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Foreword 

 

This habilitation thesis presents the issue of decubital lesions from a multi-modal 

perspective. Pressure ulcers are a serious health problem for critically ill patients and, in 

the long term, especially for patients who are restricted in movement for various reasons. 

These wounds are very often described as non-healing, hard-to-heal or chronic wounds. 

They represent a significant health burden for the affected person, both in terms of physical 

disability, psychological discomfort and limitations in social contacts. The complex therapy 

of patients suffering from deep category and eventually from multiple pressure ulcers is a 

challenge for medical, non-medical and nursing staff and has a significant negative 

socioeconomic impact on the healthcare system.  

Prevention, conservative and surgical therapy are the pillars of the complex medical care 

of these defects. In clinical practice, there are several preventive measures aimed at 

reducing and/or better eliminating risk factors for pressure ulcers. The basis for targeted 

conservative or surgical therapy is, among other things, the classification of pressure ulcers, 

the correct interpretation of which is still not easy for many medical and non-medical 

healthcare professionals.  

All abovementioned issues are still the subject of increasing interest in various studies 

carried out by modern medicine, which I also aim to achieve. Over the course of almost 

fifteen years, I have tried to understand and grasp the issue of pressure ulcers from 

different perspectives.  

To understand the difficult issue of chronic or hard-to-heal wounds, which is what pressure 

ulcers really are, it is first necessary to understand the basic phases of skin wound healing. 

Therefore, I started my scientific career by focusing on a specific part of the nutrition 

(various ratios of n-3 and n-6 polyunsaturated fatty acids) and its effects on skin wound 

healing in animal experiments. This study inspired me to combine nutritional and specific 

biochemical approach with my area of expertise, pressure ulcers, in daily clinical practice. 

We have managed to set up regular monitoring of nutritional parameters, individual 

nutritional support in the form of sipping, enteral and parenteral nutrition both in 
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hospitalized patients and in the phase of ambulatory patients’ preparation before planned 

surgical therapy and pressure ulcer reconstruction. 

The scientific focus continued with further research into wound healing in the form of 

oxidative stress parameters in pressure ulcers. This was the aim of a grant project focusing 

on different types of pressure ulcer debridement (water jet vs. sharp necrectomy), where 

oxidative stress parameters were measured locally in wounds and systemically in blood and 

urine.   

My other area of interest is the potential application of artificial intelligence methods to 

pressure ulcers, which in some areas of medicine offer new possibilities for the diagnosis, 

treatment and prevention of a wide range of diseases. We first started using artificial 

intelligence in pressure ulcer prevention to determine the best Machine Learning method 

to identify risk factors in intensive care units based on data from the MIMIC IV database. A 

link with an artificial intelligence specialist led to further collaboration on a mathematical 

model of the “active wound surface”, which recounts 3D missing tissue mass into 2D “active 

wound surface”, which will be my next area of expertise. 

All the mentioned areas of interest to me as a plastic surgeon are focused on positive 

influencing the healing process of these difficult wounds. The aim is also to identify and to 

eliminate the risk factors for post-operative complications, which, even with a properly 

performed surgical reconstruction, remain much higher than in other elective surgical 

procedures. 

Effectively tackling the complex issue of pressure ulcers demands a multidisciplinary 

approach, emphasizing the collaboration between clinical practice and scientific research. 

Integrating the expertise of healthcare professionals and researchers fosters innovation 

and enhances patient care outcomes. 
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1. PRESSURE ULCERS  

Pressure ulcers (PUs) are a significant healthcare challenge, particularly in immobile and 

critically ill patients. They result from prolonged pressure, shear forces, and microvascular 

dysfunction, leading to progressive tissue damage. The incidence of PUs varies across 

different patient populations, with those in intensive care units, long-term care facilities, 

and individuals with neurological impairments being at the highest risk. Identifying risk 

factors is essential for early intervention and prevention, as intrinsic factors such as 

malnutrition, neuropathy, and vascular disease, along with extrinsic factors like pressure 

and friction, contribute to ulcer formation. 

Standardized risk assessment tools help clinicians stratify patients based on their 

susceptibility to PUs, enabling the implementation of targeted preventive measures. 

Specific anatomical locations, particularly bony prominences, are most vulnerable to 

pressure-related injury, requiring careful monitoring and protective strategies. 

International classification systems provide a framework for staging PUs based on severity, 

guiding treatment decisions and long-term management. Understanding the 

pathophysiology, assessment methods, and classification of PUs is essential for developing 

effective preventive and therapeutic strategies. This chapter provides an overview of these 

key aspects, serving as a foundation for comprehensive pressure ulcer management. 

1.1 Definition and incidence 
Pressure ulcers (PUs) are referred to in many ways: as pressure wounds, bed sores or 

pressure sores, and as new as pressure injuries (PIs). The issue of pressure ulcers dates back 

to the 16th century, when the French surgeon Ambrose Paré described the case of a French 

aristocrat who was successfully treated for a pressure ulcer. 1 

According to the third and most recent edition (2019) of the European Pressure Ulcer 

Advisory Panel's (EPUAP) International Guideline for Prevention and Treatment of Pressure 

Ulcers/Injuries, PUs are defined as localized damage to the skin and/or adjacent tissues 

caused by pressure or a combination of pressure and shear forces.2  A new edition of these 

guidelines is expected to be released this year, providing updated recommendations based 

on the latest research and clinical advancements. 
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Other organisations involved in the prevention and treatment of PUs at international and 

supranational levels are NPIAP (National Pressure Injury Advisory Panel) and PPPIA (Pan 

Pacific Injury Alliance). Due to the specific nature of the issue of PUs, Evidence Based 

Medicine has issued Recommendations for the Prevention and Treatment of Pressure 

ulcers, which have been published in the Czech Republic under the title CPG (Clinical 

Practice Guidelines – Prevention and Treatment of Pressure ulcers, adopted CPG of the 

European Pressure Ulcer Advisory Panel, National Pressure Injury Advisory Panel and Pan 

Pacific Pressure Injury Alliance). 3 The issue of PUs in the Czech Republic is covered by the 

portal www.dekubity.eu. 

The incidence of PUs in healthcare facilities worldwide ranges from 0% to 72.5%.4–7 The 

wide dispersion of statistical indicators of incidence and prevalence is mainly due to the 

different methodologies of data collection and analysis.8,9 It is estimated that 

approximately 10% of patients in hospitals and 5% of patients in community care suffer 

from PUs and 72% of all PUs cases occur in people over 65 years of age.10–12 Incidence rates 

of PUs are recorded in the adverse event reporting system for a specific reporting period.  

In 2019, a diagnosis of L89* was reported in 30,590 patients, representing 287 cases per 

100,000 population. The majority of patients were reported as PUs of category II (26,1 %) 

or category III (23,9 %). 13 During the decade spanning 2010-2019, 264,442 patient records 

containing the diagnoses L89.0 - L89.9 were identified (an average of 26,442 patients per 

year). Between 2010 and 2019, there has been a 40% increase in the number of 

occurrences.14 Analyses of national health registries showed that the prevalence of PUs 

before the start of the COVID-19 pandemic and during the 2020 pandemic was higher in 

patients hospitalized with SARS-CoV-2 infection.15 

1.2 Pathophysiology of pressure ulcers formation 
The fundamental process underlying the development of PUs involves the application of 

pressure from internal anatomical structures, such as bones and tendons, or a combination 

of pressure and shear forces resulting from movement of the body, against an external 

surface, such as a medical device or pad. Individuals who experience reduced sensitivity, 

limited mobility, or altered cognitive function may be unable to adequately perceive and 

respond to these mechanisms of action.16 Damage to surrounding tissues (skin, 

subcutaneous tissue, muscles, tendons, bones) can occur due to tissue ischemia when 

http://www.dekubity.eu/
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pressure is applied for an extended period of time that surpasses the individual's 

physiological capability and the resistance of the deformed tissues. 17,18 According to 

Kottner, empirical evidence suggests two basic pathophysiological mechanisms of pressure 

ulcers. 19 The first one is a reduction in soft tissue perfusion, which is caused by the 

deformation of soft tissue. In terms of pathophysiology, there is an external pressure that 

is higher than the filling pressure of the arterial capillaries, which is approximately 32 

mmHg, and a higher outflow pressure from the venous capillaries, which is approximately 

8-12 mmHg. This causes the blood flow in the area to either slow down or stop completely, 

which in turn leads to hypoxia in the tissue. 20 Nutrient availability is reduced, waste 

products from the tissues accumulate and acidification occurs. Reperfusion injury is a type 

of tissue damage that can occur when blood flow is restored after a period of ischaemia. 
21,22 The second pathogenic process is soft tissue deformation above a particular tolerance 

threshold, which leads to direct deformation and injury to cells through structural 

breakdown of the cytoskeleton and plasma membrane. 17,23 A theoretical model of PU has 

been created by Defloor 24, and it consists of four fundamental components: compressive 

pressures, shear forces, tissue tolerance to pressure (mechanical stress and/or wetness), 

and tissue tolerance to oxygen (low blood pressure, poor oxygenation). According to 

Slomka and Gefen's research, the interplay of these elements in an enhanced degree can 

lead to the creation of a PU in less than an hour of prolonged pressure on sensitive tissues. 
25,26 These facts are central to preventive measures, especially for critically ill patients in 

intensive care units.   

The pathogenesis of PUs is known to progress from the tissue depths, i.e., starting closest 

to the bony prominence and progressing upwards towards the skin. However, there are 

also studies suggesting that tissue deformation and ischaemia could originate at the level 

of the epidermis or dermis. 27 However, PUs have to be distinguished from skin lesions such 

as dermatitis associated with incontinence, intertrigo, etc., since these nosological entities 

are not classified as PU. 27,28 The prevention of pressure ulcers has recently focused on the 

microclimate in the affected area. 19 

1.3 Risk factors  
The primary goal of preventive interventions for PUs is the reduction or removal of any risk 

factors that may be present. In 2003, Lyder enumerated more than one hundred different 
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risk factors that were discovered via research. 29 According to Michel et al.'s research, the 

risk factors for PUs may be divided into two categories: external and internal.30 

External risk factors 

Pressure (intensity, duration and gradient)  

The rate of PUs formation depends on the applied pressure, its duration and gradient. Body 

tissues have different resistance and tolerance to the applied pressure. Muscle tissue is 

more susceptible to compression than skin; therefore, ischaemia and necrotising of deep 

muscle fibres may occur even in an intact skin. 31The formation of PU is contingent upon 

various factors, as outlined below, and may occur within a timeframe ranging from hours 

(in patients admitted to intensive care units) to days. The pressure gradient resulting from 

bone prominences pressing against a solid surface takes on a conical or V-shaped form, 

with the highest-pressure gradient occurring at the apex. The aforementioned location is 

the primary site for ischemia and is highly susceptible to tissue necrosis, particularly in 

muscle and adipose tissue. The Pressure Mapping System (PMS) is capable of providing an 

objective assessment of pressure by measuring the pressure distribution across the human 

body. This is achieved through the use of the Body Pressure Measurement System (BPMS). 
32 

Skin shear forces and friction 

The shear forces involved in the formation of PUs are forces that act in an oblique direction 

at the level of the subcutaneous tissue. This mechanism is particularly applicable in persons 

slumping in a semi-sitting position or in recumbent patients and is caused by the pulling of 

the body at points where the skin is in contact with a solid surface, but at the same time 

there is a pull in the underlying tissues. Shear forces occur particularly in areas of higher 

skin moisture, which may 'stick' to the underlay or a hard surface. The key to prevention is 

to eliminate moisture by using adherent coverings that can minimize the risk of friction and 

shear forces.  

Skin maceration 

Minematsu et al. 33 have defined skin maceration as a condition in which the skin barrier is 

disrupted, resulting in reduced tolerance to irritants and force. This is caused by structural 
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changes in the intercellular lipid layers and junctions between keratinocytes in the 

epidermis. Skin lesions are believed to be triggered by the invasion of irritants and reduced 

intercellular junctions, which lead to an inflammatory response. Maceration in perineal 

lesions can also be caused by incontinence of urine and stool. There are several studies 34–

37, that have investigated the interaction of digestive enzymes (trypsin, alpha-

chymotrypsin, lipase) and intestinal bacterial flora and maceration on the development of 

skin lesions associated with faecal incontinence. Proteases have been found to increase the 

transdermal penetration of macromolecules, suggesting that proteases themselves can 

invade and digest skin tissue. 35 In the pathogenesis of decubital lesions, maceration is 

implicated mainly as a factor of shear forces on the skin and dermal plexus. 

Internal risk factors 

Immobility due to impaired mental and/or motor function 

It has long been acknowledged that the aforementioned pressure and shear forces, which 

are frequently associated with decreased activity and mobility, are the leading cause of 

pressure ulcers. 11 Limited patient mobility and reduced physical activity are considered 

significant risk factors for developing PUs ulcers. 38,39 These risks are already well known, 

and nursing and medical staff are striving to eliminate them through various tools as part 

of preventive measures. Immobile patients are bedridden or wheelchair-bound, with a 

predisposition to pressure lesions depending on body position. The causes of immobility or 

reduced activity of patients are numerous. In acute care, these include patients dependent 

on artificial pulmonary ventilation who, even with preserved sensation, cannot reflect the 

pain caused by pressure. Conversely, many neurological disorders (spinal cord damage due 

to trauma, tumour or congenital defect, multiple sclerosis, etc.) are often accompanied by 

impaired sensitivity, where the body's response to applied pressure is not possible due to 

the absence of pain. Pressure ulcers associated with reduced mobility or activity are also 

encountered in patients with psychiatric diagnoses such as dementia, Parkinson's disease 
40, depression 41 or  as a result of the use of fixation splints in psychotic patients. 42 

Malnutrition 

Malnutrition is a prevalent occurrence in patients with PUs and is regarded as a significant 

risk factor. 43 The severity level is contingent upon the patient's general state (e.g., critically 

ill, presence of multiple long-term non-healing PUs, etc.). The consistent monitoring of 
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nutritional factors, with particular emphasis on total protein, albumin, and prealbumin, is 

a crucial component in the prevention and conservative treatment of PUs. Adequate 

replacement of deficient nutritional components, such as vitamins and trace elements, is 

also necessary before and after surgical reconstruction. Based on the findings of Litchford 

et al, the underlying principle of the 2019 Nutritional Guidelines for the Prevention and 

Management of Pressure Ulcers is to increase energy expenditure and correct protein 

intake in people who are vulnerable to PUs due to malnutrition or at risk of malnutrition. 
44 In a study conducted by Reed, a sample size of 2771 individuals was analysed. The results 

show a significant correlation between low albumin levels (less than 30 g/l) and the 

likelihood of developing PUs. 45 

Urinary or stool incontinence, skin condition 

Incontinence is strongly associated with an increased likelihood of developing PUs. 2 The 

prevalence and severity of PUs acquired during hospitalization was found to be higher in 

patients with incontinence compared to patients who are continent. 46,47 Kayser et al. in 

their recent study described up to 5.8 times higher risk of sacral PUs progression in patients 

with incontinence to category III and IV. 48 The occurrence of incontinence results in skin 

maceration, rendering it more vulnerable to mechanical stress and deformation, thereby 

increasing the friction between the skin and the pad. Both factors play a significant role in 

the development of PUs. 49 According to a comprehensive study conducted by Koloms et 

al., incontinence has been identified as a major risk factor for PUs. The study revealed that 

a significant proportion (72.6%) of patients with PUs acquired during hospitalization or in 

hospital settings had either urinary, faecal incontinence, or a combination of both. 50 

Reduced blood flow or low blood pressure 

Impaired oxygenation and tissue perfusion are recognized as significant risk factors for PUs 

and are prevalent among critically ill patients. Frequently, these patients require 

mechanical ventilation and circulatory support through vasopressors to attain 

hemodynamic stability. 51 The aforementioned fact leads to an adverse effect of hypoxia 

and ischemia on both the skin and underlying tissues. In their publication, Cox and Schallom 
52 proposed a theoretical framework for the advancement of PUs in patients who are 

critically ill. This framework outlines the interconnections between factors that hinder 

oxygenation and perfusion, such as mechanical ventilation, hypotension, cardiovascular 
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disease, diabetes mellitus, and vasopressors. Anaemia is a notable factor that can hinder 

proper nutrition and sufficient oxygenation of tissues. This can lead to delayed wound 

healing as a result of reduced nutrient supply and ineffective removal of waste products 

from tissues. 

Neuropathy 

Sensory neuropathy increases the prevalence of PUs in the heel area, especially in elderly 

hospitalized patients, and is considered a critical risk factor in this regard. Sensory neurites 

play a key role in the microcirculation in the skin and adjacent area at the time of pressure. 
53 

Mental state or lack of motivation for rehabilitation 

Psychological deprivation, sedative effects of drugs, and alteration of psychological state 

may result in lack of motivation for active physiotherapy. These facts result in the 

persistence of immobility, which also leads to prolonged pressure on the sites of bony 

prominences and is therefore another risk factor for the development of decubital lesions. 

Age and other factors 

The higher age is a contributing factor in the development of PUs. The ageing process leads 

to an increase in the fragility of blood vessels and connective tissue, while fat and muscle 

mass decrease. This reduction in fat and muscle mass results in a reduced ability to 

dissipate pressure. 54,55 There is also flattening of the dermo-epidermal junction and other 

age-related changes in the skin, such as decreased skin elasticity, thinning of the fat layers, 

accentuated sarcopenia of the muscles, and low intradermal vascular oxygenation and 

perfusion. 56–58 Other risk factors described above are also present to a greater extent in 

older patients, so there is a potentiation of the effects of risk factors in older individuals. 

Other risk factors include morbid obesity, associated comorbidities, especially diabetes 

mellitus, cardiac decompensation, smoking, atherosclerosis etc. 

The objective of preventive measures is to recognize the risk factors and evaluate the 

individual's susceptibility to developing PUs in each patient. Diagram 1 illustrates the 
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various factors that can influence an individual's susceptibility to developing PUs. 

 

Diagram 1: Factors influencing the susceptibility (tendency) of an individual to develop PUs. Modified and adapted 
from 59 

 

1.4 Pressure ulcer assessment risk score scales 
To reduce these risk factors and take preventive actions, a scoring system has been created 

based on the risk variables to estimate the degree of risk of developing PUs. An increased 

degree of prophylaxis is ensured by constantly adhering to complete anti pressure ulcer 

measures starting on the first day of admission thanks to patient risk assessment, which 

enables patients with a potentially high risk of developing PU to be selected. 60 Worldwide, 

about 40 scoring systems have been established to predict the risk of PU. 61  In clinical 

practice, the most commonly used scales are the Braden, Waterloo and Norton. 62,63 The 

Braden scale was first introduced in 1987, 64 and is one of the most widely used in the 

world, both in acute care beds and in long-term care facilities. 65  

The Braden scale includes six items: sensitivity, moisture, activity, mobility, nutrition, and 

friction and shear force. The six items are rated on a scale of 1 (most affected) to 4 (least 

affected). The remaining item, friction and shear, is rated on a scale of 1 (problem) to 3 (no 

problem). The exact Braden scoring system is described in Table 1. 
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Item 1 point 2 points 3 points 4 points 

Sensory 
perception 

Completely 
limited 

Very limited Slightly limited No impairment 

Moisture Constantly moist Very moist Occasionally 
moist 

Rarely moist 

Activity Bedfast Chair-fast Walks 
occasionally 

Walks frequently 

Mobility Completely 
immobile 

Very limited Slightly limited No limitation 

Nutrition Very poor Probably 
inadequate 

Adequate Excellent 

Friction/shear Problem Potential 
problem 

No apparent 
problem 

       

 

Braden scale risk of pressure ulcer:  

                                                                                                            mild risk 

                                                                                                    moderate risk 

                                                                                                         severe risk 

Total points 

15-18 points 

12-14 points 

≤ 11 points 

Table 1: Braden scale risk of pressure ulcer. Modified and adapted from 65 

 

The Norton Scale 66 was designed in 1962 to assess the risk of PUs in elderly patients and 

identified the main risk factors that should be included in the scale: physical condition, 

mental status, activity, mobility and incontinence; all items are described in the Table 2. All 

items are rated on a scale from 1 (worst condition) to 4 (best condition). A total score of 

less than 10 predicts a high risk of PUs and maximum intervention in the application of 

preventive measures. 65,67 This scale system is the most frequently used in healthcare 

facilities in the Czech Republic. 
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Item 1 point 2 points 3 points 4 points 

Physical 
condition 

Very bad Fair Poor Good 

Mental 
condition 

Stuporous Confused Apathetic Alert 

Activity Bedfast Chair-fast Walks with 
help 

Ambulant 

Mobility Immobile Very limited Slightly 
impaired 

Full 

Incontinence Urinary and 
faecal 

Predominantly 
urinary 

Occasional None 

Norton scale risk of pressure ulcer:  

                                                                                                            low risk 

                                                                                                    medium risk 

                                                                                                         high risk 

                                                                                                    very high risk 

Total points 

>18 points 

14-18 points 

10-14 points 

<10 points 

Table 2: Norton scale risk of pressure ulcer. Modified and adapted from 65 

 
 
Waterloo scale 68 was introduced in 1985 and includes the following items: body 

build/weight for height, skin type/visual risk area, sex/age, malnutrition screening tool, 

continence, mobility, and special risks (malnutrition, neurological deficit, major surgery or 

trauma, medications). Each category has its own score. A total score of 10-14 points 

indicates that the patient is at risk for PUs, 15-19 points indicate high risk, and 20 or more 

points indicate very high risk for PUs. 69 Quantitative risk assessment and prediction of risk 

factors in selected patient groups have been the subject of research at many levels, in 

recent years especially at the level of artificial intelligence (AI). 70–72 

1.5 Pressure ulcers risk areas 
The predisposition of the development of PUs determines the risk area for their formation 

depending on the position of the body. In the supine position, the predilection localization 

is the occipital, scapular, elbow, sacral, and heel area. In the side position, the ears, 
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shoulders, trochanter, knees, and ankles are the sites of predisposition. In the prone 

position, the forehead, cheeks, chin, breasts, genital(male), knees, and toes. The sitting 

position predisposes to PUs especially in the spinous processes, sacral area, ischial area, 

and heels. These risk areas are due to the action of pressure points between the prominent 

skeletal prominence and the pad, or under the shearing forces in different body positions. 

In the context of adverse event reporting, the location of PUs is marked in a pictogram – 

the so-called Margoles map. 73 In clinical practice, we most often encounter of PUs in the 

sacral, trochanteric and ischial regions. The most frequent sites of PUs depending on body 

position are shown in Figure1. 
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Figure 1: Pressure ulcers risk areas according to body position 
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1.6 Classification 
A diagnosis of pressure ulcer should only be made if it is highly likely that the skin and/or 

tissue damage is due to prolonged pressure or pressure associated with shear forces. 74 The 

misdiagnosis and misclassification of PUs is the cause of the underreporting of these 

adverse events in the Central Adverse Event Reporting System and thus the cause of the 

very wide variance in the incidence of PUs worldwide in different healthcare settings.  

National Pressure Injury Advisory Panel (NPIAP) provides a precise classification of PUs into 

the following categories. 75 

PU category I 

 Category I of PUs is classified as superficial and reversible PUs. Clinically, it manifests as 

persistent redness or erythema on the epidermis, even after the pressure has been 

removed. It is an erythema on intact, undamaged epidermis that does not blanch (see 

Figure 2). In patients with dark skin, these alterations may be more subtle and difficult to 

detect. Nonetheless, the skin may exhibit altered sensitivity, temperature, or firmness in 

comparison to healthy skin. 

Figure 2: Category I of pressure ulcer – non-blanchable erythema
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PU category II 

Category II of PUs is also classified as superficial and reversible PUs. Macroscopically, there 

is already a partial loss of skin cover at the site of applied pressure at the level of the dermis. 

It manifests itself as excoriations with a pink or red base or as intact or perforated blisters 

filled with serous fluid or blood (see Figure 3). This entity must be distinguished from 

dermatitis due to urinary or faecal incontinence. After the pressure has subsided, PUs of 

category II heal spontaneously. If the pressure persists at the site, depending on the 

duration and intensity of the pressure, the PUs may deepen into the deeper categories 

listed below. 

Figure 3: Category II of pressure ulcer 

PU category III 

Category III of PUs is classified as deep PUs, in which there is complete loss of skin. It may 

take the form of flat and shallow ulcers at the level of the skin and subcutaneous tissue 

(see Figure 4) with rolled edges, without damage to muscles, tendons and bones. This 

category is already indicated for surgical treatment, but may spontaneously resolve with 

conservative treatment, but at a longer interval (several months). 
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Figure 4: Category III of pressure ulcer 

PU category IV 

Category IV of PUs represents a more serious nosological unit in which, in addition to skin 

and subcutaneous tissue, there is also damage to muscles, fascia, tendons, ligaments, 

cartilage, and skeleton (see Figure 5). Clinically, it takes the form of various deep and 

extensive ulcers, pockets, pseudocysts, sinuses, tunnels, or communicating fistulas. 

Surgical therapy is usually indicated for this category. 

Figure 5: Category IV of pressure ulcer 
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Unstageable category of PU 

The non-classifiable category of PU includes PUs in which the level of compressive damage 

to adjacent tissues cannot be determined. An adhering eschar, a stiff slough or necrosis 

(see Figure 6) at the site of pressure load makes it impossible to determine the depth of 

tissue involvement. Removal and detachment of avital tissues by conservative or, as a rule, 

surgical techniques then allow reclassification of the PU into the first four categories with 

the possibility of adequate therapy.  

Figure 6: Unstageable category of pressure ulcer

Deep tissue injury 

Suspected deep tissue injury is associated with a specific type of PU, which clinically 

manifests purple discoloured or dark brown intact skin in the form of blood-filled blisters, 

which again make it impossible to determine the depth of tissue damage (see Figure 7). 
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Figure 7: Deep tissue injury

Specific, additional definitions of PUs 

Pressure ulcers related to the use of medical devices occur in different locations of the 

human body depending on the type of diagnostic or therapeutic medical device or 

apparatus used that causes a PU (endotracheal cannula, indwelling urinary catheter, 

nasogastric tube etc.). 

Mucosal membrane PUs occur at the site of mucous membranes, which have a different 

anatomical structure compared to the skin and cannot be classified according to the above 

system.  
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1.7 Treatment of PUs 
The treatment of PUs requires a multidisciplinary and multimodal approach, as these 

chronic wounds are often difficult to heal and carry a high risk of complications, including 

infections, prolonged hospitalization, and recurrence. Successful management depends on 

a combination of preventive measures, conservative therapy, and surgical interventions, 

tailored to the patient’s specific needs and overall health status. 

This chapter provides a structured overview of these key therapeutic strategies. The goal 

of PUs treatment is not only wound healing but also functional restoration and long-term 

prevention. By integrating preventive, conservative, and surgical approaches, clinicians can 

achieve successful outcomes, minimizing complications and improving the patient’s quality 

of life. 

1.7.1. Preventive measures 
Pressure ulcers are referred to as preventable skin and tissue damage, with the 

identification of risk factors and the overall condition of the patient as well as 

multidisciplinary cooperation (nutritionist, physiotherapist, general nurse, physicians of 

various specialties - internal, surgical, orthopaedic, etc.) being the keys to prevention. 76 

Complex therapy for PUs is based on preventing its occurrence through a series of 

preventive measures on multiple levels: 17 

• Systematic staff education

• Assessment of risk factors

• Assessment of the risk of PUs

• Identification and uniform method of labelling patients at risk of PUs

• Educating hospitalized patients and family members about the risk of PUs

and related circumstances, how to prevent it and about measures to reduce

the risk of PUs

• Local prevention

• Positioning (patient handling, frequency of positioning etc.)

• Use of anti-pressure ulcers aids (special mattresses, seat cushions etc.)

• Nutrition

• Early mobilisation
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Individualized preventive measures are designed and implemented according to the 

requirements of each patient, considering his or her risk factors, the anticipated impact of 

pressure points based on the patient's position, and other parameters. 

These precautions should be taken for all patients at risk of developing PU, not only in 

hospitals and operating rooms, but also in the patient's residence. It is crucial to educate 

and motivate the patient and his/her caregivers to comply with these preventive measures; 

social services such as peer mentoring (for example organisation CZEPA in the Czech 

Republic, https://czepa.cz/) are useful in this regard to assist wheelchair users in returning 

to an active lifestyle. 

1.7.2. Promoting wound healing, conservative therapy 
Wound bed preparation is a clinical concept involving a systematic and holistic approach to 

wound assessment and management that promotes normal wound healing. 77 PUs are a 

challenging form of wound that typically does not heal or is difficult to heal or heals slowly. 

The objective of conservative therapy is to remove avital tissue fragments (cellular debris, 

plaques), eradicate bacterial load, and promote vascularization of the underlying tissue in 

order to stimulate the growth of granulation tissue. 78 

Wound base preparation includes the following main aspects of wound care (abbreviated 

as TIMERS) 79 : 

• T – Tissue management

• I – Infection and inflammation control

• M – Moisture balance

• E – Epithelial edge advancement

• R – Repair and regeneration

• S – Social factors and factors related to the individual

Conservative therapy should be based on the current state of the wound, which evolves 

according to the wound healing continuum from necrosis to sloughing, granulating to 

epithelializing wound. 60 Therefore, different forms of conservative therapy are used 

https://czepa.cz/
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depending on the localization, depth of involvement, bacterial colonization, nature of the 

defect, but also on the current stage of healing of the wound. Solutions with antiseptics, 

hydrogels, hydrocolloids, enzymatic products capable of lysing avital tissue, alginates, 

polyurethanes with silicone and silver, and various other products and forms of moist 

wound healing are used. Conservative therapy of long-term healing wounds should include 

peri wound skin management. Preventive measures include the use of polymer, silicone 

sheeting, or film spray in peri wound skin care.  

Particularly for deep categories of PUs, negative pressure wound therapy (NPWT) is often 

used to promote healing by applying controlled continuous or intermittent sub-

atmospheric pressure (80-125 mm Hg) to the open wound and has recently been used 

extensively for the temporary treatment of traumatic wounds and to treat difficult wounds 

such as pressure ulcers. 80,81 NPWT promotes the growth of granulation tissue, 

vascularization, reduces the bacterial load of the wound, etc. Some forms of NPWT have 

an installation mode that allows the injection of antiseptic or antibiotic directly into the 

wound bed. NPWT is often used in the period after debridement, extirpation of 

pseudocysts or necrectomy of decubitus wounds before planned flap reconstruction. 

1.7.3. Surgical therapy 
The basic procedure prior to planned reconstructive surgery of PUs is the removal of all 

avital parts and tissues. 82 Types of debridement include enzymatic debridement, ultrasonic 

debridement (thermal and biological effects), sharp debridement (removal of all devitalized 

tissue), autolytic debridement (hydrogels, hydrocolloids), and other forms. 83 Invasive 

debridement and removal of PUs pseudocysts is performed using a sharp debridement 

(scalpel, scissors, electrocautery) or a water jet. 84 After the preparation of the bed of the 

deep PUs defect, the reconstruction is proceeded to one session, or in our workplace, often 

postponed (usually one week after debridement), i.e., in two stages. 85 

The choice of the reconstructive procedure is guided by nature, depth, extent, localization 

of the defect, the quality of the adjacent tissues (presence of scars from previous 

reconstructions in case of recurrence), the overall condition and mobility of the patient, as 

well as the experience and preferences of the plastic surgeon. The reconstructive ladder is 

slightly modified in case of closure of deep category of PUs. 86 
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1.7.3.1 Types of reconstruction 

Direct suture is rarely used for small PUs and ideally for mobile patients with preserved 

sensation. The resulting scar tissue is usually localized over a fixed prominence and is less 

resistant than the surrounding fat or muscle tissue and therefore has a higher risk of 

recurrence of PUs. 

Autotransplantation using skin grafts is also rarely performed because of the need of 

minimal polymicrobial wound contamination and the higher fragility of skin grafts in 

healing compared with other reconstructive techniques. 86 This type of closure can be used 

in shallow flat defects, also optimally in mobile patients, in whom it is assumed that the 

applied tissue pressure will not persist after reconstruction with this technique. 

The gold standard in reconstruction of deep PUs is local fasciocutaneous (FC) or 

musculocutaneous (MC) flaps, which use adjacent tissue containing subcutaneous skin and 

fascia or subcutaneous skin and muscle. The basic idea is to reconstruct the missing volume 

with high quality, well vascularised tissue. 

Rare types of PUs reconstruction include very challenging procedures such as fillet flaps 

from an amputated lower limb to reconstruct a very large defect that cannot be 

reconstructed with local resources. Methods using tissue expansion and free flaps are also 

reported, however, their employment in clinical practice is limited. The most challenging 

technique for reconstruction of large and very often osteomyelitis-complicated PUs is 

hemicorporectomy, which is associated with very high perioperative and postoperative 

mortality. 

1.7.3.2 Selection of flap plasty according to localization 

The most used flaps in deep sacral PUs are rotational or VY shift fasciocutaneous flaps, 

among muscle flaps it is mainly the musculocutaneous flap of the gluteus maximus muscle 

in the form of VY displacement. The two types may combine with each other and may be 

unilateral or bilateral. An overview of the basic flap reconstruction procedures in sacral PUs 

is given in Table 3. 
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  Type of used tissue Type of flap plasty 

Fasciocutaneous flaps 

Rotation gluteal FC flap 

VY shift unilateral 

VY shift bilateral 

Musculocutaneous flaps 

Gluteus maximus muscle 

VY with gluteus maximus muscle 

S-GAP flap

(Superior gluteal artery perforator flap) 

Superior gluteal artery island flap 

Table 3: Flap plasties in reconstruction of sacral PUs. Modified, translated and adapted from 85 

Trochanter PU is another frequent localization PUs. In this instance, the MTFL (tensor 

fasciae latae muscle) - MC flap is the most prevalent. Rotational flaps (anterior and lateral 

thigh flaps), transposition flaps from the anterior thigh surface to the upper pedicle, and 

others, may also be used. 85 Table 4 provides a summary of the most frequently utilized 

flaps in reconstruction of trochanteric PUs.  
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 Type of used tissue Type of flap plasty 

Fasciocutaneous flaps 

ALT flap (anterolateral thigh flap) 

Random thigh flap 

Bipedicled thigh flap 

Musculocutaneous flaps 

MTFL (tensor fasciae latae muscle) flap 

- Rotation

- VY shift

Gluteus maximus muscle 

Vastus lateralis muscle 

Rectus femoris muscle 

Table 4: Flap plasties in reconstruction of trochanter PUs. Modified, translated and adapted from 85 

The FC dorsal thigh flap, medially or laterally pedicled, is most used for reconstruction of 

ischial PUs. Especially in recurrent forms, volume supplementation by insertion of well-

vascularized muscle tissue, e.g., hamstring flap, is advantageous. At our department, the 

so-called "turn over flap" is also newly introduced: the long head of biceps femoris muscle, 

in which the volume of the missing tissue is supplemented with the distal portion of the 

long head of biceps femoris muscle and its "turning" by 180 degrees and fixated into the 

defect above the ischial tuber. 87 Table 5 provides an overview of the individual flap plasties 

used in the reconstruction of ischial PUs. 
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 Type of used tissue Type of flap plasty 

Fasciocutaneous flaps 

Medial thigh flap 

Lateral thigh flap 

Dorsal distal gluteal flap 

I-GAP

(Inferior gluteal artery perforator flap) 

Muskulocutaneous flaps 

Hamstring flap: 

Biceps femoris muscle-long head 

Turn over flap of biceps femoris muscle 

Semitendinosus muscle 

Semimembranosus muscle 

MTFL  

(Tensor fasciae latae muscle) 

Gluteus maximus muscle-pars inferior 

Table 5: Flap plasties in reconstruction of ischial PUs. Modified, translated and adapted from 85 

1.7.3.3 Post-operative complications 

In general surgery, the Clavien-Dindo classification (see Table 6) is used to objectify 

postoperative complications, which was developed based on a study of a cohort of 6336 

patients. 88,89 Lindqvist et al. first used this classification of post-operative complications in 

study on 118 patients after pressure ulcer surgery, with findings of 43.2% of minor post-

operative complications and rare occurrence of serios Clavien-Dindo III or IV complications. 
90 Flap-related complications are described in 25% in Lindqvist study and in 21% in Biglari 

et al. study 91 on 352 spinal cord patients undergoing pressure ulcer surgery. The most 

common complication was suture dehiscence, followed by infection and hematoma in 

Lindqvist study with no difference in complication rates or types between different flaps. 
90 Keys et al. defined as a predictors of failure after flap coverage of pressure ulcers low 

serum albumin, young age and also previous pressure ulcer surgery. 92 The above 

complications can be assessed as acute or subacute a few weeks after surgery. However, 

one of the late and serious complications is the recurrence of PU after flap plasty. McCranie 
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et al. analyses of a national database with 4796 patients included show the recurrence rate 

of PUs to be 73.6%.  93 The recurrence rate in certain localizations in study of Paker et al. in 

39 patients was 82.1 % in sacral, 20.5% in ischial, 15.4 % in trochanteric ulcers, and 2.6% in 

other locations. 94 Scarred terrain, previously used local tissue material, complications in 

terms of osteomyelitis, and a multiple PUs may lead to the conclusion of inoperability in 

recurrent PUs. This status may have serious consequences for the patient's overall health. 

Assessing risk factors for pressure ulcers recurrence is critical for surgical planning. By 

understanding the characteristics that contribute to recurrence, clinicians can optimize 

preoperative care, and plastic surgeons may select the individualised surgical approach that 

is least likely to require reoperation.  

Grades 

No complication 

Grade I 

E.g., post-operative need of antiemetics, analgesics, diuretics, electrolytes

Grade II 

Per- or post-operative need of drugs other than above, e.g., blood transfusion, 
antibiotics 

Grade III 

Need of surgical intervention 

IIIa intervention not under general anaesthesia 

IIIb intervention under general anaesthesia 

Grade IV 

Life-threatening complication requiring intensive care unit management 

IVa single organ dysfunction 

IVb multiorgan dysfunction 

Grade V 

Death of patient 

Table 6: Post-operative complications by Clavien-Dindo. Modified and adapted from90. 
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1.8 Summary 

This chapter summarizes the general knowledge about PUs, including their complex 

therapy, which must be multidisciplinary and properly managed at all levels of the health 

service. PUs are very challenging, especially because of the considerable variability of 

patients, their comorbidities, the length of their immobilization, the local wound condition, 

the compliance and motivation of patients and their caregivers, and many other factors 

affecting the course of treatment and healing of the wound itself. Reconstructive 

techniques applied in the surgical treatment of deep categories of PUs stand at the top of 

the ladder of comprehensive therapy. However, even properly performed flap 

reconstruction leads to a very high risk of postoperative complications, including a high risk 

of PUs recurrence. These findings led me to consider the possibility of eliminating risk 

factors at the level of patient preparation prior to planned reconstructive surgery. We 

wrote a guide for patients and physicians preparing patients for surgery called “Guide to 

the Surgical Treatment of Pressure ulcers. Selected advice for patients, physicians, medical 

staff and non-professional caregivers” (“Průvodce chirurgickou léčbou dekubitů. Vybrané 

rady pro pacienty, lékaře, zdravotnický personál a laické pečovatele “), see Appendix 1. We 

have also tried to raise awareness of PUs at the level of medical education by using 

electronic scripts on the topic of „Complex therapy of pressure ulcers“ („Komplexní léčba 

dekubitů“), and I have also participated in the revision of the Czech translation of several 

chapters of the clinical guidelines „Prevention and treatment of pressure ulcers/injuries: 

Clinical Practice Guideline“ („Klinické doporučené postupy – Prevence a léčba dekubitů“). 

Articles related to the topic of surgical treatment of PUs were published in Supplements 

dealing with pressure ulcers in the journal „Česká a slovenská neurologie a neurochirurgie“. 

1.9 Articles related to this issue 
Hokynková, A., Šín, P., Černoch, F., Nováková, M., & Babula, P. (2017). Využití lalokových plastik v 
operační léčbě dekubitů. Česká a slovenská neurologie a neurochirurgie, Vol. 80/113 (Suppl 1), p. 
41-44.

Hokynková, A., Šín, P., Adlerová, T., & Černoch, F. (2022). Transplantace kůže v chirurgické léčbě 
dekubitů. Česká a Slovenská Neurologie a Neurochirurgie, Vol. 85/118, (Suppl 1), p. 12-14. 

Šín, P., Holoubek, J., Hokynková, A., & Lipový, B. (2019). Multidisciplinary approach in surgical 
pressure ulcer therapy after spinal cord injury. Česká a Slovenská Neurologie a Neurochirurgie. 
Vol. 82/115, (Suppl 1), p. 52-55. 
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2. NUTRITIONAL PERSPECTIVE  

Nutrition is an essential component in the prevention and management of PUs, since it has 

a significant impact on the wound healing process and overall patient outcomes. As a result 

of the fact that malnutrition is a well-documented risk factor for the development and 

duration of PUs, nutritional screening and correction are essential components of 

comprehensive therapy. Nutrition is a complex and wide-ranging topic that should be 

handled by nutritionists. The purpose of this chapter is to discuss the fundamental parts of 

the issue of PUs and nutrition through the eyes of a plastic surgeon in clinical practice. This 

chapter focuses on PUs in critically ill patients as well as chronic PUs caused by long-term 

movement disability, typically as a result of a spinal cord injury or disorder. 

2.1  Pressure ulcer surgical management in critically ill patients 
PU prevalence has been found to be around 25% among adult patients in intensive care 

units (ICUs) across the world, with 60% of these cases being acquired in the ICU. 95 It has 

been shown that the prevalence of malnutrition in critically ill patients can vary anywhere 

from 38 to 78 %. 96 The general opinion is that people with a duration of stay of more than 

48 hours are at risk of malnutrition and should be referred for nutrition assessment and 

management. 97,98 A few studies refer to the level of BMI (body mass index) in relation to 

the development of PUs. The highest risk is associated with underweight patients (BMI 

<18.5 kg/m2) and in obese patients (BMI ≥ 30 kg/m2) and  the lowest risk is for overweight 

patients (BMI up to 27.5 kg/m2). 99 

Skin failure is a risk factor for critically ill patients, particularly those who have spent an 

extended period in the ICU, because of prolonged immobility, mechanical ventilation, acute 

respiratory distress syndrome, COVID-19, sepsis, multiorgan system dysfunction, 

vasopressor use, and treatment with extracorporeal membrane oxygenation. The 

compounded factors of circulatory collapse, metabolite accumulation, compromised 

lymphatic drainage, patient comorbidities, and ischaemia via capillary blockage in critically 

ill patients result in poor perfusion leading to skin disintegration. 100 Surgical management 

of PUs in critically ill patients must be carefully considered, not only in relation to the 

patient's overall health, but also in relation to the next local wound healing and/or planned 

surgical reconstruction. According to our clinical experience, debridement performed in the 

deep category of PUs often leads to deepening of necrosis in patients with severe 
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malnutrition. The exception is case of "septic” PU, in which a sepsis has the origin in PU. 

These PUs frequently present with a clinical appearance of firm necrosis (unstageable 

category of PU), accompanied by a cavity filled with pus beneath the necrotic tissue that 

requires surgical intervention. The result of study Küçükdemirci et al. shows that critically 

ill patients with PUs are more likely to get blood stream infections if they have low albumin 

levels, kidney failure, and stay in the ICU for a long time during sepsis events. 101 

In other cases, it is beneficial to continue with conservative local wound therapy and with 

complex therapy in critically ill patient, including preventive measures and positioning of 

the patients and nutritional assessment, evaluation of malnutrition and tailored nutritional 

treatment. Surgical therapy is planned after stabilisation of the patient's general health and 

nutritional status, i.e., in the phase of transition from catabolism to anabolism. This can 

eliminate postoperative complications, as described in the subchapter 1.7.3.3 „Post-

surgical complications “. 

2.2 Pressure ulcer surgical management in long-term pressure 
ulcers 

Long-term PUs of different categories or multiple PUs are very common in patients with 

reduced mobility and are associated with varying degrees of malnutrition. Acute and 

chronic infections, wounds, and hypermetabolic states significantly elevate the body's 

requirements for energy and protein. PUs imposes a significant burden on patients, 

presenting as chronic wounds often accompanied by a persistent state of inflammation. 

This inflammatory response not only exacerbates tissue damage but also contributes to the 

deterioration of nutritional status, leading to malnutrition. The local condition of the 

wound also contributes to malnutrition. High amounts of exudation, especially in people 

with long-term PUs, can also cause a lot of protein loss and put the patient at risk for an 

imbalance of fluids and electrolytes. It is thought that a person with a PU of category IV 

(i.e., a pressure injury with full thickness tissue loss and exposed bone, tendon, or muscle) 

could lose 90–100 g of protein every day in fluid. However, many people get less than this 

amount of protein every day. 102 Malnutrition further impairs the healing of PUs by delaying 

tissue repair and regeneration while weakening the body’s immune defence, increasing 

susceptibility to infections. 103,104 All above mentioned factors perpetuate a vicious cycle, 

where poor healing and recurrent infections worsen the patient’s overall condition. In such 
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complex and challenging cases, surgical intervention may serve as the final solution to 

break this cycle, enabling effective wound closure and restoring the patient’s quality of life. 

Collagen synthesis/deposition and epithelial resurfacing are essential for successful 

healing, and both procedures heavily rely on sufficient nutritional storage and support. 

Vitamins, minerals, proteins, carbs, and trace elements are all important in these 

processes. 105 The Wound Healing Society (WHS) guidelines for the treatment of pressure 

ulcers-2023 update emphasize the need for nutritional examination and establishing 

parameters for the diagnosis of malnutrition in patients already in the outpatient setting: 

„Assessment of pre-albumin level (reflecting recent protein consumption) and serum 

albumin level (reflecting long-term protein consumption) is useful to identify outpatient 

ambulatory patients who are malnourished. These markers are not very effective in 

hospitalised or ill patients where levels of serum albumin and pre-albumin are influenced 

by hydration status, presence of infection, or acute stress and thus may not reflect actual 

nutritional deficit. No individual clinical parameter accurately and consistently identifies 

adult malnutrition. The Academy of Nutrition and Dietetics and the American Society for 

Parenteral and Enteral Nutrition suggest that presence of two or more of the following six 

parameters are strongly diagnostic of malnutrition: insufficient energy intake, weight loss, 

loss of muscle mass, loss of subcutaneous fat, localised or generalised fluid accumulation 

that may mask weight loss, and decreased functional status measured by hand grip. Other 

laboratory values associated with inflammation such as C-reactive protein, white blood cell 

count or blood glucose may be helpful in determining if malnutrition is related to starvation, 

chronic disease or acute disease/injury.“  105 

Proper nutrition not only supplies the body with essential nutrients and energy but also 

supports cell metabolism, enhances tissue repair, accelerates wound healing, and lowers 

the risk of infection. 106,107 The negative impact of malnutrition on pressure ulcer healing 

can be seen clinically in the basic characteristics of the wound. It can lead to stagnation of 

wound healing or deepening of the wound, as we can assess in the daily monitoring of 

wound status using TIMERS aspects (detailed in subchapter 1.7.2 „Promoting Wound 

Healing, Conservative Therapy“). These negative aspects of the wound healing are 

correlated with lower levels of pre-albumin, albumin, and total protein in the blood; grey 

or more fragile granulation tissue; no vital signs at the wound surface after debridement as 

opposed to pink granulation or edge re-epithelialisation of the wound as the levels of these 
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nutritional parameters increase. Performing the reconstructive procedure in patients with 

low nutritional factors significantly increases the risk of the postoperative complications, 

such as wound dehiscence, partial or complete flap necrosis, floating flap plasty, or PU 

recurrence at the reconstruction site. Therefore, it is essential for the general practitioner, 

referring physician, or nutritionist perform a nutritional evaluation and therapy prior to 

elective PUs surgery, preferably during the preoperative phase. All these findings led us to 

create our internal guidelines used in the Department of Burns and Plastic Surgery with the 

establishment of certain levels of haematological, biochemical, and nutritional parameters 

to allow PU surgery (not applicable to septic PUs): haemoglobin >100 g/L, CRP <50mG/L, 

total protein >60 g/L, albumin >30 g/L, prealbumin>0.15 g/L. This and an additional pre-

operative evaluation are detailed in the “Guide to the Surgical Treatment of Pressure ulcers. 

Selected advice for patients, physicians, medical staff and non-professional caregivers” 

(“Průvodce chirurgickou léčbou dekubitů. Vybrané rady pro pacienty, lékaře, zdravotnický 

personál a laické pečovatele “), see Appendix 1. Using only serum visceral protein levels, 

such as albumin and prealbumin, to assess nutritional status in patients with existing 

inflammation can be misleading. Pro-inflammatory cytokines shift hepatic protein 

synthesis toward acute-phase reactants, reducing albumin and prealbumin production. 

Hypoalbuminemia, therefore, cannot be considered a reliable marker of malnutrition in 

acute inflamed states or in persistent inflammation, as seen in chronic critical illness. 108 

During the hospitalization, we set the following internal guidelines: recording weight, 

height, BMI, and regular monitoring of nutritional parameters twice a week (total protein, 

albumin, prealbumin, extended iontogram, urea, creatinine, glucose, orosomucoids will be 

considered for the future, etc.). Nutritional therapist then calculates the patient's daily 

caloric intake, assesses his nutritional intake status according to the levels of nutritional 

parameters. Then, setting of high protein diet, sipping, protein supplementation, etc. is 

done by surgeon. In case of severe degrees of malnutrition, consultation of a nutritionist 

with setting of enteral and parenteral individual therapy is performed. Adequate protein 

intake is essential for wound healing, as it supports tissue repair and regeneration. 

Providing a balanced supply of calories, protein, vitamins, and trace elements helps 

patients manage the postoperative stress response more effectively, accelerates tissue 

repair and healing, and minimizes the risk of complications. 109,110 Therefore, surgical 

treatment (except „septic” PU) and especially reconstructive surgery are planned after 
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stabilization of nutritional parameters to eliminate the risk of postoperative complications. 

Continued nutritional support plays a vital role in the postoperative recovery phase, helping 

to enhance patient outcomes. Beyond promoting faster wound healing, sustained 

nutritional support strengthens the immune system and reduces the risk of infections, 

underscoring its importance throughout the recovery process. 111,112 Stabilization of 

nutritional parameters can also lead to healing up of superficial or small deep category of 

PUs. 

2.3 Summary 
The lack of established guidelines for timing surgical management of pressure ulcers based 

on nutritional status or objectively measured nutritional parameters represents a 

significant gap in clinical practice. Malnutrition is a well-recognized factor that impairs 

wound healing and increases the risk of postoperative complications, yet there are no 

universally accepted protocols defining when a patient is nutritionally optimized for 

surgery. This omission hinders the standardization of care and the ability to achieve optimal 

surgical outcomes. 

The current literature provides little guidance in this regard. Reports of randomized clinical 

trials addressing the surgical treatment of PUs are virtually non-existent. 105 A Cochrane 

review from 2016 identified no published or unpublished reports of randomized clinical 

trials, nor any registered studies investigating the role of reconstructive surgery in PU 

management. 113 This lack of evidence underscores the pressing need for comprehensive 

research to establish evidence-based guidelines. 

To address this critical need, our institution has developed internal guidelines grounded in 

years of clinical experience. These guidelines provide indicative thresholds for key 

nutritional parameters, including prealbumin, albumin, and total protein levels, serving as 

essential tools to assess a patient's readiness for surgical intervention. While these 

thresholds act as foundational benchmarks, they are not definitive criteria and should be 

interpreted in conjunction with the broader clinical picture of each patient. 

The primary aim of these internal protocols is to ensure that patients undergoing surgical 

treatment are nutritionally stabilized, thus minimizing the risk of complications such as 

wound dehiscence, flap necrosis, or pressure ulcer recurrence. However, we recognize that 
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these guidelines are based on observational data rather than robust statistical analysis and 

they should be viewed as a practical framework rather than a universally applicable 

standard. 

Further efforts are necessary to refine these parameters and validate them through 

evidence-based studies. By integrating nutritional optimization into preoperative planning, 

clinicians can break the vicious cycle of malnutrition, chronic inflammation, and delayed 

healing, paving the way for successful surgical interventions and improved patient quality 

of life. 

In the scientific exploration of the relationship between nutrition and wound healing, 

chronic wounds like pressure ulcers present unique challenges, particularly in experimental 

models. Developing an animal model that fully replicates the complexity of chronic 

wounds, including the prolonged inflammatory response and multifaceted healing 

obstacles, is nearly impossible. This limitation has led us to focus on acute wound models 

to study the fundamental mechanisms of wound healing and the effects of nutritional 

interventions. 

As part of our research efforts, we conducted a study titled Fatty Acid Supplementation 

Affects Skin Wound Healing in a Rat Model, published in Nutrients. This work investigated 

the impact of dietary fatty acid supplementation on acute wound healing using a rat model. 

By manipulating the ratios of n-3 and n-6 polyunsaturated fatty acids in the diet, we aimed 

to elucidate their roles in modulating inflammation, tissue repair, and overall healing 

processes. The results provided valuable insights into how dietary interventions could 

influence wound healing, laying a foundation for understanding how similar strategies 

might be applied to chronic wounds in clinical settings. 

While findings from acute wound models cannot be directly extrapolated to chronic 

wounds like PUs, they provide a crucial starting point for developing targeted nutritional 

therapies. These models allow us to explore the biochemical and cellular pathways involved 

in wound healing and evaluate the potential of specific nutrients to enhance these 

processes. Building on these foundational studies, future research can aim to translate 

these insights into practical clinical applications for improving the management of hard-to-

heal wounds. 
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2.4   Articles related to this issue 
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Hokynková, A., Nováková, M., Babula, P., Sedláčková, M., Paulová, H., Hlaváčová, M., Charwátová, 

D., & Stračina, T. (2022). Fatty acid supplementation affects skin wound healing in a rat 
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3. OXIDATIVE STRESS PERSPECTIVE  

Chronic wounds, including PUs, represent a significant clinical challenge due to their 

prolonged healing process and high recurrence rates. One of the critical factors influencing 

wound healing is oxidative stress (OS), which arises from an imbalance between reactive 

oxygen species (ROS) production and antioxidant defences. While controlled ROS levels are 

essential for initiating key healing processes, such as inflammation, angiogenesis, and 

tissue remodelling, excessive ROS can lead to prolonged inflammation and cellular damage, 

contributing to impaired wound healing. 

This chapter explores the role of oxidative stress in pressure ulcer management, focusing 

on its impact on tissue repair and the modulation of ROS and reactive nitrogen species 

(RNS) during different phases of healing. Particular emphasis is placed on surgical 

debridement techniques, such as sharp necrectomy and water jet necrectomy, and their 

influence on oxidative stress parameters and gene expression in chronic wounds. 

Understanding these biochemical interactions is crucial for optimizing surgical strategies 

and improving patient outcomes. 

Additionally, recent research suggests that targeted therapeutic approaches, including 

ROS-scavenging nanoparticles and gasotransmitter-based therapies, may offer promising 

interventions for modulating oxidative stress in both acute and chronic wounds. By 

integrating biochemical analysis with surgical innovation, this chapter aims to provide new 

insights into the role of oxidative stress in PUs treatment and contribute to the 

development of personalized, evidence-based wound management strategies. 

 

3.1 Oxidative stress and wound healing 
Hard-to-heal or chronic wounds, such as PUs, require a tailored approach to treatment that 

varies according to the stage of healing and often takes a long time to heal completely. 

These wounds often stall in the inflammatory phase due to infection, poor perfusion or 

systemic problems, such as diabetes, malnutrition, and oxidative stress. Reactive oxygen 

species (ROS) play a pivotal role in regulating various phases of wound healing. 114 Excessive 

oxidative stress, characterised by an imbalance between ROS and antioxidant defences 115, 

can prolong inflammation and impair key processes, such as fibroblast activity and collagen 
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synthesis. ROS significantly influence the wound healing process by modulating various 

physiological and pathological mechanisms, including the inflammatory response, cellular 

proliferation, angiogenesis, granulation tissue development, and extracellular matrix 

production. 116 Scientific research over the past decade has revealed that OS can play dual 

role in wound healing, depending on its specific context. In mammals, OS arises either from 

the accumulation ROS or from a reduction in antioxidant capacity. 117,118 The early stage of 

wound healing, inflammation, is distinguished by an elevated production of ROS and 

therefore, 119 prolonged inflammatory response is closely linked to OS, a key factor 

contributing to delayed wound healing. 120 The elevated production of ROS acts as a 

defence mechanism against pathogen attacks and ROS accumulation is necessary to 

prevent infection at the wound site. 121 However, prolonged exposure to high levels of ROS 

can lead to oxidative stress, resulting in cellular damage. 119 Therapeutical strategies differ 

according to the stage of healing. In the inflammatory phase, the focus is on controlling 

infection, reducing oxidative stress and optimising the wound bed through debridement 

and antimicrobial therapies. A well-regulated ROS response aids in tissue debridement, 

disinfection, and stimulation of healthy tissue regeneration. Insufficient ROS levels can lead 

to infection, while excessive ROS can damage otherwise healthy stromal tissue. By 

understanding and predicting the role of ROS within a wound, we can significantly improve 

our ability to manage and coordinate the processes involved in wound healing. 122,123 In the 

proliferative phase, therapies may aim to stimulate granulation tissue formation and 

angiogenesis using advanced dressings, growth factors, or negative pressure wound 

therapy. The status of OS and ROS is closely linked to the wound healing process, 

influencing key stages, such as inflammation, angiogenesis, and granulation tissue 

formation. 114,124–126 By modulating OS and ROS levels, it may be possible to positively 

impact all phases of wound healing, from the initial inflammatory response to tissue 

remodelling and repair. ROS are connected also with gasotransmitters, which also act as a 

barrier against excessive ROS levels, particularly superoxide radicals. These molecules, 

defined as endogenous gaseous signalling compounds, freely diffuse across cell 

membranes to facilitate intercellular communication and regulate numerous physiological 

and pathological processes. The most extensively studied gasotransmitters - nitric oxide 

(NO), carbon monoxide (CO), and hydrogen sulfide (H₂S) - are naturally produced within 
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the body but can also be supplemented exogenously to enhance their therapeutic effects. 
127 

Gasotransmitters play critical roles in wound healing by modulating OS, inflammation, and 

angiogenesis. For instance, NO is essential for vasodilation and oxygen delivery to tissues, 

while CO exhibits potent anti-inflammatory properties, and H₂S supports angiogenesis and 

antioxidant defences. Their ability to interact with ROS allows them to protect cells from 

oxidative damage and promote a balanced inflammatory response, which is vital for 

effective tissue repair. 119 

Therapeutically, gasotransmitters hold promise for addressing challenges in chronic wound 

healing. To harness their potential, effective delivery systems must meet key requirements: 

biocompatibility, controlled release of sufficient gasotransmitter amounts, protection of 

the wound from pathogens, and maintenance of a moist wound environment. 128 

Exogenous administration of gasotransmitters or their donors could provide targeted 

interventions to regulate oxidative stress and inflammation, promoting faster and more 

efficient wound healing. As research continues to elucidate the mechanisms of 

gasotransmitter activity, these molecules represent a promising avenue for innovative 

therapeutic strategies in wound management and beyond. 

Previous research has confirmed the significant role of ROS in various aspects of the wound 

healing process. To date, several genes have been identified expression of which is directly 

regulated by ROS. These genes play critical roles in various cellular processes, including 

inflammation, angiogenesis, apoptosis, and tissue repair. Building on this foundational 

understanding, numerous therapeutic strategies targeting ROS have been developed. 

Among these approaches is the use of ROS-scavenging modified nanoparticles, designed to 

efficiently neutralize ROS and facilitate wound healing. Some studies highlight the 

advancing application of biomaterials in regulating ROS to support tissue regeneration. 
116,129,130 

 

3.2 Oxidative stress and pressure ulcer surgical management 
We sought to explore the role of oxidative stress in chronic wounds by examining various 

debridement techniques applied to deep category III and IV of PUs. Our objective was to 
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evaluate whether oxidative stress parameters and related gene expressions in wound 

tissues differ following sharp necrectomy compared to water jet necrectomy. This ongoing 

grant project No. NU21-09-00541, “The role of oxidative stress in pressure ulcers treatment 

in a patient with spinal injury” aims to deepen our understanding of the role of OS in chronic 

wounds, specifically in category III and IV of PUs. The research focuses on comparing two 

distinct debridement techniques - sharp necrectomy and water jet necrectomy - and their 

impact on oxidative stress parameters in tissues. In addition to ROS, the study also 

examines reactive nitrogen species (RNS), such as nitric oxide synthase (NOS), as key 

contributors to the wound microenvironment. 

As the project is still in the data collection and the analysis phase, the complete results are 

not yet available. Preliminary results suggest that the mechanical and physical 

characteristics of these techniques may differentially influence levels of ROS and RNS, 

potentially affecting the wound’s ability to progress through the healing phases. Moreover, 

it also indicates certain correlations in the expression of different genes. This investigation 

aims to provide novel insights into how these biochemical factors can be modulated 

through surgical techniques to optimize outcomes in patients with deep PUs. 

Furthermore, this project lays the groundwork for future research into personalized 

approaches for managing chronic wounds. By using OS parameters as indicators, clinicians 

could select the most appropriate therapeutic strategy for each patient. The findings are 

expected to contribute to the development of clinical guidelines that improve healing 

efficacy and reduce complications in some challenging cases. 

3.3 Summary  
This chapter offers a foundational characterization of oxidative stress parameters, focusing 

on their role in the wound healing process and their potential for therapeutic modulation 

in both acute and chronic wounds. It explores the dual nature of OS, where controlled levels 

of ROS and RNS are essential for effective tissue repair, while excessive levels can hinder 

healing by causing prolonged inflammation and cellular damage. 

Additionally, the chapter discusses the methods for measuring these parameters, including 

their baseline levels and potential dynamic changes during the surgical treatment of PUs. 

Particular attention is given to the comparison of OS responses to different surgical 
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techniques, such as sharp necrectomy and water jet necrectomy, which may influence the 

healing trajectory and outcomes for category III and IV of PUs. 

While the potential clinical applications of this knowledge are significant, including 

personalized treatment approaches and improved surgical planning, it is important to 

emphasize that this work is part of an ongoing research project. The data and results from 

these investigations are not yet available, but they are expected to contribute to a deeper 

understanding of OS dynamics in wound healing and inform future therapeutic strategies 

and clinical guidelines. 

 

3.4 Articles related to this issue 
 

Hokynková, A., Babula, P., Pokorná, A., Nováková, M., Nártová, L., & Šín, P. Oxidative stress in 
wound healing - current knowledge. Česká a slovenská neurologie a neurochirurgie, Vol. 82/115 
(Suppl 1), p. 37-39. 

Šín, P., Hokynková, A., Nováková, M., Paulová, H., Babula, P., Pokorná, A., Nártová, L., Coufal, P., & 
Hendrych, M. (2022). Can different type of the pressure ulcers debridement affect oxidative stress 
parameters? Česká a Slovenská Neurologie a Neurochirurgie. Vol. 85/118 (Suppl 1), p. 34-37. 

Samadian, A., Kratochvílová, M., Hokynková, A., Šín., P., Nováková, M., Štěpka, P., Pokorná, A., & 
Babula, P. (2023). Changes in Gene Expression in Pressure Ulcers Debrided by Different 
Approaches–a Pilot Study. Physiological research, 72(Suppl 5), S535. 
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pathways in cutaneous wound healing. Frontiers in Physiology, 13, 1030851. 
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4. ARTIFICIAL INTELLIGENCE PERSPECTIVE 

Artificial Intelligence (AI) has become an integral part of modern medicine, offering 

significant advancements in diagnostics, treatment planning, and patient care. As AI 

technologies continue to evolve, their application in healthcare is expanding, providing 

solutions for complex clinical challenges. One of the most promising areas of AI in medicine 

is Machine Learning (ML), which enables computers to analyse vast datasets, identify 

patterns, and make predictive decisions. In reconstructive and wound care surgery, AI-

driven approaches hold great potential for improving risk assessment, treatment 

personalization, and clinical outcomes. 

This chapter provides an overview of artificial intelligence, its role in healthcare, and its 

specific application in pressure ulcer management. It begins with the definition and 

evolution of AI, exploring how the field has developed and how different AI models work. 

The chapter then shifts to AI applications in medicine, highlighting its role in diagnostics, 

predictive modelling, and personalized treatment strategies. Special attention is given to 

ML-based pressure ulcer prediction, leveraging large-scale clinical databases like MIMIC to 

enhance early detection and prevention strategies. 

The chapter further explores how AI-powered tools can support clinicians in the 

management of PUs, from early-stage prediction to postoperative monitoring following 

surgical interventions, such as flap plasties. Future perspectives include the integration of 

AI-driven decision support systems into electronic health records, bedside monitoring, and 

the development of standardized clinical databases to refine predictive models. By 

harnessing the power of AI, clinicians can move toward a more proactive, data-driven 

approach to wound care, ultimately reducing complications and improving patient 

outcomes. 

 

4.1 Definition of artificial intelligence 
Despite the increased interest from academia, industry, and public institutions in Artificial 

Intelligence (AI), no precise definition of AI exists. Certain approaches characterize AI in 

relation to humans or intelligence in general. 131 Many definitions of AI refer to machines 

that mimic human behaviour or are capable of tasks requiring intelligence. 132,133 Numerous 
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attempts have been made to objectively quantify human intelligence due to the difficulty 

of defining and measuring it. 134  In reality, however, intelligence is a subjective and abstract 

concept that creates a false impression of achievable precision. 135 The founder of this 

discipline is considered to be John McCarthy, who in 1955 described the AI process "as the 

ability to make a machine behave in a way that could be called intelligent if a human 

behaved that way". 136 According to Nilsson, AI is an activity dedicated to the creation of 

intelligent machines, and intelligence is the property that enables an entity to function 

appropriately and correctly and to anticipate in its environment. 137 The AI Study Panel 

concurs with Nilsson that intelligence exists on a multidimensional spectrum. According to 

this viewpoint, the distinction between the arithmetic ability of a calculator and the 

intellect of the human brain is not limited to type, but also includes range, speed, 

intelligence level, and the ability to compute. 138 The European Parliament defines AI as 

"the ability of machines to mimic human abilities such as reasoning, learning, planning, or 

creativity. Artificial intelligence enables technical systems to respond to inputs from their 

environment, solve problems and achieve specific goals. The embedded computer receives 

data – which has already been prepared or is collected by its own sensors and cameras – 

and then evaluates and reacts to it. AI systems are able to work autonomously and also 

change and adapt their actions based on an evaluation of the effects of previous actions." 
139 

4.2 Artificial intelligence in healthcare and medicine 
AI is concerned with the development of algorithms, models and actuators that simulate 

human thought and behaviour. Its use in medicine and healthcare systems has enormous 

potential to improve diagnosis, treatment, and patient care, or to save medical and non-

medical staff time by efficiently managing administration, so long as the legal and ethical 

aspects of the technology are upheld. AI is slowly transforming medical practice. With 

recent advances in digital data collection and big data in general, deep learning, and 

computational infrastructure, AI applications are becoming increasingly accessible, 

expanding into areas that were once the exclusive domain of humans. 140 Given the broad 

scope of AI in medicine, the following text will focus specifically on ML, as our investigation 

centres on its application in predicting the risk of pressure ulcers in ICU settings, see Figure 

8.  
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Figure 8: Relationship between computer science, AI and ML and further scope definition 

A typical process of ML process consists of several layers 141: first, relevant data sources 

need to be identified, then the data need to be pre-processed and prepared for training 

and testing ML models, which can then perform the required tasks, such as anomaly 

detection, classification or prediction, depending on the quality and quantity of the 

available training data, see Figure 9. 

 

Figure 9: Schematic of typical ML framework. Adopted from 141 

There are many AI techniques and methods in what follows, we focus on the subfield of 

Machine Learning (ML), that explores the ability of computers to learn from data. 142,143 It 
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emerges at the intersection of statistics, data and computer science, utilizing a number of 

efficient computational algorithms such as optimization or regression. This fusion of 

mathematics and computer science is a result of the unique computational challenges 

posed by constructing statistical models from potentially enormous data sets containing 

billions or trillions of data points. 144 ML can be divided into supervised learning, semi-

supervised, unsupervised learning, and reinforced learning. Supervised learning is based on 

annotated and labelled training data and is the most commonly used method utilizing 

existing real-world data. 144 In medicine, this may entail training a model to establish a 

correlation between a person's characteristics (e.g., height, weight, smoking) and a specific 

outcome (e.g., incidence of diabetes within five years). After effective training, the 

algorithm will be able to predict outcomes when applied to new data. 145 In clinical practice, 

it is used for automated ECG interpretation, prediction of cardiovascular events 146 or 

COVID-19 screening based on CT lung images. 147 In contrast, unsupervised ML does not 

require pre-processed training data and is therefore mostly exploratory, such as identifying 

undefined patterns or clusters in the dataset. 145 Artificial Neural Networks (ANN) are ML 

models inspired by the biological nervous system, consisting of numerous neurons that 

process and transmit information and are interconnected. Common applications of neural 

networks include image recognition, natural language processing, and prediction. 148 Deep 

convolutional neural networks have recently achieved remarkable success in a variety of 

medical image analysis tasks, including image denoising (noise removal from images) 149 

and classification. These data are essential for disease diagnosis and management of 

therapy. 150 Another popular family of methods is inspired by evolutionary mechanisms, 

such as Genetic Algorithms (GA). They use selection, crossover, and mutation to determine 

the optimal solution to a given problem. 151 Frequently, GA are employed for optimization, 

planning, and design. Evolutionary "generation" is the sequence of operations in space 

and/or time. A fitness function simulates competition between individuals by selecting the 

healthiest members of an entire generation. 152  

A cross-section of other popular ML methods includes Linear Regression 153, Logistic 

Regression 154, Decision tree 155, Support Vector Machine (SVM) algorithm 156, Naive Bayes 

algorithm 157, K-Nearest Neighbors algorithm (KNN) 158, K-means 159, Random Forest 

algorithm 160, Dimensionality Reduction algorithms 161, and Gradient Boosting algorithm. 
162 ML specialists are responsible for most appropriate model selection. From a medical 
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point of view, the list of ML methods and tools will be less fascinating than their medical 

applications. On a semantic graph (constructed from Web of Science search results and 

plotted using VOS Viewer software), Jiang et al. illustrated the degree of influence and 

interconnectedness of the most relevant AI-related keywords, as shown in Figure 10. 

According to the colour of the connections, the "application" of AI has received 

considerable attention in the literature. This term is closely associated with "systems" 

sciences, whereas "neural networks", "classification," and "prediction" are the primary 

algorithmic focuses. 163 All of these characteristics are utilized in various branches of 

medicine and the healthcare system to enhance disease diagnosis, treatment, prevention, 

prognosis, etc. In order to implement these theories in clinical practice, it is necessary to 

adhere to ethical, legal, and security considerations pertaining not only to the preservation 

of personal data, but also to the precision and dependability of the employed technologies. 

 

Figure 60: Semantic graph according to Jiang et al. Adopted from 163 
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Image data analysis 

Deep learning, in which neural networks learn patterns directly from raw data, has been 

very successful in classifying images 164 from different modalities, such as CT, X-ray, and 

MRI, in the past few years. Some fields are already using them. In the field of radiology, 

there has been a change in how accurate mammography interpretation 165 and lung cancer 

screening 166 are. This has a positive effect not only on diagnosis but also on risk prediction 

and, eventually, on treatment. 167 In the area of pathology, ML is used to diagnose cancer, 

mostly because it can be used with whole slides. 168 Neural networks can also be taught to 

recognize primary tumours and can better predict the survival of different types of cancer 
169, thus improving the pathological interpretation of cancer findings. In gastroenterology, 

AI techniques are used to detect colorectal cancer and predict automatically the 

malignancy of tumours of this site. 170 In addition to image classification, deep learning 

models can also learn from text, numbers, and combinations of these data types. Recent 

research has utilized a variety of rich data sources, such as molecular information 

(improving protein structure prediction 171, non-invasive cancer detection, prognosis, and 

tumour origin identification based on detection of circulating cell-free DNA 172, natural 

language, medical signals like electroencephalogram (EEG) data, and multimodal data). 164 

Figure 11 depicts the prospective applications in medical clinical practice. 
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Figure 7: ML application in medical clinical practice. Adopted from 164  

 

Genomics and personalisation of treatment 

Genomics uses ML to analyse disease-specific genomic data in order to tailor treatment 

protocols individually to the needs of a given patient. It determines the most appropriate 

type or combination of drugs, drug interactions, dosage, or response to treatment. Side 

effects are reduced while the desired performance is maximised, which translates directly 

into improved length and quality of life for individuals. 173 

Robotic Surgical Procedures 

Robotic surgery uses AI on multiple levels. Various surgical procedures can be trained on 

simulators. In a 2020 meta-analysis comparing virtual reality training to traditional 

apprenticeship training, the authors found that virtual reality training increases trainee 

efficiency, improves tissue handling, and reduces surgical errors in comparison to 

traditional apprenticeship-style surgical training. 174 AI methods can also help in data 

analysis and preparation for 3D printing vascular phantoms of aortic aneurysms, cutting 

guides in mandibular reconstruction using free vascularized fibula, skeletal prostheses, etc. 
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175 ML in surgery gives potential in pre-operative planning of surgery based on existing 

medical records and imaging. By incorporating artificial intelligence, surgical robotics would 

be able to detect and comprehend complex environments, make decisions in real time, and 

execute surgical interventions with greater precision, safety, automation, and efficiency. 

For instance, current robots can perform basic surgical tasks such as suturing and knot tying 

automatically. 176,177 Future predictions also include the possibility of bioprinted organs and 

tissues for transplant surgery. 178,179 An example of the potential use of AI in the 

preoperative, perioperative and postoperative phases of neurosurgical treatment of brain 

tumours 180 is shown in Figure 12. 

 

Figure 82: Potential clinical impacts of AI in the neurosurgical management of brain tumours, in the pre-operative, 
intra-operative, and post-operative phase. Adopted from 180 

Drug development 

ML is capable of analysing vast amounts of information about drug compounds and their 

interactions with biological targets. Using ML, it is possible to identify potential drug 

candidates, predict their efficacy and interactions with other drugs, and individualize 

therapies. These technologies not only improve the efficiency and accuracy of the drug 

discovery and development process, but in some cases they also reduce or eliminate the 

need for clinical trials by conducting simulations instead, thereby reducing costs and ethical 

concerns. 181 
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Patient monitoring 

ML can analyse data from medical devices that measure vital patient parameters such as 

heart rate, blood pressure, and sleep, thus enabling remote patient monitoring, 

abnormality detection, and personalised care. Telemedicine and remote patient 

monitoring have broadened the scope of conventional clinical practice, enabling physicians 

to monitor patients with chronic or acute illness in remote locations, the elderly in home 

care, and even hospitalized patients. 182 The use of AI in various health apps on mobile 

phones or smartwatches is positively altering people's attitudes toward their own health. 
183 

Digital medical records 

AI tools and technologies can utilize the vast quantity of electronic health record data from 

digital records for analysis, pattern recognition, outcome prediction, and clinical decision 

support. Roosan et al. describe a model for using AI in the form of a blockchain to securely 

share health data with community pharmacies, which has the potential to improve patient 

outcomes, optimize medication safety, and strengthen pharmacists' roles in patient care. 
184 Based on image data, clinical data, e.g., in the form of laboratory results, AI can be used 

to predict various types of pathologies and diseases, improving the diagnosis and individual 

treatment of diseases. 

Mental health 

AI also demonstrates considerable promise in the field of mental health. By analysing 

speech types, social media, and other types of data, it can assist in the identification of 

symptoms of various pathological mental conditions (such as depression, anxiety, etc.). By 

monitoring symptoms, these capabilities can expedite the diagnosis of mental illness, 

predict the course of the illness, positively influence clinical intervention, and facilitate 

psychoeducation. The use of AI in mental health is unquestionably crucial, particularly 

during quarantine measures in COVID-19 pandemics or other biological disasters. There are 

already numerous AI applications that monitor individuals' mental health. Phama et al. 

discuss emerging AI-based interventions in the form of chatbots and therapy bots, including 

conversational apps that teach users coping mechanisms for emotions and provide support 

for people with communication difficulties, computer-generated facial images that form 
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the basis of avatar therapy, and intelligent animal-like bots with new advancements in 

digital psychiatry. 185 

Prevention, prediction, prognosis, and survival 

In healthcare, AI plays a significant role in the prevention, prediction, prognosis, and 

survival of various diseases. Risk factors for specific diseases or pathologies are determined 

using clinical and genetic data and factors. Based on this analysis, a personalized treatment 

plan can be developed, and thus the risk of complications can be eliminated. 

Decision support systems in healthcare 

AI is capable of creating decision support systems based on the analysis of clinical data and 

medical records using its tools. This aids physicians in determining treatment plans and 

procedures through the decision-making process. It is primarily employed in critical care, 

including mortality prediction in acute trauma 186, bleeding after trauma (risk assessment, 

amount of transfusion administration, detection of bleeding, risk of coagulopathy, etc.) 187, 

fracture detection and classification in orthopaedics, etc. 188 

Ethical aspects of AI in healthcare 

Identifiable, foreseen, and contemplated are the implications of AI on fundamental ethical 

principles, just as every technological advancement generates ethical discussions. Included 

among these are data collection, anonymity, privacy, consent, data ownership, security, 

bias, transparency, accountability, autonomy, and beneficence. Another debated aspect of 

AI is its application in writing scientific publications. Tools like ChatGPT can serve as 

valuable aids for researchers and scientists by assisting with material organization, drafting, 

and proofreading. However, ethical concerns remain, particularly regarding potential 

inaccuracies, risks of plagiarism, and the necessity of oversight by human experts. 189 

4.3 Clinical medical databases 
The contribution of artificial intelligence is also significant in clinical medical databases. 

Clinical medical databases are extensive registries of structured and organized medical data 

that play a crucial role in healthcare and medical research. These databases are intended 

to store, manage, and retrieve voluminous quantities of clinical data, such as patient 

records, laboratory test results, medical images, and treatment plans. They provide 
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healthcare professionals, researchers, and policymakers with valuable resources for 

accessing, analysing, and interpreting medical data for a variety of purposes. 

Modern hospitals are well-equipped with monitoring and data collection devices, which 

provide a relatively low-cost method for accumulating and storing data in internal and 

intra-hospital information systems. The large amounts of data collected by medical 

databases necessitate the use of specialized tools for data storage and retrieval, data 

analysis, and effective data utilization. Particularly, the increase in data volume makes it 

extremely difficult to acquire relevant information for decision support. Traditional manual 

data analysis has become ineffective, necessitating the use of effective computer analysis 

techniques. To meet this demand, medical informatics can utilize technologies developed 

in the new interdisciplinary field of knowledge discovery in databases, which includes 

statistical, pattern recognition, machine learning, and visualization tools that facilitate data 

analysis and the discovery of patterns encoded in data. 190 There are several clinical medical 

databases that are widely used in healthcare and medical research. Exact research or 

clinical topic, as well as the volume of information needed, will determine which database 

is used. Several well-known clinical medical databases that preserve and provide patient 

information, clinical assessments, laboratory results, and medical imaging available are 

listed below. 

Medical Information Mart for Intensive Care - MIMIC 

The MIMIC database is a data repository that contains comprehensive clinical de-identified 

information collected as part of routine clinical care for>60,000 ICU admissions at the Beth 

Israel Deaconess Medical Centre in Boston, Massachusetts. 191,192 There are clinical data, 

physiological histories, test results, prescription information, and survival rates included. 

The MIMIC-III dataset is readily accessible to researchers worldwide and has been utilized 

extensively in the creation of predictive models, epidemiological studies, and educational 

courses. MIMIC is frequently used for research and the construction of prediction models 

in critical care. MIMIC-IV was created by updating MIMIC-III, incorporating current data and 

improving many aspects of MIMIC-III. 193,194  

MIMIC-IV takes a modular approach to data organization, emphasizing the origin of data 

and facilitating the individual and combined use of diverse data sources. MIMIC-IV is 
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intended to build on the success of MIMIC-III and support a broad set of health care 

applications. 

Observational Medical Outcomes Partnership-OMOP 

OMOP is an open-source database, consolidated and standardized electronic health record 

(EHR) data from diverse healthcare systems. It contains de-identified data about 

individuals, illnesses, ailments, therapies, medications, tests, etc. OMOP makes it easier to 

conduct comparative effectiveness studies and extensive observational research. All 

researchers' data must adhere to the same format according to the OMOP common data 

model, which makes it possible to use analytic tools like Structured Query Language (SQL) 

among locations. 195,196 

UK Biobank 

Over 500,000 people in the UK participated in this databank. Biobank is a huge prospective 

cohort study that collects considerable biological samples and health data. It includes 

details on the history of medicine, physical features, imaging data, genetics, etc. Research 

on a range of illnesses and health consequences is made feasible by the database. 197  

Optum Clinformatics Data Mart 

A commercially available database called Optum Clinformatics Data Mart contains de-

identified health care data for lots of US citizens. It contains pharmacological data from test 

results, prescriptions, pharmacies, and clinician notes. The database is commonly used for 

research on health consequences, analysis of real-world data, and study of healthcare 

utilization. 198 

Surveillance, Epidemiology, End-Results Monitoring Program – SEER 

The National Cancer Institute (NCI)'s SEER Program collects available cancer data from a 

variety of sources. It includes information on survival rates, cancer characteristics, and 

demography. SEER data are used to support analysis of health policy, epidemiological 

investigations, and cancer research.199 

BioLINCC 

BioLINCC is the information coordination centre for biological specimen and data archives. 

BioLINCC, a resource of the National Heart, Lung, and Blood Institute (NHLBI), facilitates 
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access to clinical and biological data from numerous cardiovascular and pulmonary 

research projects. It includes clinical data, diagnostic results, genetic information, and 

samples. BioLINCC supports collaboration and secondary research in pulmonary and 

cardiovascular investigations. 200 

The Cancer Imaging Archive - TCIA 

TCIA is a database that concentrates on medical imaging data for cancer research and is 

accessible to the public. It contains a vast assortment of imaging studies, such as CT, MRI, 

and PET, as well as relevant clinical data. TCIA grants researchers access to and analysis of 

imaging data for a vast array of cancer varieties. 201 

Clinical medical databases, in conclusion, are useful instruments that support data-driven 

decision making, research, and healthcare improvement. These databases hold great 

promise for expanding medical knowledge, enhancing patient care and public health 

outcomes, promoting innovation, and influencing the course of medical research. 

Researchers, medical professionals, and policymakers can use these systems to find and 

analyse large amounts of patient data, clinical examinations, laboratory tests, and medical 

images. They make it possible to do a wide range of studies, such as study on clinical results, 

epidemiological studies, and the creation of predictive models. 

4.4 Artificial intelligence and pressure ulcers 

The integration of AI into plastic surgery has opened new avenues for improving patient 

care, particularly in the prevention and treatment of PUs. Our work, as detailed in the 

article Machine Learning-Based Pressure Ulcer Prediction in Modular Critical Care Data 

(Diagnostics, 12(4), 850), focuses on utilizing ML to predict the risk of PUs in critical care 

settings. This approach uses large-scale patient data to identify risk factors and support 

targeted prevention strategies. 

Pressure ulcers are a significant challenge in critically ill patients, where immobility and 

comorbidities increase the risk of tissue damage. Traditional risk assessment tools often 

rely on subjective evaluations, leading to inconsistencies and delayed interventions. Our 

study applied ML algorithms to the MIMIC IV database, which contains de-identified health 

records of ICU patients. By analysing these records, ML models identified key risk factors, 
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such as nutritional parameters, vital signs, and comorbidities, and provided predictive 

insights to assist in early prevention measures. The predictive power of ML in this context 

allows for personalized patient care, optimizing interventions, such as the use of specialized 

mattresses, frequent repositioning, and nutritional support. By applying these AI-driven 

insights, clinicians can reduce the incidence and severity of pressure ulcers, ultimately 

improving patient outcomes. The MIMIC IV database was instrumental in our research, 

offering a robust source of de-identified patient data. Accessing this database requires 

specific steps to ensure compliance with ethical and regulatory standards. Researchers 

must complete 11 modules, each culminating in a test, and obtain special certificates, as 

outlined in Appendices 2-4. Building on our findings, AI-driven tools could be further 

expanded to support decision-making in PUs treatment, including wound classification, 

monitoring of healing progress, and optimization of surgical interventions such as flap 

plasties. Integration of AI into electronic health records and bedside devices in ICUs could 

enhance real-time risk prediction and intervention strategies. By utilizing ML in this 

innovative manner, we aim to revolutionize the management of PUs in plastic surgery, 

bridging the gap between advanced technology and personalized patient care. 

4.5 Summary  
For decades, risk factors and classification systems for pressure ulcers have been well-

documented. Modern advancements emphasize the integration of contemporary 

technologies, particularly AI, across medical disciplines. AI, with its ML capabilities, holds 

immense potential for predicting pressure ulcer risk by analysing predictive factors, such 

as laboratory values and a patient’s physical and mental condition. By stratifying these risk 

factors, AI can assess a patient’s likelihood of developing PUs upon hospital admission, 

enabling the immediate implementation of preventive measures, such as specialized 

mattresses, positioning schedules, and other interventions. 

In reconstructive surgery for deep PUs, while procedures like flap plasties have proven 

effective, recurrence rates remain comparatively high. This has necessitated deeper 

analysis of risk factors influencing both the development of PUs and the outcomes of 

surgical interventions. By leveraging AI, specific risk factors for acute, subacute, and long-

term complications can now be identified and addressed, allowing for more precise 

predictions of recurrence rates following reconstructive procedures. 
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ML offers several advantages in this field, including improved diagnostic accuracy, 

enhanced surgical planning, better monitoring of healing progress, and personalized 

treatment strategies. These technologies can optimize the management of PUs by reducing 

recovery times, minimizing complications, and tailoring interventions to each patient's 

unique needs. 

Although some AI-driven tools are still in the research or clinical trial stages, their continued 

development and integration into clinical practice promise to revolutionize the treatment 

and prevention of PUs. By harnessing the potential of ML, we can improve patient 

outcomes, enhance the effectiveness of surgical interventions, and make advanced care 

more accessible to a broader population. 

 

4.6 Article related to this issue 
Šín, P., Hokynková, A., Nováková M., Pokorná A., Krč, R., & Podroužek, J. (2022). Machine 
learning-based pressure ulcer prediction in modular critical care data. Diagnostics, 12(4), 850. 
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5. FUTURE PERSPECTIVE  

The work carried out over the past 15 years provides a strong foundation for future 

advancements in the management and treatment of PUs. To build upon this foundation, it 

is essential to focus on key areas that enhance interdisciplinary collaboration, leverage 

advanced technologies, and create standardized approaches to improve patient outcomes. 

A critical future step is strengthening collaboration between healthcare professionals, 

artificial intelligence (AI) experts, and software developers. This partnership is vital for 

developing innovative tools and systems that can predict risk factors for postoperative 

complications and optimize treatment planning. AI-driven solutions should be integrated 

seamlessly with clinical workflows, aiding healthcare providers in decision-making and risk 

assessment. 

Standardized documentation and photo documentation of PUs are essential for ensuring 

consistency in clinical practice. By implementing uniform protocols for data collection, 

wound assessment, and image capture, clinicians can improve the quality of care and 

enable more accurate tracking of patient’s treatment progress. A centralized clinical 

database of PUs could serve as a valuable resource for research, allowing for statistical 

evaluations of postoperative complications and detailed analyses of risk factors associated 

with poor outcomes. 

To enhance surgical outcomes, future efforts should focus on risk factor analysis and 

prediction of postoperative complications using AI. By leveraging large datasets and 

advanced ML techniques, AI can identify patients at higher risk for complications and 

suggest tailored interventions to mitigate these risks. Additionally, developing technologies 

for precise measurement of wound surface areas will further standardize wound 

assessment and improve monitoring of healing progress. 

The future of wound healing research must focus on developing standardized methods for 

quantifying wound surface area, particularly for chronic wounds like PUs or in another 

extensive acute or chronic skin and soft tissue defects. A key advancement in this area is 

the creation of a mathematical wound model that converts 3D missing tissue volumes into 

a 2D representation of “active wound surface area”. This standardized metric offers a 

consistent framework for assessing wounds, ensuring comparability across studies, and 
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enabling objective evaluation of healing progress and treatment responses. Our 

mathematical model, which recalculates the 3D missing volume to a 2D wound surface, is 

planned for patent application. 

One critical application of this model is investigating protein loss and its impact on wound 

healing. Protein loss through wound exudate can hinder tissue repair and worsen 

malnutrition. By analysing protein loss per square centimetre of an “active wound surface”, 

it becomes possible to determine precise nutritional needs, predict healing outcomes, and 

develop targeted biochemical and nutritional interventions. Beyond protein loss, this 

metric allows for studying inflammatory dynamics, metabolic changes, and the efficacy of 

treatments in relation to the wound's biochemical environment. 

Adopting this 2D wound surface area metric in clinical practice could enable personalized 

treatment planning, optimize surgical timing, and improve outcome prediction by linking 

biochemical activity to wound area stabilization. Integrating this model into practice 

requires multidisciplinary collaboration and advanced technologies, such as AI-driven 

analysis and real-time biochemical and nutritional monitoring. Establishing this approach 

as a standard could significantly enhance the understanding and treatment of chronic 

wounds, ultimately improving patient outcomes and quality of life. 

A significant objective is the creation of comprehensive guidelines for timing and type of 

reconstructive procedures for PUs. These guidelines should be based on clinical evidence, 

integrating factors such as nutritional optimization, wound characteristics, and patient-

specific needs to determine the most appropriate surgical approach. Statistical evaluations 

of postoperative complications and long-term outcomes should underpin these guidelines, 

ensuring they are both practical and evidence based. 

In conclusion, the future of PUs management lies in fostering interdisciplinary 

collaboration, embracing advanced technologies, and establishing standardized clinical 

practices. By addressing these priorities, we can improve the quality of care, optimize 

surgical outcomes, and advance the field toward a more effective and patient-centred 

approach to treating PUs. 
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6. CONCLUSIONs 

This habilitation thesis provides a broad perspective on the issue of pressure ulcers, but at 

the same time, it addresses several extremely particular characteristics that have the 

potential to affect the healing process of PUs and other hard-to-heal wounds that are 

rather difficult to cure. This thesis represents the culmination of 15 years of dedicated 

clinical practice and scientific research in the field of PUs management. Over this time, I 

have sought to bridge the gap between clinical care and research, addressing the 

multifaceted challenges posed by PUs, from prevention to advanced surgical management. 

Through clinical practice, I have gained firsthand experience in the complexities of treating 

PUs in diverse patient populations, including critically ill individuals and those with long-

term mobility impairments. This work has highlighted the importance of a multidisciplinary 

approach, where prevention, conservative therapy, surgical reconstruction, and nutritional 

support are integrated to achieve the best possible outcomes. My efforts have led to the 

development of internal clinical guidelines based on years of observation and practice, 

aiming to standardize care and reduce complications associated with surgical interventions. 

On the scientific front, my research has delved into various aspects of wound healing and 

PUs management. Initial studies explored the effects of dietary supplementation with 

polyunsaturated fatty acids on wound healing in animal models, providing foundational 

insights into the role of nutrition in tissue repair. This work evolved into clinical 

investigations of oxidative stress parameters in pressure ulcers and their association with 

different debridement techniques, further advancing our understanding of the biochemical 

environment of chronic wounds. In recent years, I have embraced innovative technologies, 

including artificial intelligence, that has shown significant potential in predicting the risk of 

PUs, enabling early interventions and personalized care strategies. Building on this 

foundation, our focus is expanding toward predicting post-surgical complications following 

PUs reconstruction. The aim is to reduce the risk of complications and improve long-term 

outcomes. However, a critical challenge remains: the absence of a comprehensive clinical 

database with standardized data specific to pressure ulcers. To address this gap, we are 

currently developing standardized protocols for documenting all relevant aspects of 

pressure ulcer management. These protocols include detailed patient history, laboratory 

investigations with established nutritional parameters and biomarkers, advanced imaging 
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methods such as X-ray, CT, and MRI, and standardized photo documentation. Additionally, 

we aim to incorporate precise wound measurement techniques, including calculations of 

the “active wound surface area”, to provide a more detailed and consistent understanding 

of wound dynamics. The creation of such a clinical database will not only facilitate the 

effective application of AI in risk prediction but also enhance the overall prevention and 

treatment strategies for PUs. This resource will provide a comprehensive framework for 

managing PU-related care, supporting both AI-driven tools and traditional clinical decision-

making to improve outcomes in prevention, therapy, and post-surgical care. 

The overarching goal of my work has been to address the complex interplay of factors that 

influence PUs development and healing, including malnutrition, inflammation, and surgical 

challenges. By combining clinical expertise with scientific aproach, I have sought to improve 

patient outcomes and contribute to the broader body of knowledge in this field. 

While significant progress has been made, many challenges remain. The need for robust, 

evidence-based guidelines, particularly regarding the timing of surgical interventions and 

the role of nutritional optimization, is pressing. Future research must aim to validate clinical 

findings and translate them into standardized protocols to further enhance the quality of 

care for patients with PUs. 

In conclusion, this thesis reflects a journey of continuous learning and innovation, driven 

by a commitment to improving the lives of patients affected by PUs. It is my hope that the 

insights gained, and contributions made through this work will serve as a foundation for 

ongoing advancements in this critical area of medicine. 
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