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Scope and rationale of the investigations
Pain is an unpleasant and emotional experience, associated with actual or potential 
tissue damage according to the definition of International Association of the Study 
of Pain1. Acute, as well as chronic postoperative pain, is a multidimensional and 
complex problem that contains physiological and biopsychosocial aspects2. Pain is 
receiving increasing worldwide attention over the past years. Studies investigating 
acute postoperative pain report a reduction in incidence over the years, even 
though overall numbers remain quite high3. In the United States, more than 80% 
of patients that underwent surgery experience acute postoperative pain. The 
majority of these patients rate the severity of this pain as moderate or severe4. 
Other studies report that at least half of postoperative patients experience 
adequate pain relief5. Postoperative pain can become chronic when it lasts two 
to three months after surgery and is beyond the healing of injured tissue and the 
related inflammatory processes6,7. An estimated percentage of 10 to 50% of the 
patients undergoing all types of surgery develop chronic postoperative pain6,8,9. 

Over the last decades it has been suggested that little improvement has been 
made in postoperative pain management4. In the Netherlands, nationwide 
programs such as the guideline for postoperative pain from the Dutch Society 
of anesthesiology10 have been implemented to address postoperative pain, 
amongst others because pain is a quality indicator in Dutch hospitals11. It has been 
recognized that pain and inadequate pain relief are a heavy burden for the patient, 
and may have great impact on quality of life and performance of activities of daily 
living9,12. Optimal application and implementation of (inter)national guidelines 
of pain management and pain relief may decrease morbidity and mortality and 
increase quality of life in postoperative patients. 

Experimental pain studies in animals demonstrated that after surgical incision 
peripheral and central sensitization occur. A painful stimulus, like surgical incision, 
activates nociceptors which transduce this ‘noxious’ information into an electrical 
signal. This signal is transmitted from the periphery to the central nervous 
system along ascending peripheral C- and Aᵟ-fibers13. Complex mechanisms with 
involvement of C- and Aᵟ-fibres have been identified that contribute to acute 
postoperative pain14. C- and Aᵟ-fibres terminate in the dorsal horn of the spinal 
cord. Within the spinal cord, more complex interactions occur between excitatory 
and inhibitory interneurons and descending inhibitory tracts from higher centres 
exert their effect. Finally, the pain signal is entering the brain where somatosensory 
information is processed and pain perception occurs. Besides the ascending tracts 
from periphery to the brain, descending inhibitory tracts facilitate the modulation 
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1of pain13. The functionality of these descending pain modulation in patients can be 
examined by a pain model using diffuse noxious controls (DNIC). Normally, after a 
noxious stimulus, peripheral sensitization of the accompanying receptors leads to 
short-term, transient pain sensitivity. Repetitive activation by noxious stimuli could 
transform to central sensitization, which amplifies, spreads and extend the periods of 
pain and has the potency to result in chronic postoperative pain15. The main triggers 
of central sensitization are neuronal, immune, and glial related, involving for example 
the N-methyl-D-aspartate (NMDA) receptors, glutamate and other neuromodulators15. 

Clinically, several risk factors have been identified for acute postoperative pain 
and the development of chronic postoperative pain. For acute pain, a large meta-
analysis (53 362 patients) identified nine significant risk factors for poor acute 
pain control after all kind of surgeries16. The risk factors identified are younger 
age, female sex, history of depressive symptoms, use of preoperative analgesia, 
history of smoking, history of anxiety symptoms, presence of preoperative pain, 
use of preoperative analgesia and higher body mass index (BMI). Although the 
severity of acute postoperative pain is important, it appears that the rate at 
which acute pain resolves is also important17. The duration of severe pain in 
the initial 24 hours postoperatively predicted the chance of developing chronic 
postoperative pain18. A 10% increase in time spent in severe pain was associated 
with a 30% increase of chronic postoperative pain 12 months after surgery. This 
makes acute postoperative pain an evident risk factor for the transition of acute to 
chronic postoperative pain. Other relevant risk factors for chronic postoperative 
pain can be divided in surgery or patient specific risk factors. Younger age, the 
female gender, psychosocial factors such as anxiety, preceding pain and genetic 
susceptibility are patient specific factors that can contribute as a risk factor 
for chronic postoperative pain6,7. Surgery specific risk factors have also been 
investigated, for example type of surgery, duration of surgery and anaesthetic 
technique7. Because there is a high degree of inter-individual difference in pain 
response, genetic variation has also been investigated to explain pain variability19.

Opioids are the cornerstone for postoperative pain management. Intraoperative 
and postoperative administration of opioids is essential in preventing and 
managing acute and chronic postoperative pain. Despite the extensive use of 
opioids, there are still gaps in knowledge about its use, optimal dose or its negative 
effects especially in different populations such as adult and paediatric patients 
after cardiac surgery or obese patients. 
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Opioids in cardiac surgery patients
In adults, cardiac surgery such as coronary artery bypass grafting (CABG) and 
heart valve replacement are two of the most frequently performed surgeries 
worldwide20. It is known that the risk of postoperative pain in cardiac surgery is 
high, because of the prolonged duration of surgery and multiple other causes 
such as intraoperative tissue retraction and dissection, multiple intravascular 
cannulations, chest tubes left after surgery, and multiple invasive procedures 
simultaneously21. Patients after cardiac surgery with controllable pain, recover 
faster and have lower risk on cardiovascular complications, pneumonia, and 
hypercoagulability22. In addition to the high incidence of acute postoperative pain, 
the incidence of chronic postoperative pain is also among the highest compared 
to other kind of surgeries9. Chronic postoperative pain affects even 37% patients 
in the first 6 months after cardiac surgery, which declines to 17% after two years23. 
Over the last years there is a growing body of literature investigating risk factors for 
the development of chronic postoperative pain. Younger age, non-elective surgery 
and female gender have been identified as a risk factors for chronic postoperative 
pain after cardiac surgery but are impossible to influence24,25. Increased acute 
postoperative pain, anxiety before surgery24,25 and the use of remifentanil25 are risk 
factors that can be managed. Especially the use of remifentanil for intraoperative 
analgesia is interesting from a pharmacological point of view and is potentially a 
risk factor that can be eliminated easily. Remifentanil is an ultra-short-acting, hyper 
potent, µ-opioid receptor agonist26 which is often used during surgery because 
of its favourable pharmacokinetic and pharmacodynamic properties27. Because 
remifentanil may affect the NMDA receptor directly or indirectly28,29, it has been 
hypothesized that signalling of this NMDA receptor may lead to opioid induced 
hyperalgesia30. The clinical relevance of “remifentanil induced hyperalgesia” is still 
under debate and therefore more research in this field is warranted. 

In children, morphine is the most commonly used drug used for postoperative 
pain management after cardiac surgery31. The pharmacokinetics of morphine 
has been studied extensively across the paediatric population in all different 
kind of settings32, including cardiac surgery33,34. Studies investigating the 
pharmacodynamics of morphine in children are scarce, while it is known that 
untreated pain after major surgery in neonates and infants results in increased 
stress hormone levels and prolonged behavioural consequences35. To optimize 
paediatric pain management after cardiac surgery, more insight is needed in the 
combined pharmacokinetic/pharmacodynamic field of data. 
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1Opioids in obese patients after surgery
Another special patient population that needs increased attention is the 
(morbidly) obese population. There has been a major increase in prevalence of 
individuals that are overweight (a BMI above 25 kg/m2), obese (a BMI above 30 
kg/m2), severely obese (a BMI above 35 kg/m2) or morbidly obese (a BMI above 
40 mg/km2)36. It has been estimated that in 2025, if this rising trend continues, 
the prevalence of obesity is around 18% for men and 21% for women36. With 
obesity, morbidity and mortality significantly increase37. Obese patients are more at 
risk for all kind of potentially serious health conditions such as cardiovascular disease, 
diabetes, cancer, osteoarthritis, liver and kidney diseases38. For these reasons, obese 
patients are presenting more frequently for surgical procedures with accompanying 
complications such as postoperative pain. There is little evidence that obesity itself 
has impact on postoperative pain39. On the contrary, opioids are feared in obese 
population because of the increased risk for respiratory depression, respiratory failure, 
and other opioid adverse effects40,41. Therefore, knowledge on the extent into which 
the physiological changes associated with obesity influence the pharmacokinetics of 
opioids is essential. Morphine is frequently used for postoperative pain management 
but the pharmacokinetics of morphine and its pharmacologically active metabolites 
in (morbidly) obese patients has not been studied in detail. 

The objective of this thesis 
Postoperative pain is a relevant complication and has in potential great impact 
on patients. The role of opioids in postoperative pain and postoperative pain 
management, especially in different kind of patient populations, is not thoroughly 
studied. Therefore, this thesis aimed to contribute to perioperative pain 
management in different patient populations with the focus on opioid analgesia. 

In section II, the focus is on adult cardiac surgery patients. In chapter 2, we present 
an overview of the literature on the associations of intraoperative remifentanil 
administration with acute postoperative pain, hyperalgesia, and chronic 
postoperative pain. Although studies are diverse and sample sizes are small, there 
are indications that intraoperative remifentanil may influence the occurrence of 
acute postoperative hyperalgesia and may result in chronic postoperative pain. 
To address this issue, a randomised controlled trial investigating the influence of 
remifentanil on acute and chronic postoperative pain was designed and described 
in chapter 3. In chapter 4, we report the outcomes of this randomised controlled 
trial on acute and chronic postoperative pain 3, 6 and 12 months after surgery. 
In addition, we investigated the short and long term effects of remifentanil 
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on experimental pain using the measurement of thermal detection and pain 
thresholds, which is described in chapter 5. To investigate a potential genetic 
component in this cohort of cardiac surgery patients, chapter 6 describes the 
potential influence of two genes that are associated with postoperative pain on 
acute, chronic and experimental pain. 

Section III focuses on children after cardiac surgery. In children, morphine is 
commonly used for analgesia after cardiac surgery but not much is known about 
its analgesic efficacy in relation to plasma concentrations. Therefore, in chapter 
7 we report the analysis of the pharmacodynamics of morphine in children after 
cardiac surgery using repeated Time-to-Event (RTTE) modelling.

In section IV, we focus on the obese patient population. As already noted, the 
obese population is growing over the last decade and with this, obese patients that 
undergo surgery and experience postoperative pain. First, in chapter 8, we present 
an overview of the literature about the influence of obesity on pharmacokinetic 
and pharmacodynamic parameters in adults. Second, we present in chapter 9 the 
analysis of the pharmacokinetics of morphine in obese patients when compared 
to non-obese healthy volunteers.  

In section V - chapter 10, the results and conclusions of this thesis are summarized 
and discussed, and future perspectives are presented. In this chapter, perspectives 
are given concerning postoperative pain management with opioids in different 
patient populations. Finally, ideas are provided for further pharmacological 
interventions or studies regarding optimizing postoperative pain management. 
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