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Abstract 

Postoperative analgesia plays a crucial role in day-case surgery. Patients expect effective pain relief 
after surgery, without side effects, and this may not always be possible when more complicated 
procedures are performed in ambulatory settings. Moreover, both surgeons and patients expect 
anaesthesiologists to provide an effective pain treatment service especially after ambulatory 
surgery, even in private practice settings. 
The protocols based on intravenous opioids or central neuraxial blockade are no longer appropriate, 
when a short, uncomplicated postoperative course is anticipated. Multimodal analgesia, combining 
different groups of analgesics, both opioid and non-opioid, with different mechanisms of action, 
and targets in central and peripheral nervous systems with minimal side effects may be an answer. 
In this review, we present and discuss the current status of knowledge, with special reference to the 
role of adjuvants to opioids in acute postoperative pain.
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Effective management of acute postoperative pain is 
ever present in discussions about the improvement of 
medical care quality, both at the university and everyday 
anaesthetic practice level. According to the available 
literature, 75-85% of patients find the postoperative pain 
therapy unsatisfactory [1, 2]. Similar opinions regarding 
the quality of pain control are expressed by physicians [3]. 

Recently, vast advances have been observed in the 
approach to pain, its key role in the assessment of patient’s 
condition as the “fifth vital sign”, in particular [4, 5]. 
Moreover, some progress is also noticeable in understanding 
of pain transmission pathways and plasticity of peripheral 
and central nervous system leading to prolonged acute 
pain sensations.

The difficulties in postoperative pain therapy result 
from the complexity of ambulatory and one-day surgical 
procedures; the expectations regarding postoperative 
management are increasingly high, amongst both patients 
and surgeons, who carry out some procedures (previously 
performed only in hospital settings) in private clinics. The 
effective treatment based on intravenous opioids or central 
blocks is no longer suitable to meet the major demand 

for ensuring the short, uncomplicated postoperative 
period [6]. The adverse side effects of opioid analgesics, 
e.g. their sedative and the respiratory centre-depressive 
effects, are the pivotal problems in the therapy of acute 
postoperative pain, especially in one-day surgery. Any 
delays in pain control lead to delayed discharge and 
rehabilitation of patients, prolonged full recovery and 
return to work [7].

Multimodal analgesia, i.e. analgesic therapy combining 
simultaneous actions of various analgesics, is likely to 
fulfil the increasingly high expectations concerning the 
efficacy of pain therapy [8]. It was designed to improve 
analgesic management, reduce opioid doses and minimise 
their side effects. The method involves combined use 
of various analgesics, both opioid and non-opioid, of 
different mechanisms of action and sites of uptake in 
the central and peripheral nervous system, in order to 
achieve better analgesic efficacy and to limit the risk of 
potential adverse effects [9]. 

The major goals of ideal set of analgesic drugs include 
increased efficacy, minimal side effects, safety and, most 
importantly, the possible use of drugs by patients and 
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their caregivers outside the hospital, without impairing 
patients` abilities to drive or delaying their return to 
work [10]. The present paper discussed shortly the 
selected, basic non-opioid pharmaceutical agents and 
their combinations used in multimodal analgesia. The 
following groups of drugs were considered: 

• non-opioid analgesics (paracetamol, metamizole)
•  NLPZ (non- steroidal anti-inflammatory drugs and 

COX-2 inhibitors)
• α-2 receptor agonists (dexmedetomidine, clonidine)
• NMDA receptor antagonists (ketamine, magnesium)
• glucocorticosteroids (dexamethasone)
• antiepileptic drugs (gabapentin, pregabalin).

non-oPioid AnAlGeSicS
Paracetamol

Despite its wide use, both due to medical 
recommendations and availability (over-the counter – 
OTC), the mechanism of action of paracetamol is poorly 
known. The drug is likely to inhibit the central activity of 
COX-2 and COX-3 isoform [10]. According to the recent 
reports based on studies in animals and healthy volunteers, 
paracetamol affects the serotoninergic antinociceptive 
system by stimulating the activity of serotoninergic pathways 
(5-HT). This observation may be of some importance as the 
combination of paracetamol with antiemetic drugs from 
the group of 5-HT3 receptor antagonists (ondansetron, 
tropisetron) can partially abolish its analgesic effects 
[11, 12]. It is well known that paracetamol reduces 
the doses of opioids needed. The administration of 1 
g of i.v. paracetamol before surgery decreases the total 
opioid dose and accelerates the recovery of patients after 
laparoscopic hysterectomy and cholecystectomy [11, 13]. 
Oral premedication with 2 g of paracetamol and 200 mg 
of celecoxib improves the effectiveness of postoperative 
therapy in ENT procedures under local anaesthesia [14]. 
The combination of paracetamol and NSAIDs provides 
better effectiveness of therapy, compared to the use of any 
of the drugs individually. The meta-analysis comparing 
the combined effects of paracetamol and NSAIDs (e.g. 
ibuprofen - 6 studies; diclofenac – 8 studies; ketoprofen 
– 3 studies; ketorolac − 1 study, tenoxicam − 1 study) 
demonstrated the benefits of their combined use over 
each drug given alone [15]. 

Metamizole 
Metamizole is an analgesic and antipyretic drug from 

the phenylpyrazole group exerting effects on COX-3 
yet with additional spasmolytic action by inhibiting the 
adenosine reuptake. The study on metamizole in multimodal 
analgesia showed that in minor orthopaedic procedures 
3 g administered over 24 postoperative hours relieves  
the pain and consumption of opioids by 20% [16]. In 
laparoscopic abdominal  surgery, the same intervention 
reduces the opioid demand by 67% [16]. 

After mammary procedures, the comparison of repeated 
doses of metamizole (4 g day-1) with the equivalent dose 
of paracetamol (4 g day-1) revealed comparable opioid 
consumption and similar satisfaction of patients [17]. 

According to the randomized, double blind, placebo-
controlled study carried out in 196 patients, the efficacy 
of adjuvants during postoperative pain management was 
similar for paracetamol (1g every 6 h), metamizole (1g 
every 6 h) and parecoxib (40 mg every 12 h) compared to 
placebo. Importantly, the authors failed to demonstrate 
reduced consumption of opioids or alleviated adverse 
side effects, irrespective of the drug used [18]. 

The combination of metamizole and tramadol is readily 
used and effective; its analgesic effect is synergistic or 
additive depending on the proportions of doses applied 
[19]. The combined use of both drugs reduced opioid 
demands [20]. Metamizole is commonly used and available 
in many countries; yet no randomised, placebo-controlled 
studies assessing its spasmolytic component in abdominal 
surgeries are available and therefore clinical trials should 
be continued.

AGoniStS oF AdReneRGic RecePtoRS
The activation α-2 receptors is an element of the CNS 

internal control; their marked density is found in the 
gelatinous substance of the spinal posterior horns. The 
activation of α-2 receptors in CNS leads to alleviation 
of pain sensations.  

dexmedetomidine
Dexmedetomidine is the drug selectively stimulating 

α-2 adrenergic receptors, which provides analgesic, sedative 
and anti-anxiety effects. The impact of higher doses on 
peripheral α-1 receptors can cause hypotension and 
bradycardia. The study conducted in the group of patients 
undergoing bariatric procedures under general anaesthesia 
demonstrated that patients receiving intraoperatively 
dexmedetomidine, 0.2, 0.4 or 0.8 μ kg-1 h-1, had lower 
fentanyl demands during the postoperative period, less 
frequent episodes of nausea and vomiting as compared 
to the placebo group [21]. 

The randomised study assessing the effects of i.v. 
morphine-dexmedetomidine combination used for 
hysterectomy revealed lower opioid requirements during 
the first 24 postoperative hours. The consumption of 
morphine administered in the form of patient-controlled 
analgesia (PCA) was 33 mg once used alone and 23 mg 
when combined with dexmedetomidine. The therapy-
related bradycardia and hypotension were observed, yet 
their severity was low [22].

clonidine
The intravenous administration of clonidine limits its 

side effects, which include bradycardia, hypotension or 
sedation; the subarachnoid or epidural route is preferred. 
Clonidine (1 μg kg-1) combined with subarachnoid morphine 
(4 μg kg-1) during prostatectomy under general anaesthesia 
reduced the intraoperative consumption of sufentanil. 
The postoperative observations also demonstrated lower 
pain scores and lower PCA morphine use in the group 
of patients receiving morphine (18 mg) and clonidine, 
compared to patients receiving only morphine (25 mg) 
or those without subarachnoid anaesthesia (66 mg). The 
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percentages of adverse side effects were comparable in 
each of these three groups [23].  

nMdA RecePtoR AntAGoniStS
The discovery of N-methyl-D-aspartate (NMDA) 

receptors and their relationship with pain transmission 
and central sensitisation drew attention to therapeutic 
possibilities using non-competitive NMDA receptor 
antagonists, mainly ketamine to counteract hyperalgesia. 

Ketamine
Ketamine used for general anaesthesia for many 

years is the drug of recognised analgesic potential. The 
safety margin between minimal analgesic doses and 
high doses inducing adverse side effects is crucial. High 
doses of the drug are responsible for psychotomimetic 
effects (sedation, cognitive disturbances, hallucinations, 
nightmares). On the other hand, low, sub-anaesthetic 
doses of ketamine provide effective analgesia without 
the above-mentioned CNS adverse effects, do not affect 
the respiratory or cardiovascular system, and do not 
cause nausea, vomiting or postoperative paralytic ileus 
and constipation. 

The perioperative use of ketamine (intraoperative 
loading dose of 0.5 μg kg-1 followed by intravenous 
infusions of 2 μg kg-1 min-1 continued after the procedure) 
enables to reduce the dose of morphine (27 mg) in the 
postoperative period, as compared to the management 
protocol in which ketamine is only used for postoperative 
analgesia (48 mg) or abandoned (50 mg) [24].

In the study, which did not prove the reduced opioid 
consumption after ketamine, the drug saturating dose 
was 0.5 μg kg-1 during surgery and only 0.2 μg kg-1 min-1 of 
it was given after its completion. The ketamine use only 
during surgery limits its positive impact enhancing the 
opioid effects. The key to success appears to be related to 
its dose and time of administration, i.e. up to 48 h after 
surgery [25]. The meta-analysis undertaken revealed 
that the combination of ketamine with morphine (PCA) 
reduced the opioid consumption, improved the analgesic 
effect and decreased the percentage of opioid-related 
postoperative reductions in saturation [26].

Magnesium
The discovery of magnesium effects blocking the 

NMDA channels provided new possibilities for its use in 
pain management. However, due to its poor permeability 
through the blood-brain barrier the mechanisms of 
magnesium effects on NMDA receptors are not easy to 
be determined. The magnesium sulphate at a dose of 50 mg 
kg-1, followed by its infusion, 15 mg kg-1min-1, in patients 
undergoing hysterectomy reduces the opioid demands 
within 48 postoperative hours, decreases the pain scores 
and limits the episodes of nausea and vomiting [27]. 

GlucocoRticoSteRoidS
Corticosteroids have been recognised for cancer pain 

management; they show anti-oedematous and anti-
inflammatory effects. Their adjuvant action can also 

result from direct blockage of electrical stimuli within 
the nervous fibres damaged during surgery or trauma. 
The use of corticosteroids as co-analgesics for acute pain 
treatment, including the postoperative pain, have been 
well documented [28].

dexamethasone
Dexamethasone (8 mg) administered in a bolus 

90 min before laparoscopic cholecystectomy reduces 
the percentage of nausea and vomiting episodes and 
decreases the pain intensity after surgery. Additionally, 
it reduces the visceral pain experienced during the first 
postoperative week compared to placebo [29]. Another 
relevant observation is lack of effects of i.v. dexamethasone 
dose of 4 mg on postoperative wound infections [30]. 

AntiePilePtic dRuGS
Many investigations focusing on the pathomechanism 

of acute and chronic pain carried out during the last 
decade emphasise that acute pain is likely to convert into 
neuropathic pain, especially after surgical procedures. This 
phenomenon can be associated with central sensitization 
of nociceptive neurons within the posterior horns of 
the spinal cord. Pregabalin and gabapentin bind the 
subunit α

2δ
 of the voltage-gated calcium channel in the 

spinal cord and brain. 
The role of anti-epileptic drugs in the treatment of 

neuropathic pain has been well established for many 
years. However, their use for chronic neuropathic pain 
after surgical procedures is still widely analysed in terms 
of their effectiveness and safe doses, which is of great 
importance in this group of drugs. 

Gabapentin
Gabapentin as an element of multimodal analgesia was 

evaluated in various studies concerning postoperative pain. 
The findings document its potential to reduce morphine 
demands in the immediate postoperative period after 
lower gastrointestinal and spinal surgeries yet do not show 
lower incidence rates of adverse side effects caused by 
opioids. Gabapentin appears to be an effective adjuvant 
in the therapy of children and young patients after spinal 
surgeries [31, 32].  

Pregabalin
Pregabalin is used to treat seizures and neuropathic 

pain. Compared to gabapentin, its advantage is bigger 
bioavailability and linear pharmacokinetics. The meta-
analysis based on the reports published in the years 
1966-2010 demonstrates that the severity of postoperative 
pain does not decrease after gabapentin. However, the 
cumulative consumption of opioids is found to be lower 
and opioid-related adverse effects are limited (vomiting 
− RR 0.73; 95% CI 0.56-0.95). Otherwise, the incidence 
of visual disturbances is markedly higher (RR 3.29; 95% 
CI 1.95-5.57) [33]. 

It seems that gabapentin and pregabalin are useful for 
prevention of sensitization of CNS nociceptive neurons, 
including the posterior horns of the spinal cord, which 
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intensifies postoperative pain sensations and the conversion 
of acute pain into neuropathic pain. This phenomenon 
concerns 10-15% of surgical patients, may last even several 
months and is often responsible for markedly worsened 
quality of life of patients [34].

Oral premedication with pregabalin, 300 mg, 
significantly relieves the resting pain and reduces morphine 
demands in patients after gynaecological procedures [35]. 
Used before surgery and then for 14 postoperative days 
at a dose of 300 mg, pregabalin decreases the percentage 
of episodes of chronic neuropathic pain after knee 
replacements [37]. The relevant problems of pregabalin 
therapy involve confusion and excessive sedation in the 
postoperative period [38]. The combination of three 
drugs – pregabalin 150 mg, paracetamol 975 mg and 
celecoxib 400 mg administered orally reduces the opioid 
consumption during and after radical prostatectomy [39].    

concluSionS 
The methods of multimodal analgesia with several 

available adjuvants provide patients with many benefits 
and improve the pain management, especially in one-
day surgery settings. The modern approach to analgesic 
therapy oriented at the use of pharmacological and 
non-pharmacological methods reducing the severity 
of pain, is to limit opioid consumption and intensity 
of opioid-related side effects (nausea and vomiting), 
to shorten hospitalization and to reduce the treatment 
costs. Balanced, and multimodal analgesia is the optimal 
measure for perioperative pain management. 

The majority of studies on postoperative pain involves 
the period of hospital stay without the analysis of the 
treatment course after discharge. The treatment of acute 
postoperative pain should be followed up to 2 weeks after 
surgery. Irrespective of type of surgery, this period can 
be divided into three stages during which the analgesic 
therapy is carried out by different individuals. Immediately 
after surgery (in one-day surgery − 6 h, in hospitalized 
patients – 24 h), the pain treatment is provided mainly 
by anaesthesiologists. During the second stage (until 
discharge), the therapy provided by the surgical team. The 
third stage after discharge is based on surgeon’s orders, 
GP recommendations, patients` experiences and home 
first-aid kit stocks. The division of the postoperative 
period into the above-mentioned stages shows that the 
complex provision of analgesic management should 
be based on cooperation of many therapeutic groups, 
including physicians, nurses and physiotherapists. In each 
stage, the sets of drugs, their sequence without adjuvants 
and beneficial combinations of various analgesics can 
differ markedly. Noteworthy, the concept of multimodal 
analgesia or use of adjuvants is poorly popularized, except 
for anaesthetic circles, which results in therapeutic failures 
leading to conversion of acute postoperative pain in to 
chronic pain.

Furthermore, greater emphasis should be placed on 
education of patients and their families, started already 
during preoperative anaesthetic visits. During such 
visits, the plan of analgesic treatment and benefits of 

multimodal analgesia should be presented by explaining 
in an accessible way the mechanisms of drug actions 
and principles of combinations or otherwise of various 
groups of pharmaceutical agents. Moreover, maximal 
doses and, more importantly, their side effects should be 
discussed. Such an approach, although time-consuming, 
should also concern the teams of pain therapy. Only then, 
the concept of multimodal analgesia with adjuvants will 
leave the hospital settings and bring benefits to patients. 
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