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Abstract: Analysis of the problem of surgical pain is important in view of the fact that the 

success of surgical treatment depends largely on proper pain management during the first few 

days after a cardiosurgical procedure. Postoperative pain is due to intraoperative damage to 

tissue. It is acute pain of high intensity proportional to the type of procedure. The pain is most 

intense during the first 24 hours following the surgery and decreases on subsequent days. Its 

intensity is higher in younger subjects than elderly and obese patients, and preoperative anxiety 

is also a factor that increases postoperative pain. Ineffective postoperative analgesic therapy 

may cause several complications that are dangerous to a patient. Inappropriate postoperative 

pain management may result in chronic pain, immunosuppression, infections, and less effective 

wound healing. Understanding and better knowledge of physiological disorders and adverse 

effects resulting from surgical trauma, anesthesia, and extracorporeal circulation, as well as the 

development of standards for intensive postoperative care units are critical to the improvement 

of early treatment outcomes and patient comfort.
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Introduction
Each surgical intervention is associated with the patient’s perception of pain. Postopera-

tive pain is due to intraoperative damage to tissues/organs, and its intensity and extent 

are generally proportional to the extent of the surgery.1 In cases of a large trauma, in 

addition to superficial and deep somatic pain, the visceral component of postoperative 

pain is also involved, triggered both by smooth-muscle contraction, caused by compres-

sion and tension of the visceral structures, and by inflammatory lesions.2

The severity of pain experienced by the patient is significantly influenced by 

various factors that increase or decrease the nociceptive threshold. These include the 

location of the surgery, its extent, the degree of tissue traumatization, the direction 

of skin incision, preoperative anxiety level, and the analgesic techniques used in the 

perioperative period.3–5 Postoperative pain is a major factor aggravating the general 

condition of the patient. Its systemic sequels are disorders of the respiratory and car-

diovascular systems, stimulation of the sympathetic nervous system, and impairment 

of muscular mobility, general mobility, and physical fitness of the patient.1,6 Severe 

pain is also burdensome for the patient’s psyche.7

Pain after cardiac surgery is most severe during the first 24 hours and decreases 

on subsequent days, because it is a “self-limiting” phenomenon.8,9 Pain is the most 

severe in patients after open thoracic surgery.4,10 Patients undergoing surgery with 

the use of cardiopulmonary bypass report slightly higher pain intensity than those in 
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whom  extracorporeal circulation is not used.11 Extracorporeal 

circulation is essentially associated with the induction of the 

systemic inflammatory response syndrome, with potential 

end-organ dysfunctions.12 It has been shown that women 

after cardiac surgery report higher pain intensity and a sig-

nificantly higher number of pain areas than men, and that 

elderly patients have a higher pain threshold.13–15

Assessment of the intensity of postoperative pain should 

be based on standardized and documented assessment scales. 

The established tools are the visual analog scale (VAS) and 

numeric rating scale (NRS).16,17 Postoperative pain manage-

ment is crucial, as inadequately controlled pain delays reha-

bilitation, prolongs the duration of treatment and worsens 

the patient’s quality of life.18

Despite the tremendous progress made in medicine in 

the field of pain pathophysiology and its treatment, patients 

still experience pain after surgery. An appropriate method of 

alleviating pain and observing the patient for the occurrence 

of complications associated with the administration of certain 

analgesics play a key role in postoperative pain control.19,20

This paper is a review of pain-related problems associated 

with cardiac surgery procedures. It presents the pathomecha-

nism and factors of postoperative pain. It explores the factors 

affecting the intensity and perception of pain in patients 

undergoing cardiac surgery, including the preoperative ones. 

To our knowledge, no similar comprehensive reviews con-

cerning this topic have been published recently.

Commonest conditions in adults 
requiring cardiac surgery
Coronary artery bypass grafting (CABG) and heart valve 

surgery are the most commonly performed procedures in 

cardiac surgery worldwide. The further development of 

surgical skills and technical settings enables complex sur-

gery in increasingly old and morbid patients with poor left 

ventricular function and a multitude of comorbidities.21 To 

minimize as far as possible the pain experienced by cardiac 

surgery patients, surgical procedures should be performed 

using minimally invasive techniques. Minimally invasive 

surgery has grown in popularity, and the potential benefits 

of reducing surgical trauma include decreased postoperative 

bleeding, reduced incidence of sternal wound infections, and 

shortened recovery period after surgery.22

There are also less invasive procedures, like minimally 

invasive direct CABG or the totally endoscopic CABG, 

where the sternum is not opened. Here, the bypass grafting 

is performed by minithoracotomy or totally endoscopically 

by inserting two or three ports, which may contribute to less 

postoperative pain to improve the patients’ quality of life in 

the postoperative period. The shortcomings of both tech-

niques are that only one or two target vessels at the anterior 

wall of the heart can be achieved.23,24

As for heart-valve surgery, minimally invasive techniques 

are well established for atrioventricular and aortic valve sur-

gery, atrial septal defect, and radiofrequency ablation with 

closure of the left atrial appendage. With the introduction of a 

3-D totally endoscopically functioning system into minimally 

invasive cardiac surgery, further reduction of skin incisions 

and trauma have become possible.21,25

Now, specific valve failures can be treated with percuta-

neous access techniques. There is growing evidence of the 

effectiveness of such procedures. In particular, transcatheter 

aortic valve implantation is considered an effective therapeu-

tic alternative to surgical treatment for patients at high risk 

or for those who are not suitable or willing for open-heart 

surgery.26–28

Postoperative pain can be reduced additionally by the 

elimination of intraoperative use of extracorporeal circula-

tion, thus reducing the incidence of inflammatory response 

syndrome, eg, using off-pump CABG. This is an alterna-

tive technique, where no heart–lung machine is used and 

anastomoses are sewn on a beating heart. This technique 

may be favorable in avoiding complications resulting from 

extracorporeal circulation.11,29

Surgical trauma and its 
consequences: acute postoperative 
pain
The incidence of acute postoperative pain is associated with 

surgical trauma to tissue or organs, as well as the presence 

of a surgical wound. It occurs after the cessation of action 

of the analgesic agents administered intraoperatively. Pain 

of this type decreases day by day with healing of organic 

tissue and skin. It usually lasts a few or >10 days, but may 

also persist for up to 3 months.30,31

Tissue damage leads to the development of so-called 

neurogenic inflammation at the site of the trauma. The site 

of the injury is edematous, red, and painful. These symptoms 

result from the release of potassium ions, bradykinin, pros-

tanoids, and numerous inflammatory mediators, such as sub-

stance P, serotonin, histamine, cytokines, and leukotrienes, 

from cells.32,33 This leads to a change in the properties and 

sensitivity of primary afferent nerve terminals (peripheral 

sensitization). Changes in the environment also cause the 

activation of so-called sleeping nociceptors. These processes 

are accompanied by changes in the central nervous system 
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(central sensitization). These phenomena are expressed in 

the form of excessive response to painful stimuli within the 

postoperative wound (primary hyperalgesia) and/or in the 

tissue surrounding the site of injury (secondary hyperalgesia), 

pain perception, even after an innocuous nonnociceptive 

stimulus (allodynia), and spontaneous and projected pain. 

This type of postoperative pain, occurring as a consequence 

of tissue injury and induction of sensitization mechanisms, 

is referred to as clinical pain. In contrast to physiological 

pain, clinical pain is characterized by slower conduction, lasts 

longer than desired than the noxious stimulus, is diffuse in 

character and difficult to locate, and aggravates the patient’s 

attempts to move.34

Acute postoperative pain is also classified as receptor 

pain.33,35 Just as physiological pain (caused by a stimulus 

innocuous to tissue), it is due to irritation of pain receptors 

(nociceptors). In the transduction process, in nociceptors 

located in the peripheral terminals of Aδ and C fibers, con-

version of the energy of a noxious stimulus (mechanical, 

thermal, chemical) into electrical impulses takes place. Then, 

the nociceptive information is conducted along the Aδ and 

C fibers to ganglia of the posterior roots or ganglia of the 

cranial nerves (V, VII, IX, and X), and subsequently to the 

dorsal horn of the spinal cord. From the dorsal horn, pain 

stimuli are transmitted via lateral and medial spinohypotha-

lamic, spinomesencephalic, and spinoreticular pathways to 

the thalamus, reticular formation, pons, hypothalamus, and 

periaqueductal gray matter. Then, nociceptive information 

is transmitted to the cerebral cortex and the limbic system. 

In the transmission process, nociceptive stimulation is 

inhibited or enhanced, owing to the involvement of (among 

others) endogenous opioids and noradrenergic, cholinergic, 

serotonergic, and γ-aminobutyric acid-ergic systems. The 

final perception of pain takes place in the cerebral cortex. Its 

presence is acknowledged there and its severity assessed, as 

well as the decision concerning the action to be taken being 

made31,36 (Figure 1).

Adverse effects of nociceptive 
stimulation
Postoperative pain is a side effect of a planned injury. As 

such, unlike physiological pain, it does not play the role of 

warning and defense. Instead, it leads to the development of 

a sequence of unfavorable pathophysiological processes trig-

gered by nociceptive stimulation.37 This has been expressed in 

the definition of pain proposed by the International Associa-

tion for the Study of Pain, according to which severe pain is 

an unpleasant, sensual, and emotional sensation caused by 

existing or potentially threatening damage to tissue, a sen-

sation accompanied by autonomic and behavioral systemic 

response.38

Postoperative pain is associated with increased suscep-

tibility of the patient to the development of many complica-

tions. A particularly dangerous sequel of severe pain after 

cardiosurgical procedures are dysfunctions of the respiratory 

system.6,39 Pain is the cause of reflex muscular tension and 

impairs the patient’s activity or even immobilizes them. It 

leads to a shortness of breath and consequently to reduction 

in tidal volume, vital capacity, functional residual capacity, 

and pulmonary compliance.40,41 The fear of pain also impairs 

expectoration of secretions accumulating in the bronchial 

tree, which may result in atelectasis, pulmonary infections, 

and hypoxemia of arterial blood.42

Activation of the sympathetic nervous system has a 

significant effect on the cardiovascular system and gastroin-

testinal and urinary tracts. This leads to acceleration in heart 

rate, increase in contractility and tone of the heart walls, and 

elevation in arterial blood pressure. Peripheral blood flow is 

reduced, which predisposes to venous stasis (potentiated by 

immobilization) and the development of deep-vein thrombo-

sis. Stimulation of the sympathetic system also impairs the 

motility of the gastrointestinal tract (spasm of the sphincters), 

the urinary bladder, and the urethra.1,43–46

Changes in the endocrine system are also observed.44,47 

The release of cortisol, catecholamine, antidiuretic hormone, 

corticotropic hormone, renin, angiotensin, and aldosterone is 

increased. In contrast, insulin level decreases. The catabolic 

phase develops. If nociceptive stimulation lasts longer, it 

leads to suppression of the immune system, with increased 

Figure 1 Pain sensation process – nociception.
Abbreviations: DRG, dorsal root ganglia; WDR, wide dynamic range. 
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risk of infection and possible disturbances in the wound-

healing process. Additionally, increased ability of blood plate-

lets to aggregate and a systemic tendency to retain sodium 

and water is observed.48 These processes are mainly due to 

activation of the sympathoadrenal–hypothalamic–pituitary 

system and release of inflammatory mediators at the site of 

tissue damage.43 Severe pain has a devastating impact on 

the patient’s psyche. It causes anxiety and malaise, which 

may manifest in sleep disorders, fear, and in extreme cases 

depression.7,31

Factors influencing the perception 
of pain
Pain is a subjective sensation, and every surgical patient may 

feel it in a different way, despite the same type of surgical 

intervention. The perception of pain is influenced by factors 

associated not only with the surgical trauma and the method 

of anesthesia but also by biological, psychological, and socio-

logical ones. The extent of the incision and duration of the 

surgical procedure are among the essential factors influencing 

the intensity of pain.1 With the aim of minimizing postopera-

tive pain, surgeons modify the traditional approaches and 

search for solutions sparing thoracic wall structures.21,49,50

The presence of postoperative drainage intensifies noci-

ceptive impulse from the parietal pleura innervated by the 

intercostal and phrenic nerves.51 Exacerbation of postopera-

tive pain is also influenced by the extent of traumatization of 

the intercostal nerve when the intercostal space is opened. 

It is particularly vulnerable to damage when the intercostal 

space is opened. This maneuver increases the risk of dam-

age to the nerve inflicted by the rib in cases of fracture or 

by compression exerted by the dilator during surgery.51,52 As 

demonstrated in animal model studies, intercostal nerve com-

pression may lead to its degeneration and demyelination.53 

Intercostal nerve damage is regarded as one the factors 

inducing both acute and chronic pain.54 Chronic pain after 

thoracic surgery is a serious problem in 20%–80% of adult 

patients.51,55 It is characterized by the occurrence of allodynia 

and/or hyperalgesia, which suggests its neuropathic origin.2,51 

As noted by Allama in a randomized study of adult patients, 

the use of intercostal sutures significantly reduces the severity 

of pain in the early postoperative period.56 It should be men-

tioned that research conducted by Steegers et al demonstrated 

that the neuropathic pain component after thoracic surgery 

was present only in 53% of patients with chronic pain, while 

in 47% of patients the pain was not neuropathic.2

It should not be forgotten that psychological components 

of pain, in addition to factors related to the surgical interven-

tion itself, have a significant impact on the sensation of pain. 

Personality traits, such as high levels of anxiety, emotional 

lability, and pessimistic attitude, can increase pain sensa-

tions.5,57 Cardiac surgery with extracorporeal circulation is 

a very strong physical stressor. The specificity of this type of 

surgical treatment results in a significant load on the mental 

mechanisms of adjustment. In addition, the cardiac surgery 

procedure is associated with a sense of considerable threat, 

and exaggeration of the risks and postoperative suffering 

stimulates anxiety reactions.58,59 Elevated preoperative anxi-

ety increases the sensation of pain in patients in the postopera-

tive period.5,60,61 It has been noted that anxiety influences pain 

perception more in men than in women.62 Also, the intensive 

care unit is regarded as a stress-generating place. The most 

stressful issues reported by the patients in the intensive care 

unit include “being thirsty”, “having tubes/probes in the nose 

and/or mouth”, and “not being able to sleep”, as well as pain.63 

Not without significance for the perception of pain may be 

the influence of ethnic and cultural conditions, social status, 

and severity of the disease. Data concerning perception of 

pain also take into account the subject’s age and previous 

experiences associated with pain.13,57

Location of acute pain after cardiac 
surgery
As shown by studies conducted in the USA and Norway, 

77%–85% of patients experience postoperative pain within 

2 weeks after cardiac surgery.9,13,25 In a study of patients 

undergoing CABG, patients were evaluated for 4 postopera-

tive days. Pain evaluation results were higher than expected: 

severe pain at rest in 49% of patients, severe pain when 

coughing in78%, and during movement in 62%.64 Another 

prospective study carried out on 705 patients undergoing 

cardiac surgery assessed activity-related pain daily until the 

sixth postoperative day. The most severe pain was associated 

with coughing, movements, turning around, getting up from 

bed, and deep breathing. Although pain scores were high 

immediately after the operation, the mean pain score reported 

by the patients when coughing and on the sixth day after the 

surgery was 4.33.42 The location of the most intense pain was 

also noted to change over time to the shoulder on postopera-

tive day 7. The median duration of postoperative pain was 5 

days for patients who had undergone bypass surgery and 6 

days for patients who had had valvular surgery.65

The location of pain in patients after cardiac surgery var-

ies from day to day. In the early postoperative period (within 

the first 24 hours), areas directly related to thoracotomy (the 

chest and mediastinal and pleural drain-placement sites) and 
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forced position due to intubation (the back and buttocks) are 

predominant. On following days, pain in these areas decreases 

gradually, probably due to the removal of drains and some 

possibility to move within the bed. However, patients suffer 

from pain in the shoulders and lower legs that have undergone 

surgical intervention (vein extraction), which in turn may 

be associated with increased motor activity and spasticity 

of shoulder muscles stretched by thoracic dilatation during 

surgery.13,66 The pain is described as chest discomfort of 

noncardiac origin in up to 65% of cases, and can coexist with 

pain in the upper extremities, neck, head, and mid-back area.67

Like the number of painful areas, pain intensity is sig-

nificantly higher in women than men and on the first day 

after cardiac surgery (4.57 vs 3.70 on VAS).15,68,69 Maximum 

pain intensity does not change significantly during the first 2 

postoperative days, but decreases from the third day.13,65.68,70,71 

Mueller et al reported significantly higher pain intensity in 

younger patients (<60 years of age) than older ones (≥60 

years of age) on the second day after surgery.13 Overweight 

or obese (body mass index ≥25) patients reported higher pain 

intensity than those of normal weight on all days,13,72–74 and 

greater pain sensitivity was demonstrated in obese patients. 

Preventive approaches to postoperative pain in cardiac sur-

gery have resulted in a reduction in risk of delirium and psy-

chosis, which was lower than reported in the wider literature: 

<1% in patients in whom such approaches were applied.75,76

Chronic pain after cardiac surgery
If pain persists longer than necessary for postoperative 

wound healing or regression of the disease, it may take a 

chronic form. In contrast to acute pain, chronic postopera-

tive pain (CPOP) loses its warning function, thus becoming 

a  pathologic condition in itself. CPOP is a potential adverse 

effect of an otherwise-successful surgical procedure.14 

Recently, Werner and Kongsgaard proposed the following 

diagnostic criteria for CPOP based on current understanding: 

the pain develops after a surgical procedure or increases in 

intensity after the surgical procedure, the pain is of at least 

3–6 months’ duration and significantly affects quality of 

life, the pain is a continuation of acute postsurgery pain or 

develops after an asymptomatic period, the pain is localized 

to the surgical field, projected to the innervation territory of a 

nerve situated in the surgical field, or referred to a dermatome, 

and other causes of pain should be excluded.77

CPOP after cardiac surgery should be differentiated from 

myocardial ischemia, sternal instability, and mediastinitis. 

Pain may be present at the site of the sternotomy or in the legs, 

due to vein-graft harvesting.78 It can manifest as neuropathic 

pain, visceral pain, somatic pain, or mixed pain. This pain 

affects all areas of human life. Also, other factors, such as 

psychological (eg, anxiety, depression, and catastrophizing), 

demographics (eg, female sex and younger age), surgi-

cal (eg, open approach and procedure duration >3 hours), 

allergy to the osteosynthesis wire used for sternum closure, 

CABG, history of previous surgery, and intensity of pain in 

the immediate postoperative period (ie, the first few days), 

can influence the development of CABG.79–81 Explanation 

of the pathophysiology of chronic sternal pain after surgery 

has been poorly described in the literature. It may be related 

to structural changes in peripheral nerve endings, which 

would send altered afferent impulses to the spinal cord and 

central nervous system, leading to allodynia.54,82 In addition, 

epigenetic analysis may lead to identification of mechanisms 

critical to the development of chronic pain after an injury, thus 

providing new pathways and target mechanisms for future 

drug development and individualized medicine.83

Severe pain duration during the initial 24 postoperative 

hours is a predictor of the probability of developing CPOP. 

For every 10% increase in time spent in severe pain, the 

risk of developing CPOP goes up by 30%.14,84 According 

to the adopted average incidence patterns of CPOP, it has 

been shown to occur after cardiac surgery (30%–55%) and 

thoracotomies (5%–65%).4,85

CPOP after cardiac surgery is a significant clinical prob-

lem. The prevalence of CPOP reported in different studies is 

varied, but severe CPOP is present in <12% of patients.84 In 

some patients, CPOP lasts for many years or suddenly reap-

pears a long time after sternotomy. Recent studies reported 

a 43% incidence of CPOP at 3 months,81 but only 11% at 

12 months and 3.8% at 5 years after sternotomy.80 In 2016, 

Setälä et al demonstrated that the area of hyperalgesia around 

the sternotomy wound on postoperative day 4 was not asso-

ciated with CPOP at 4–6 months.86 Among cardiac surgery 

patients, 37% suffer from persistent postoperative pain in the 

first 6 postoperative months, and in 17% it remains present 

>2 years after surgery.87

Sternotomy pain is described as pain of medium intensity 

affecting daily activities by 56% of patients, while 38% report 

unbearable pain. Adverse effects of CPOP on quality of life 

after cardiac surgery can be observed even a year after the 

procedure, manifesting as sleep disturbances in a third of 

patients with chronic pain.88–90 Pain has been observed even 

28 months after surgery, with reported frequency up to 40% 

in patients over 60 years of age. In female patients, pain can 

persist for over a year, requiring in many cases treatment by 

a physician or physiotherapist.72,89,91
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The incidence of CPOP has been observed to be simi-

lar after thoracotomy: 57% at 3 months,92 39%–56% at 6 

months,55,92,93 and 50% at 1 year.94 In a 2014 meta-analysis, 

Bayman and Brennan determined that the incidence had 

been stable from the 1990s until the time of their study.92 

Findings from studies show consistently that preoperative 

pain is a predominant predictor of CPOP,55,94 as well as poor 

pain control during the first 72 hours after surgery,93 whereas 

“dispositional optimism” has a protective effect.94 In 2016, 

Wildgaard et al showed a lower incidence of CPOP after 

video-assisted thoracic surgery (11%–30%, depending on 

the definition) compared to open thoracotomies.95

Assessment of patients with 
postoperative pain
Pain measurement is the first important step in effective 

treatment. A thorough assessment requires selection of vali-

dated measurement tools, which are adjusted to perceptual 

abilities and allow the detection of pain and assessment 

of its intensity, as well as the efficiency of treatment.17,19,96 

Preferred scales, recognized by clinicians as the most 

precise evaluation tools, are based on self-assessment.16,97 

The scales most commonly used in the postoperative 

period include the verbal rating scale (VRS), NRS, VAS, 

and picture scales, eg, based on the representation of facial 

expressions (Figure 2).

The VRS is ordinal in character, comprising a sequentially 

arranged set of digits with descriptions of pain intensity, 

eg, 0 = no pain, 1 = low pain, 2 = moderate pain, 3 = severe 

pain, and 4 = very severe pain. The NRS is an interval scale 

evaluating pain on the basis of 0- to 10-point scores, where 0 

means no pain and 10 maximum pain. The VAS and NRS are 

interval scales and graphic in character. The length of a sec-

tion of a horizontal line within the 0–10 cm range, described 

on the left as “no pain” and on the right as “unbearable pain”, 

is the measure of pain intensity.98,99

The VAS is the most difficult to use for patients, particu-

larly those with cognitive disorders. In contrast, the VRS is 

well understood by patients, but the least sensitive.98 Patients 

rarely choose extreme values on this scale, which reduces 

its suitability for statistical comparisons. The NRS has a 

 sensitivity similar to the VAS, is easy to use, and recom-

mended for pain assessment by many authors.16,97,99

It is noteworthy while assessing pain that both behavioral 

and physiological parameters may be indicators of various 

stressful stimuli and not necessarily of pain. Additionally, pain 

reported by the patient is not always reflected in increased 

pulse rate or blood pressure or changes in facial expression. 

A facial expression scale can be used both for patients unable 

to communicate verbally and patients with tracheostomy.1,100

When pain is assessed, the frequency and regularity of 

measurements should be adjusted to the individual needs of 

the patient, taking into account his/her sleep and rest. It is 

postulated that pain should be estimated not only at rest but 

also under dynamic conditions. Pain assessment at rest is 

important to ensure the patient’s comfort in bed, whereas that 

conducted under dynamic conditions is intended to reduce 

the risk of postoperative complications, mainly circulatory 

Figure 2 Pain scales – assessment of pain intensity.
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and respiratory ones.99 As such, the Prince Henry Hospital 

Pain Score has become more widely used in patients after 

thoracic surgery. It evaluates painful symptoms during basic 

physical activity: 0 = no pain on cough, 1 = pain on cough, no 

pain while taking deep breaths, 2 = pain on deep breathing, 

no pain at rest, 3 = slight pain at rest, and 4 = severe pain at 

rest (Figure 3). The scale used in the original version does 

not include differentiation of mild and severe pain at rest.101

Measurement of pain under dynamic conditions has 

one additional advantage: it is easier to detect possible dif-

ferences in pain perception when analgesic methods are 

compared.99 Observations should be recorded in the patient’s 

documentation to “visualize” the pain to medical staff. Pain-

measurement results provide at the same time assessment of 

postoperative care, enabling an insight into the knowledge, 

skills, and commitment of the therapeutic team.

Use of drawings to assess pain 
perceptions in cardiac surgery 
patients
Perception of the disease constitutes an important factor 

affecting patients’ emotional state and outcomes of therapy. 

Drawing is one of the methods of assessing the perception 

of pain.102 The use of a graphic representation of the loca-

tion of pain has become an occasion to learn about patient 

experiences that have passed undetected in a conventional 

examination.103 It allows one to go beyond the schema of 

clinical assessment, which seems especially important in 

work with cardiac surgery inpatients. Patients referred for 

CABG surgery declare particularly intense pain and anxiety 

at the decision-making phase.104,105 Information provided in 

a skillful and empathic way by a physician and/or psycholo-

gist may be an important factor in decreasing patient pain 

and anxiety levels (evaluated using the VAS), which affects 

decisions concerning treatment, as well as acceptance of the 

disease and the therapeutic methods proposed.

Pain assessment questionnaires
Multidimensional scales in the form of questionnaires assess-

ing both the intensity of pain and the effect of chronic pain on 

various aspects of the patient’s functioning, physical activity, 

well-being, and health-related quality of life have been devel-

oped. Such scales are more complex and take more time to 

complete; therefore, they have been used in selected patients 

only. They are usually adjusted to a specific type of pain, and 

then the questions they contain are profiled to address precisely 

the selected pain syndrome. The most commonly used ques-

tionnaires of this type include the McGill Pain Questionnaire. 

It consists of a diagram of pain, the NRS, and 74 adjectives 

divided into four groups concerning the location, character, 

frequency, and intensity of pain. Subjects select the words that 

describe their current sensations most adequately. Additionally, 

the questionnaire allows the monitoring of the course of treat-

ment of patients with chronic pain, including also emotional 

changes.106 The SF36 is a validated questionnaire widely used 

in medical practice and research, and has been used with car-

diac surgery patients.104,107 It consists of 36 items measuring 

eight domains of quality of life: physical functioning, social 

functioning, role limitations due to physical problems, role 

limitations due to emotional problems, mental health, energy, 

vitality, bodily pain, and general health. Two summary scores 

are calculated from the eight domains’ scores.

Assessment of postoperative 
analgesia efficacy
In 2012, the American Society of Anesthesiologists published 

guidelines for treating perioperative pain based on the World 

Health Organization’s analgesic ladder.108 They were intended 

to increase the efficacy of acute perioperative pain manage-

ment, improve patients’ quality of life during the periopera-

tive period, and prevent the development of side effects and 

chronic pain due to inappropriate analgesia.

The guidelines were implemented in a number of studies 

on the quality of postoperative pain management conducted 

in different countries to improve postoperative care. For 

example, in the USA, Apfelbaum et al showed that 80% of 

patients experienced pain after the procedure. Among these, 

86% had moderate, severe, or extremely severe pain, which 

in many cases occurred after discharge from hospital.3

Pain treatment in German hospitals was analyzed by Maier 

et al during a 3-year study based on interviewing patients under-

going surgical and nonsurgical procedures about the intensity 

Figure 3 Prince Henry Hospital Pain Score.
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of their pain and efficiency of treatment received:109 55% of 

patients from the surgical group and 57% from the nonsurgi-

cal group reported dissatisfaction with their pain treatment. 

Furthermore, 39% of nonsurgical and 15% of surgical patients 

did not receive any analgesia, despite pain. Pain therapy was 

considered inadequate for 46% of nonsurgical and 30% of 

surgical patients. In conclusion, the authors pointed out that 

pain after surgical procedures is still treated inadequately.109

A similar study conducted in China by Liu et al reported 

postoperative pain relief obtained within 3 days in 83% of 

patients.110 However, 20% of patients interviewed expressed 

dissatisfaction with their pain treatment, whereas 52% reported 

that they did not receive any analgesia, even though 91% of 

patients reported pain. The authors concluded that despite the 

availability of effective methods of pain treatment, additional 

education of hospital staff, patients, and their families about 

pain treatment is needed, as well as better communication 

with patients in the postoperative period.110 Poorer response 

to analgesic medication is also observed in patients qualifying 

for CABG surgery demonstrating high levels of preoperative 

anxiety (state) and stronger anxiety (trait) than in patients with 

low levels. Therefore, actions undertaken to reduce patients’ 

anxiety may reduce their need for analgesic medication.61

The treatment of pain after thoracic surgery is a challenge, 

and takes place in individual clinics mostly according to clinic 

internal standards. There are currently no valid guidelines for 

the treatment of acute perioperative and posttraumatic pain. 

For effective pain treatment, individual pain experience and 

pain intensity of the various thoracic surgical procedures must 

be considered. Regular pain assessment with appropriate 

methods and their documentation form the basis of adequate 

and well-adjusted pain therapy. There are a number of 

 pain-therapy methods – nonpharmacological and drug-based 

– whose effectiveness has been described in the literature. 

For the treatment of acute postoperative pain after thoracic 

surgery, mainly drug-related procedures are used, except for 

physiotherapy as a nonpharmacological method.19,111

Methods of postoperative analgesia
The fundamental aim of effective postoperative analgesia 

is to provide the patient with subjective comfort, facilitate 

the recovery process, and reduce the risk of complications, 

including the development of persistent postoperative 

pain.112,113 Effective treatment of postoperative pain should 

be multidimensional and based on three main therapeutic 

principles: administration of analgesics, multimodal anal-

gesia, and regional anesthesia techniques.112

Pharmacological therapy
Pharmacological therapy utilizes nonopioid and opioid anal-

gesics. The most commonly used nonopioids include non-

steroidal anti-inflammatory drugs (NSAIDs), metamizole, 

and paracetamol. A particularly good analgesic effect can 

be obtained by combining these with the use of an intrave-

nous opioid. This allows reduction of opioid doses by about 

40%–50%, which in turn results in a decrease in incidence 

of adverse reactions associated with their use. Opioid anal-

gesic agents are frequently used to manage postoperative 

pain; however, adverse effects, including drowsiness and 

respiratory depression, can delay extubation and prolong 

the patient’s stay in intensive care.114,115 NSAID use may be 

limited by increased risk of renal dysfunction and bleeding 

in cardiac surgery patients.46,116,117

Multimodal (or balanced) analgesia
In cases of extensive cardiac and thoracic surgery proce-

dures, the most frequently recommended type of analgesia 

is multimodal, involving simultaneous use of a few analge-

sic agents with different mechanisms of action (combined 

pharmacotherapy), together with selected regional anal-

gesia techniques. In practice, balanced analgesia involves 

administration of paracetamol and/or NSAIDs with opioids 

or local analgesia techniques, depending on the individual 

indications.117 The use of patient-controlled analgesia (PCA) 

is very important.

Patient-controlled analgesia
This method involves the administration of parenteral analgesics, 

most frequently opioids, through a  microprocessor-controlled 

infusion pump used by patients at the moment they begin to 

feel pain. It is based on the premise that only the patient can 

assess the intensity of pain and the potency of the analgesic 

drug used. At the onset of pain, the patient activates the dos-

ing system and receives a dose of medicine programmed by 

the doctor, which is followed by activation of a PCA protec-

tion system (lockout time), ie, a temporary blockade of the 

dispensing system, which allows avoidance of overdose. PCA 

determines maintaining a steady drug concentration in the 

serum, which allows for more effective relief of postoperative 

pain in comparison with other methods of parenteral admin-

istration of opioids.118,119 PCA is superior to nurse-controlled 

analgesia in poststernotomy patients.120 In postcardiac surgical 

patients, PCA increases cumulative 24- and 48-hour morphine 

consumption and improves 48-hour VAS scores compared with 

nurse-controlled analgesia.121
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Techniques of regional anesthesia
In the postoperative period, regional anesthesia techniques 

are also applied, but their use is dependent on the general 

condition of the patient, as well as the location and extent 

of the surgical procedure.114 Such anesthesia techniques as 

thoracic epidural analgesia (TEA), continuous unilateral 

thoracic paravertebral block, and intercostal nerve block are 

recommended and frequently used.122

Thoracic epidural analgesia
Continuous TEA used in cardiac and thoracic surgery ensures 

effective control of intra- and postoperative pain. It is par-

ticularly important in patients with contraindications for 

high-dose analgesics. Additionally, a favorable effect of TEA 

on coronary flow, stabilization of the cardiovascular system, 

reduction of postoperative respiratory dysfunctions, humoral 

response to surgery, and lower tendency to activation of the 

coagulation system has been emphasized. However, there are 

many concerns with respect to the use of this technique, due 

to its invasiveness and high cost.123–125

Paravertebral blockade
The technique recommended after thoracic surgery is 

paravertebral block, ensuring most effective pain control 

during both cough and at rest, lower demand for opioids, 

improvement in ventilation, lower incidence of postoperative 

nausea and vomiting, and stability of arterial blood pressure 

compared with TEA.126,127

Other regional anesthesia 
techniques
Regional anesthesia methods based on peripheral nerve 

blocks have developed considerably, mainly owing to modern 

techniques of imaging neural structures, including ultrasound 

in particular. Mastering the techniques of effective and safe 

blockade of neural conduction, including that of sensory 

stimuli at the level of plexuses, ganglia, specific nerves, 

or infiltration anesthesia of the wound margins provide the 

basis for the use and popularization of these methods in 

postoperative analgesia.128 So-called continuous techniques 

are also used, such as administration of local analgesics 

through implanted subcutaneous catheters and continuous 

blocks of neural plexuses by transdermal catheters intro-

duced into these structures. An example of such target neural 

structures are intercostal nerves after thoracic surgery and 

rib fractures.128

Transcutaneous electrical nerve 
stimulation
Transcutaneous electrical nerve stimulation is also used in 

postoperative analgesia in light of its high effectiveness, 

reduction in demand for analgesic drugs, lower incidence of 

complications in the postoperative period, and the possibility 

of earlier ambulation, rehabilitation, and reduction in hospi-

talization time in patients undergoing cardiac surgery.129 It is 

a comfortable, noninvasive, and nonpharmacological method 

that can be applied easily.

Additionally, nonpharmacological methods of treatment 

of postoperative pain, including relaxation, massage, osteo-

pathic manipulative treatment, heat therapy, cryotherapy, 

acupuncture, hypnosis, psychoeducation, and behavioral 

therapy, are used.18,130–132 Nutritional support as a necessary 

therapy for critically ill cardiac surgery patients is also impor-

tant.133,134 Also, sleep and rest are indicated to support pain 

management. It should be borne in mind that even patients 

under general anesthesia receive stimuli from the environ-

ment; therefore, positive reinforcements (such as the use of 

music therapy in the operating room or postanesthesia care 

unit) can contribute to faster recovery.135,136

Conclusion
It should be remarked that progress in surgical techniques 

alone would not have had such importance had it not been 

for modern anesthesia and postoperative management of 

patients after cardiac surgery. Significant progress has also 

been observed in this area not only as a result of introduction of 

modern drugs or devices, such as modern respirators, precision 

infusion pumps, or cardiovascular support equipment. First 

and foremost, understanding and better knowledge of physi-

ological disorders resulting from surgical trauma, anesthesia, 

and adverse effects of extracorporeal  circulation, as well as 

the development of standards for intensive postoperative care 

units, are critical to improvements in early treatment outcomes.
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