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IntroductIon 
Over 230 million people worldwide undergo surgery 

each year, with this number increasing annually [1]. More 

than 80% of surgical patients experience acute postop-

erative pain, including about 75% who rate its intensity as 

moderate, severe or extreme. According to the available 

data, less than half of surgical patients report adequate 

postoperative pain relief. 

 Surgery-related trauma usually induces postoperative 

pain which should be alleviated as quickly and effectively 

as possible. According to statistics, clinical management of 

postoperative pain is far from being perfect, despite sig-

nificant advancements in evidence-based knowledge [2–4]. 

Severe pain is associated with decreased patient satis-

faction, delayed post-surgery ambulation, the development 

of chronic postoperative pain, increased incidence of severe 

complications (including pulmonary and cardiac) and higher 

postoperative morbidity and mortality [5–9]. Therefore, it 

is essential to properly identify the surgical procedures in-

ducing severe pain and to optimally tailor the strategy of 

postoperative analgesia to the patient’s needs and surgical 

procedures [10]. 

German researchers [11] have put forward a hypothesis 

that a systematic and standardised comparison of pain fol-

lowing all surgeries can help to identify the procedures 

resulting in severe postoperative pain. The results of their 

study are surprising. In cases of extensive thoracic and ab-

dominal surgeries, the NRS score was low (≤ 4). The percent-

age of advanced methods of analgesia, including block 

analgesia, used in such procedures was over 50%. Although 

the severity of pain following laparoscopic procedures was 

significantly higher, patients received relatively low doses of 

postoperative opioids or did not receive them at all (72%). 

The above results show that in many procedures, the extent 

of the incision and range of surgery-related trauma are 

not directly associated with the intensity of postoperative 

pain. According to the authors, the surgical procedures with 

poorly controlled postoperative pain include tonsillectomy, 
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haemorrhoidectomy with plastic reconstruction, appendec-

tomy and laparotomy cholecystectomy.

Acute pain management is based on a proper assess-

ment of its severity being performed several times a day, 

individual titration of analgesics and the minimisation of 

adverse effects. However, it has been demonstrated that 

in many cases the severity of pain is erroneously assessed 

by the medical personnel, which translates into improper 

titration and dosing of drugs and indirectly affects the per-

centage of adverse reactions associated with pain manage-

ment [12]. 

The mechanisms of development of acute postoperative 

pain are more complex than earlier believed while adequate 

pain management requires much more than just opioids. 

Therefore, it is not surprising that there is a comprehensive 

scientific evidence base that provides guidelines for postop-

erative pain management. One of the documents available 

is the fourth edition of Acute Pain Management: scientific 

evidence, published by the Australian and New Zealand 

College of Anaesthetists [13]. The size of this guideline sum-

mary reflects the complexity of the issue being discussed. 

It contains 650 pages, assesses over 8,500 scientific reports 

and condenses an enormous amount of information into 

669 key recommendations.

The assumption of the working group updating the 

Polish guidelines was to collect the scientific reports re-

garding acute postoperative pain that appeared after the 

publication of the previous edition of Polish guidelines 

for acute postoperative pain management (2014), in or-

der to collate the European, American and New Zealand 

recommendations published since then and to prepare 

updated guidelines for postoperative pain management. 

Following the procedure-specific postoperative pain 

management (PROSPECT) assumptions, our manage-

ment guidelines in the selected surgical procedures were 

formulated, albeit without categorisation of individual 

procedures. The authors of the present guidelines have 

divided the material into three major parts regarding the 

current state of knowledge on the drugs used for acute 

pain therapy, general recommendations for postopera-

tive pain therapy. 

The objective of this new version of the recommenda-

tions is also to draw attention to the fact that postoperative 

pain management is not merely a humanitarian task aimed 

at reducing patients` suffering and improving satisfaction 

with the treatment received, but also significantly reduces 

post-surgery morbidity and, most likely, post-surgery mor-

tality. Moreover, early rehabilitation and shortened hospital 

stays are associated with economic benefits for health care 

institutions, which is also of considerable importance [14].

The literature material collected and used for prepara-

tion of the majority of the recommendations was classified 

according to grades of recommendation (Table 1) and levels 

of evidence (Table 2) [15]. 

oPIoIdS For PoStoPErAtIVE PAIn rELIEF
Opioids are an important group of analgesics used for 

the management of acute and chronic pain syndromes. They 

are an effective tool in treating moderate and severe pain of 

various aetiologies, provided that their use is supported by 

good knowledge of their mechanisms of action, potential 

adverse effects they can induce, as well as interactions with 

other drugs simultaneously administered. Opioids act on 

three types of opioid receptors, namely MOR (mu), DOR 

(delta) and KOR (kappa). Opioid analgesics used in everyday 

clinical practice differ in their affinity to individual types of 

opioid receptors, interactions with these receptors (agonists, 

partial agonists, antagonists), strength of action, clinical 

efficacy and safety profiles. It is essential to know these 

differences in terms of the efficacy of individual opioids 

and the adverse reactions they can induce. Additionally, 

significant individual differences in responses to particular 

opioids are observed. Opioids affect the functioning of many 

systems and organs thus inducing specific clinical effects. 

Table 1. Grades of recommendation 

I — strongly recommended Scientific data and generally accepted opinions prove that the therapeutic management is beneficial, useful 
and effective. 

II Scientific data and opinions regarding the usefulness and efficacy of therapeutic management are 
inconsistent 

IIa — somewhat recommended Scientific data and opinions speak in favour of usefulness and efficacy

IIb — may be considered Usefulness or efficacy poorly confirmed by scientific data and opinions

III — strongly not recommended/ 
/definitely to be avoided 

Scientific data demonstrate that therapeutic management is neither useful nor effective; in some cases can 
even be harmful

Table 2. Levels of evidence according to [15]

A Data from numerous randomised controlled studies or 
meta-analyses

B Data from one randomised controlled study or non-
randomised studies

C Data from small-sized studies, retrospective studies or 
registers
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They exert analgesic effects, influence mood and behaviour 

and affect the functioning of the respiratory, cardiovascular, 

gastrointestinal, neuroendocrine and immune systems. It 

should be remembered that the majority of opioids cause 

immunosuppression, which can result in an increased risk of 

postoperative infections [16] and possible opioid-induced 

hyperalgesia (opioid paradox), manifesting itself as an in-

creasingly severe pain despite opioid dose escalation [17]. 

An increasing number of studies in the literature demon-

strate a higher probability of neoplastic disease progression 

in patients undergoing surgical oncological procedures 

being treated with opioids in the intra- and postoperative 

period, as compared with patients subjected to block anaes-

thesia [18]. However, the above data need to be confirmed 

by large population-based studies. 

The most common adverse effects associated with opi-

oid analgesics include nausea, vomiting, sedation, constipa-

tion, pruritus, and respiratory depression [19]. Due to a wide 

spectrum of opioid-induced adverse reactions, modern 

perioperative care promotes management methods and 

strategies aimed at reducing the opioid doses required 

yet providing appropriate efficacy of postoperative pain 

therapy and patient comfort. This aim can be achieved us-

ing multimodal analgesia, in which block anaesthesia tech-

niques and pharmacotherapy with non-opioid analgesics 

and co-analgesics (lidocaine, ketamine, gabapentinoids) 

are essential [20]. 

 In the postoperative period, opioids can be adminis-

tered via a variety of routes; intravenous and oral routes 

are most commonly used, while in cases of nerve blocks 

the perispinal (epidural or subarachnoid) or perinervous 

route can be applied. It is worth emphasising that analge-

sics should not be administered intramuscularly for many 

reasons, including those which are obviously humanitarian. 

Furthermore, the subcutaneous route is not recommended 

due to body cooling commonly observed in the immedi-

ate postoperative period and unreliable drug absorption, 

thus difficult-to-anticipate analgesic effects. After extensive 

surgical procedures, opioids are most commonly adminis-

tered intravenously due to excellent possibilities of adjusting 

their dose to the severity of pain. The optimal management 

strategy is to determine the most effective opioid dose 

by titration, i.e. the administration of low doses at short 

intervals until the pain is satisfactorily relieved, followed 

by continuous intravenous infusions. Titration is mainly 

recommended in patients with extremely severe pain in 

order to provide quick control, as well as in patients treated 

with potent opioids who additionally require many rescue 

doses of opioids. In practice, in cases of morphine titration, 

1-2mg of i.v. morphine is administered at several-minute 

intervals (every 3-5 minutes) until significant satisfactory 

pain relief has been provided or adverse reactions have 

Table 3. Doses of the opioid drugs most frequently used with patient-
controlled analgesia in adult patients [19]

Opioid Bolus dose Refraction time (min)

Morphine 0.5–2.5 mg 5–15

Oxycodone 0.03 mg kg-1 5–10

Fentanyl 0.02–0.05 mg 5–10

Nalbuphine 1–3 mg 6–10

Tramadol 10–25 mg 5–10

occurred. Subsequently, based on the total analgesic dose 

and half-life of a drug (in this case - morphine), an hourly 

demand can be calculated. For instance, if the dose needed 

for effective analgesia is 12 mg of morphine, the patient 

should be administered a continuous intravenous infusion 

at a dose of 2 mg per hour – the half-life of morphine is 3-4 

hours, which means that during that time half of a saturat-

ing dose (6 mg) has to be given to maintain the therapeutic 

concentration of morphine. Doses of the most common 

opioid drugs used with patient-controlled analgesia (PCA) 

in adults are presented in Table 3 [19]. 

In the immediate postoperative period, short-acting opi-

oids are preferable due to better possibilities of modification 

of the analgesic dose; long-acting and controlled release 

preparations should be used during the following postopera-

tive days when the pain being experienced is more stable. 

To convert intravenous doses of morphine into oral 

doses, a ratio 1:3 is used, i.e. if the daily demand for i.v. 

morphine is 20 mg, the equivalent oral dose will be 60 mg. 

For oxycodone, this ratio is 1:2. Once the demand for mor-

phine has been titrated, morphine can be replaced by any 

opioid analgesic characterised by the desirable therapeutic 

and pharmacokinetic profile and the optimal spectrum of 

adverse effects for a particular patient. 

The substitution of one opioid drug for another, called 

the rotation of opioids, is often required due to the inef-

fectiveness of treatment, changes in the nature of pain, or 

the occurrence of adverse reactions. The pharmacotherapy 

of pain uses the term of equianalgesic doses, which are 

defined as the doses of various opioids inducing the same 

analgesic effect. Table 4 presents equianalgesic doses of 

the most common opioid analgesics. The most important 

opioid drugs used in everyday practice are listed in Table 5.

UNRECOMMENDED OPIOID DRUGS
PETHIDINE

The current standards of acute and postoperative pain 

management in Poland and worldwide (American Pain Soci-

ety 2016) do not recommend pethidine. The recommenda-

tion is justified and concerns its efficacy, as well as safety. 

Pethidine is a synthetic analgesic showing weaker analge-

sic effects, as compared with morphine. Besides affecting 
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Table 4. Equianalgesic doses of opioid drugs 

Opioid Intravenous dose Oral dose

Morphine 10 mg 30 mg

Tramadol 100 mg 150 mg

Oxycodone 7.5–10 mg 20 mg

Fentanyl 0.1 mg –

Buprenorphine 0.4 mg 0.8 mg  
(sublingual tablets)

Tapentadol – 100 mg

Methadone 1 mg 3 mg

Nalbuphine 10 mg –

mu-opioid receptors, it exerts a cholinolytic effect and has 

locally anaesthetic action. After its parenteral administra-

tion, the analgesic effect is maintained for about 2–3 h and 

is individually variable. Norpethidine, an active metabolite 

of pethidine, is characterised by a long half-life of 8–21 h; 

although it has half the analgesic potency of pethidine, it 

exerts neurotoxic effects. Due to the short analgesic effect 

of pethidine and a long half-life of its neurotoxic metabolite, 

the latter can accumulate at repeated doses of pethidine. 

The prolonged half-life of norpethidine is particularly im-

portant in the paediatric population. Moreover, the use of 

pethidine during delivery may lead to the newborn`s expo-

sure as a result of placental drug transfer, which is likely to 

deteriorate the neonate’s neurological status or even induce 

seizures. It should be emphasised that the blood-brain bar-

rier in newborns and infants is not fully functionally efficient 

and therefore many drugs can more profoundly penetrate 

the CNS during this period, inducing post-drug adverse re-

actions, as compared with the population of adult patients. 

Therefore, pethidine should not be used as an analgesic 

during deliveries.

The adverse effects of pethidine may also be observed 

in the geriatric population. Patients over 65 years of age 

often have impaired liver and kidney functions compared 

with younger individuals, which additionally favours the 

accumulation of pethidine resulting from the prolonga-

tion of its half-life. Moreover, the administration of pethi-

dine in this group increases the risk of CNS-associated 

adverse effects, including agitation, confusion, motor 

disturbances, dizziness, nausea and vomiting. Of note 

is the fact there are no data proving the higher efficacy 

of pethidine in the pharmacotherapy of pain compared 

with other opioids. Numerous studies have demonstrated 

that pethidine can be successfully replaced with other 

safer opioids that do not yield toxic metabolites, whose 

half-life and analgesic effects are substantially longer, as 

compared with pethidine. 

 

PENTAZOCINE

Pentazocine is a kappa-opioid receptor agonist; there-

fore, besides relatively weak analgesic action (5–10 times 

weaker than that of morphine), it also shows hallucinogenic 

and dysphoric effects. For this reason, this drug should not 

be used for postoperative pain management [19]. 

non-oPIoId AnALGESIcS For PoStoPErAtIVE 
PAIn MAnAGEMEnt

In patients with acute and postoperative pain, non-

opioid analgesics are recommended when the severity of 

pain does not exceed NRS = 4. They can be administered as 

monotherapy; in cases of more severe pain, they should be 

part of multimodal analgesia, which allows one to broaden 

the spectrum of analgesic effects of other analgesics and to 

reduce the total dose of opioid analgesics. 

In any nociceptive pain (mechanical, inflammatory, 

visceral), nonsteroidal anti-inflammatory drugs (NSAIDs) 

are effective. Paracetamol, which has no anti-inflamma-

tory effects, is effective only in somatic nociceptive pain  

[19, 21, 22]. Metamizole is additionally characterised by 

central spasmolytic action; therefore, it is particularly ef-

fective in visceral nociceptive pain [22]. When NSAIDs are 

combined with paracetamol and/or metamizole, an additive 

analgesic effect is achieved. 

The selection of NSAID for the treatment of postop-

erative pain should be individualised; the following criteria 

should be considered:

 — onset of analgesic action,

 — duration of analgesic effects 

 — effective analgesic dose 

 — contraindications and risk of upper gastrointestinal, 

cardiovascular and renal complications 

 — liver and kidney function,

 — other drugs used simultaneously and potential interac-

tions with non-opioid analgesics [21–23].

Intramuscular and rectal routes of administration of 

non-opioid analgesics are not recommended due to a long 

latency period and the fluctuating profile of analgesic ef-

fects (strong recommendation, I A) [22–24]. As intravenous 

drugs induce the quickest analgesic effects in acute pain, 

certain available i.v. drugs are recommended. Non-opioid 

analgesics achieve T max (max. concentration) most quickly 

after i.v. administration, which directly correlates with the 

onset and peak of analgesic action [22–24]. Considering the 

pathomechanism of action, the location of pain, contraindi-

cations and limitations, the first-line drugs recommended 

for the treatment of acute and postoperative pain include 

dexketoprofen, ketoprofen, paracetamol and metamizole 

[22–24]. When analgesics can be administered orally, drugs 

in the form of granulates, soluble tablets and orodispersive 
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tablets (ODTs) are preferable due to the speed of analgesic 

action. The soluble formulations induce quicker analgesic 

effects than tablets, as once they are dissolved, the absorp-

tion is immediate and no time is needed to disintegrate the 

tablet and release an analgesic from it. Moreover, soluble 

formulations of NSAIDs available on the market may be 

taken on an empty stomach (e.g. dexketoprofen in the form 

of a soluble granulate for oral administration). The ceiling 

doses of all non-opioid analgesics have been determined, 

above which no increase in the analgesic effect is observed 

while the risk of complications is significantly higher [22–25] 

(Table 6).

The maximum daily doses of non-opioid analgesics are 

as follows: 

 — 5 g for metamizole, 

 — ≤ 15 mg kg-1 mc.-1 for both oral and intravenous 

paracetamol; intravenously, the drug can be admin-

istered at a maximum of 4 times a day (in a patient 

weighing 80 kg, the daily dose of 4 g should not be 

exceeded) [26].

The use of paracetamol is associated with reduced sever-

ity of pain thus reduced consumption of opioid analgesics 

[26]. A single pre-emptive intravenous dose administered 

10–30 minutes before skin incision reduces the severity 

of postoperative pain, decreases the incidence of nausea 

and vomiting and contributes to reduced use of opioid 

analgesics in the postoperative period, which diminishes 

the severity of adverse effects characteristic of this group 

of opioid analgesics. Of note is the fact that during the first 

post-surgery days, depending on the degree of pain severity 

de-escalation, the intravenous route is preferred; due to its 

pharmacokinetic/pharmacodynamic (PK/PD) profile, this 

route is associated with achieving higher concentrations 

of the drug, which translates into a more optimal profile of 

efficacy, as compared with the oral route, while it should 

be remembered that pharmacokinetics of paracetamol are 

linear [26]. 

Moreover, oral combinations of non-opioid analgesics 

are recommended for the treatment of acute pain. There 

Table 6. Maximum daily doses of nonsteroidal anti-inflammatory drugs 
most commonly used for acute pain 

Drug Maximum daily dose

Dexketoprofen 150 mg*

Ketoprofen 200 mg

Ibuprofen 3200 mg

Naproxen 1500 mg

Nimesulide 200 mg

Lornoxicam 16 mg

Diclofenac 150 mg

*p.o. max. 75 mg, i.v. max 150 mg

are such combinations available on the market which 

show an additive analgesic effect, e.g. paracetamol with 

ibuprofen. In practice, this means that such a combination 

supplements the pharmacological effects, broadening the 

spectrum of analgesic action while simultaneously only 

slightly potentiating this action. Furthermore, combinations 

showing hyperadditive effects are available, e.g. dexketo-

profen + tramadol, paracetamol + tramadol, which means 

that the spectrum of analgesic effect is not only substan-

tially supplemented and broadened but also the effect is 

markedly potentiated [22–24]. Acute and postoperative 

pain is also treated with such NSAIDs as selective COX-2 

inhibitors. In Poland, oral forms of celecoxib and etoricoxib 

are available. According to the Cochrane Collaboration of 

2013, celecoxib administered in a single dose after surgery 

(orthopaedic or dental procedures) effectively reduces the 

pain experienced and lengthens the time to administra-

tion of the next analgesic — median 6.6 h at 200 mg, 8.4 h 

at 400 mg and 2.3 h when a placebo is used. The adverse 

reactions have been observed in a comparable percentage 

of patients in the celecoxib and placebo groups and were 

mild or moderate [24, 25]. Schroer et al. [26], who studied 

the use of celecoxib for 6 weeks in 107 patients subjected 

to knee endoarthroplasty, demonstrated a lower consump-

tion of opioids in the perioperative period and better VAS 

scores. Moreover, in the group receiving celecoxib over one 

post-surgery year, the range of motion at the knee joint was 

greater [24, 25]. Similar results were reported by other cen-

tres. The meta-analysis of studies regarding the prevention 

of extra-skeletal ossifications after hip endoarthroplasty has 

revealed that the efficacy of celecoxib in preventing extra-

skeletal ossifications is comparable to that of indometacin. 

Furthermore, celecoxib was the only drug reducing the risk 

of gastrointestinal adverse effects (as compared with indo-

metacin) [24, 25], which is extremely important in surgical 

patients who have to be subjected to obligatory assessment 

and receive pharmacological prophylaxis in justified cases 

of venous thromboembolic disease. It is worth pointing out 

that the use of celecoxib does not exclude upper gastro-

intestinal complications, including perforation. However, 

when applied according to experts’ recommendations, it 

significantly reduces their risk, compared with non-selective 

cycloxygenase inhibitors. Another drug that has been found 

to provide adequate acute and postoperative pain manage-

ment is etoricoxib [24, 25]. 

PARACETAMOL
Based on the most recent studies concerning its mecha-

nism of action, paracetamol is considered a pro-drug, which 

interacts with the endocannabinoid system thanks to its 

active metabolites. In the brain and spinal cord, paracetamol 

has been found to undergo deacetylation to p-aminophe-
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nol, which reacts with arachidonic acid via fatty acid amide 

hydrolase (FAAH) to form an active metabolite of this drug, 

i.e. N-arachidonoylphenolamine (AM404) [27, 28], that does 

not directly affect the cannabinoid receptors but indirect-

ly increases the activity of the endocannabinoid system. 

On the one hand, this compound is a potent activator of 

the transient receptor potential cation channel subfam-

ily V member 1 (TRPV1), which is a ligand of cannabinoid 

type 1 (CB1) receptors; on the other hand, being an inhibi-

tor of endogenous cannabinoid (anandamide) reuptake, it 

increases the endogenous pool of these compounds [29]. 

Endogenous cannabinoids, e.g. anandamide, exert antino-

ciceptive effects both at the level of the spinal cord and the 

brain. Moreover, cannabinoids substantially reduce body 

temperature by activating CB1 receptors in the pre-visual 

hypothalamic area [27, 29, 30]. It is well known that anal-

gesic derivatives of aniline show similar effects as those of 

cannabinoids, e.g. improved mood, mental relaxation and 

tranquillity. To date, such properties of paracetamol have not 

been demonstrated, although some authors attribute slight 

sedative effects to it. Moreover, AM404 has been found to 

show dose-dependent COX-1 and COX-2 inhibitory effects 

[27, 28, 30, 31]. This mechanism may be particularly impor-

tant in the brain areas with high concentrations of FAAH, 

e.g. in the mesencephalic nucleus of the trigeminal nerve 

or in the primary sensory neurones, as the production of 

AM404 in these areas is increased, which can to some extent 

explain the inhibitory activity of paracetamol toward CNS 

cycloxygenases. An alternative mechanism of the analgesic 

effects of paracetamol could be the inhibition of nitric oxide 

(NO) formation. The L-arginine/NO pathway, activated by 

substance P and N-methyl-D aspartic acid (NMDA) recep-

tors, leads to the synthesis of NO, which is an important 

neurotransmitter in the nociceptive processes in the spinal 

cord [30–32].

In conclusion, paracetamol acts at all levels of conduc-

tion of pain stimuli, starting with the receptors in tissues, 

through the spinal cord to the thalamus and cerebral cortex, 

where the pain sensations are received. The mechanism of 

analgesic action of paracetamol is complex and still several 

options are considered, including the effects on both periph-

eral (inhibition of COX activity) and central (COX, descending 

serotonergic inhibitory pathways, L-arginine/NO pathway, 

the cannabinoid system) anti-nociceptive processes and 

the “oxidoreductive” mechanism. Currently, the inhibitory 

effects of paracetamol on COX-3 are no longer emphasised 

as COX-3, which occurs in laboratory animals, has not been 

detected in humans [32]. 

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
Nonsteroidal anti-drugs (NSAIDs) belong to the group of 

non-opioid analgesics of anti-inflammatory, analgesic and 

antipyretic action. In addition to inhibiting the synthesis of 

prostaglandins, they may affect other pathophysiological 

processes involved in inflammatory nociceptive pain. This 

group of drugs exerts analgesic and anti-inflammatory ef-

fects via inhibition of inducible nitric oxide synthase expres-

sion and of NF-kappa B activation, activation of the system 

of lipoxines, as well as inhibition of substance P activity. 

Additionally, the action of NSAIDs may result from activa-

tion of supraspinal cholinergic pathways and of the system 

of endogenous opiate-similar peptides. 

In patients treated with NSAIDs, contraindications and 

limitations resulting from cardiovascular, kidney, upper and 

lower gastrointestinal diseases should be taken into ac-

count. As far as perioperative interactions are concerned, it 

is worth remembering that their concomitant use with the 

drugs belonging to selective serotonin reuptake inhibitors 

(SSRIs) and serotonin and norepinephrine reuptake inhibi-

tors (SNRIs) increases the risk of perioperative bleeding. Like-

wise, their concomitant administration with loop diuretics 

increases the risk of nephrotoxicity. Only one NSAID should 

be applied at a time, as more NSAIDs do not increase the 

therapeutic efficacy while significantly increasing the risk of 

adverse effects. Acute and postoperative pain is also treated 

with such NSAIDs as selective COX-2 inhibitors. In Poland, 

oral celecoxib and etoricoxib are currently available. 

METAMIZOLE
Among the drugs having analgesic, antipyretic and re-

laxing effects, metamizole is most commonly used in Poland 

[33–35]. Metamizole belongs to the group of non-opioid 

analgesics. Unlike NSAIDs, it shows no anti-inflammatory ac-

tion; however, its analgesic effect cannot be compared with 

that of any other analgesic [35–38]. In 2012, new metamizole 

metabolites were identified, which changed the general ap-

proach to the use of metamizole in ambulatory and clinical 

practice. This regards not only wider clinical indications but 

also new options for combined treatment [35, 39, 40]. The 

metabolites of metamizole inhibit the synthesis of prosta-

glandins, mainly by inhibiting COX-1 and COX-2 activity but 

also by inhibiting substance P-induced nociception [35, 36, 

39–42]. Additionally, metamizole affects the cannabinoid 

system, producing analgesic and antipyretic effects [35, 

43, 44]. Furthermore, the relaxing smooth muscle effect 

results from the inhibition of adenosine reuptake in the CNS 

structures and the influence on the cannabinoid system. 

The relaxing effect is particularly important for the man-

agement of colic and visceral pain [36, 44, 45]. Metamizole 

displays a synergism of action with NSAIDs, paracetamol 

and opioid analgesics. It is recommended for acute pain, 

including post-trauma pain and as a relevant element of 

the combined treatment of pain. Considering new data 

demonstrating its safety, metamizole may be used both in 
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adult and paediatric populations. In 2014, metamizole was 

included in the Austrian standards regarding its use in the 

paediatric population, which has consolidated the opinion 

about its safety in this population. Furthermore, in Poland 

there are some approved therapeutic products containing 

metamizole that may be used in infants over 3 months of 

age. According to recent cohort and observational studies, 

metamizole-induced agranulocytosis is rare while its inci-

dence is comparable to that induced by other non-steroidal 

analgesics [36, 39, 46]. The use of metamizole is associated 

with a low risk of interactions with other drugs applied con-

comitantly. As the interaction with cyclosporine is clinically 

important, great caution should be exercised in patients 

receiving both drugs simultaneously. 

AdJuVAntS For AcutE PAIn MAnAGEMEnt
Note: 

1. The information provided below does not include the 

use of the drugs discussed in regional anaesthesia. 

2. The use of the drugs discussed below as adjuvants for 

pain relief/components of multimodal analgesia is out-

side the summary of therapeutic product characteristics 

(except lidocaine). 

LIDOCAINE
Intravenous lidocaine used in the perioperative period 

as part of multimodal analgesia allows one to administer 

lower doses of opioids or to abandon them completely. 

It significantly decreases the severity of pain in the early 

postoperative period at rest and during physical activity 

(deep breaths, coughing). Moreover, its use significantly 

reduces the incidence of nausea and vomiting, accelerates 

the restoration of postoperative gastrointestinal function 

(particularly after abdominal surgeries) and shortens hos-

pitalisation stays ([47–51] meta-analyses of randomised 

controlled trials [RCT] = level I]). Furthermore, perioperative 

intravenous infusions of lidocaine have been demonstrated 

to induce preventive analgesia (analgesia of 5.5-times longer 

action than the half-life of lidocaine, i.e. > 8 h since the 

discontinuation of its administration ([52] meta-analysis of 

RCT = level I). 

According to the results of clinical trials, intravenous 

infusions of lidocaine are predominantly indicated in open 

and laparoscopic abdominal surgical procedures. Few clini-

cal trials demonstrate the benefits of intravenous infusions 

of lidocaine in patients subjected to prostate, breast, tho-

racic and multi-level spinal procedures. No benefits have 

been confirmed in patients after cardiac surgeries, laparo-

scopic nephrectomy, transabdominal hysterectomy or hip 

endoarthroplasty [53]. 

Optimal dosage, initiation and duration of lidocaine 

intravenous infusion have not yet been determined. The 

available clinical trials show that the intravenous infusion of 

lidocaine is initiated at least 30 minutes before skin incision 

(induction of preventive analgesia), up to 30 minutes before 

or during the induction of anaesthesia. The most common 

saturating bolus dose is 1.5 mg kg-1 (dose range 1–3 mg 

kg-1), while the lidocaine dose in an infusion ranges from 

1.5 to 3.0 mg kg-1 h-1. Doses should be calculated based on 

the ideal body weight (IBW), which is particularly important 

in obese patients. The infusion ends at the completion of 

surgery (in most cases) or is continued in the postopera-

tive period — most commonly over 24 hours or up to 48 

h [54]. With the above doses, the plasma concentration of 

lidocaine can fluctuate between 1 and 5 µg mL-1. Lidocaine 

administered in such doses does not block peripheral nerve 

conduction. From the pharmacological point of view, in-

travenous lidocaine is a modulator of conduction in the 

peripheral nervous system and of peripheral and central 

sensitisation [55]. 

The dose of lidocaine should be reduced in cases in 

which the free drug fraction is increased, namely: acidosis, 

hypercapnia, hypoxia, hypoproteinaemia, and impaired liver 

and kidney functions. In patients with heart, liver and/or 

kidney failure, the dose of lidocaine should be reduced and 

the cardiovascular system should be monitored [56]. 

The infusion of lidocaine is contraindicated when other 

modalities of regional anaesthesia are applied, especially 

when a local anaesthetic is administered in a bolus or high 

doses (e.g. epidural anaesthesia, plexus anaesthesia). An infu-

sion may be initiated 4-8 h after bolus administration of the 

local anaesthetic, if required. In cases of failed epidural anaes-

thesia, once the continuous infusion into the epidural space is 

stopped and no bolus doses are given into the epidural space, 

the continuous intravenous infusion of lidocaine can be initi-

ated immediately, albeit without an intravenous bolus [57]. 

Lidocaine in a continuous infusion at a dose of ≥ 2 mg 

kg-1 h-1 reduces pain severity at rest within the first 4 post-

operative hours [58]. According to one study in which 1.5 

mg kg-1 h-1 lidocaine in a continuous infusion was used, 

there were no differences in pain severity compared with 

the control group; however, the demand for morphine was 

found to be lower while pain on movement was found to be 

of lesser severity. The differences occurred on the second 

postoperative day and were most pronounced during the 

third postoperative day [58]. The above observations are 

consistent with the results of laboratory tests, which reveal 

that the infusion of lidocaine inhibits the development of 

central hyperalgesia in three phases. The first acute phase 

of inhibition lasts 30-60 minutes after the completion of the 

infusion; the second transient phase, up to 6 hours; while the 

third phase of prolonged inhibition develops slowly within 

24 h after the completion of the infusion and is maintained 

for 21 days [59]. 
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In acute neuropathic pain (which can be a component of 

postoperative pain), the action of lidocaine involves mainly 

the inhibition of generation of ectopic, spontaneous excita-

tions in the damaged nerves. Such effects occur at a plasma 

concentration of lidocaine 40 times lower than the concen-

tration that is required to inhibit the conduction of nerve 

excitations in undamaged nerves [60]. 

The mechanism of action of lidocaine in postoperative 

pain differs from the mechanisms of its action in neuropathic 

pain and is not fully elucidated. It does not affect acute no-

ciceptive pain [61–64]. Moreover, lidocaine does not signifi-

cantly influence the thermal and mechanical pain threshold 

in intact tissues [64, 65]. It acts anti-hyperalgesically inhibit-

ing peripheral sensitisation by affecting C-fibre nociceptors 

(primary hyperalgesia), as well as central sensitisation at 

the spinal cord level (secondary hyperalgesia). The central 

effects predominate. The perioperative infusion of lidocaine 

is most effective in surgeries associated with the develop-

ment of increased central hyperalgesia.

Two large groups of C-fibre nociceptors are distin-

guished, namely: those mechanically and heat-responsive 

(CMH); and those unresponsive to mechanical and heat stim-

ulation (CMiHi), called “sleeping” nociceptors, which become 

stimulus-responsive after their sensitisation (a decrease in 

the excitation threshold) by mediators of inflammation 

(reduction in nociceptors). The sensitisation of polimodal 

nociceptors leads to temporal summation of nociceptive 

stimuli while the recruitment of “sleeping” nociceptors leads 

additionally to spatial summation [66, 67]. 

Lidocaine preferentially affects the recruited nocicep-

tors and inhibits their activity (by blocking sodium channels 

Nav 1.7, 1.8 and 1.9), thus decreasing primary hyperalgesia. 

It does not affect CMH nociceptors; the threshold to me-

chanical and thermal stimuli (including acute nociceptive 

pain) remains unchanged and can mask the analgesic ef-

fect of lidocaine [68–70]. Stronger inhibition of sensitised 

“sleeping” CMiHi receptors by low concentrations of lido-

caine seems to be the cause of the high efficacy of intra-

venous infusions of lidocaine in gastrointestinal surgical 

procedures. In abdominal surgeries with extensive tissue 

damage, potent stimulation of nociceptors responsive 

to chemical stimuli and the simultaneous sensitisation 

of CMiHi nociceptors are observed. By inhibiting these 

nociceptors, lidocaine reduces central hyperalgesia and 

postoperative pain [71].

Lidocaine acting at the spinal cord level inhibits synaptic 

conduction, thus reducing secondary hyperalgesia [72–74]. 

The synaptic conduction effects result from direct and in-

direct (inhibition of protein kinase C) blocking of NMDA 

receptors and neurokinin receptors. The inhibition of M3 

muscarinic and glycine receptors enhances the activity of 

the descending cholinergic antinociceptive system [75–77]. 

A relevant mechanism of lidocaine action in acute pain 

is its anti-inflammatory action (a more detailed description 

is beyond the scope of this paper) [78]. This drug limits 

the inflammatory reaction to surgery-related trauma by 

blunting the effects of proinflammatory factors. It inhibits 

granulocyte priming, which prevents the excessive release 

of proinflammatory cytokines and free radicals. The activity 

of mechanisms leading to the development of neurogenic 

inflammation is diminished at the site of tissue damage, 

which decreases peripheral sensitisation and primary hy-

peralgesia [79]. 

MAGNESIUM SULPHATE
Magnesium is an antagonist of NMDA receptors present 

in the peripheral and central nervous system [80]. The NMDA 

receptors are an important element of the glutamatergic 

system whose main neurotransmitter is glutamic acid (glu-

tamate). One of the functions of the glutamatergic system 

is the involvement in nociception. The excitation of NMDA 

receptors by glutamate causes an intracellular inflow of 

calcium ions and enhances the propagation of nociceptive 

impulsation. The concentration of NMDA receptors is par-

ticularly high in the anterior horns of the spinal cord. These 

receptors are associated with the development of central 

sensitisation clinically manifesting itself as hyperalgesia 

and allodynia [81, 82]. Besides inhibiting NMDA receptors, 

magnesium ions exert anti-inflammatory effects by decreas-

ing the plasma concentration of IL-6 and TNF-α. The anti-

inflammatory action can be involved in the reduction in 

central sensitisation [83]. 

Magnesium sulphate added to i.v. morphine reduces 

the daily demand for morphine (opioid-sparing effect) in 

the postoperative period. Although this does not affect 

the incidence of nausea and vomiting, it decreases the se-

verity of pain at rest, especially during the first 4–6 hours, 

at a maximum of up to 20–24 hours after surgery, and on 

movement up to 20–25 hours after surgery ([84] RCT meta-

analysis = level I, [85] RCT meta-analysis = level I, [86] RCT 

meta-analysis = level I, [87] RCT meta-analysis = level I [88], 

RCT meta-analysis = level I). The most pronounced reduction 

in daily demand for morphine was observed after urologic, 

gynaecological and orthopaedic procedures, as well as chol-

ecystectomies, large bowel procedures and coronary artery 

bypass grafting. 

The uniform doses of magnesium sulphate have not 

been determined to date. In most cases, an initial bolus 

of 50 mg kg-1 (range 30–50 mg kg-1) is used, followed by 

intravenous infusion of 10–15 mg kg-1 h-1 (range 6–25 mg 

kg-1 h-1) until the surgery has been completed, although in 

some studies the infusion was continued for 24–48 hours. 

The beneficial effects of magnesium sulphate in the post-

operative period were also observed in patients undergoing 
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subarachnoid anaesthesia ([89] RCT meta-analysis = level 

II, [90] RCT meta-analysis = level II, [91] RCT meta-analysis 

= level II]).

Magnesium ions can delay the restoration of neuromus-

cular transmission and induce bradycardia; nevertheless, 

the available data demonstrate that magnesium sulphate 

is an effective and safe complement of postoperative pain 

pharmacotherapy and should be considered as part of multi-

directional (multimodal) analgesia.

ALPhA-2-AdrEnoMIMEtIc druGS  
(α2-AdrEnErGIc rEcEPtor AGonIStS) 

Agonists of the α2-adrenergic receptor exert their ef-

fects by stimulating α2-receptors in the posterior horn of 

the spinal cord and supraspinally at the locus coeruleus.

The perioperative use of an α2-adrenergic receptor 

agonist, clonidine or dexmedetomidine, diminishes the 

intensity of pain in the postoperative period, enables reduc-

tions in opioid doses and decreases the incidence of nausea 

([92] RCT meta-analysis = level I]. The above drugs are most 

commonly used in premedication (orally or intravenously) 

and intraoperatively (intravenously); their supply can be 

continued in the postoperative period (repeated doses or 

continuous infusions). The optimal dosage has not yet been 

determined. 

Clonidine is most commonly administered as premedi-

cation at a dose of 3–5 µg kg-1 (30–90 minutes before in-

duction, orally or in a 30-60-minute intravenous infusion). 

Its supply can be continued in the intravenous infusion at 

a dose of 0.2–0.3 mg kg-1 h-1 [93–95].

Dexmedetomidine is used at an initial dose in intrave-

nous premedication (5–10 minutes to 30 minutes before 

induction) or intraoperatively in intravenous infusion at 

a dose of 0.5–2 µg kg-1 administered over 5–10 minutes. 

The intravenous supply of dexmedetomidine is continued 

intraoperatively and /or postoperatively at a dose of 0.2–0.5 

mg kg-1 h-1 [96–99].

The most common adverse effects limiting the use 

of α2-adrenergic receptor agonists include hypotension, 

bradycardia and sedation. 

GABAPENTINOIDS (α2δ LIGANDS) 
Gabapentinoids inhibit hyperalgesia and allodynia and 

only slightly affect nociception. They reduce hyperexcita-

tion of neurones in the posterior horns of the spinal cord 

(leading to central sensitisation) developing after traumatic 

tissue damage.

Two phases of gabapentinoid action are distinguished, 

namely rapid (30–60 min) and slow (10–20 h). According 

to the studies performed to date, the rapid phase seems 

essential for acute pain in the perioperative period, which is 

associated with the effects on surgically damaged neurones. 

In these neurones in the apparatus releasing a neurotrans-

mitter, the number of calcium channels increases and the 

cell excitation is up-regulated.

Gabapentinoids bind to a subunit of the α2δ presynaptic 

high-voltage-gated calcium channel (HVA-Ca2+), causing its 

inactivation. The above limits the axonal transport of active 

HVA-Ca2+ channels to the synapse in the spinal cord and 

reduces their number in the neurotransmitter-releasing 

apparatus, which results in a decreased intracellular in-

flow of calcium ions necessary to initiate the release of 

a stimulating neurotransmitter (e.g. substance P, a peptide 

connected with the calcitonin gene) from the presynaptic 

vesicles. Th  e reduced neurotransmitter release decreases 

the excitation of neurones, which results in quick emergence 

of the effects inhibiting the development of allodynia and 

hyperalgesia [100]. 

The perioperative use of gabapentin ([101] RCT meta-

analysis = level I, [102] RCT meta-analysis = level I]) and 

pregabalin ([103] RCT meta-analysis = level I]) improves 

the quality of analgesia at rest and on movement while 

reducing opioid requirements in the postoperative period. 

Gabapentin and pregabalin reduce the incidence of ad-

verse effects induced by opioids, especially vomiting, urine 

retention and nausea. According to the authors of a meta-

analysis regarding perioperative pregabalin, the drug can 

be particularly beneficial for patients undergoing surgical 

procedures associated with highly severe postoperative pain 

and indications for its use should be determined after the 

potential side effects have been considered [104].

The beneficial effects of gabapentin on the severity of 

postoperative pain and opioid consumption were observed 

irrespective of the type of surgery [102] and dose (within 

the range of 300–1200 mg) [101], although the authors 

of a meta-analysis performed later suggest doses in the 

range of 600–1200 mg [102]. Given the diversity of dosing 

protocols, it is difficult to recommend one of them. Based on 

one’s present knowledge, it seems justified to administer ga-

bapentin in premedication 2 hours before surgery at a dose 

of 600–1200 mg, taking into consideration possible adverse 

reactions (excessive sedation, dizziness, vision disorders). 

CORTICOSTEROIDS 
Generally, acute postoperative pain is considered to be 

inflammatory nociceptive pain. Depending on the type of 

surgery, a neuropathic component to acute postoperative 

pain may develop. During the late acute phase of postop-

erative pain, reversible neuropathic pain is even likely to 

predominate [105].

Tissue damage triggers the arachidonic acid cascade, 

ultimately leading to the formation of algesiogenic pros-

taglandins and leukotrienes. The key process for the ini-

tiation of the arachidonic acid cascade is the activation of 
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Figure 1. Scheme of the process of inhibiting phospholipase A2 activity by corticosteroids

phospholipase A2 (PLA2), which releases arachidonic acid 

directly from membrane phospholipids. Arachidonic acid 

is a substrate for cycloxygenase (COX) and lipoxygenase 

(LOX). COX catalyses the synthesis of prostaglandins while 

LOX catalyses the synthesis of leukotrienes. PGE2 and PGI2, as 

well as leukotrienes LBT4, are involved in the development 

of hyperalgesia.

Corticosteroids indirectly inhibit the activation of phos-

pholipase A2 by inducing the synthesis of lipocortine (an-

nexin A1). The inhibition of phospholipase A2 reduces the 

amount of substrate (arachidonic acid) available for cycloxy-

genase and lipoxygenase, which in turn results in reduced 

synthesis of prostaglandins and leukotrienes and finally 

produces anti-inflammatory effects [106]. 

Corticosteroids inhibit the formation and release of pro-

inflammatory cytokines IL-1, IL-2, IL-6, interferon gamma 

(IFN-γ) and tumour necrosis factor alpha (TNF-α). They sta-

bilise the cell membranes of neurones in the peripheral 

tissues and exert an antinociceptive effect at the spinal level.

The main mechanism of action of corticosteroids in-

volves binding to an intracellular receptor (glucocorticoid 

receptor — GR). Via the genomic mechanism, after binding 

the corticosteroid, the GR-ligand complex formed is trans-

ported (translocation) to the cell nucleus. In the nucleus, the 

complex acts directly and indirectly on DNA transcription 

and thus affects the expression of target genes and the syn-

thesis of proteins via transactivation or transrepression. The 

indirect inhibition of inflammatory response genes occurs 

by interacting with the transcription factors — activator pro-

tein 1(AP-1), nuclear factor kappa B (NF-κB) and interferon 

regulatory factor 3 (IRF-3) [107]. The onset of action via the 

genomic mechanism is slow (several hours) [108]. 

Via the non-genomic mechanism, the corticosteroid-

induced processes occur too quickly (minutes) to depend 

on the effects on DNA transcription. One such process is 

the inhibition of arachidonic acid release from membrane 

phospholipids (described above). During this short time cor-

ticosteroids are likely to modulate (stabilise) the excitability 

of the cell membrane and synaptic transmission by interact-

ing with ionotropic receptors, such as GABAA or NMDA, or 

with voltage-gated calcium or potassium channels [108].

The first clinical trials evaluating the effects of steroids on 

postoperative pain were carried out in patients after molar 

extractions in the 1980s [109, 110]. Since that time, many 

clinical trials have been published confirming the efficacy 

of steroids for reducing the severity of pain and opioid 

consumption in the postoperative period. Dexamethasone 

was used most frequently and methylprednisolone, beta-

methasone and hydrocortisone less frequently. 

Patients receiving dexamethasone reported lower in-

tensities of pain at rest and on movement and decreased 

opioid requirements in the postoperative period; the time 

to the first analgesic dose was found to be longer, a rescue 

analgesic dose was less frequently required and recovery 

room stays were shorter. The differences between the study 

and control groups were statistically significant, albeit clini-

cally slight. The pain intensity was reduced by about 10%, as 

compared with the control group. Opioid requirements dur-

ing the first 24 postoperative hours decreased by 10–13% 

([111] RCT meta-analysis = level I, [112] RCT meta-analysis 

= level I, [113] RCT meta-analysis = level I]). 

 Dexamethasone at a dose of 0.11–0.2 mg kg-1 reduces 

the pain intensity and opioid demand in the postoperative 

period. A lower dose does not exert such effects whereas 



185

Hanna Misiołek et al., Postoperative pain management (2018)

a higher dose is not more effective ([114] RCT meta-analysis 

= level I). The analgesic action of dexamethasone is stronger 

when administered 45–90 minutes before surgery ([113] RCT 

meta-analysis = level I, [114] RCT meta-analysis = level I])  

A certain limitation to preoperative i.v. administration of 

dexamethasone might be a high incidence (50–70%) of 

strong, burning pain of the perineum, especially after the 

quick administration of a low volume. This can be prevented 

by diluting the drug in 50 mL 0.9% NaCl and giving it by an 

intravenous infusion for 10–15 minutes [113, 114].

 A single dose of dexamethasone has not been found to 

increase the incidence of infections or to delay postopera-

tive wound healing; however, during the first 24 postopera-

tive hours, the blood concentration of glucose is slightly yet 

statistically significantly higher ([111] RCT meta-analysis = 

level I, [114] RCT meta-analysis = level I, [113] RCT meta-

analysis= level I]).

The use of dexamethasone for postoperative pain relief 

is best documented in patients undergoing the following: 

maxillofacial procedures ([115] RCT meta-analysis = level I]); 

tonsillectomies (including those in children) [111] RCT meta-

analysis = level I, [116] RCT meta-analysis = level I]; thyroid 

surgeries [117] RCT meta-analysis = level I]; and knee and 

hip procedures [118] RCT meta-analysis = level I, [119] RCT 

meta-analysis = level I].

A dose of 0.1–0.2 mg kg-1 is most frequently used. For 

optimal analgesic effects, this should be administered about 

45–90 minutes before surgery. The analgesic effects are 

maintained for up to 24 hours. 

KETAMINE
 The basic management to maintain homeostasis in 

a surgical patient involves the provision of adequate analge-

sia and sedation, as well as the blockage of afferent transmis-

sion of stimuli (including those which are nociceptive) to the 

CNS, haemodynamic stability, appropriate tissue perfusion 

and abolition of reflexes. In the postoperative period (includ-

ing post-trauma), the therapeutic interventions should be 

focused on providing effective analgesia and haemody-

namic stability. In order to achieve this, perioperative (post-

trauma) opioid analgesics are used. According to some re-

cent studies, however, patients are likely to develop opioid-

induced immunosuppression, which may result in increased 

incidences of perioperative infections, an increased risk of 

complications (in elderly patients, in particular) [120, 121] 

and the risk of opioid-induced hyperalgesia (opioid paradox) 

resulting in higher intensity of pain, despite the escalation 

of doses of opioid analgesics [122, 123]. Moreover, opioid-

induced adverse effects in the perioperative or post-trauma 

period, such as nausea, vomiting, impaired peristalsis, can 

significantly prolong the hospitalisation and favour perio-

perative complications. Therefore, the on-going studies are 

focused on the optimisation of perioperative management, 

in which the use of opioid analgesics will be substantially 

limited or completely eliminated (opioid free anaesthesia/

analgesia — OFA), which should enable the elimination of 

opioid-associated adverse reactions [124–126].

The above method involves multimodal management 

based on multifaceted pharmacotherapy and block anaes-

thesia techniques and is associated with: 

1) the induction of a sympathetic nerve block:

 — direct: clonidine, dexmedetomidine, β-adrenolytics;

 — indirect: lidocaine, volatile anaesthetics, calcium an-

tagonists;

2) the use of multimodal pharmacotherapy modulating 

nociception:

 — ketamine, dexmedetomidine, lidocaine i.v., MgSO4,

 — paracetamol, dexketoprofen, metamizole;

3) peripheral nerve blocks:

 — single/continuous infiltration anaesthesia,

 — interfascial blocks,

 — paravertebral blocks,

 — nerve and plexus blocks;

4) central blocks.

Considering the above, the use of ketamine, whose 

mechanism of action is multifaceted, enables one to 

provide effective OFA or to substantially reduce opioid 

doses. By inhibiting the activation of the NMDA receptor, 

ketamine induces analgesia and prevents the develop-

ment of chronic postoperative pain [127,128] whereas by 

activating adrenergic neurones and inhibiting synaptic 

reuptake of monoamines it determines haemodynamic 

stability in the perioperative and post-trauma period [129, 

130]. Ketamine is also characterised by the lack of inhibi-

tory effects on the respiratory centre; it dilates bronchi-

oles, does not inhibit the upper respiratory reflexes [131] 

and blocks the activation of proinflammatory cytokines 

[132]. Moreover, its use is associated with a significantly 

lower incidence and severity of postoperative nausea and 

vomiting (level IA, according to evidence-base medicine 

(EBM) [133, 134]. Furthermore, the antidepressant action 

of ketamine used in sub-anaesthetic doses, associated 

both with the induction of brain-derived neurotrophic 

factor (BDNF) expression (BDNF concentration is reduced 

in patients with depression) and with glutaminergic neu-

rotransmission block, is particularly useful in ICU patients 

after multiple organ injuries or extensive surgical proce-

dures, as it can prevent post-traumatic stress syndrome 

[135, 136].

In clinical practice, sub-anaesthetic doses of periopera-

tive ketamine are recommended, which provide haemody-

namic stability and effective analgesia, and allow avoiding 

psychotomimetic symptoms. The suggested perioperative 

doses are presented in Table 7 [137].
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Table 7. Perioperative sub-anaesthetic doses of ketamine [137]

Surgical procedures < 60 min; 0.1–0.3 mg kg-1 i.v. bolus during induction

Surgical procedures > 60 min, with no i.v. infusion planned in the postoperative period; 0.1–0.3 mg kg-1 i.v. bolus during induction, followed by 
boluses at a dose of 0.1–0.3 mg kg-1 every 30–60 min

Surgical procedures > 60 min, with i.v. infusion planned in the postoperative period; 0.1–0.3 mg kg-1 i.v. bolus during induction followed by i.v. 
infusion at a dose of 0.1–0.2 mg kg-1 h-1 over 24–72 hours. After 24 hours, a dose reduction to 10 mg h-1 or less should be considered

It should be emphasised that due to the effects de-

scribed above, ketamine is used in emergency medicine 

and battlefield medicine, where it effectively relieves acute 

pain accompanying the injuries to the thorax, abdomen, soft 

tissues and the skeletomuscular system [138–140]. 

The dosing protocol of ketamine in this group of patients 

is as follows: 

 — initial dose: 0.1–0.5 mg kg-1 

 —  followed by continuous i.v. infusion of 0.05–0.4 mg kg-1 h-1  

[140, 141]. 

Moreover, in trauma patients, pre-hospital analgesic 

management involves intranasal applications of S-ketamine 

at a dose of 0.45–1.25 mg kg-1 [142] or racemic ketamine 

at an initial dose of 0.7 mg kg-1; when ineffective within 

15 minutes, another dose is given — at 0.5 mg kg-1 [143].

Acute pain accompanying diagnostic and therapeutic 

procedures in emergency departments and intensive care 

units is relieved with a mixture of ketamine and propofol, 

so-called ketofol, usually in the following doses:

 — 1:4 (40 mg ketamine + 160 mg of propofol),

 — 1:1 (0.5 mg kg-1 ketamine + 0.5 mg kg-1 propofol) [144–

146].

cAnnABInoIdS In PAIn MAnAGEMEnt
Cannabinoids are organic chemical compounds, active 

substances interacting with the metabotropic cannabinoid 

receptors CB1 and CB2, produced endogenously in humans 

and animals – endocannabinoids (anandamide and arachidi-

nyl glycerol), phytocannabinoids found in Cannabis sativa 

and Cannabis indica and synthetic cannabinoids. Cannabi-

noids naturally occurring in cannabis herbs have been used 

for medical purposes for centuries. Marihuana is also the 

most popular narcotic agent used for recreational purposes. 

In the 1940s, the use of cannabinoids was prohibited in the 

United States and many other countries. The active compo-

nent is psychoactive Δ-9-tetrahydrocannabinol (THC), also 

responsible for many known effects; more than 60 chemical 

compounds were identified, including cannabidiol (CBD) 

and cannabinol (CNB) showing no psychoactive action. 

The CB1 receptors located in the CNS and agonists of 

these receptors have euphoric, anti-seizure, analgesic, an-

tiemetic and appetite-enhancing effects. As they are not 

present in the medulla oblongata, cannabinoids do not 

cause respiratory depression. The CB2 receptors are located 

peripherally, have immunosuppressive and anti-inflamma-

tory effects, modulating the release of proinflammatory 

cytokines (among other things). They are present in the 

respiratory and cardiovascular system, muscles and gas-

trointestinal tract. Under normal conditions, cannabinoid 

neurotransmitters (endocannabinoids) bound to cannabi-

noid receptors regulate homeostasis and the maintenance 

of cognitive functions, memory, appetite, heart rhythm, 

intraocular pressure and gastrointestinal peristalsis. 

A systematic review of the available randomised con-

trolled studies demonstrates that cannabinoids do not play 

any role in relieving acute, postoperative pain. Moreover, 

they have not been found to be effective for prevention of 

postoperative nausea and vomiting [147–149].

Cannabinoids may be used in cancer patients with the 

disease-associated symptoms or negative treatment out-

comes, such as persistent nausea, vomiting, loss of appetite 

and pain, mainly neuropathic pain resistant to other forms of 

treatment. The above symptoms are predominantly related 

to chemotherapy and radiation therapy. Pre-clinical stud-

ies suggest that cannabinoids might be also effective for 

prevention of peripheral neuropathy after chemotherapy 

[150–152]. Cannabinoids used for a short time have an ac-

ceptable safety profile and the adverse effects are generally 

well tolerated and short-term. In conclusion, prescription 

cannabinoids should be available for patients with debilitat-

ing symptoms when other standard methods of treatment 

have failed [153, 154].

GEnErAL rEcoMMEndAtIonS
PREOPERATIVE EDUCATION AND PLANNING  
OF PERIOPERATIVE PAIN MANAGEMENT

It is recommended to provide patients with information 

and knowledge of postoperative pain treatment options. 

The plan and goals of postoperative pain management 

should be documented (I C strong recommendation, low-

quality evidence).

An individualised approach to preoperative educa-

tion involves the provision of information that is age-

appropriate, tailored to the patient and family level of 

comprehension, one’s general knowledge about health, 

cultural and linguistic differences, and supported by op-

portunities to ask questions and receive authoritative and 

useful answers [155]. 
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The administration of analgesics should be adjusted 

to the patient and their needs. An individual approach to 

perioperative analgesia should include preoperative evalu-

ation of the patient, a physical examination and an assess-

ment of their history regarding concomitant diseases, in-

cluding mental health, concomitant drugs, the presence of 

chronic pain, earlier strategies of postoperative pain relief 

(I C, strong recommendation low-quality evidence) [156].  

Moreover, it is important to evaluate opioid dependence 

or tolerance, as well as earlier and present consumption, 

as it may be associated with increased requirements for 

opioids in the postoperative period and inadequate an-

algesia [157]. 

Education or counselling should also include informa-

tion about the way of reporting pain and its assessment 

(including tools for evaluating pain). Moreover, the goal of 

education should be to correct all false beliefs concerning 

pain and analgesics.

In the analgesic management plan, the efficacy of pain 

relief should be so adjusted as to minimise any adverse 

effects (IC strong recommendation, low-quality evidence). 

Optimal pain treatment should be provided with suit-

ably frequent assessment of pain relief adequacy and the 

early detection of adverse reactions (respiratory depression 

requiring immediate intervention) [158]. 

METHODS FOR PAIN INTENSITY ASSESSMENT
In order to monitor one’s responses to analgesic treat-

ment and verify its management (if required), the use of 

validated tools is recommended (scales of postoperative 

pain assessment (I B, strong recommendation moderate-

quality evidence). The tools assessing the severity of pain 

use various methods of pain measurement (scales: visual-

analogue; numerical; verbal). The choice of a scale (tool) 

should be based on such factors as developmental status, 

cognitive status, consciousness level, educational level and 

linguistic differences [159–161]. 

Examples of the recommended subjective assessment 

of pain intensity in adults are as follows:

 — 5-point numerical rating scale (NRS 0–5) [162],

 — 10-point numerical rating scale (NRS 0–10) [163],

 — verbal rating scale (VRS) [163],

 — visual analogue scale (VAS) (0–10 cm or 0–100 mm) [164].

The assessment of pain intensity should be regularly 

monitored not only at rest but also in situations that can 

provoke and intensify pain (which is important and empha-

sised in the literature), e.g. during post-tonsillectomy swal-

lowing, deep breathing and coughing after a thoracotomy 

and abdominal procedures, as well as during walking after 

lower limb surgeries. The pain intensity should not exceed 

an NRS score of 4 (0–10-point scale); in situations provoking 

severe pain, up to 6 [165]. 

If the level of pain severity is high and unresponsive to 

routine management, it should be evaluated whether the 

pain does not result from a new condition, postoperative 

complications or potential tolerance to opioids. The evalu-

ation is to determine which of the interventions is going to 

be effective, the way pain affects the functional changes, 

the type of pain (e.g. neuropathic, visceral, somatic, spastic), 

as well as possible impediments to effective pain treatment 

(cultural or linguistic differences, intellectual limitations or 

false beliefs regarding pain management). 

There is no sufficient evidence to indicate special recom-

mendations concerning the optimal time and frequency of 

re-assessment of postoperative patients. The time of assess-

ment after the intervention should correspond to the period 

in which the maximum efficacy is achieved, most commonly, 

15–30 minutes after parenteral pharmacotherapy or 1–2 

hours after oral analgesic administration. 

MULTIMODAL THERAPY — GENERAL PRINCIPLES 
The concept of multimodal (“balanced”) analgesia was 

introduced for postoperative pain management more than 

20 years ago [166]. The method is defined as the use of a va-

riety of analgesic medications and techniques that target 

many mechanisms of action in the peripheral and/or CNS 

system (also combined with non-pharmacological interven-

tions) resulting in additive or synergistic effects and more 

effective pain relief compared with single-modality inter-

ventions. The suggested analgesic techniques are based 

on regional blocks (peripheral or central) in combination 

with systemic opioids and other analgesics as part of a mul-

timodal approach to postoperative pain management. The 

use of opioid analgesics may not be required in all patients. 

One study has suggested that opioids should be avoided 

when not needed, as there is some evidence demonstrating 

that perioperative opioid therapy may be associated with 

an increased risk of prolonged opioid use and the resultant 

dangers [167]. 

Randomised trials [168, 169] demonstrate that multi-

modal analgesia involving the simultaneous use of several 

combined drugs affecting various receptors, or at least one 

pharmacological method based on different techniques 

(e.g. systemic supply and central blocks), is associated with 

excellent pain relief and reduced requirements for opioids, 

as compared with a single drug administered using one 

technique, even after excluding those trials which were 

retracted due to scientific fraud or those that had not been 

retracted despite their author having admitted falsifying 

the data in other studies [170, 171].

For any given situation, there are numerous potential 

combinations and various multimodal methods that can 

prove effective depending on the type of surgery, individual 

clinical factors and patient`s preferences. Given the dangers 
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associated with opioid use, contraindications or planned 

long-term treatment of postoperative pain, it is recom-

mended to use opioid-free multimodal analgesia based on 

the simultaneous use of several drugs affecting different re-

ceptors in combination with regional techniques [168, 169].

The choice of multimodal therapy is a challenge as many 

potential combinations can be designed for each surgi-

cal procedure, mainly targeted at reducing opioid require-

ments. However, while using multimodal analgesia, anaes-

thetists should be aware of the different side effect profile 

for each analgesic or technique applied. When three or 

more analgesics are combined, it is difficult to draw explicit 

conclusions and anticipate the safety and efficacy of such 

a therapy, due to the diversity of mechanisms of analgesic 

actions, doses, routes of administration, etc. It is essential to 

provide suitable monitoring to identify adverse effects and 

manage them (i.e. to apply effective treatment) [172–174]. 

Multimodal analgesia for postoperative pain manage-

ment, targeted at reducing opioid requirements or elimi-

nating them, is strongly recommended (I A strong recom-

mendation, high-quality evidence).

OPIOID ANALGESICS FOR POSTOPERATIVE PAIN THERAPY
In patients in whom the use of opioids for postoperative 

pain management is required, the enteral route of admin-

istration is recommended, provided that there are no con-

traindications for oral supply (I B strong recommendation, 

moderate-quality evidence).

The majority of evidence suggests intravenous adminis-

tration of opioids in postoperative analgesia is not superior 

to the oral route and is generally preferred [175]. Given the 

continuous nature of postoperative pain during the first 

day and the necessity to initially titrate opioids, long-acting 

opioids are not recommended (due to a lack of evidence 

proving effective pain control). The exception is patients 

receiving long-lasting opioids preoperatively. 

It is not recommended to use preoperative opioids in 

order to reduce the severity of postoperative pain or opioid 

requirements (study findings demonstrate a lack of evident 

benefits [176, 177].

 The intramuscular supply of analgesics (opioid and non-

opioid) for acute and postoperative pain management is not 

advised (I B strong recommendation, moderate-quality evi-

dence) as it may cause a substantial pain at the site of injec-

tion and is associated with unpredictable absorption, which 

restricts the control of postoperative analgesia [178, 179]

PCA for intravenous opioid administration is recom-

mended and necessary in patients with intestinal obstruc-

tion and the risk of aspiration after surgical procedures as 

they cannot take drugs orally (enterally) (I B strong recom-

mendation, moderate-quality evidence). Intravenous PCA 

should be used in the group of patients requiring long-term 

(at least 24h) opioid analgesia whose cognitive functions 

are preserved (understanding the functioning of devices 

and health consequences of this technique, its limitations 

and safety) [180–182].

The use of single intravenous doses of opioids may be 

considered in the immediate postoperative period (the first 

several hours) in order to achieve quick pain relief and to 

titrate analgesic doses. Single intravenous doses may also 

be used in patients under sedation, provided that vital func-

tions are strictly monitored [176]. In the immediate postop-

erative period, intravenous boluses may be considered in 

order to quickly alleviate pain and suitably titrate the opioid 

dose. Possible sequels of this method, i.e. increased seda-

tion or respiratory depression, should be monitored [176]. 

The routine use of basal infusions with i.v. PCA is not 

recommended, particularly in opioid-naive adults (I B strong 

recommendation, moderate-quality evidence) [183, 184]. 

Additionally, the basal infusion of opioids is associated 

with an increased risk of nausea and vomiting, as well as 

respiratory depression [185]. There is still no strong evidence 

about the usefulness of opioid basal infusion in patients 

receiving long-term preoperative opioid therapy. 

It is recommended to monitor appropriately the depth 

of sedation, the efficacy of ventilation and other adverse side 

effects of postoperative opioids (I B strong recommendation, 

moderate-quality evidence). 

Due to the risk of excessive sedation and respiratory 

depression, patients receiving systemic opioids postopera-

tively should be strictly monitored during the first post-

surgery hours and after dose changes [186]. This monitoring 

should include an assessment of the degree of sedation and 

the signs and symptoms of hyperventilation or hypoxia. 

Although the respiratory system is often postoperatively 

monitored using pulse oximetry, it is not clear whether this 

method is superior to the observation of respiratory rates and 

sedation carried out by nurses; randomised trials have not 

proven evident effects on clinical outcomes while the sensi-

tivity of pulse oximetry is too low to identify hyperventilation 

when supplemental oxygen is being administered [187]. 

Limited evidence suggests that capnography may prove 

to be more sensitive than pulse oximetry in detecting respir-

atory depression in patients receiving supplemental oxygen 

[188]. The evidence is insufficient to explicitly recommend 

the use of capnography or other more sophisticated meth-

ods of monitoring. The risk factors of respiratory depression 

include a history of sleep apnoea [189] and the use of other 

CNS-depressive drugs [186].

NON-OPIOID DRUGS FOR ACUTE POSTOPERATIVE PAIN 
MANAGEMENT

Nonsteroidal anti-inflammatory drugs (NSAIDs) are rec-

ommended as part of multimodal analgesia unless there 
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are specific contraindications (IA- strong recommendation, 

high-quality evidence). 

The administration of NSAIDs is associated with an in-

creased risk of gastrointestinal bleeding, cardiologic incidents 

and kidney dysfunction, which should be considered when 

choosing treatment. The literature demonstrates that the 

risk of gastrointestinal disturbances is lower when celecoxib, 

a selective cycloxygenase 2 inhibitor, is used. Although animal 

studies suggest an association between bone non-union after 

orthopaedic surgeries and NSAIDs, there is no strong evi-

dence confirming the effects of NSAIDs on non-union rates. 

Although some observations suggest a possible association 

between high doses of NSAIDs and non-union in spinal fusion 

[186, 190], this association has not been found to be statisti-

cally significant in the analysis of strong-evidence studies. 

Observational studies suggest that exposure to NSAIDs may 

be associated with an increased risk of anastomotic leakage 

after colon surgeries [191–193]. No sufficient evidence has 

been found to recommend against the use of NSAIDs in pa-

tients undergoing surgeries for orthopaedic fractures, spinal 

fusion and colon procedures. There are contraindications for 

NSAID use in postoperative pain management in patients 

undergoing coronary artery bypass grafting procedures due 

to an increased risk of cardiovascular incidents [194]. 

It is recommended to administer a preoperative oral 

dose of celecoxib in adults, unless contraindicated (IB strong 

recommendation, moderate-quality evidence).

Celecoxib reduces opioid requirements after surgery; 

moreover, many studies have reported significantly reduced 

postoperative pain [195–197]. 

It is recommended to consider the use of gabapentin 

or pregabalin as a component of multimodal therapy (I B 

strong recommendation, moderate-quality evidence) in 

order to reduce postoperative opioid requirements and to 

achieve the direct analgesic effect [198–200].

It is suggested to supply gabapentinoids, particularly in 

patients undergoing surgeries associated with substantial 

pain or as part of multimodal therapy in patients with a high 

tolerance to opioids. The possible adverse effects include 

nausea and sedation that is not connected with respiratory 

depression. Dose reductions are recommended in patients 

with kidney dysfunction.

Moreover, intravenous ketamine is recommended to be 

considered as part of multimodal therapy (II B weak recom-

mendation, moderate-quality evidence).

The available study findings have demonstrated that 

intravenous infusions of ketamine were associated with re-

duced postoperative requirements for analgesics, compared 

with a placebo; according to some studies, the supply of this 

drug was associated with a lower severity of postoperative 

pain. Intravenous ketamine was also associated with a lower 

risk of persistent postoperative pain [201–203].

There is no explicit evidence to determine the optimal 

method of ketamine dosing. A single preoperative dose of 

0.5 mg kg-1 is recommended, followed by intraoperative 

infusion of 10 µg kg-1 min-1 with or without postopera-

tive infusion at a lower dose [204]. The principles of its use 

should be known and adverse reactions taken into account 

(hallucinations, nightmares). It is suggested that ketamine 

should be reserved for extensive surgical procedures, espe-

cially in highly opioid-tolerant patients and those in whom 

non-opioid analgesia is indicated. 

Intravenous lidocaine is recommended in adults under-

going open and laparoscopic abdominal procedures, taking 

into account contraindications (II B weak recommendation, 

moderate-quality evidence).

Intravenous lidocaine is recommended as part of mul-

timodal perioperative analgesia in abdominal surgeries 

with the available study findings demonstrating a shorter 

duration of gastrointestinal motoric dysfunction and better-

quality analgesia, as compared with a placebo [205, 206]. In 

clinical trials, lidocaine was usually administered in a bolus 

(100–150 mg or 1.5–2.0 mg kg-1), followed by an infusion of 

2–3 mg kg-1 h-1 until the completion of surgery. Ultimately, 

an induction dose of 1.5 mg kg-1 and an intraoperative dose 

of 2 mg kg-1 h-1 are recommended [207, 208]. The continu-

ation of intravenous infusion in the postoperative period 

requires further studies. 

LOCAL ANALGESIA
Surgical site infiltration with a local anaesthetic is recom-

mended for procedures in which local anaesthetics were 

proved to be effective (II B weak recommendation, moder-

ate-quality evidence). Subcutaneous and/or intra-articular 

local anaesthesia of the surgical site has been demonstrated 

to be an effective element of multimodal analgesia in nu-

merous surgical procedures, including knee replacements, 

knee arthroscopic procedures, Caesarean sections, laparoto-

mies and haemorrhoid surgeries [209–211]. 

The use of surgical site local infiltration should be based 

on evidence showing a benefit in a given surgical procedure. 

It is essential to have appropriate knowledge concerning the 

method of infiltration and its range, which differ depending 

on the surgery and other local anaesthetics used, including 

those of extended release such as liposomal bupivacaine 

[212]. Moreover, although data are limited, continuous intra-

articular bupivacaine in patients undergoing shoulder pro-

cedures can be associated with chondrolysis [213], which 

suggests caution while using this method. 

PERIPHERAL NERVE BLOCKS
Peripheral nerve blocks are recommended as regional 

analgesia for surgeries in which the evidence shows their 

efficacy (I A strong recommendation, high-quality evidence).
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It has been demonstrated that peripheral blocks are an 

effective component of multimodal analgesia for postop-

erative pain management in numerous surgical procedures, 

including thoracotomy [214], lower limb arthroplasty [215–

217] shoulder surgeries [216] and Caesarean sections [218].

A precondition for safe and effective use of peripheral 

nerve blocks is appropriate knowledge regarding the use of 

ultrasound imaging and anatomy, as well as the mechanisms 

of action of local anaesthetics and their adverse effects. 

Potential motor blocks and the risk of falls should be taken 

into account. When continuous blocks using elastomeric 

pumps (which, unlike electronic pumps, are not equipped 

with an alarm) are decided upon, the patient and/or car-

egivers should be instructed about the functioning of such 

a pump and the symptoms of toxic reactions induced by 

local anaesthetic overdosing. 

Continuous methods of peripheral nerve blocks are 

recommended exclusively when the required duration of 

analgesia exceeds the time of action of a single injection 

(I B strong recommendation, moderate-quality evidence).

Both a single injection and continuous peripheral blocks 

are effective for postoperative analgesia in patients under-

going various surgical procedures [216, 219]. If the duration 

of postoperative pain is prolonged, continuous blocks are 

generally preferred to a single injection whose action is 

limited. 

CENTRAL BLOCKS 
Central blocks are recommended for postoperative an-

algesia after thoracic and abdominal surgeries, particularly 

in patients at high risk of cardiac and pulmonary complica-

tions and prolonged ileus (I A strong recommendation, 

high-quality evidence) [214, 220].

As far as the preventive effect is concerned, there are 

data demonstrating the efficacy of central blocks in chronic 

postoperative pain. In order to prevent chronic postopera-

tive pain, it is recommended to use epidural anaesthesia 

after a thoracotomy and paravertebral anaesthesia for mas-

tectomies [221]. The decision to use epidural analgesia for 

postoperative pain management has to be associated with 

numerous factors, while the medical personnel should con-

sider the risk-benefit ratio. Moreover, adequate monitoring 

of patients should be provided (I B strong recommendation, 

moderate-quality evidence). 

Although epidural analgesia is associated with a lower 

risk of perioperative mortality, as well as cardiac and pulmo-

nary complications, as compared with systemic opioids, the 

adverse effects and complications of this method should be 

taken into account (respiratory depression, hypotension, 

epidural haematoma or abscess) [214]. In patients under-

going hip or lower extremity surgical procedures, central 

blocks may mask the symptoms of tunnel syndrome. Due 

to the above-mentioned effects of central blocks, patients 

should be monitored and the attending personnel should be 

prepared to implement the methods for the prevention and 

treatment of adverse effects and complications (reduction in 

drug doses, catheter removal in cases of haematomas or ab-

scesses) or to undertake some other measures, as required. 

PAIN CONTROL TEAMS — STRUCTURE AND FUNCTIONING

The centres in which surgical procedures are performed 

are recommended to have an organisational structure (or 

re-organise the existing one) in order to develop and im-

prove the management policy of safe and effective postop-

erative pain relief (I C strong recommendation, low-quality 

evidence).

The centres in which surgical procedures are performed 

should have an organisational structure in order to over-

see the development, implementation and assessment of 

principles and practices in order to assure safe, evidence-

based and effective postoperative pain control. Ideally, the 

process should be interdisciplinary, provided by already 

existing organs or a designated pain control team. The role 

of administrative and medical management is emphasised, 

including the units that are most integrally connected with 

perioperative pain management. Access to specialist con-

sultations should be provided for patients with inadequate 

postoperative pain management or those at high risk of in-

adequate postoperative pain management (e.g. a history of 

opioid tolerance or dependence or chronic pain) (I C strong 

recommendation, low-quality evidence).

Postoperative pain treatment can be a challenge and 

requires the advanced methods of assessment and manage-

ment skills that specialists in pain therapy possess. In some 

cases, postoperative pain may be controlled inadequately 

despite the use of standard multimodal therapies [222]. 

 Centres using advanced techniques of central and pe-

ripheral blocks should have appropriately educated per-

sonnel and ensure training, supervision and the gaining of 

experience in order to assure safe and effective treatment. 

Those centres employing advanced techniques of postop-

erative analgesia should have clearly defined policies and 

procedures ensuring the adequate monitoring of patients 

and competent, well-trained and educated personnel in-

volved in caring for these patients. Moreover, clear and 

reliable principles for hospital and nursing staff to be able 

to contact specialists employing the above-mentioned tech-

niques should be defined (I C strong recommendation, low-

quality evidence).

POST-HOSPITAL POSTOPERATIVE PAIN CONTROL
It is recommended that physicians provide both patients 

(or legal guardians) and staff ensuring basic health care with 

information regarding pain therapy plans, including the 
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gradual reduction of analgesic doses after discharge (I C 

strong recommendation, low-quality evidence).

Studies on the methods and outcomes of discharge 

planning are few and insufficient to recommend particular 

optimal methods [223]. Nevertheless, the available reports 

and clinical experience suggest the need for proper co-

ordination of actions after discharge, as part of a postop-

erative pain management plan. A coordinated approach 

to recommendations after discharge is highly important, 

including advice and support from family doctors, nurses, 

physiotherapists and pharmacists [224]. 

dEtAILEd rEcoMMEndAtIon — AnALGESIc 
MAnAGEMEnt In SELEctEd tYPES oF SurGErIES

The recommendations do not include doses of indi-

vidual drugs (they should be used in accordance with the 

Summary of Product Characteristics or the suggestions of 

the authors presented in the remaining chapters of the 

recommendations, based on the 2014 guidelines which 

described the doses of all drugs in detail).

ARTHROSCOPIES, ENDOSCOPIC UROLOGICAL 
PROCEDURES, SKIN AND SUBCUTANEOUS TISSUE 
PROCEDURES

 — paracetamol and/or

 — nonsteroidal anti-inflammatory drugs (NSAIDs):

a)  coxibs or

b)  selective NSAIDs: nimesulide, meloxicam or

c)  non-selective NSAIDs (diclofenac, or ibuprofen or 

ketoprofen or dexketoprofen) 

and/or 

d)  metamizole and /or 

e)  tramadol (capsules, drops). 

All the above analgesics are recommended for oral ad-

ministration. During the following postoperative days, the 

number of drugs should be gradually reduced (without 

reducing the doses), taking into account the severity of pain 

reported by the patient. 

Techniques of local analgesia: 

 — adductor canal block (knee arthroscopy, 20 mL 2% li-

docaine or 20 mL 0.375% ropivacaine or 0.375–0.25% 

bupivacaine);

 — brachial plexus block (shoulder arthroscopy, 10–15 mL 

2% lidocaine or 0.375–0.5% ropivacaine or 0.375–0.5% 

bupivacaine) or 

 — axillary and suprascapular nerve block (shoulder ar-

throscopy, 5–10 mL per each nerve, 2% lidocaine, or 

0.375% ropivacaine, or 0.25% bupivacaine); 

 — surgical incision injection with a local anaesthetic (1–2% 

lidocaine, 0.2% ropivacaine, 0.125–0.25% bupivacaine, 

in a volume dependent on the extent of the incision, 

and not exceeding maximum doses).

LAPAROSCOPIC CHOLECYSTECTOMY, APPENDECTOMY, 
INGUINAL HERNIA REPAIR, STRUMECTOMY 

Before surgery: 

 — nonsteroidal anti-inflammatory drugs (NSAIDs): 

a)  coxibs (B) or

b)  selective NSAIDs: nimesulide, meloxicam (p.o.) (C) or

c)  non-selective NSAIDs (diclofenac or ibuprofen or ke-

toprofen or dexketoprofen) (p.o.) (A);

 — dexamethasone (i.v.) (B);

 — gabapentin (p.o.) (B);

 — lidocaine (i.v.) (B).

Local techniques:

 — ilioinguinal and iliohypogastric nerve block (B) (10–15 

mL of local anaesthetics , e.g. 0.2% ropivacaine, or 1–2% 

lidocaine, 0.1–0.125% bupivacaine) or

 — incision site infiltration 0.25–0.5% ropivacaine 30–40 mL 

or 0.25–0.5% bupivacaine up to 30 mL (A) or

 — quadratus lumborum block (QLB) (15–20 mL), 0.2% 

bupivacaine or 0.375% ropivacaine (C) (inguinal hernia 

repair, traditional method);

 — trocar site injection with local anaesthetics (LAs) (A) 

(laparoscopic procedures); 

 — incision site injection with LAs (0.25–0.5% ropivacaine 

10–20 mL, 0.25–0.5% bupivacaine 10–20 mL) (A) 

(strumectomy).

After surgery: 

 — paracetamol and/or metamizole (A) and/or

 — NSAIDs (ketoprofen or dexketoprofen or coxibs [no 

contraindication and possible oral administration]) (A);

 — weak opioids (C) — tramadol;

 — strong opioids (morphine, oxycodone) as rescue anal-

gesia (C) [225].

In cases of high risk of pulmonary complications, tho-

racic epidural analgesia is recommended (laparoscopic 

cholecystectomy) (B).

Parenteral postoperative analgesia should be replaced with 

non-invasive methods of administration (enteral) as quickly as 

possible; opioids should be replaced with non-opioid analge-

sics and the intensity of pain ought to be regularly controlled. 

TONSILLECTOMY
Before surgery: 

 — nonsteroidal anti-inflammatory drugs: 

a)  coxibs (B) or

b)  selective NSAIDs: nimesulide (p.o.) (C) or

c)  non-selective NSAIDs (ibuprofen) (p.o.) (C);

 — dexamethasone (i.v.) (B);

 —  gabapentin (p.o.) (C).

After surgery: 

 — paracetamol and/or metamizole (A);

 — and/or NSAIDs (ketoprofen or dexketoprofen or coxibs 

[no contraindication and possible oral administration]) (A);
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 — weak opioids (C) (tramadol);

 — strong opioids (morphine, oxycodone) as rescue anal-

gesia (C).

Local techniques: 

 — post-tonsillectomy site injection 5–7 mL per side: 0.25–

0.375% bupivacaine or 0.5% ropivacaine, or 2% lidocaine 

[227–231]. 

CAESAREAN SECTION
Before surgery:

 — gabapentin (p.o.) (I A);

 — dexamethasone (i.v.) (II B).

After surgery: 

 — paracetamol (i.v.) (I A);

 — morphine (i.v.) (PCA) (I A);

 — or nalbuphine (i.v.) (PCA) (II B).

Local analgesia:

 — quadratus lumborum block (QLB) (15–20 mL per side), 

0.2% bupivacaine or 0.375% ropivacaine (C) or 

 — transversus abdominis plane (TAP) block, 15–20 mL 

per side 0.125–0.25% bupivacaine or 0.2–0.375% ropi-

vacaine (C) or 

 — wound injection or continuous infiltration with LAs (IA) 

[231–234].

MASTECTOMY
Before surgery: 

 — paravertebral block (paravertebral blockade — PVB) (A);

 — pectoral nerve blocks PECS 1 PECS 2 (pectoral nerve 

blocks 1, 2) 10–20 mL 0.2% ropivacaine or 0.1% bupiva-

caine, serratus anterior plane block (SAPB 1, 2);

 — gabapentin (p.o.) (A);

 — coxibs (p.o.) (C);

 — paracetamol (p.o.) (B).

After surgery: 

 — (VAS > 5) NSAIDs or coxibs (A) + paracetamol (B) + strong 

opioids (B) and/or metamizole;

 — (VAS > 3 < 5) NSAIDs or (A) + paracetamol (B) + weak 

opioids (B) and/or metamizole.

Local analgesia:

 — continuation of continuous PVB analgesia (A)

or continuous thoracic segmental blocks (C) [235–237].

THORACOTOMY
Before surgery:

 — thoracic epidural anaesthesia/analgesia (TEA) with LA 

+ strong opioid (A) or 

 — paravertebral block (PVB) with LA (A) or 

 — intercostal block (C) or 

 — one of the thoracic peripheral blocks (QLB or ESP or 

PECS 1 and 2) (C);

 — phrenic nerve block (C) (prevents and reliefs shoulder 

pain);

 — incision site infiltration with LA (A).

 After surgery:

 — TEA continuation (continuous infusion or PCA) (A) or 

 — PVB continuation (continuous infusion PCA) (A) or 

 — systemic analgesia (no possibility to perform or lack of 

efficacy of regional analgesia);

a)  non-selective NSAIDs (i.v.) (A) or 

b)  coxibs (p.o.) (B);

c)  strong opioids (i.v. PCA) (A) + NSAID (A) + paracetamol (A) or 

d)  weak opioids (i.v.) (C) + NLPZ + metamizole + para-

cetamol [238–241].

LAPAROTOMY
Before surgery:

 — coxibs (p.o.) (B);

 — lidocaine (i.v.) (B);

 — thoracic epidural anaesthesia (PCA) (A) or 

 — bilateral TAP block (15–20 mL per side 0.125–0.25% 

bupivacaine or 0.2–0.375%) ropivacaine (C) or 

 — bilateral QLB (15–20 mL per side, 0.2% bupivacaine or 

0.375% ropivacaine) (C) or 

 — before closure of integuments — injection or supraperi-

toneal continuous infiltration (B). 

After surgery:

 — TEA continuation (A) or 

 — NSAID (i.v.) (A) + lidocaine (i.v.) (B) + strong opioid (i.v. 

PCA) (B) or

 — NSAID (i.v.) (A) + lidocaine (i.v.) (B) + weak opioid (i.v.) 

(B) + paracetamol (i.v.) (B) + metamizole (i.v.) (B) [242].

RADICAL PROSTATECTOMY
Before surgery:

 — coxibs (B);

 — gabapentin (B);

 — dexamethasone (B);

 — lidocaine (i.v.) (C).

After surgery:

 — local analgesia: incision line injection with LA (B);

 — coxibs (p.o.) (B);

 — lidocaine (i.v.) (B);

 — strong opioids (i.v. PCA) (B) + coxibs (C) + paracetamol 

(i.v.) (C) or 

 — weak opioids (i.v.) (B)+ paracetamol (i.v.) (B) + metami-

zole (i.v.) (B).

HIP PROSTHESOPLASTY
Before surgery: 

 — lumbar epidural analgesia (LEA) only in patients at high 

risk of pulmonary complications;
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 — subarachnoid anaesthesia with LA + opioid (A)

or fascia iliaca peripheral blocks(A). 

After surgery:

 — continuation of LEA or

 — coxibs (p.o.) (A) or 

 — NSAID (i.v. or p.o.) (B) + strong opioids (i.v. PCA) (B) + 

paracetamol (i.v. or p.o.) (A) or 

 — NSAID (p.o.) (B) + weak opioids (p.o. or i.v.) (B) + par-

acetamol (i.v. or p.o.) (A) + metamizole (i.v. or p.o.) (B).

KNEE PROSTHESOPLASTY
Before surgery:

 — general anaesthesia + continuous femoral nerve or ad-

ductor canal block (A);

 — subarachnoid anaesthesia + femoral nerve or adductor 

canal continuous block(A);

 — dexamethasone (i.v.) (C);

 — gabapentin (p.o.) (C);

 — ketamine (i.v. 0.25–0.5 mg kg-1) (C).

After surgery:

 — continuation of peripheral continuous block (continu-

ous infusion or PCA);

 — NSAID (coxibs) (A);

 — strong opioids (i.v. PCA) (A) + paracetamol (i.v. or p.o.) (B);

 — weak opioids (i.v. or PCA) + paracetamol (i.v. or p.o.) (B) 

+ metamizole (i.v. or p.o.) (C) [243–246].

ANORECTAL PROCEDURES
Before surgery: 

 — gabapentin (p.o.) (C);

 — ketamine (i.v.) (C);

 — subarachnoid anaesthesia with LA + opioid or 

 — perirectal infiltration with LA (e.g. 0.25–0.5% ropiv-

acaine, 30–40 mL or 0.25–0.375% bupivacaine up to 

30 mL) (A) or 

 — pudental nerve block (A).

After surgery:

 — NSAIDs (coxibs) + paracetamol + strong opioids (B) or 

 — NSAIDs (coxibs) + weak opioids + metamizole (B).

AcknowLedgemenTs
1. Source of funding: none.

2. Conflicts of interest: H. Misiołek — declares cooperation 

with Polpharma and Mundipharma and participation 

in symposia sponsored by them; R. Zajączkowska — 

declares cooperation with Stada and Sandoz and par-

ticipation in lectures organised by them; A. Daszkiewicz 

— no conflicts of interest to be declared, J. Woroń — no 

conflicts of interest to be declared; J. Dobrogowski — 

declares cooperation with Polpharma and Mundiphar-

ma and participation in symposia sponsored by them;  

J. Wordliczek — declares cooperation with Polpharma, 

Mundipharma, Berlin Chemie, Stada, and Pfizer and 

participation in symposia sponsored by them; R. Owczuk 

— Editor-in-chief of AIT. 

refrerences:
1. Weiser TG, Regenbogen SE, Thompson KD, et al. An estimation of the 

global volume of surgery: a modelling strategy based on available data. 
Lancet. 2008; 372(9633): 139–144, doi: 10.1016/S0140-6736(08)60878-
8, indexed in Pubmed: 18582931.

2. Gerbershagen HJ, Pogatzki-Zahn E, Aduckathil S, et al. Procedure-
-specific risk factor analysis for the development of severe postope-
rative pain. Anesthesiology. 2014; 120(5): 1237–1245, doi: 10.1097/
ALN.0000000000000108, indexed in Pubmed: 24356102.

3. Apfelbaum JL, Chen C, Mehta SS, et al. Postoperative pain experience: 
results from a national survey suggest postoperative pain continues 
to be undermanaged. Anesth Analg. 2003; 97(2): 534–540, indexed in 
Pubmed: 12873949.

4. Gan TJ, Habib AS, Miller TE, et al. Incidence, patient satisfac-
tion, and perceptions of post-surgical pain: results from a US 
national survey. Curr Med Res Opin. 2014; 30(1): 149–160, doi: 
10.1185/03007995.2013.860019, indexed in Pubmed: 24237004.

5. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors 
and prevention. Lancet. 2006; 367(9522): 1618–1625, doi: 10.1016/
S0140-6736(06)68700-X, indexed in Pubmed: 16698416.

6. Pöpping DM, Elia N, Marret E, et al. Protective effects of epidural 
analgesia on pulmonary complications after abdominal and thoracic 
surgery: a meta-analysis. Arch Surg. 2008; 143(10): 990–999; discussion 
1000, doi: 10.1001/archsurg.143.10.990, indexed in Pubmed: 18936379.

7. Singh N, Sidawy AN, Dezee K, et al. The effects of the type of anesthesia 
on outcomes of lower extremity infrainguinal bypass. J Vasc Surg. 2006; 
44(5): 964–968; discussion 968, doi: 10.1016/j.jvs.2006.06.035, indexed 
in Pubmed: 17000075.

8. Beattie WS, Badner NH, Choi PTL. Meta-analysis demonstrates stati-
stically significant reduction in postoperative myocardial infarction 
with the use of thoracic epidural analgesia. Anesth Analg. 2003; 97(3): 
919–920, indexed in Pubmed: 12933434.

9. Rodgers A, Walker N, Schug S, et al. Reduction of postoperative mortality and 
morbidity with epidural or spinal anaesthesia: results from overview of ran-
domised trials. BMJ. 2000; 321(7275): 1493, indexed in Pubmed: 11118174.

10. Kleiman AM, Sanders DT, Nemergut EC, et al. Chronic poststernotomy 
pain: incidence, risk factors, treatment, prevention, and the anesthesio-
logist’s role. Reg Anesth Pain Med. 2017; 42(6): 698–708, doi: 10.1097/
AAP.0000000000000663, indexed in Pubmed: 28937533.

11. Gerbershagen HJ, Aduckathil S, van Wijck AJ, et al. Pain intensity on the 
first day after surgery a prospective cohort study comparing 179 sur-
gical procedures. Anesthesiology. 2013; 118(4): 934–944, doi: 10.1097/
ALN.0b013e31828866b3, indexed in Pubmed: 23392233.

12. van Dijk JFM, van Wijck AJM, Kappen TH, et al. Postoperative pain 
assessment based on numeric ratings is not the same for patients and 
professionals: a cross-sectional study. Int J Nurs Stud. 2012; 49(1): 65–
71, doi: 10.1016/j.ijnurstu.2011.07.009, indexed in Pubmed: 21840522.

13. Schug SA, Palmer GM, Scott DA, et al. Acute pain management: scien-
tific evidence, fourth edition, 2015. Med J Aust. 2016; 204(8): 315–317, 
indexed in Pubmed: 27125806.

14. Pogatzki-Zahn EM, Segelcke D, Schug SA. Postoperative pain-from 
mechanisms to treatment. Pain Rep. 2017; 2(2): e588, doi: 10.1097/
PR9.0000000000000588, indexed in Pubmed: 29392204.

15. Jaesche R, Gajewski P, Brożek J. Wytyczne praktyki klinicznej . In: Jaesche R,  
Gajewski P, Brożek J. ed. Podstawy EBM. Medycyna Praktyczna, Kraków 
2008: 143–158.

16. Plein LM, Rittner HL. Opioids and the immune system — friend or foe. 
Br J Pharmacol. 2018; 175(14): 2717–2725, doi: 10.1111/bph.13750, 
indexed in Pubmed: 28213891.

17. Weber L, Yeomans DC, Tzabazis A. Opioid-induced hyperalgesia in 
clinical anesthesia practice: what has remained from theoretical 
concepts and experimental studies? Curr Opin Anaesthesiol. 2017; 
30(4): 458–465, doi: 10.1097/ACO.0000000000000485, indexed in 
Pubmed: 28590258.

18. Tedore T. Regional anaesthesia and analgesia: relationship to cancer 
recurrence and survival. Br J Anaesth. 2015; 115 Suppl 2: ii34–ii45, doi: 
10.1093/bja/aev375, indexed in Pubmed: 26658200.

19. Dobrogowski J, Zajączkowska R, Woroń J. Opioidowe leki przeciw-
bólowe. In: Wordliczek J, Dobrogowski J. ed. Leczenie bólu. PZWL, 
Warszawa 2017: 54–83.

http://dx.doi.org/10.1016/S0140-6736%2808%2960878-8
http://dx.doi.org/10.1016/S0140-6736%2808%2960878-8
https://www.ncbi.nlm.nih.gov/pubmed/18582931
http://dx.doi.org/10.1097/ALN.0000000000000108
http://dx.doi.org/10.1097/ALN.0000000000000108
https://www.ncbi.nlm.nih.gov/pubmed/24356102
https://www.ncbi.nlm.nih.gov/pubmed/12873949
http://dx.doi.org/10.1185/03007995.2013.860019
https://www.ncbi.nlm.nih.gov/pubmed/24237004
http://dx.doi.org/10.1016/S0140-6736%2806%2968700-X
http://dx.doi.org/10.1016/S0140-6736%2806%2968700-X
https://www.ncbi.nlm.nih.gov/pubmed/16698416
http://dx.doi.org/10.1001/archsurg.143.10.990
https://www.ncbi.nlm.nih.gov/pubmed/18936379
http://dx.doi.org/10.1016/j.jvs.2006.06.035
https://www.ncbi.nlm.nih.gov/pubmed/17000075
https://www.ncbi.nlm.nih.gov/pubmed/12933434
https://www.ncbi.nlm.nih.gov/pubmed/11118174
http://dx.doi.org/10.1097/AAP.0000000000000663
http://dx.doi.org/10.1097/AAP.0000000000000663
https://www.ncbi.nlm.nih.gov/pubmed/28937533
http://dx.doi.org/10.1097/ALN.0b013e31828866b3
http://dx.doi.org/10.1097/ALN.0b013e31828866b3
https://www.ncbi.nlm.nih.gov/pubmed/23392233
http://dx.doi.org/10.1016/j.ijnurstu.2011.07.009
https://www.ncbi.nlm.nih.gov/pubmed/21840522
https://www.ncbi.nlm.nih.gov/pubmed/27125806
http://dx.doi.org/10.1097/PR9.0000000000000588
http://dx.doi.org/10.1097/PR9.0000000000000588
https://www.ncbi.nlm.nih.gov/pubmed/29392204
http://dx.doi.org/10.1111/bph.13750
https://www.ncbi.nlm.nih.gov/pubmed/28213891
http://dx.doi.org/10.1097/ACO.0000000000000485
https://www.ncbi.nlm.nih.gov/pubmed/28590258
http://dx.doi.org/10.1093/bja/aev375
https://www.ncbi.nlm.nih.gov/pubmed/26658200


194

Anaesthesiol Intensive Ther 2018, vol. 50, no 3, 173–199

20. Chou R, Gordon D, Leon-Casasola Ode, et al. Management of Postopera-
tive Pain: A Clinical Practice Guideline From the American Pain Society, 
the American Society of Regional Anesthesia and Pain Medicine, and 
the American Society of Anesthesiologists’ Committee on Regional 
Anesthesia, Executive Committee, and Administrative Council. The 
Journal of Pain. 2016; 17(2): 131–157, doi: 10.1016/j.jpain.2015.12.008.

21. Dobrogowski J, Wordliczek J, Woroń J. Farmakoterapia bólu. Termedia, 
Poznań 2014.

22. Malec-Milewska M, Woroń J. Kompendium leczenia bólu. Medical 
Education, Warszawa 2017.

23. Kaye A. Pharmacology. Anesthesiology Clinics. 2017; 35(2), doi: 10.1016/
s1932-2275(17)30033-2.

24. Gupta A, Bah M. NSAIDs in the Treatment of Postoperative Pain. Curr 
Pain Headache Rep. 2016; 20(11): 62, doi: 10.1007/s11916-016-0591-7, 
indexed in Pubmed: 27841015.

25. Young RJ, Nguyen M, Nelson E. Pain medicine: an essential review. 
Springer, Switzerland 2017.

26. Schroer WC, Diesfeld PJ, LeMarr AR, et al. Modifiable risk factors in 
primary joint arthroplasty increase 90-day cost of care. J Arthroplasty. 
2018 [Epub ahead of print], doi: 10.1016/j.arth.2018.04.018, indexed 
in Pubmed: 29807789.

27. Scott MJ, McEvoy MD, Gordon DB, et al. Perioperative Quality Initiative 
(POQI) I Workgroup, Perioperative Quality Initiative (POQI) I Workgroup, 
Perioperative Quality Initiative (POQI) I Workgroup. American Society 
for Enhanced Recovery (ASER) and Perioperative Quality Initiative 
(POQI) Joint Consensus Statement on optimal analgesia within an 
enhanced recovery pathway for colorectal surgery: part 2-from PACU 
to the transition home. Perioper Med (Lond). 2017; 6: 7, doi: 10.1186/
s13741-017-0063-6, indexed in Pubmed: 28413628.

28. Anderson BJ. Paracetamol (Acetaminophen): mechanisms of action. 
Paediatr Anaesth. 2008; 18(10): 915–921, doi: 10.1111/j.1460-
-9592.2008.02764.x, indexed in Pubmed: 18811827.

29. Aronoff DM, Oates JA, Boutaud O. New insights into the mechanism 
of action of acetaminophen: Its clinical pharmacologic characteristics 
reflect its inhibition of the two prostaglandin H2 synthases. Clin Phar-
macol Ther. 2006; 79(1): 9–19, doi: 10.1016/j.clpt.2005.09.009, indexed 
in Pubmed: 16413237.

30. Ayoub SS, Colville-Nash PR, Willoughby DA, et al. The involvement of 
a cyclooxygenase 1 gene-derived protein in the antinociceptive action 
of paracetamol in mice. Eur J Pharmacol. 2006; 538(1–3): 57–65, doi: 
10.1016/j.ejphar.2006.03.061, indexed in Pubmed: 16674937.

31. Bertolini A, Ferrari A, Ottani A, et al. Paracetamol: new vistas of an 
old drug. CNS Drug Rev. 2006; 12(3-4): 250–275, doi: 10.1111/j.1527-
-3458.2006.00250.x, indexed in Pubmed: 17227290.

32. Hinz B, Brune K. Cyclooxygenase-2 — 10 years later. J Pharmacol Exp 
Ther. 2002; 300(2): 367–375, indexed in Pubmed: 11805193.

33. Howard SS. Potential analgesic mechanisms of acetaminophen. Pain 
Physician. 2009; 12: 269–280.

34. Jasiecka A, Maślanka T, Jaroszewski JJ. Pharmacological characteristics 
of metamizole. Pol J Vet Sci. 2014; 17(1): 207–214, indexed in Pubmed: 
24724493.

35. Nascimento J, Souza JR, Bonfante E, et al. Evaluation of the hematologi-
cal alterations after the therapeutic use of dipyrone sodium in healthly 
volunteers. Basic and Clin Pharmacol Toxicol. 2014; 115(70 Suppl. 1).

36. Oreskovic Z, Bicanic G, Hrabac P, et al. Treatment of postoperative pain 
after total hip arthroplasty: comparison between metamizol and para-
cetamol as adjunctive to opioid analgesics-prospective, double-blind, 
randomised study. Arch Orthop Trauma Surg. 2014; 134(5): 631–636, 
doi: 10.1007/s00402-014-1979-7, indexed in Pubmed: 24676651.

37. Lampl C, Likar R. [Metamizole (dipyrone): mode of action, drug-drug in-
teractions, and risk of agranulocytosis]. Schmerz. 2014; 28(6): 584–590, 
doi: 10.1007/s00482-014-1490-7, indexed in Pubmed: 25199942.

38. Ramiro MG, Guardo LA, Álvarez AM, et al. Eficacia de la asociación 
paracetamol-metamizol vs. paracetamol-dexketoprofeno en manejo 
de dolor agudo postoperatorio. Revista de la Sociedad Española del 
Dolor. 2013; 20(6): 279–284, doi: 10.4321/s1134-80462013000600001.

39. Theiler R, Dudler J. Drug therapy of pain. Revue Medicale Suisse. 2013; 
401: 1846–1853.

40. Sugumar R, Krishnaiah V, Channaveera GS, et al. Comparison of the 
pattern, efficacy, and tolerability of self-medicated drugs in primary 
dysmenorrhea: a questionnaire based survey. Indian J Pharmacol. 
2013; 45(2): 180–183, doi: 10.4103/0253-7613.108312, indexed in 
Pubmed: 23716896.

41. Howell T, Bachmaier N, Lange A, et al. Metamizol in postoperative 
neonatal intensive care. Intensive Care Medicine. 2013; 39(suppl. 1): 
S137–S138.

42. Vera P, Zapata L, Gich I, et al. Hemodynamic and antipyretic effects of 
paracetamol, metamizol and dexketoprofen in critical patients. Med 
Intensiva. 2012; 36(9): 619–625, doi: 10.1016/j.medin.2012.02.003, 
indexed in Pubmed: 22425338.

43. Aganovic D, Prcic A, Kulovac B, et al. Clinical decision making in renal 
pain management. Acta Inform Med. 2012; 20(1): 18–21, doi: 10.5455/
aim.2012.20.19-21, indexed in Pubmed: 23322949.

44. Pogatzki-Zahn EM, Schnabel A, Zahn PK. Room for improvement: unmet 
needs in postoperative pain management. Expert Rev Neurother. 2012; 
12(5): 587–600, doi: 10.1586/ern.12.30, indexed in Pubmed: 22550987.

45. Chaparro LE, Lezcano W, Alvarez HD, et al. Analgesic effectivess of 
Dipyrone for postoperative pain after herniorrhaphy. Pain Practice. 
2012; 12(2): 142–147.

46. Varga Z, Kriska M, Kristova V. Prescription of NSAIDs and risk of car-
diovascular adverse effects in hospitalized patients. Rheumatologia. 
2010; 24(3): 87–90.

47. Houweling PL, Molag ML, van Boekel RLM, et al. Postoperative pain 
treatment’ practice guideline revised. Ned Tijdschr Geneeskd. 2013; 
157(49): A7005, indexed in Pubmed: 24299631.

48. Marret E, Rolin M, Beaussier M, et al. Meta-analysis of intravenous 
lidocaine and postoperative recovery after abdominal surgery. Br 
J Surg. 2008; 95(11): 1331–1338, doi: 10.1002/bjs.6375, indexed in 
Pubmed: 18844267.

49. McCarthy GC, Megalla SA, Habib AS. Impact of intravenous lidocaine 
infusion on postoperative analgesia and recovery from surgery: a sys-
tematic review of randomized controlled trials. Drugs. 2010; 70(9): 
1149–1163, doi: 10.2165/10898560-000000000-00000, indexed in 
Pubmed: 20518581.

50. Vigneault L, Turgeon AF, Côté D, et al. Perioperative intravenous 
lidocaine infusion for postoperative pain control: a meta-analysis of 
randomized controlled trials. Can J Anaesth. 2011; 58(1): 22–37, doi: 
10.1007/s12630-010-9407-0, indexed in Pubmed: 21061107.

51. Sun Y, Li T, Wang N, et al. Perioperative systemic lidocaine for posto-
perative analgesia and recovery after abdominal surgery: a meta-
-analysis of randomized controlled trials. Dis Colon Rectum. 2012; 
55(11): 1183–1194, doi: 10.1097/DCR.0b013e318259bcd8, indexed in 
Pubmed: 23044681.

52. Kranke P, Jokinen J, Pace NL, et al. Continuous intravenous perioperative 
lidocaine infusion for postoperative pain and recovery. Cochrane Data-
base Syst Rev. 2015(7): CD009642, doi: 10.1002/14651858.CD009642.
pub2, indexed in Pubmed: 26184397.

53. Barreveld A, Witte J, Chahal H, et al. Preventive analgesia by local 
anesthetics: the reduction of postoperative pain by peripheral nerve 
blocks and intravenous drugs. Anesth Analg. 2013; 116(5): 1141–1161, 
doi: 10.1213/ANE.0b013e318277a270, indexed in Pubmed: 23408672.

54. Dunn LK, Durieux ME. Perioperative use of intravenous lido-
caine. Anesthesiology. 2017; 126(4): 729–737, doi: 10.1097/
ALN.0000000000001527, indexed in Pubmed: 28114177.

55. Kranke P, Jokinen J, Pace NL, et al. Continuous intravenous perioperative 
lidocaine infusion for postoperative pain and recovery. Cochrane Data-
base Syst Rev. 2015(7): CD009642, doi: 10.1002/14651858.CD009642.
pub2, indexed in Pubmed: 26184397.

56. Lussier D, Beaulieu P. Toward a rational taxonomy of analgesic drugs. 
In: Beaulieu P, Beaulieu P. ed. Pharmacology of pain. IASP Press, Seattle 
2010: 37.

57. Eipe N, Gupta S, Penning J. Intravenous lidocaine for acute pain: an 
evidence-based clinical update. BJA Education. 2016; 16(9): 292–298, 
doi: 10.1093/bjaed/mkw008.

58. Kranke P, Jokinen J, Pace NL, et al. Continuous intravenous perioperative 
lidocaine infusion for postoperative pain and recovery. Cochrane Data-
base Syst Rev. 2015(7): CD009642, doi: 10.1002/14651858.CD009642.
pub2, indexed in Pubmed: 26184397.

59. Koppert W, Weigand M, Neumann F, et al. Perioperative intravenous 
lidocaine has preventive effects on postoperative pain and morphine 
consumption after major abdominal surgery. Anesth Analg. 2004; 98(4): 
1050–5, table of contents, indexed in Pubmed: 15041597.

60. Araujo MC, Sinnott CJ, Strichartz GR. Multiple phases of relief from 
experimental mechanical allodynia by systemic lidocaine: responses 
to early and late infusions. Pain. 2003; 103(1-2): 21–29, indexed in 
Pubmed: 12749955.

http://dx.doi.org/10.1016/j.jpain.2015.12.008
http://dx.doi.org/10.1016/s1932-2275%2817%2930033-2
http://dx.doi.org/10.1016/s1932-2275%2817%2930033-2
http://dx.doi.org/10.1007/s11916-016-0591-7
https://www.ncbi.nlm.nih.gov/pubmed/27841015
http://dx.doi.org/10.1016/j.arth.2018.04.018
https://www.ncbi.nlm.nih.gov/pubmed/29807789
http://dx.doi.org/10.1186/s13741-017-0063-6
http://dx.doi.org/10.1186/s13741-017-0063-6
https://www.ncbi.nlm.nih.gov/pubmed/28413628
http://dx.doi.org/10.1111/j.1460-9592.2008.02764.x
http://dx.doi.org/10.1111/j.1460-9592.2008.02764.x
https://www.ncbi.nlm.nih.gov/pubmed/18811827
http://dx.doi.org/10.1016/j.clpt.2005.09.009
https://www.ncbi.nlm.nih.gov/pubmed/16413237
http://dx.doi.org/10.1016/j.ejphar.2006.03.061
https://www.ncbi.nlm.nih.gov/pubmed/16674937
http://dx.doi.org/10.1111/j.1527-3458.2006.00250.x
http://dx.doi.org/10.1111/j.1527-3458.2006.00250.x
https://www.ncbi.nlm.nih.gov/pubmed/17227290
https://www.ncbi.nlm.nih.gov/pubmed/11805193
https://www.ncbi.nlm.nih.gov/pubmed/24724493
http://dx.doi.org/10.1007/s00402-014-1979-7
https://www.ncbi.nlm.nih.gov/pubmed/24676651
http://dx.doi.org/10.1007/s00482-014-1490-7
https://www.ncbi.nlm.nih.gov/pubmed/25199942
http://dx.doi.org/10.4321/s1134-80462013000600001
http://dx.doi.org/10.4103/0253-7613.108312
https://www.ncbi.nlm.nih.gov/pubmed/23716896
http://dx.doi.org/10.1016/j.medin.2012.02.003
https://www.ncbi.nlm.nih.gov/pubmed/22425338
http://dx.doi.org/10.5455/aim.2012.20.19-21
http://dx.doi.org/10.5455/aim.2012.20.19-21
https://www.ncbi.nlm.nih.gov/pubmed/23322949
http://dx.doi.org/10.1586/ern.12.30
https://www.ncbi.nlm.nih.gov/pubmed/22550987
https://www.ncbi.nlm.nih.gov/pubmed/24299631
http://dx.doi.org/10.1002/bjs.6375
https://www.ncbi.nlm.nih.gov/pubmed/18844267
http://dx.doi.org/10.2165/10898560-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/20518581
http://dx.doi.org/10.1007/s12630-010-9407-0
https://www.ncbi.nlm.nih.gov/pubmed/21061107
http://dx.doi.org/10.1097/DCR.0b013e318259bcd8
https://www.ncbi.nlm.nih.gov/pubmed/23044681
http://dx.doi.org/10.1002/14651858.CD009642.pub2
http://dx.doi.org/10.1002/14651858.CD009642.pub2
https://www.ncbi.nlm.nih.gov/pubmed/26184397
http://dx.doi.org/10.1213/ANE.0b013e318277a270
https://www.ncbi.nlm.nih.gov/pubmed/23408672
http://dx.doi.org/10.1097/ALN.0000000000001527
http://dx.doi.org/10.1097/ALN.0000000000001527
https://www.ncbi.nlm.nih.gov/pubmed/28114177
http://dx.doi.org/10.1002/14651858.CD009642.pub2
http://dx.doi.org/10.1002/14651858.CD009642.pub2
https://www.ncbi.nlm.nih.gov/pubmed/26184397
http://dx.doi.org/10.1093/bjaed/mkw008
http://dx.doi.org/10.1002/14651858.CD009642.pub2
http://dx.doi.org/10.1002/14651858.CD009642.pub2
https://www.ncbi.nlm.nih.gov/pubmed/26184397
https://www.ncbi.nlm.nih.gov/pubmed/15041597
https://www.ncbi.nlm.nih.gov/pubmed/12749955


195

Hanna Misiołek et al., Postoperative pain management (2018)

61. Abram SE, Yaksh TL. Systemic lidocaine blocks nerve injury-induced 
hyperalgesia and nociceptor-driven spinal sensitization in the rat. 
Anesthesiology. 1994; 80(2): 383–91; discussion 25A, indexed in 
Pubmed: 8311320.

62. Rowlingson JC, DiFazio CA, Foster J, et al. Lidocaine as an analgesic 
for experimental pain. Anesthesiology. 1980; 52(1): 20–22, indexed in 
Pubmed: 7352640.

63. Boas RA, Covino BG, Shahnarian A. Analgesic responses to i.v. lignoca-
ine. Br J Anaesth. 1982; 54(5): 501–505, indexed in Pubmed: 7073919.

64. Dirks J, Fabricius P, Petersen KL, et al. The effect of systemic lidocaine on 
pain and secondary hyperalgesia associated with the heat/capsaicin 
sensitization model in healthy volunteers. Anesth Analg. 2000; 91(4): 
967–972, indexed in Pubmed: 11004058.

65. Attal N, Rouaud J, Brasseur L, et al. Systemic lidocaine in pain due to 
peripheral nerve injury and predictors of response. Neurology. 2004; 
62(2): 218–225, indexed in Pubmed: 14745057.

66. Wallace MS, Laitin S, Licht D, et al. Concentration-effect relations for 
intravenous lidocaine infusions in human volunteers: effects on acute 
sensory thresholds and capsaicin-evoked hyperpathia. Anesthesiology. 
1997; 86(6): 1262–1272, indexed in Pubmed: 9197294.

67. Schmidt R, Schmelz M, Forster C, et al. Novel classes of responsive and 
unresponsive C nociceptors in human skin. J Neurosci. 1995; 15(1 Pt 
1): 333–341, indexed in Pubmed: 7823139.

68. Weidner C, Schmelz M, Schmidt R, et al. Functional attributes discrimi-
nating mechano-insensitive and mechano-responsive C nociceptors 
in human skin. J Neurosci. 1999; 19(22): 10184–10190, indexed in 
Pubmed: 10559426.

69. Koppert W, Zeck S, Sittl R, et al. Low-dose lidocaine suppresses experi-
mentally induced hyperalgesia in humans. Anesthesiology. 1998; 89(6): 
1345–1353, indexed in Pubmed: 9856708.

70. Weidner C, Schmelz M, Schmidt R, et al. Functional attributes discrimi-
nating mechano-insensitive and mechano-responsive C nociceptors 
in human skin. J Neurosci. 1999; 19(22): 10184–10190, indexed in 
Pubmed: 10559426.

71. Koppert W, Ostermeier N, Sittl R, et al. Low-dose lidocaine reduces 
secondary hyperalgesia by a central mode of action. Pain. 2000; 85(1-2): 
217–224, indexed in Pubmed: 10692621.

72. Koppert W, Weigand M, Neumann F, et al. Perioperative intravenous 
lidocaine has preventive effects on postoperative pain and morphine 
consumption after major abdominal surgery. Anesth Analg. 2004; 98(4): 
1050–5, table of contents, indexed in Pubmed: 15041597.

73. Woolf CJ, Wiesenfeld-Hallin Z. The systemic administration of local 
anaesthetics produces a selective depression of C-afferent fibre evo-
ked activity in the spinal cord. Pain. 1985; 23(4): 361–374, indexed in 
Pubmed: 3937116.

74. Bach FW, Jensen TS, Kastrup J, et al. The effect of intravenous lidocaine 
on nociceptive processing in diabetic neuropathy. Pain. 1990; 40(1): 
29–34, indexed in Pubmed: 2339012.

75. Koppert W, Ostermeier N, Sittl R, et al. Low-dose lidocaine reduces 
secondary hyperalgesia by a central mode of action. Pain. 2000; 85(1–2): 
217–224, indexed in Pubmed: 10692621.

76. Lauretti GR. Mechanisms of analgesia of intravenous lidocaine. Rev 
Bras Anestesiol. 2008; 58(3): 280–286, indexed in Pubmed: 19378524.

77. de Oliveira CM, Issy AM, Sakata RK. Intraoperative intravenous lido-
caine. Rev Bras Anestesiol. 2010; 60(3): 325–333, doi: 10.1016/S0034-
7094(10)70041-6, indexed in Pubmed: 20682165.

78. Couceiro T, Lima L, Couceiro L, et al. Intravenous lidocaine to treat 
postoperative pain. Revista Dor. 2014; 15(1), doi: 10.5935/1806-
0013.20140013.

79. Hollmann MW, Durieux ME. Local anesthetics and the inflammatory 
response: a new therapeutic indication? Anesthesiology. 2000; 93(3): 
858–875, indexed in Pubmed: 10969322.

80. Dunn LK, Durieux ME. Perioperative use of intravenous lido-
caine. Anesthesiology. 2017; 126(4): 729–737, doi: 10.1097/
ALN.0000000000001527, indexed in Pubmed: 28114177.

81. Gonda X. Basic pharmacology of NMDA receptors. Curr Pharm Des. 
2012; 18(12): 1558–1567, indexed in Pubmed: 22280436.

82. Hocking G, Visser EJ, Schug SA. Ketamine: does life begin at 40? Pain: 
Clinical Updates (IASP). 2007; 15: 1–6.

83. Petrenko AB, Yamakura T, Sakimura K, et al. Defining the role of NMDA 
receptors in anesthesia: are we there yet? Eur J Pharmacol. 2014; 
723: 29–37, doi: 10.1016/j.ejphar.2013.11.039, indexed in Pubmed: 
24333550.

84. Aryana P, Rajaei S, Bagheri A, et al. Acute effect of intravenous 
administration of magnesium sulfate on serum levels of interleu-
kin-6 and tumor necrosis factor-a in patients undergoing elective 
coronary bypass graft with cardiopulmonary bypass. Anesth Pain 
Med. 2014; 4(3): e16316, doi: 10.5812/aapm.16316, indexed in 
Pubmed: 25237633.

85. Murphy JD, Paskaradevan J, Eisler LL, et al. Analgesic efficacy of conti-
nuous intravenous magnesium infusion as an adjuvant to morphine for 
postoperative analgesia: a systematic review and meta-analysis. Middle 
East J Anaesthesiol. 2013; 22(1): 11–20, indexed in Pubmed: 23833845.

86. De Oliveira GS, Castro-Alves LJ, Khan JH, et al. Perioperative systemic 
magnesium to minimize postoperative pain: a meta-analysis of ran-
domized controlled trials. Anesthesiology. 2013; 119(1): 178–190, doi: 
10.1097/ALN.0b013e318297630d, indexed in Pubmed: 23669270.

87. Albrecht E, Kirkham KR, Liu SS, et al. Peri-operative intravenous 
administration of magnesium sulphate and postoperative pain: 
a meta-analysis. Anaesthesia. 2013; 68(1): 79–90, doi: 10.1111/j.1365-
-2044.2012.07335.x, indexed in Pubmed: 23121612.

88. Guo BL, Lin Y, Hu W, et al. Effects of systemic magnesium on post-ope-
rative analgesia: is the current evidence strong enough? Pain Physician. 
2015; 18(5): 405–418, indexed in Pubmed: 26431120.

89. Arumugam S, Lau CSM, Chamberlain R. Perioperative adjunct magne-
sium decreases postoperative opioid requirements — a meta-analysis. 
International Journal of Clinical Medicine. 2016; 07(05): 297–308, doi: 
10.4236/ijcm.2016.75032.

90. Hwang JY, Na HS, Jeon YT, et al. I.V. infusion of magnesium sulphate 
during spinal anaesthesia improves postoperative analgesia. Br J 
Anaesth. 2010; 104(1): 89–93, doi: 10.1093/bja/aep334, indexed in 
Pubmed: 19933175.

91. Kumar M, Dayal N, Rautela RS, et al. Effect of intravenous magnesium 
sulphate on postoperative pain following spinal anesthesia. A rando-
mized double blind controlled study. Middle East J Anaesthesiol. 2013; 
22(3): 251–256, indexed in Pubmed: 24649780.

92. Kahraman F, Eroglu A. The effect of intravenous magnesium sulfate 
infusion on sensory spinal block and postoperative pain score in 
abdominal hysterectomy. Biomed Res Int. 2014; 2014: 236024, doi: 
10.1155/2014/236024, indexed in Pubmed: 24772415.

93. Blaudszun G, Lysakowski C, Elia N, et al. Effect of perioperative syste-
mic a2 agonists on postoperative morphine consumption and pain 
intensity: systematic review and meta-analysis of randomized con-
trolled trials. Anesthesiology. 2012; 116(6): 1312–1322, doi: 10.1097/
ALN.0b013e31825681cb, indexed in Pubmed: 22546966.

94. Bernard JM, Hommeril JL, Passuti N, et al. Postoperative analgesia by 
intravenous clonidine. Anesthesiology. 1991; 75(4): 577–582, indexed 
in Pubmed: 1928767.

95. De Kock MF, Pichon G, Scholtes JL. Intraoperative clonidine enhances po-
stoperative morphine patient-controlled analgesia. Can J Anaesth. 1992; 
39(6): 537–544, doi: 10.1007/BF03008314, indexed in Pubmed: 1643675.

96. Marinangeli F, Ciccozzi A, Donatelli F, et al. Clonidine for treatment of 
postoperative pain: a dose-finding study. Eur J Pain. 2002; 6(1): 35–42, 
doi: 10.1053/eujp.2001.0270, indexed in Pubmed: 11888226.

97. Lawrence CJ, De Lange S. Effects of a single pre-operative dexme-
detomidine dose on isoflurane requirements and peri-operative 
haemodynamic stability. Anaesthesia. 1997; 52(8): 736–744, indexed 
in Pubmed: 9291757.

98. Gurbet A, Basagan-Mogol E, Turker G, et al. Intraoperative infusion of 
dexmedetomidine reduces perioperative analgesic requirements. Can 
J Anaesth. 2006; 53(7): 646–652, doi: 10.1007/BF03021622, indexed in 
Pubmed: 16803911.

99. Ozkose Z, Demir FS, Pampal K, et al. Hemodynamic and anesthetic 
advantages of dexmedetomidine, an alpha 2-agonist, for surgery in 
prone position. Tohoku J Exp Med. 2006; 210(2): 153–160, indexed in 
Pubmed: 17023769.

100. Altindis NT, Karaaslan D, Peker TT, et al. Comparison of meperidine alone 
with meperidine plus dexmedetomidine for postoperative patient-
-controlled analgesia. Neurosciences (Riyadh). 2008; 13(2): 117–121, 
indexed in Pubmed: 21063303.

101. Alles SRA, Smith PA. The anti-allodynic gabapentinoids: myths, pa-
radoxes, and acute effects. Neuroscientist. 2016; 23(1): 40-55, doi: 
10.1177/1073858416628793, indexed in Pubmed: 27118808.

102. Tiippana EM, Hamunen K, Kontinen VK, et al. Do surgical patients 
benefit from perioperative gabapentin/pregabalin? A systematic 
review of efficacy and safety. Anesth Analg. 2007; 104(6): 1545–56, 

https://www.ncbi.nlm.nih.gov/pubmed/8311320
https://www.ncbi.nlm.nih.gov/pubmed/7352640
https://www.ncbi.nlm.nih.gov/pubmed/7073919
https://www.ncbi.nlm.nih.gov/pubmed/11004058
https://www.ncbi.nlm.nih.gov/pubmed/14745057
https://www.ncbi.nlm.nih.gov/pubmed/9197294
https://www.ncbi.nlm.nih.gov/pubmed/7823139
https://www.ncbi.nlm.nih.gov/pubmed/10559426
https://www.ncbi.nlm.nih.gov/pubmed/9856708
https://www.ncbi.nlm.nih.gov/pubmed/10559426
https://www.ncbi.nlm.nih.gov/pubmed/10692621
https://www.ncbi.nlm.nih.gov/pubmed/15041597
https://www.ncbi.nlm.nih.gov/pubmed/3937116
https://www.ncbi.nlm.nih.gov/pubmed/2339012
https://www.ncbi.nlm.nih.gov/pubmed/10692621
https://www.ncbi.nlm.nih.gov/pubmed/19378524
http://dx.doi.org/10.1016/S0034-7094%2810%2970041-6
http://dx.doi.org/10.1016/S0034-7094%2810%2970041-6
https://www.ncbi.nlm.nih.gov/pubmed/20682165
http://dx.doi.org/10.5935/1806-0013.20140013
http://dx.doi.org/10.5935/1806-0013.20140013
https://www.ncbi.nlm.nih.gov/pubmed/10969322
http://dx.doi.org/10.1097/ALN.0000000000001527
http://dx.doi.org/10.1097/ALN.0000000000001527
https://www.ncbi.nlm.nih.gov/pubmed/28114177
https://www.ncbi.nlm.nih.gov/pubmed/22280436
http://dx.doi.org/10.1016/j.ejphar.2013.11.039
https://www.ncbi.nlm.nih.gov/pubmed/24333550
http://dx.doi.org/10.5812/aapm.16316
https://www.ncbi.nlm.nih.gov/pubmed/25237633
https://www.ncbi.nlm.nih.gov/pubmed/23833845
http://dx.doi.org/10.1097/ALN.0b013e318297630d
https://www.ncbi.nlm.nih.gov/pubmed/23669270
http://dx.doi.org/10.1111/j.1365-2044.2012.07335.x
http://dx.doi.org/10.1111/j.1365-2044.2012.07335.x
https://www.ncbi.nlm.nih.gov/pubmed/23121612
https://www.ncbi.nlm.nih.gov/pubmed/26431120
http://dx.doi.org/10.4236/ijcm.2016.75032
http://dx.doi.org/10.1093/bja/aep334
https://www.ncbi.nlm.nih.gov/pubmed/19933175
https://www.ncbi.nlm.nih.gov/pubmed/24649780
http://dx.doi.org/10.1155/2014/236024
https://www.ncbi.nlm.nih.gov/pubmed/24772415
http://dx.doi.org/10.1097/ALN.0b013e31825681cb
http://dx.doi.org/10.1097/ALN.0b013e31825681cb
https://www.ncbi.nlm.nih.gov/pubmed/22546966
https://www.ncbi.nlm.nih.gov/pubmed/1928767
http://dx.doi.org/10.1007/BF03008314
https://www.ncbi.nlm.nih.gov/pubmed/1643675
http://dx.doi.org/10.1053/eujp.2001.0270
https://www.ncbi.nlm.nih.gov/pubmed/11888226
https://www.ncbi.nlm.nih.gov/pubmed/9291757
http://dx.doi.org/10.1007/BF03021622
https://www.ncbi.nlm.nih.gov/pubmed/16803911
https://www.ncbi.nlm.nih.gov/pubmed/17023769
https://www.ncbi.nlm.nih.gov/pubmed/21063303
http://dx.doi.org/10.1177/1073858416628793
https://www.ncbi.nlm.nih.gov/pubmed/27118808


196

Anaesthesiol Intensive Ther 2018, vol. 50, no 3, 173–199

table of contents, doi: 10.1213/01.ane.0000261517.27532.80, indexed 
in Pubmed: 17513656.

103. Doleman B, Heinink TP, Read DJ, et al. A systematic review and meta-
-regression analysis of prophylactic gabapentin for postoperative 
pain. Anaesthesia. 2015; 70(10): 1186–1204, doi: 10.1111/anae.13179, 
indexed in Pubmed: 26300519.

104. Zhang J, Ho KY, Wang Y. Efficacy of pregabalin in acute postoperative 
pain: a meta-analysis. Br J Anaesth. 2011; 106(4): 454–462, doi: 10.1093/
bja/aer027, indexed in Pubmed: 21357616.

105. Eipe N, Penning J, Yazdi F, et al. Perioperative use of pregabalin for 
acute pain — a systematic review and meta-analysis. Pain. 2015; 
156(7): 1284–1300, doi: 10.1097/j.pain.0000000000000173, indexed 
in Pubmed: 25830925.

106. Romundstad L, Stubhaug A. Glucocorticoids for acute and persistent 
postoperative neuropathic pain: what is the evidence? Anesthesiology. 
2007; 107(3): 371–373, doi: 10.1097/01.anes.0000279487.27940.5c, 
indexed in Pubmed: 17721239.

107. Gilron I. Corticosteroids in postoperative pain management: future 
research directions for a multifaceted therapy. Acta Anaesthesiol 
Scand. 2004; 48(10): 1221–1222, doi: 10.1111/j.1399-6576.2004.00581.x, 
indexed in Pubmed: 15504179.

108. Strehl C, Buttgereit F. Optimized glucocorticoid therapy: teaching 
old drugs new tricks. Mol Cell Endocrinol. 2013; 380(1–2): 32–40, doi: 
10.1016/j.mce.2013.01.026, indexed in Pubmed: 23403055.

109. Coronel MF, Labombarda F, González SL. Neuroactive steroids, noci-
ception and neuropathic pain: a flashback to go forward. Steroids. 
2016; 110: 77–87, doi: 10.1016/j.steroids.2016.04.005, indexed in 
Pubmed: 27091763.

110. Skjelbred P, Løkken P. Post-operative pain and inflammatory reaction 
reduced by injection of a corticosteroid. A controlled trial in bilateral 
oral surgery. Eur J Clin Pharmacol. 1982; 21(5): 391–396, indexed in 
Pubmed: 7042372.

111. Skjelbred P, Løkken P. Reduction of pain and swelling by a corticoste-
roid injected 3 hours after surgery. Eur J Clin Pharmacol. 1982; 23(2): 
141–146, indexed in Pubmed: 6754384.

112. Afman CE, Welge JA, Steward DL. Steroids for post-tonsillectomy 
pain reduction: meta-analysis of randomized controlled trials. 
Otolaryngol Head Neck Surg. 2006; 134(2): 181–186, doi: 10.1016/j.
otohns.2005.11.010, indexed in Pubmed: 16455362.

113. Oliveira GDe, Almeida M, Benzon H, et al. Perioperative single dose 
systemic dexamethasone for postoperative pain. Anesthesiology. 2011; 
115(3): 575–588, doi: 10.1097/aln.0b013e31822a24c2.

114. Waldron NH, Jones CA, Gan TJ, et al. Impact of perioperative dexame-
thasone on postoperative analgesia and side-effects: systematic review 
and meta-analysis. Br J Anaesth. 2013; 110(2): 191–200, doi: 10.1093/
bja/aes431, indexed in Pubmed: 23220857.

115. Li D, Wang C, Yang Z, et al. Effect of intravenous corticosteroids on pain 
management and early rehabilitation in patients undergoing total knee 
or hip arthroplasty: a meta-analysis of randomized controlled trials. 
Pain Pract. 2018; 18(4): 487–499, doi: 10.1111/papr.12637, indexed in 
Pubmed: 28851016.

116. Dan AEB, Thygesen TH, Pinholt EM. Corticosteroid administration in 
oral and orthognathic surgery: a systematic review of the literature 
and meta-analysis. J Oral Maxillofac Surg. 2010; 68(9): 2207–2220, doi: 
10.1016/j.joms.2010.04.019, indexed in Pubmed: 20591548.

117. Diakos EA, Gallos ID, El-Shunnar S, et al. Dexamethasone reduces pain, 
vomiting and overall complications following tonsillectomy in adults: 
a systematic review and meta-analysis of randomised controlled 
trials. Clin Otolaryngol. 2011; 36(6): 531–542, doi: 10.1111/j.1749-
-4486.2011.02373.x, indexed in Pubmed: 21812940.

118. Chen CC, Siddiqui FJ, Chen TL, et al. Dexamethasone for prevention 
of postoperative nausea and vomiting in patients undergoing thy-
roidectomy: meta-analysis of randomized controlled trials. World J 
Surg. 2012; 36(1): 61–68, doi: 10.1007/s00268-011-1343-9, indexed in 
Pubmed: 22083435.

119. Lunn TH, Kehlet H. Perioperative glucocorticoids in hip and knee sur-
gery — benefit vs. harm? A review of randomized clinical trials. Acta 
Anaesthesiol Scand. 2013; 57(7): 823–834, doi: 10.1111/aas.12115, 
indexed in Pubmed: 23581549.

120. Yue C, Wei R, Liu Y. Perioperative systemic steroid for rapid recovery in 
total knee and hip arthroplasty: a systematic review and meta-analysis 
of randomized trials. J Orthop Surg Res. 2017; 12(1): 100, doi: 10.1186/
s13018-017-0601-4, indexed in Pubmed: 28655354.

121. Tedore T. Regional anaesthesia and analgesia: relationship to cancer 
recurrence and survival. Br J Anaesth. 2015; 115 Suppl 2: ii34–ii45, doi: 
10.1093/bja/aev375, indexed in Pubmed: 26658200.

122. Plein LM, Rittner HL. Opioids and the immune system — friend or foe. 
Br J Pharmacol. 2018; 175(14): 2717–2725, doi: 10.1111/bph.13750, 
indexed in Pubmed: 28213891.

123. Weber L, Yeomans DC, Tzabazis A. Opioid-induced hyperalgesia in 
clinical anesthesia practice: what has remained from theoretical 
concepts and experimental studies? Curr Opin Anaesthesiol. 2017; 
30(4): 458–465, doi: 10.1097/ACO.0000000000000485, indexed in 
Pubmed: 28590258.

124. Lee M, Silverman SM, Hansen H, et al. A comprehensive review of opioid-
-induced hyperalgesia. Pain Physician. 2011; 14: 145–161.

125. Ziemann-Gimmel P, Goldfarb AA, Koppman J, et al. Opioid-free total 
intravenous anaesthesia reduces postoperative nausea and vomiting in 
bariatric surgery beyond triple prophylaxis. Br J Anaesth. 2014; 112(5): 
906–911, doi: 10.1093/bja/aet551, indexed in Pubmed: 24554545.

126. Steyaert A, Forget P, Dubois V, et al. Does the perioperative analgesic/
anesthetic regimen influence the prevalence of long-term chronic 
pain after mastectomy? J Clin Anesth. 2016; 33: 20–25, doi: 10.1016/j.
jclinane.2015.07.010, indexed in Pubmed: 27555127.

127. Cata JP, Bugada D, De Andrés J. Opioid less perioperative care. Minerva 
Anestesiol. 2017; 83(3): 315–320, indexed in Pubmed: 27824241.

128. Chaparro LE, Smith SA, Moore RA, et al. Pharmacotherapy for the 
prevention of chronic pain after surgery in adults. Cochrane Database 
Syst Rev. 2013(7): CD008307, doi: 10.1002/14651858.CD008307.pub2, 
indexed in Pubmed: 23881791.

129. Chapman CR, Vierck CJ. The transition of acute postoperative pain to 
chronic pain: an integrative overview of research on mechanisms. J 
Pain. 2017; 18(4): 359.e1–359.e38, doi: 10.1016/j.jpain.2016.11.004, 
indexed in Pubmed: 27908839.

130. Gorlin AW, Rosenfeld DM, Ramakrishna H. Intravenous sub-anesthetic 
ketamine for perioperative analgesia. J Anaesthesiol Clin Pharmacol. 
2016; 32(2): 160–167, doi: 10.4103/0970-9185.182085, indexed in 
Pubmed: 27275042.

131. Iacobucci GJ, Visnjevac O, Pourafkari L, et al. Ketamine: an update on cel-
lular and subcellular mechanisms with implications for clinical practice. 
Pain Physician. 2017; 20(2): E285–E301, indexed in Pubmed: 28158165.

132. Parashchanka A, Schelfout S, Coppens M. Role of novel drugs 
in sedation outside the operating room: dexmedetomidine, 
ketamine and remifentanil. Curr Opin Anaesthesiol. 2014; 27(4): 
442–447, doi: 10.1097/ACO.0000000000000086, indexed in Pub-
med: 24762954.

133. Ali HM, Mokhtar AM. Effect of single compared to repeated doses of intra-
venous S(+) ketamine on the release of pro-inflammatory cytokines in pa-
tients undergoing radical prostatectomy. Anesth Essays Res. 2017; 11(2): 
282–286, doi: 10.4103/aer.AER_28_17, indexed in Pubmed: 28663607.

134. Macintyre PE. Acute pain management. Scientific Evidence ANZCA 2015.
135. Vadivelu N, Schermer E, Kodumudi V, et al. Role of ketamine for 

analgesia in adults and children. J Anaesthesiol Clin Pharmacol. 2016; 
32(3): 298–306, doi: 10.4103/0970-9185.168149, indexed in Pubmed: 
27625475.

136. Haile CN, Murrough JW, Iosifescu DV, et al. Plasma brain derived neuro-
trophic factor (BDNF) and response to ketamine in treatment-resistant 
depression. Int J Neuropsychopharmacol. 2014; 17(2): 331–336, doi: 
10.1017/S1461145713001119, indexed in Pubmed: 24103211.

137. Kelmendi B, Adams TG, Yarnell S, et al. PTSD: from neurobiology to 
pharmacological treatments. Eur J Psychotraumatol. 2016; 7: 31858, 
indexed in Pubmed: 27837583.

138. Gorlin AW, Rosenfeld DM, Ramakrishna H. Intravenous sub-anesthetic 
ketamine for perioperative analgesia. J Anaesthesiol Clin Pharmacol. 
2016; 32(2): 160–167, doi: 10.4103/0970-9185.182085, indexed in 
Pubmed: 27275042.

139. Pourmand A, Mazer-Amirshahi M, Royall C, et al. Low dose ketamine use 
in the emergency department, a new direction in pain management. 
Am J Emerg Med. 2017; 35(6): 918–921, doi: 10.1016/j.ajem.2017.03.005, 
indexed in Pubmed: 28285863.

140. Petz L, Tyner S, Barnard Ed, et al. Prehospital and en route analgesic 
use in the combat setting: a prospectively designed, multicenter, 
observational study. Military Medicine. 2015; 180(3S): 14–18, doi: 
10.7205/milmed-d-14-00383.

141. Lee EN, Lee JH. The effects of low-dose ketamine on acute pain in an 
emergency setting: a systematic review and meta-analysis. PLoS One. 

http://dx.doi.org/10.1213/01.ane.0000261517.27532.80
https://www.ncbi.nlm.nih.gov/pubmed/17513656
http://dx.doi.org/10.1111/anae.13179
https://www.ncbi.nlm.nih.gov/pubmed/26300519
http://dx.doi.org/10.1093/bja/aer027
http://dx.doi.org/10.1093/bja/aer027
https://www.ncbi.nlm.nih.gov/pubmed/21357616
http://dx.doi.org/10.1097/j.pain.0000000000000173
https://www.ncbi.nlm.nih.gov/pubmed/25830925
http://dx.doi.org/10.1097/01.anes.0000279487.27940.5c
https://www.ncbi.nlm.nih.gov/pubmed/17721239
http://dx.doi.org/10.1111/j.1399-6576.2004.00581.x
https://www.ncbi.nlm.nih.gov/pubmed/15504179
http://dx.doi.org/10.1016/j.mce.2013.01.026
https://www.ncbi.nlm.nih.gov/pubmed/23403055
http://dx.doi.org/10.1016/j.steroids.2016.04.005
https://www.ncbi.nlm.nih.gov/pubmed/27091763
https://www.ncbi.nlm.nih.gov/pubmed/7042372
https://www.ncbi.nlm.nih.gov/pubmed/6754384
http://dx.doi.org/10.1016/j.otohns.2005.11.010
http://dx.doi.org/10.1016/j.otohns.2005.11.010
https://www.ncbi.nlm.nih.gov/pubmed/16455362
http://dx.doi.org/10.1097/aln.0b013e31822a24c2
http://dx.doi.org/10.1093/bja/aes431
http://dx.doi.org/10.1093/bja/aes431
https://www.ncbi.nlm.nih.gov/pubmed/23220857
http://dx.doi.org/10.1111/papr.12637
https://www.ncbi.nlm.nih.gov/pubmed/28851016
http://dx.doi.org/10.1016/j.joms.2010.04.019
https://www.ncbi.nlm.nih.gov/pubmed/20591548
http://dx.doi.org/10.1111/j.1749-4486.2011.02373.x
http://dx.doi.org/10.1111/j.1749-4486.2011.02373.x
https://www.ncbi.nlm.nih.gov/pubmed/21812940
http://dx.doi.org/10.1007/s00268-011-1343-9
https://www.ncbi.nlm.nih.gov/pubmed/22083435
http://dx.doi.org/10.1111/aas.12115
https://www.ncbi.nlm.nih.gov/pubmed/23581549
http://dx.doi.org/10.1186/s13018-017-0601-4
http://dx.doi.org/10.1186/s13018-017-0601-4
https://www.ncbi.nlm.nih.gov/pubmed/28655354
http://dx.doi.org/10.1093/bja/aev375
https://www.ncbi.nlm.nih.gov/pubmed/26658200
http://dx.doi.org/10.1111/bph.13750
https://www.ncbi.nlm.nih.gov/pubmed/28213891
http://dx.doi.org/10.1097/ACO.0000000000000485
https://www.ncbi.nlm.nih.gov/pubmed/28590258
http://dx.doi.org/10.1093/bja/aet551
https://www.ncbi.nlm.nih.gov/pubmed/24554545
http://dx.doi.org/10.1016/j.jclinane.2015.07.010
http://dx.doi.org/10.1016/j.jclinane.2015.07.010
https://www.ncbi.nlm.nih.gov/pubmed/27555127
https://www.ncbi.nlm.nih.gov/pubmed/27824241
http://dx.doi.org/10.1002/14651858.CD008307.pub2
https://www.ncbi.nlm.nih.gov/pubmed/23881791
http://dx.doi.org/10.1016/j.jpain.2016.11.004
https://www.ncbi.nlm.nih.gov/pubmed/27908839
http://dx.doi.org/10.4103/0970-9185.182085
https://www.ncbi.nlm.nih.gov/pubmed/27275042
https://www.ncbi.nlm.nih.gov/pubmed/28158165
http://dx.doi.org/10.1097/ACO.0000000000000086
https://www.ncbi.nlm.nih.gov/pubmed/24762954
http://dx.doi.org/10.4103/aer.AER_28_17
https://www.ncbi.nlm.nih.gov/pubmed/28663607
http://dx.doi.org/10.4103/0970-9185.168149
https://www.ncbi.nlm.nih.gov/pubmed/27625475
http://dx.doi.org/10.1017/S1461145713001119
https://www.ncbi.nlm.nih.gov/pubmed/24103211
https://www.ncbi.nlm.nih.gov/pubmed/27837583
http://dx.doi.org/10.4103/0970-9185.182085
https://www.ncbi.nlm.nih.gov/pubmed/27275042
http://dx.doi.org/10.1016/j.ajem.2017.03.005
https://www.ncbi.nlm.nih.gov/pubmed/28285863
http://dx.doi.org/10.7205/milmed-d-14-00383


197

Hanna Misiołek et al., Postoperative pain management (2018)

2016; 11(10): e0165461, doi: 10.1371/journal.pone.0165461, indexed 
in Pubmed: 27788221.

142. Ghate G, Clark E, Vaillancourt C. Systematic review of the use of low-dose 
ketamine for analgesia in the emergency department. CJEM. 2018; 
20(1): 36–45, doi: 10.1017/cem.2017.48, indexed in Pubmed: 28655364.

143. Johansson J, Sjöberg J, Nordgren M, et al. Prehospital analgesia using 
nasal administration of S-ketamine — a case series. Scand J Trauma 
Resusc Emerg Med. 2013; 21: 38, doi: 10.1186/1757-7241-21-38, inde-
xed in Pubmed: 23672762.

144. Yeaman F, Meek R, Egerton-Warburton D, et al. Sub-dissociative-dose 
intranasal ketamine for moderate to severe pain in adult emergency 
department patients. Emerg Med Australas. 2014; 26(3): 237–242, doi: 
10.1111/1742-6723.12173, indexed in Pubmed: 24712757.

145. Ferguson I, Bell A, Treston G, et al. Propofol or ketofol for procedural 
sedation and analgesia in emergency medicine — the POKER study: 
a randomized double-blind clinical trial. Ann Emerg Med. 2016; 68(5): 
574–582.e1, doi: 10.1016/j.annemergmed.2016.05.024, indexed in 
Pubmed: 27460905.

146. Parashchanka A, Schelfout S, Coppens M. Role of novel drugs 
in sedation outside the operating room: dexmedetomidine, 
ketamine and remifentanil. Curr Opin Anaesthesiol. 2014; 27(4): 
442–447, doi: 10.1097/ACO.0000000000000086, indexed in Pub-
med: 24762954.

147. Jalili M, Bahreini M, Doosti-Irani A, et al. Ketamine-propofol combi-
nation (ketofol) vs propofol for procedural sedation and analgesia: 
systematic review and meta-analysis. Am J Emerg Med. 2016; 34(3): 
558–569, doi: 10.1016/j.ajem.2015.12.074, indexed in Pubmed: 
26809929.

148. Stevens AJ, Higgins MD. A systematic review of the analgesic efficacy 
of cannabinoid medications in the management of acute pain. Acta 
Anaesthesiol Scand. 2017; 61(3): 268–280, doi: 10.1111/aas.12851, 
indexed in Pubmed: 28090652.

149. Levin DN, Dulberg Z, Chan AW, et al. A randomized-controlled trial 
of nabilone for the prevention of acute postoperative nausea and 
vomiting in elective surgery. Can J Anaesth. 2017; 64(4): 385–395, doi: 
10.1007/s12630-017-0814-3, indexed in Pubmed: 28160217.

150. Beaulieu P, Boulanger A, Desroches J, et al. Medical cannabis: consi-
derations for the anesthesiologist and pain physician. Can J Anaesth. 
2016; 63(5): 608–624, doi: 10.1007/s12630-016-0598-x, indexed in 
Pubmed: 26850063.

151. Whiting PF, Wolff RF, Deshpande S, et al. Cannabinoids for medical use: 
a systematic review and meta-analysis. JAMA. 2015; 313(24): 2456–
2473, doi: 10.1001/jama.2015.6358, indexed in Pubmed: 26103030.

152. Portenoy RK, Ganae-Motan ED, Allende S, et al. Nabiximols for 
opioid-treated cancer patients with poorly-controlled chronic pain: 
a randomized, placebo-controlled, graded-dose trial. J Pain. 2012; 
13(5): 438–449, doi: 10.1016/j.jpain.2012.01.003, indexed in Pubmed: 
22483680.

153. Maida V, Daeninck PJ. A user’s guide to cannabinoid therapies in 
oncology. Curr Oncol. 2016; 23(6): 398–406, doi: 10.3747/co.23.3487, 
indexed in Pubmed: 28050136.

154. Schrot RJ, Hubbard JR. Cannabinoids: medical implications. Ann Med. 
2016; 48(3): 128–141, doi: 10.3109/07853890.2016.1145794, indexed 
in Pubmed: 26912385.

155. Dobrogowski J, Woroń J. Miejsce kannabinoidów w leczeniu bólu, 
kompendium leczenia bólu. Medical Education 2017: 139–148.

156. Committee on Advancing Pain Research, Care, and Education: Relie-
ving Pain in America: A Blueprint for Transforming Prevention, Care, 
Education, and Research. Washington, DC, Institute of Medicine of the 
National Academies, 2011.

157. Hibbard JH. Engaging health care consumers to improve the quality 
of care. Med Care. 2003; 41(1 Suppl): I61–I70, indexed in Pubmed: 
12544817.

158. Patanwala AE, Jarzyna DL, Miller MD, et al. Comparison of opioid 
requirements and analgesic response in opioid-tolerant versus 
opioid-naïve patients after total knee arthroplasty. Pharmacotherapy. 
2008; 28(12): 1453–1460, doi: 10.1592/phco.28.12.1453, indexed in 
Pubmed: 19025426.

159. Chou R, Thames LL, Dana T, Pappas M, Mitchell JP. Evidence review 
on the management of postoperative pain. American Pain Society, 
Glenview 2016.

160. Beyer JE, Villarruel AM, Deynes MJ. The oucher: user’s manual and tech-
nical report. http://www.oucher.org/downloads/2009_Users_Manual.
pdf (8.01.2016).

161. Prowse M. Postoperative pain in older people: a review of the literature. 
J Clin Nurs. 2007; 16(1): 84–97, doi: 10.1111/j.1365-2702.2005.01482.x, 
indexed in Pubmed: 17181670.

162. Herr KA, Spratt K, Mobily PR, et al. Pain intensity assessment in older 
adults: use of experimental pain to compare psychometric properties 
and usability of selected pain scales with younger adults. Clin J Pain. 
2004; 20(4): 207–219, indexed in Pubmed: 15218405.

163. Morrison RS, Ahronheim JC, Morrison GR, et al. Pain and discomfort 
associated with common hospital procedures and experiences. J Pain 
Symptom Manage. 1998; 15(2): 91–101, indexed in Pubmed: 9494307.

164. Gagliese L, Weizblit N, Ellis W, et al. The measurement of postoperative 
pain: a comparison of intensity scales in younger and older surgical 
patients. Pain. 2005; 117(3): 412–420, doi: 10.1016/j.pain.2005.07.004, 
indexed in Pubmed: 16153776.

165. Bergh I, Sjöström B, Odén A, et al. Assessing pain and pain relief in geria-
tric patients with non-pathological fractures with different rating scales. 
Aging (Milano). 2001; 13(5): 355–361, indexed in Pubmed: 11820708.

166. Gordon DB, de Leon-Casaola OA. Research gaps in practice for acute 
postperative pain management in adults: findings from a review of 
the evidence for an American Society Clinical Practice guideline. The 
Clinical Journal of Pain. 2016; 17(2): 158–166.

167. Jöhr M, Chauvin M, Kehlet H, et al. The value of „multimodal” or „balan-
ced analgesia” in postoperative pain treatment. Anesth Analg. 1993; 
77(5): 1048–1056, indexed in Pubmed: 8105724.

168. Alam A, Gomes T, Zheng H, et al. Long-term analgesic use after low-
-risk surgery: a retrospective cohort study. Arch Intern Med. 2012; 
172(5): 425–430, doi: 10.1001/archinternmed.2011.1827, indexed in 
Pubmed: 22412106.

169. Elia N, Lysakowski C, Tramèr MR. Does multimodal analgesia with 
acetaminophen, nonsteroidal antiinflammatory drugs, or selecti-
ve cyclooxygenase-2 inhibitors and patient-controlled analgesia 
morphine offer advantages over morphine alone? Meta-analyses of 
randomized trials. Anesthesiology. 2005; 103(6): 1296–1304, indexed 
in Pubmed: 16306743.

170. Maund E, McDaid C, Rice S, et al. Paracetamol and selective and 
non-selective non-steroidal anti-inflammatory drugs (NSAIDs) for 
the reduction of morphine-related side effects after major surgery: 
a systematic review. Health Technol Assess. 2010; 14(17): 1–153, iii, doi: 
10.3310/hta14170, indexed in Pubmed: 20346263.

171. Rawal N, Viscusi E, Buvanendran A, et al. Multimodal minus reuben. 
Anesthesiol News. 2009; 35.

172. Shafer S. Retraction notice. Anesthesia & Analgesia. 2009; 108(4): 1351, 
doi: 10.1213/ane.0b013e31819e3de7.

173. Rawal N. Current issues in postoperactive pain management. Eur J 
Anaesthesiol. 2016; 33: 160–171.

174. Mathiesen O, Wetterslev J, Kontinen VK, et al. Scandinavian Postoperati-
ve Pain Alliance (ScaPAlli). Adverse effects of perioperative paracetamol, 
NSAIDs, glucocorticoids, gabapentinoids and their combinations: 
a topical review. Acta Anaesthesiol Scand. 2014; 58(10): 1182–1198, 
doi: 10.1111/aas.12380, indexed in Pubmed: 25116762.

175. Dahl JB, Nielsen RV, Wetterslev J, et al. Scandinavian Postoperative Pain 
Alliance (ScaPAlli). Post-operative analgesic effects of paracetamol, 
NSAIDs, glucocorticoids, gabapentinoids and their combinations: 
a topical review. Acta Anaesthesiol Scand. 2014; 58(10): 1165–1181, 
doi: 10.1111/aas.12382, indexed in Pubmed: 25124340.

176. Ruetzler K, Blome CJ, Nabecker S, et al. A randomised trial of oral ver-
sus intravenous opioids for treatment of pain after cardiac surgery. J 
Anesth. 2014; 28(4): 580–586, doi: 10.1007/s00540-013-1770-x, indexed 
in Pubmed: 24375220.

177. Ong CKS, Lirk P, Seymour RA, et al. The efficacy of preemptive analgesia 
for acute postoperative pain management: a meta-analysis. Anesth 
Analg. 2005; 100(3): 757–73, table of contents, doi: 10.1213/01.ANE
.0000144428.98767.0E, indexed in Pubmed: 15728066.

178. U.S. Food and Drug Administration: Extended Release - Long Acting 
Opioid Analgesics. http://www. fda.gov/Safety/MedWatch/SafetyIn-
formation/ucm396503. htm (9.12.2015).

179. Tramèr MR, Williams JE, Carroll D, et al. Comparing analgesic efficacy of 
non-steroidal anti-inflammatory drugs given by different routes in acu-
te and chronic pain: a qualitative systematic review. Acta Anaesthesiol 
Scand. 1998; 42(1): 71–79, indexed in Pubmed: 9527748.

180. Snell P, Hicks C. An exploratory study in the UK of the effectiveness 
of three different pain management regimens for post-caesarean 
section women. Midwifery. 2006; 22(3): 249–261, doi: 10.1016/j.
midw.2005.08.005, indexed in Pubmed: 16356609.

http://dx.doi.org/10.1371/journal.pone.0165461
https://www.ncbi.nlm.nih.gov/pubmed/27788221
http://dx.doi.org/10.1017/cem.2017.48
https://www.ncbi.nlm.nih.gov/pubmed/28655364
http://dx.doi.org/10.1186/1757-7241-21-38
https://www.ncbi.nlm.nih.gov/pubmed/23672762
http://dx.doi.org/10.1111/1742-6723.12173
https://www.ncbi.nlm.nih.gov/pubmed/24712757
http://dx.doi.org/10.1016/j.annemergmed.2016.05.024
https://www.ncbi.nlm.nih.gov/pubmed/27460905
http://dx.doi.org/10.1097/ACO.0000000000000086
https://www.ncbi.nlm.nih.gov/pubmed/24762954
http://dx.doi.org/10.1016/j.ajem.2015.12.074
https://www.ncbi.nlm.nih.gov/pubmed/26809929
http://dx.doi.org/10.1111/aas.12851
https://www.ncbi.nlm.nih.gov/pubmed/28090652
http://dx.doi.org/10.1007/s12630-017-0814-3
https://www.ncbi.nlm.nih.gov/pubmed/28160217
http://dx.doi.org/10.1007/s12630-016-0598-x
https://www.ncbi.nlm.nih.gov/pubmed/26850063
http://dx.doi.org/10.1001/jama.2015.6358
https://www.ncbi.nlm.nih.gov/pubmed/26103030
http://dx.doi.org/10.1016/j.jpain.2012.01.003
https://www.ncbi.nlm.nih.gov/pubmed/22483680
http://dx.doi.org/10.3747/co.23.3487
https://www.ncbi.nlm.nih.gov/pubmed/28050136
http://dx.doi.org/10.3109/07853890.2016.1145794
https://www.ncbi.nlm.nih.gov/pubmed/26912385
https://www.ncbi.nlm.nih.gov/pubmed/12544817
http://dx.doi.org/10.1592/phco.28.12.1453
https://www.ncbi.nlm.nih.gov/pubmed/19025426
http://www.oucher.org/downloads/2009_Users_Manual.pdf
http://www.oucher.org/downloads/2009_Users_Manual.pdf
http://dx.doi.org/10.1111/j.1365-2702.2005.01482.x
https://www.ncbi.nlm.nih.gov/pubmed/17181670
https://www.ncbi.nlm.nih.gov/pubmed/15218405
https://www.ncbi.nlm.nih.gov/pubmed/9494307
http://dx.doi.org/10.1016/j.pain.2005.07.004
https://www.ncbi.nlm.nih.gov/pubmed/16153776
https://www.ncbi.nlm.nih.gov/pubmed/11820708
https://www.ncbi.nlm.nih.gov/pubmed/8105724
http://dx.doi.org/10.1001/archinternmed.2011.1827
https://www.ncbi.nlm.nih.gov/pubmed/22412106
https://www.ncbi.nlm.nih.gov/pubmed/16306743
http://dx.doi.org/10.3310/hta14170
https://www.ncbi.nlm.nih.gov/pubmed/20346263
http://dx.doi.org/10.1213/ane.0b013e31819e3de7
http://dx.doi.org/10.1111/aas.12380
https://www.ncbi.nlm.nih.gov/pubmed/25116762
http://dx.doi.org/10.1111/aas.12382
https://www.ncbi.nlm.nih.gov/pubmed/25124340
http://dx.doi.org/10.1007/s00540-013-1770-x
https://www.ncbi.nlm.nih.gov/pubmed/24375220
http://dx.doi.org/10.1213/01.ANE.0000144428.98767.0E
http://dx.doi.org/10.1213/01.ANE.0000144428.98767.0E
https://www.ncbi.nlm.nih.gov/pubmed/15728066
https://www.ncbi.nlm.nih.gov/pubmed/9527748
http://dx.doi.org/10.1016/j.midw.2005.08.005
http://dx.doi.org/10.1016/j.midw.2005.08.005
https://www.ncbi.nlm.nih.gov/pubmed/16356609


198

Anaesthesiol Intensive Ther 2018, vol. 50, no 3, 173–199

181. Saudan S, Habre W, Ceroni D, et al. Safety and efficacy of patient con-
trolled epidural analgesia following pediatric spinal surgery. Paediatr 
Anaesth. 2008; 18(2): 132–139, doi: 10.1111/j.1460-9592.2007.02383.x, 
indexed in Pubmed: 18184244.

182. Anghelescu DL, Faughnan LG, Oakes LL, et al. Parent-controlled PCA for 
pain management in pediatric oncology: is it safe? J Pediatr Hematol 
Oncol. 2012; 34(6): 416–420, doi: 10.1097/MPH.0b013e3182580496, 
indexed in Pubmed: 22767126.

183. Monitto CL, Greenberg RS, Kost-Byerly S, et al. The safety and efficacy 
of parent-/nurse-controlled analgesia in patients less than six years of 
age. Anesth Analg. 2000; 91(3): 573–579, indexed in Pubmed: 10960379.

184. Russell AW, Owen H, Ilsley AH, et al. Background infusion with patient-
-controlled analgesia: effect on postoperative oxyhaemoglobin satu-
ration and pain control. Anaesth Intensive Care. 1993; 21(2): 174–179, 
indexed in Pubmed: 8517508.

185. Guler T, Unlugenc H, Gundogan Z, et al. A background infusion of 
morphine enhances patient-controlled analgesia after cardiac surgery. 
Can J Anaesth. 2004; 51(7): 718–722, doi: 10.1007/BF03018432, indexed 
in Pubmed: 15310642.

186. George JA, Lin EE, Hanna MN, et al. The effect of intravenous opioid 
patient-controlled analgesia with and without background infusion 
on respiratory depression: a meta-analysis. J Opioid Manag. 2010; 6(1): 
47–54, indexed in Pubmed: 20297614.

187. Jarzyna D, Jungquist CR, Pasero C, et al. American Society for Pain 
Management Nursing guidelines on monitoring for opioid-induced 
sedation and respiratory depression. Pain Manag Nurs. 2011; 12(3): 
118–145.e10, doi: 10.1016/j.pmn.2011.06.008, indexed in Pubmed: 
21893302.

188. Pedersen T, Dyrlund Pedersen B, Møller AM. Pulse oximetry for perio-
perative monitoring. Cochrane Database Syst Rev. 2003(3): CD002013, 
doi: 10.1002/14651858.CD002013, indexed in Pubmed: 12917918.

189. McCarter T, Shaik Z, Scarfo K, et al. Capnography monitoring enhances 
safety of postoperative patient-controlled analgesia. Am Health Drug 
Benefits. 2008; 1(5): 28–35, indexed in Pubmed: 25126237.

190. Liao Pu, Yegneswaran B, Vairavanathan S, et al. Postoperative complica-
tions in patients with obstructive sleep apnea: a retrospective matched 
cohort study. Can J Anaesth. 2009; 56(11): 819–828, doi: 10.1007/
s12630-009-9190-y, indexed in Pubmed: 19774431.

191. Dodwell ER, Latorre JG, Parisini E, et al. NSAID exposure and risk of 
nonunion: a meta-analysis of case-control and cohort studies. Calcif 
Tissue Int. 2010; 87(3): 193–202, doi: 10.1007/s00223-010-9379-7, 
indexed in Pubmed: 20552333.

192. Gorissen KJ, Benning D, Berghmans T, et al. Risk of anastomotic leakage 
with non-steroidal anti-inflammatory drugs in colorectal surgery. Br J 
Surg. 2012; 99(5): 721–727, doi: 10.1002/bjs.8691, indexed in Pubmed: 
22318712.

193. Sucato DJ, Lovejoy JF, Agrawal S, et al. Postoperative ketorolac does 
not predispose to pseudoarthrosis following posterior spinal fusion 
and instrumentation for adolescent idiopathic scoliosis. Spine (Phila Pa 
1976). 2008; 33(10): 1119–1124, doi: 10.1097/BRS.0b013e31816f6a2a, 
indexed in Pubmed: 18449047.

194. Rutegård J, Rutegård M. Non-steroidal anti-inflammatory drugs in 
colorectal surgery: A risk factor for anastomotic complications? World 
J Gastrointest Surg. 2012; 4(12): 278–280, doi: 10.4240/wjgs.v4.i12.278, 
indexed in Pubmed: 23493636.

195. Healthcare Professionals: Non-Selective Non-Steroidal Anti-Inflam-
matory Drugs (NSAIDs)*. http:// www.fda.gov/Drugs/DrugSafety/
PostmarketDrugSafety InformationforPatientsandProviders/DrugSafe-
tyInformation forHeathcareProfessionals/ucm085282.htm (30.10.2014).

196. Ekman EF, Wahba M, Ancona F. Analgesic efficacy of perioperative 
celecoxib in ambulatory arthroscopic knee surgery: a double-blind, 
placebo-controlled study. Arthroscopy. 2006; 22(6): 635–642, doi: 
10.1016/j.arthro.2006.03.012, indexed in Pubmed: 16762702.

197. Huang YM, Wang CM, Wang CT, et al. Perioperative celecoxib admini-
stration for pain management after total knee arthroplasty — a ran-
domized, controlled study. BMC Musculoskelet Disord. 2008; 9: 77, doi: 
10.1186/1471-2474-9-77, indexed in Pubmed: 18519002.

198. Sun T, Sacan O, White PF, et al. Perioperative versus postoperative 
celecoxib on patient outcomes after major plastic surgery procedures. 
Anesth Analg. 2008; 106(3): 950–8, table of contents, doi: 10.1213/
ane.0b013e3181618831, indexed in Pubmed: 18292445.

199. Zhang J, Ho KY, Wang Y. Efficacy of pregabalin in acute postoperative 
pain: a meta-analysis. Br J Anaesth. 2011; 106(4): 454–462, doi: 10.1093/
bja/aer027, indexed in Pubmed: 21357616.

200. Straube S, Derry S, Moore RA, et al. Single dose oral gabapentin for 
established acute postoperative pain in adults. Cochrane Database 
Syst Rev. 2010(5): CD008183, doi: 10.1002/14651858.CD008183.pub2, 
indexed in Pubmed: 20464764.

201. Gonano C, Latzke D, Sabeti-Aschraf M, et al. The anxiolytic effect of 
pregabalin in outpatients undergoing minor orthopaedic surgery. J Psy-
chopharmacol. 2011; 25(2): 249–253, doi: 10.1177/0269881109106928, 
indexed in Pubmed: 19825903.

202. Bell RF, Dahl JB, Moore RA, et al. Perioperative ketamine for acute po-
stoperative pain. Cochrane Database Syst Rev. 2006(1): CD004603, doi: 
10.1002/14651858.CD004603.pub2, indexed in Pubmed: 16437490.

203. Laskowski K, Stirling A, McKay WP, et al. A systematic review of 
intravenous ketamine for postoperative analgesia. Can J Anaesth. 
2011; 58(10): 911–923, doi: 10.1007/s12630-011-9560-0, indexed in 
Pubmed: 21773855.

204. McNicol ED, Schumann R, Haroutounian S. A systematic review and 
meta-analysis of ketamine for the prevention of persistent post-surgical 
pain. Acta Anaesthesiol Scand. 2014; 58(10): 1199–1213, doi: 10.1111/
aas.12377, indexed in Pubmed: 25060512.

205. Loftus RW, Yeager MP, Clark JA, et al. Intraoperative ketamine reduces 
perioperative opiate consumption in opiate-dependent patients with 
chronic back pain undergoing back surgery. Anesthesiology. 2010; 
113(3): 639–646, doi: 10.1097/ALN.0b013e3181e90914, indexed in 
Pubmed: 20693876.

206. Marret E, Rolin M, Beaussier M, et al. Meta-analysis of intravenous 
lidocaine and postoperative recovery after abdominal surgery. Br 
J Surg. 2008; 95(11): 1331–1338, doi: 10.1002/bjs.6375, indexed in 
Pubmed: 18844267.

207. Vigneault L, Turgeon AF, Côté D, et al. Perioperative intravenous 
lidocaine infusion for postoperative pain control: a meta-analysis of 
randomized controlled trials. Can J Anaesth. 2011; 58(1): 22–37, doi: 
10.1007/s12630-010-9407-0, indexed in Pubmed: 21061107.

208. De Oliveira GS, Duncan K, Fitzgerald P, et al. Systemic lidocaine to 
improve quality of recovery after laparoscopic bariatric surgery: 
a randomized double-blinded placebo-controlled trial. Obes Surg. 
2014; 24(2): 212–218, doi: 10.1007/s11695-013-1077-x, indexed in 
Pubmed: 24036842.

209. Farag E, Ghobrial M, Sessler DI, et al. Effect of perioperative intravenous 
lidocaine administration on pain, opioid consumption, and quality of 
life after complex spine surgery. Anesthesiology. 2013; 119(4): 932–940, 
doi: 10.1097/ALN.0b013e318297d4a5, indexed in Pubmed: 23681143.

210. Bamigboye AA, Hofmeyr GJ. Local anaesthetic wound infiltration and 
abdominal nerves block during caesarean section for postoperative 
pain relief. Cochrane Database Syst Rev. 2009(3): CD006954, doi: 
10.1002/14651858.CD006954.pub2, indexed in Pubmed: 19588413.

211. Kehlet H, Andersen LØ. Local infiltration analgesia in joint replacement: 
the evidence and recommendations for clinical practice. Acta Anaesthe-
siol Scand. 2011; 55(7): 778–784, doi: 10.1111/j.1399-6576.2011.02429.x, 
indexed in Pubmed: 21463261.

212. Parker RD, Streem K, Schmitz L, et al. Marguerite Group. Efficacy of 
continuous intra-articular bupivacaine infusion for postoperative 
analgesia after anterior cruciate ligament reconstruction: a double-
-blinded, placebo-controlled, prospective, and randomized study. Am 
J Sports Med. 2007; 35(4): 531–536, doi: 10.1177/0363546506296313, 
indexed in Pubmed: 17244900.

213. Dasta J, Ramamoorthy S, Patou G, et al. Bupivacaine liposome injectable 
suspension compared with bupivacaine HCl for the reduction of opioid 
burden in the postsurgical setting. Curr Med Res Opin. 2012; 28(10): 1609–
1615, doi: 10.1185/03007995.2012.721760, indexed in Pubmed: 22900785.

214. Rapley JH, Beavis RC, Barber FA. Glenohumeral chondrolysis after sho-
ulder arthroscopy associated with continuous bupivacaine infusion. Ar-
throscopy. 2009; 25(12): 1367–1373, doi: 10.1016/j.arthro.2009.08.024, 
indexed in Pubmed: 19962061.

215. Joshi GP, Bonnet F, Shah R, et al. A systematic review of randomi-
zed trials evaluating regional techniques for postthoracotomy 
analgesia. Anesth Analg. 2008; 107(3): 1026–1040, doi: 10.1213/01.
ane.0000333274.63501.ff, indexed in Pubmed: 18713924.

216. Kaloul I, Guay J, Côté C, et al. The posterior lumbar plexus (psoas com-
partment) block and the three-in-one femoral nerve block provide 
similar postoperative analgesia after total knee replacement. Can J 
Anaesth. 2004; 51(1): 45–51, doi: 10.1007/BF03018546, indexed in 
Pubmed: 14709460.

217. Richman JM, Liu SS, Courpas G, et al. Does continuous peripheral 
nerve block provide superior pain control to opioids? A meta-ana-

http://dx.doi.org/10.1111/j.1460-9592.2007.02383.x
https://www.ncbi.nlm.nih.gov/pubmed/18184244
http://dx.doi.org/10.1097/MPH.0b013e3182580496
https://www.ncbi.nlm.nih.gov/pubmed/22767126
https://www.ncbi.nlm.nih.gov/pubmed/10960379
https://www.ncbi.nlm.nih.gov/pubmed/8517508
http://dx.doi.org/10.1007/BF03018432
https://www.ncbi.nlm.nih.gov/pubmed/15310642
https://www.ncbi.nlm.nih.gov/pubmed/20297614
http://dx.doi.org/10.1016/j.pmn.2011.06.008
https://www.ncbi.nlm.nih.gov/pubmed/21893302
http://dx.doi.org/10.1002/14651858.CD002013
https://www.ncbi.nlm.nih.gov/pubmed/12917918
https://www.ncbi.nlm.nih.gov/pubmed/25126237
http://dx.doi.org/10.1007/s12630-009-9190-y
http://dx.doi.org/10.1007/s12630-009-9190-y
https://www.ncbi.nlm.nih.gov/pubmed/19774431
http://dx.doi.org/10.1007/s00223-010-9379-7
https://www.ncbi.nlm.nih.gov/pubmed/20552333
http://dx.doi.org/10.1002/bjs.8691
https://www.ncbi.nlm.nih.gov/pubmed/22318712
http://dx.doi.org/10.1097/BRS.0b013e31816f6a2a
https://www.ncbi.nlm.nih.gov/pubmed/18449047
http://dx.doi.org/10.4240/wjgs.v4.i12.278
https://www.ncbi.nlm.nih.gov/pubmed/23493636
http://dx.doi.org/10.1016/j.arthro.2006.03.012
https://www.ncbi.nlm.nih.gov/pubmed/16762702
http://dx.doi.org/10.1186/1471-2474-9-77
https://www.ncbi.nlm.nih.gov/pubmed/18519002
http://dx.doi.org/10.1213/ane.0b013e3181618831
http://dx.doi.org/10.1213/ane.0b013e3181618831
https://www.ncbi.nlm.nih.gov/pubmed/18292445
http://dx.doi.org/10.1093/bja/aer027
http://dx.doi.org/10.1093/bja/aer027
https://www.ncbi.nlm.nih.gov/pubmed/21357616
http://dx.doi.org/10.1002/14651858.CD008183.pub2
https://www.ncbi.nlm.nih.gov/pubmed/20464764
http://dx.doi.org/10.1177/0269881109106928
https://www.ncbi.nlm.nih.gov/pubmed/19825903
http://dx.doi.org/10.1002/14651858.CD004603.pub2
https://www.ncbi.nlm.nih.gov/pubmed/16437490
http://dx.doi.org/10.1007/s12630-011-9560-0
https://www.ncbi.nlm.nih.gov/pubmed/21773855
http://dx.doi.org/10.1111/aas.12377
http://dx.doi.org/10.1111/aas.12377
https://www.ncbi.nlm.nih.gov/pubmed/25060512
http://dx.doi.org/10.1097/ALN.0b013e3181e90914
https://www.ncbi.nlm.nih.gov/pubmed/20693876
http://dx.doi.org/10.1002/bjs.6375
https://www.ncbi.nlm.nih.gov/pubmed/18844267
http://dx.doi.org/10.1007/s12630-010-9407-0
https://www.ncbi.nlm.nih.gov/pubmed/21061107
http://dx.doi.org/10.1007/s11695-013-1077-x
https://www.ncbi.nlm.nih.gov/pubmed/24036842
http://dx.doi.org/10.1097/ALN.0b013e318297d4a5
https://www.ncbi.nlm.nih.gov/pubmed/23681143
http://dx.doi.org/10.1002/14651858.CD006954.pub2
https://www.ncbi.nlm.nih.gov/pubmed/19588413
http://dx.doi.org/10.1111/j.1399-6576.2011.02429.x
https://www.ncbi.nlm.nih.gov/pubmed/21463261
http://dx.doi.org/10.1177/0363546506296313
https://www.ncbi.nlm.nih.gov/pubmed/17244900
http://dx.doi.org/10.1185/03007995.2012.721760
https://www.ncbi.nlm.nih.gov/pubmed/22900785
http://dx.doi.org/10.1016/j.arthro.2009.08.024
https://www.ncbi.nlm.nih.gov/pubmed/19962061
http://dx.doi.org/10.1213/01.ane.0000333274.63501.ff
http://dx.doi.org/10.1213/01.ane.0000333274.63501.ff
https://www.ncbi.nlm.nih.gov/pubmed/18713924
http://dx.doi.org/10.1007/BF03018546
https://www.ncbi.nlm.nih.gov/pubmed/14709460


199

Hanna Misiołek et al., Postoperative pain management (2018)

lysis. Anesth Analg. 2006; 102(1): 248–257, doi: 10.1213/01.ANE
.0000181289.09675.7D, indexed in Pubmed: 16368838.

218. YaDeau JT, LaSala VR, Paroli L, et al. Clonidine and analgesic duration 
after popliteal fossa nerve blockade: randomized, double-blind, 
placebo-controlled study. Anesth Analg. 2008; 106(6): 1916–1920, 
doi: 10.1213/ane.0b013e318172fe44, indexed in Pubmed: 18499632.

219. Bamigboye AA, Hofmeyr GJ. Local anaesthetic wound infiltration and 
abdominal nerves block during caesarean section for postoperative 
pain relief. Cochrane Database Syst Rev. 2009(3): CD006954, doi: 
10.1002/14651858.CD006954.pub2, indexed in Pubmed: 19588413.

220. Paul J, Arya A, Hurlburt L, et al. Femoral nerve block improves analgesia 
outcomes after total knee arthroplasty. Anesthesiology. 2010; 113(5): 
1144–1162, doi: 10.1097/aln.0b013e3181f4b18.

221. Nishimori M, Low JHS, Zheng H, et al. Epidural pain relief versus systemic 
opioid-based pain relief for abdominal aortic surgery. Cochrane Data-
base Syst Rev. 2006(3): CD005059, doi: 10.1002/14651858.CD005059.
pub2, indexed in Pubmed: 16856074.

222. Andreae MH, Andreae DA. Regional anaesthesia to prevent chronic 
pain after surgery: a Cochrane systematic review and meta-analysis. 
Br J Anaesth. 2013; 111(5): 711–720, doi: 10.1093/bja/aet213, indexed 
in Pubmed: 23811426.

223. Huxtable CA, Roberts LJ, Somogyi AA, et al. Acute pain management in 
opioid-tolerant patients: a growing challenge. Anaesth Intensive Care. 
2011; 39(5): 804–823, indexed in Pubmed: 21970125.

224. Reynolds MA. Postoperative pain management discharge teaching in 
a rural population. Pain Manag Nurs. 2009; 10(2): 76–84, doi: 10.1016/j.
pmn.2008.07.003, indexed in Pubmed: 19481046.

225. Houle TT, Miller S, Lang JE, et al. Day-to-day experience in resolution 
of pain after surgery. Pain. 2017; 158(11): 2147–2154, doi: 10.1097/j.
pain.0000000000001015, indexed in Pubmed: 28708763.

226. Papagiannopoulou P, Argiriadou H, Georgiou M, et al. Surgical endo-
scopy. www.postoppain.org. 2003; 17(12): 1961–1964.

227. Taliercio S, Sanders B, Achlatis S, et al. Factors associated with the use of po-
stoperative analgesics in patients undergoing direct microlaryngoscopy. Ann 
Otol Rhinol Laryngol. 2017; 126(5): 375–381, doi: 10.1177/0003489417693862, 
indexed in Pubmed: 28397564.

228. Tolska HK, Takala A, Blomgren K, et al. Topical ropivacaine in prevention of 
post-tonsillectomy pain in adults. Anesth Analg. 2017; 124(5): 1459–1466, 
doi: 10.1213/ANE.0000000000002015, indexed in Pubmed: 28328759.

229. Aveline C, Le Hetet H, Le Roux A, et al. A survey of the administration 
of prednisolone versus ibuprofen analgesic protocols after ambulatory 
tonsillectomy. Anaesth Crit Care Pain Med. 2015; 34(5): 281–287, doi: 
10.1016/j.accpm.2014.11.003, indexed in Pubmed: 26004877.

230. Arikan OK, Sahin S, Kazkayasi M, et al. High-dose ropivacaine versus 
bupivacaine for posttonsillectomy pain relief in adults. J Otolaryngol 
Head & Neck Surg. 2008; 37(6): 836–884.

231. Wilson CA, Sommerfield D, Drake-Brockman TFE, et al. Pain after 
discharge following head and neck surgery in children. Paediatr 
Anaesth. 2016; 26(10): 992–1001, doi: 10.1111/pan.12974, indexed in 
Pubmed: 27397757.

232. Bamigboye AA, Hofmeyr GJ, Cederholm I. Preliminary risk-benefit 
analysis of ropivacaine in labour and following surgery. Drug Saf. 1997; 
16(6): 391–402, indexed in Pubmed: 9241493.

233. Blanco R. QLB vs TAP block. Reg Anesth Pain Med. 2016; 41(6): 757–762.
234. Abdallah F, Chan V, Brull R. Transversus abdominis plane block. Regional 

Anesthesia and Pain Medicine. 2012; 37(2): 193–209, doi: 10.1097/
aap.0b013e3182429531.

235. Abdallah FW, Laffey JG, Halpern SH, et al. Duration of analgesic effecti-
veness after the posterior and lateral transversus abdominis plane block 
techniques for transverse lower abdominal incisions: a meta-analysis. 

Br J Anaesth. 2013; 111(5): 721–735, doi: 10.1093/bja/aet214, indexed 
in Pubmed: 23811424.

236. Blanco R, Maldonado TP. Reply to the article entitled “Ultrasound 
description of Pecs II (modified Pecs I): A novel approach to breast 
surgery”. Reply of the authors. Revista Española de Anestesiología y 
Reanimación. 2013; 60(5): 296–297, doi: 10.1016/j.redar.2013.01.002.

237. Woodworth GE, Ivie RMJ, Nelson SM, et al. Perioperative breast 
analgesia: a qualitative review of anatomy and regional techni-
ques. Reg Anesth Pain Med. 2017; 42(5): 609–631, doi: 10.1097/
AAP.0000000000000641, indexed in Pubmed: 28820803.

238. Singh PM, Borle A, Kaur M, et al. Opioid-sparing effects of the thoracic in-
terfascial plane blocks: A meta-analysis of randomized controlled trials. 
Saudi J Anaesth. 2018; 12(1): 103–111, doi: 10.4103/sja.SJA_382_17, 
indexed in Pubmed: 29416465.

239. Forero M, Adhikary SD, Lopez H, et al. The erector spinae plane block: 
a novel analgesic technique in thoracic neuropathic pain. Reg Anesth 
Pain Med. 2016; 41(5): 621–627, doi: 10.1097/AAP.0000000000000451, 
indexed in Pubmed: 27501016.

240. Yeung J J, Melody T, Kerr A, et al. Randomised controlled pilot study 
to investigate the effectiveness of thoracic epidural and paravertebral 
blockade in reducing chronic post-thoracotomy pain: TOPIC feasibility 
study protocol. BMJ Open. 2016.

241. Rodriguez-Aldrete D, Candiotti KA, Janakiraman R, et al. Trends and new 
evidence in the management of acute and chronic post-thoracotomy 
pain-an overview of the literature from 2005 to 2015. J Cardiothorac 
Vasc Anaesth. 2016; 30(3): 762–72.

242. Scimia P, Basso Ricci E, Droghetti A, et al. The ultrasound-guided 
continuous erector spinae plane block for postoperative analgesia 
in video-aassisted thoracoscopic lobectomy. Reg Anesth Pain Med. 
2017; 42(4): 537, doi: 10.1097/AAP.0000000000000616, indexed in 
Pubmed: 28632673.

243. Chin KiJ, McDonnell JG, Carvalho B, et al. Essentials of our current 
understanding: abdominal wall blocks. Reg Anesth Pain Med. 2017; 
42(2): 133–183, doi: 10.1097/AAP.0000000000000545, indexed in 
Pubmed: 28085788.

244. Mudumbai SC, Kim TE, Howard SK, et al. Continuous adductor 
canal blocks are superior to continuous femoral nerve blocks in 
promoting early ambulation after TKA. Clin Orthop Relat Res. 2014; 
472(5): 1377–1383, doi: 10.1007/s11999-013-3197-y, indexed in 
Pubmed: 23897505.

245. Shah NA, Jain NP. Is continuous adductor canal block better than 
continuous femoral nerve block after total knee arthroplasty? Effect 
on ambulation ability, early functional recovery and pain control: 
a randomized controlled trial. J Arthroplasty. 2014; 29(11): 2224–2229, 
doi: 10.1016/j.arth.2014.06.010, indexed in Pubmed: 25041873.

246. Kopp SL, Børglum J, Buvanendran A, et al. Anesthesia and analgesia 
practice pathway options for total knee arthroplasty: an evidence-ba-
sed review by the american and european societies of regional ane-
sthesia and pain medicine. Reg Anesth Pain Med. 2017; 42(6): 683–697, 
doi: 10.1097/AAP.0000000000000673, indexed in Pubmed: 29053504.

corresponding author:
Hanna Misiołek
Klinika Anestezjologii i Intensywnej Terapii 
Katedry Anestezjologii, Intensywnej Terapii 
i Medycyny Ratunkowej w Zabrzu
Śląski Uniwersytet Medyczny w Katowicach
e-mail: hanna.misiolek@gmail.com

http://dx.doi.org/10.1213/01.ANE.0000181289.09675.7D
http://dx.doi.org/10.1213/01.ANE.0000181289.09675.7D
https://www.ncbi.nlm.nih.gov/pubmed/16368838
http://dx.doi.org/10.1213/ane.0b013e318172fe44
https://www.ncbi.nlm.nih.gov/pubmed/18499632
http://dx.doi.org/10.1002/14651858.CD006954.pub2
https://www.ncbi.nlm.nih.gov/pubmed/19588413
http://dx.doi.org/10.1097/aln.0b013e3181f4b18
http://dx.doi.org/10.1002/14651858.CD005059.pub2
http://dx.doi.org/10.1002/14651858.CD005059.pub2
https://www.ncbi.nlm.nih.gov/pubmed/16856074
http://dx.doi.org/10.1093/bja/aet213
https://www.ncbi.nlm.nih.gov/pubmed/23811426
https://www.ncbi.nlm.nih.gov/pubmed/21970125
http://dx.doi.org/10.1016/j.pmn.2008.07.003
http://dx.doi.org/10.1016/j.pmn.2008.07.003
https://www.ncbi.nlm.nih.gov/pubmed/19481046
http://dx.doi.org/10.1097/j.pain.0000000000001015
http://dx.doi.org/10.1097/j.pain.0000000000001015
https://www.ncbi.nlm.nih.gov/pubmed/28708763
http://dx.doi.org/10.1177/0003489417693862
https://www.ncbi.nlm.nih.gov/pubmed/28397564
http://dx.doi.org/10.1213/ANE.0000000000002015
https://www.ncbi.nlm.nih.gov/pubmed/28328759
http://dx.doi.org/10.1016/j.accpm.2014.11.003
https://www.ncbi.nlm.nih.gov/pubmed/26004877
http://dx.doi.org/10.1111/pan.12974
https://www.ncbi.nlm.nih.gov/pubmed/27397757
https://www.ncbi.nlm.nih.gov/pubmed/9241493
http://dx.doi.org/10.1097/aap.0b013e3182429531
http://dx.doi.org/10.1097/aap.0b013e3182429531
http://dx.doi.org/10.1093/bja/aet214
https://www.ncbi.nlm.nih.gov/pubmed/23811424
http://dx.doi.org/10.1016/j.redar.2013.01.002
http://dx.doi.org/10.1097/AAP.0000000000000641
http://dx.doi.org/10.1097/AAP.0000000000000641
https://www.ncbi.nlm.nih.gov/pubmed/28820803
http://dx.doi.org/10.4103/sja.SJA_382_17
https://www.ncbi.nlm.nih.gov/pubmed/29416465
http://dx.doi.org/10.1097/AAP.0000000000000451
https://www.ncbi.nlm.nih.gov/pubmed/27501016
http://dx.doi.org/10.1097/AAP.0000000000000616
https://www.ncbi.nlm.nih.gov/pubmed/28632673
http://dx.doi.org/10.1097/AAP.0000000000000545
https://www.ncbi.nlm.nih.gov/pubmed/28085788
http://dx.doi.org/10.1007/s11999-013-3197-y
https://www.ncbi.nlm.nih.gov/pubmed/23897505
http://dx.doi.org/10.1016/j.arth.2014.06.010
https://www.ncbi.nlm.nih.gov/pubmed/25041873
http://dx.doi.org/10.1097/AAP.0000000000000673
https://www.ncbi.nlm.nih.gov/pubmed/29053504

