respectively to calculate 
the breathing rate. A manual count of the breathing rate was also recorded. Patients were asked to rate 
their pain both on a conventional 0-5 scale  and with a comparative scale: is your pain the same / better / 
worse than 30 min ago. All drug doses were documented to allow calculation of effect-site opioid levels.  
 
As part of this project we also wanted to look into methods of assessing recovery from anaesthesia. We 
invited 22 of the patients to complete a standardised quality of recovery survey (PQRS) at three points: 
before surgery and then at 30 minutes and one day following the procedure.    
 
We found that in general respiratory rate and pain scores decreased with increasing effect-site opioid levels, 
as expected, but these changes were not statistically significant and in some patients the opposite changes 
were seen. 
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Changes in pain over time (better, worse or the same) within an individual were not related to changes in 
effect-site opioid levels.  
 
The results suggest that breathing rate would not make a useful proxy measurement for effect-site opioid 
levels so that the drug-dosing decisions require other makers and tools to paint a wider picture of the 
patients’ level of pain.    
 
These results also highlight the difficulty in correlating the pain response to effect-site opioid levels, as 
shown in other studies, and support the idea that the pain response is a multifactorial process.  
 
The pattern of effect-site opioid levels showed that individual patient requirements in the recovery room 
were variable. However, once a certain level reached, for majority of patients it was maintained during the 
time in recovery room while some patients required more opioids when the levels fell. This is comparable to 
our previous finding that showed most patients require a certain level of opioids to be sufficiently pain-
relieved. The calculation of effect-site opioid levels in recovery room can help with maintaining a certain 
level of opioids by helping to visualise the changes in drug levels over time.     
 
The quality of recovery data showed that no patient had recovered in all domains at 30 minutes after the 
surgery and one in three had recovered in all domains by the next day. Cognition (thinking and memory) 
domain was the most affected at one day after the procedure with 39% patients yet to reach recovery 
followed by pain/nausea and daily-activities domains at 28% and 22% respectively. Interestingly, patients 
who had recovered in the cognitive domain 30 minutes after the surgery had higher opioid levels on arrival 
to the recovery room than those who had not. This may suggest that sufficient analgesia immediately 
following surgery could be related to the recovery in cognition. 
 
We have found the average effect-site opioid level in the recovery room of this year’s patient group 
(undergoing open surgery for limb fractures) was higher than the patients studied last year undergoing key-
hole surgery. This information helps characterise the analgesic requirement in this patient group and can aid 
the drug-dosing decisions by the recovery staff.  
   
 
 
 
 
 
 
 


