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ABSTRACT 
this article discusses the prevention and management of pressure ulcers in intensive care. Pressure ulcers in elderly individuals 
can cause significant morbidity and mortality and are a major economic burden to the health care system. Prevention should be 
the ultimate objective of pressure ulcer care, and it requires an understanding of the pathophysiology leading to pressure ulcers 
and the means of reducing both intrinsic and extrinsic risk factors. Clinical manifestations are protean, and early recognition 
requires a low threshold of suspicion. The goals of treatment of pressure ulcers should be resolution of infection, promotion of 
wound healing, and establishment of effective infection control. The main goal is to make preventive measure of pressure ulcer 
more simple and meaningful. Existing preventive measure of pressure ulcer techniques can’t satisfy all type of pressure ulcer 
disease. This survey addressed various preventive measure of pressure ulcer techniques, evaluates them and presents the issues 
related to those techniques. 
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INTRODUCTION 

 

Pressure ulcers have important consequences both for patients and for the health care system. They can lead 

to severe or intolerable pain, are prone to infection, and are associated with high mortality rates [1]. They also 

inflict a considerable economical burden on the health care system. In a 1996 study, the incremental cost per 

pressure ulcer (in US dollars) was $2731 [2], and this cost was dramatically higher ($59,000) if the pressure 

ulcer was associated with osteomyelitis [3]. In the Netherlands, treatment of pressure ulcers is estimated to 

account for 11% of the total health budget [4]. 

Pressure ulcers are areas of necrosis caused by compression between bony prominences and external 

surfaces. The damage may be relatively minor, or it may lead to massive destruction of deeper tissues, which 

can cause significant morbidity and mortality. The incidence and prevalence of pressure ulcers depends on the 

definition of pressure ulcers used and the patient population studied. The National Pressure Ulcer Advisory 

Panel has classified pressure ulcers according to 4 stages [5]: 

 

Stage I:  

Non blanchable erythema of intact skin.  

 

Stage II:  

Partial-thickness skin loss in evolving the epidermis or dermis; lesions may present as an abrasion, blister, 

or superficial ulcer. 
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Stage III:  

Full-thickness skin loss that may extend to, but not through, the fascia; the ulcer may be undermined. 

  

Stage IV:  

Full-thickness skin loss involving deeper structures, such as muscle, bone, or joint structures. 

 

An inverse relationship between the degree of external pressure and the time needed for tissue damage to 

occur has been demonstrated in several animal models (fig 1) [10]. A patient lying on a hospital mattress can 

generate pressures of 45–75 mm Hg over such bony prominences as the sacrum, greater trochanters, and heels, 

where pressure ulcers commonly form. If this pressure is sustained for 3–4 hours, capillary perfusion pressure 

within the deep tissues (estimated to be 20–30 mm Hg) is exceeded, and pressure ulcers may result [6]. It is 

important to recognize that pressure is highest at the muscle/bone interface, and that fat and muscle are more 

susceptible to pressure-related damage than is skin. Thus, the appearance of the visible skin lesion often results 

in an underestimation of the degree of deep-tissue involvement. Friction and shear stress can occur when a 

patient is dragged across a surface or is positioned with the head of the bed in a raised position. Friction can 

damage superficial skin, and shear stress can crimp the deeper vessels, leading to increased ischemia. Ulcers 

produced by shear stress can have extensive deep tissue necrosis and can be much worse than external 

inspection may suggest. Moisture, such as that resulting from incontinence, can increase the risk of a pressure 

ulcer developing by 5-fold. It can also serve as a source of bacterial contamination. 

 

 
 

Fig. 1: Inverse relationship of pressure to time in the production of pressure ulcers under experimental 

conditions 

 

Literature Survey: 

Pressure ulcers place an enormous burden on both the patient and the healthcare system, and remain costly 

complications of health-related care. In addition to the expensive financial costs of treating pressure ulcers, there 

are social costs to the individual including pain, discomfort, decreased mobility, loss of independence and social 

isolation Furthermore, increased death rates have been observed in elderly patients who develop pressure ulcers. 

A recent investigation into the burden of pressure ulcer associated mortality in the United States between 1990 

and 2001 found pressure ulcers were reported as a cause of death among 114,380 persons, with nearly 80% of 

these deaths occurring in individuals aged 75 years. From a quality of life perspective, pain, exudate, body 

image, wound healing and self-imposed social isolation are all issues of concern to patients, with local and 

systemic infections common, contributing towards increased hospitalization rates. 

The economic consequences of treating pressure ulcers are substantial, with the annual cost estimated to be 

£750 million in the United Kingdom and US$3 billion in the United States in 2003. A recent study in Australia 

estimated that each year 95,695 new pressure ulcer cases arise within the Australian public hospital system, 

incurring a mean cost of A$285 million. These costs, however, are likely an underestimate as they do not take 

into account additional hospital nursing time, community-based nursing and physician costs, and loss of 

productivity for the patient and family. 

Pressure ulcers occur over bony prominences. The most common areas for pressure ulcers include the 

sacrum, coccyx, heels, and ear. In addition to pressure, moisture, friction, and shear contribute to the 
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development of pressure ulcers. Pressure over a bony prominence causes tissue ischemia in the skin, muscle, 

and the fascia between the skin surface and bone. The pressure compresses small vessels and prevents both 

supply of oxygen and nutrients at the capillary interface as well as venous return of metabolic wastes. Metabolic 

wastes accumulate and cause local vasodilatation, which contributes to edema, which further compresses small 

vessels and increases edema and ischemia. Local tissue death then occurs, resulting in a pressure ulcer. Moisture 

contributes to maceration, which may make epidermal layers more vulnerable to breakdown from pressure. 

Friction and shear may remove epidermal layers and make the skin more vulnerable to injury and pressure 

effects. Advanced age and nutritional deficiency also contribute to risk for pressure ulcer development. Elderly 

persons have less subcutaneous fat, decreased dermal thickness, and decreased sensory perception. These factors 

makes elderly patients prone to more rapid tissue injury and less likely to respond to tissue cues to change 

position. Poor nutritional status causes a decrease in protein and renders tissue more susceptible to the effects of 

pressure. Pressure on bony prominences such as the coccyx, trochanters, heels, and occipital have traditionally 

been minimized by using turning schedules every 2 hours and elevating patients’ heels off of the mattress; 

however, the 2-hour repositioning regimen is not based on scientific study.3 It is suggested that the patient be 

turned every 2 hours to alternating lateral and supine positions. The patient’s body should be turned laterally 30º 

and the head of the bed elevated no higher than 30º to prevent pressure on the coccyx. This position may 

promote ventilator associated pneumonia in incubated patients and patients receiving external feeding. To 

prevent ventilator associated pneumonia, it is suggested that the head of the bed be elevated higher than 30º. 

Frequently, incubated patients are restrained or treated with sedatives to prevent removal of the end tracheal 

tube. Such precautions prevent the patient from changing position, and if the patient is also hemodynamic ally 

unstable, he or she may not tolerate lateral position changes. 

 

3. Factors Implicated In The Pathogenesis Of Pressure Ulcers: 

There are four main factors implicated in the pathogenesis of pressure ulcers – pressure, shear force, friction 

and moisture, with pressure being the most important aetiological factor. 

 

Pressure: 

When the pressure between the plane of support (such as a mattress or chair) and a bony prominence (most 

commonly the sacrum or coccyx, hips, buttocks, elbows or heels) exceeds that of normal arterial capillary 

pressure, blood flow is reduced, resulting in ischemia and hypoxia. Following ischemia, anaerobic cellular 

metabolism leads to edema and the start of the inflammatory process with blood and lymphatic occlusion. This 

process leads to the arrival of phagocytes and neutral leukocytes and the release of proteolysis enzymes and 

growth factors. The pressure ulcer proliferation begins with endothelial tissue damage that migrates to the next 

layer of skin, causing granulation tissue damage (pink or red with granular appearance). This is followed by 

slough (a yellow or white tissue), and finally the presence of necrotic tissue. 

 

Shear force:  

Shear force is generated by the motion of bone and subcutaneous tissue relative to the skin, which is 

restrained from moving due to frictional forces (e.g. a patient slides down a bed). This acts to substantially 

reduce the amount of pressure required to occlude blood flow. In elderly patients, reduced elastic in the skin 

predisposes them to greater susceptibility to the adverse effects of shear force. 

 

Friction: 

Friction opposes the movement of one surface against another, such as when a patient is pulled across a bed 

sheet, or as a result of ill-fitting prosthetic devices or footwear. Frictional forces may lead to the formation of 

intra epidermal blisters, which may lead onto superficial skin erosions, which in turn initiate or accelerate 

pressure ulcer development. 

 

Moisture:  

An excessively moist environment increases the adverse effects of pressure, shear force and friction in the 

development of pressure ulcers. Furthermore, moisture, as a result of perspiration, urinary or faecal 

incontinence, or excessive wound drainage, causes maceration of the surrounding skin, which can exacerbate the 

aforementioned factors. 

 

Infected Pressure Ulcers: 

In one prospective study of 16 patients with pressure ulcers who were followed for 2184 days, the incidence 

of infection was 1.4 cases per 1000 patient-ulcer days [7]. A point prevalence study found that 6% of 532 

nursing home residents received treatment for infected pressure ulcers [12]. Because of the protean clinical 

manifestations, a low threshold of suspicions essential for recognizing infection associated with pressure ulcers. 

The approach to management of potentially infected pressure ulcers requires clinical assessment and judgment, 
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microbiological evaluation, imaging studies, and his opathological examination of deep-tissue biopsy 

specimens. 

osteomyelitis associated with pressure ulcers, the accuracy of clinical examination was only 53%, with a 

sensitivity of 33% and a specificity of 60% [14]. Even the presence of an on healing wound or exposed bone did 

not always indicate underlying osteomyelitis. The manifestations of infection in pressure ulcers can be 

extremely variable. Delayed wound healing may be the only sign of infection that can occur in the presence of 1 

microorganisms per gram of tissue [13]. More serious manifestations of infection are osteomyelitis and 

bacteremia. Osteomyelitis can present as a poorly healing wound with or without systemic manifestations, such 

as fever, leukocytosis, and other signs of sepsis. In contrast, bacteremia due to infected pressure ulcers usually 

presents with signs of a systemic inflammatory response, including fever, chills, confusion, and hypotension and 

the mortality rate among patients with bacteremia due to infected pressure ulcers approaches 50% [15]. 

 

 
Fig. 2: Common locations of pressure ulcers in prone and supine positions 

 

Evaluation Of Pressure Ulcer Using Image Processing: 

Imaging studies are useful in the evaluation of pressure ulcers for determination of the presence of 

osteomyelitis and for delineation of the extent of deep-tissue involvement.  

 

Plain radiography: 

Plain radiographs have a limited role in the evaluation of pressure ulcers. Bony changes, such as periosteal 

reactive changes and heterotypic new bone formation usually associated with osteomyelitis, can also be present 

in no infected pressure ulcers. Furthermore, lytic bony lesions rarely are seen in cases of osteomyelitis 

associated with pressure ulcers [14]. Sino grams can be useful to define the extent of the ulcer, but their value 

probably has diminished with the availability of CT and MRI.  

 

CT and MRI: 

CT may be more useful for definition of the extent of deep soft-tissue damage associated with pressure 

ulcers. Although highly specific, CT has a relatively low sensitivity for the diagnosis of associated osteomyelitis 

(11%) [7]. MRI is more useful for the detection of osteomyelitis associated with pressure ulcers. In a study of 42 

patients with pressure ulcers associated with spinal cord injuries, MRI demonstrated the presence of 

osteomyelitis with a sensitivity of 98% and a specificity of 89%, compared with the reference standard of bone 

biopsy (for 32 patients) and clinical follow-up (for 10 additional patients) [8]. One caveat is that the prevalence 

of osteomyelitis in the study was extremely high (47of59studies), and this may have colored the interpretation of 

results. The performance of MRI for the detection of osteomyelitis associated with pressure ulcers in 

populations with a lower prevalence of disease or in older patients remains unclear and will require further 

study. 
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Radionuclide scintigraphy: 

Although 3-phasetechnetium99m diphosphate bone scans and gallium scintigraphy are very useful in the 

diagnosis of hematogenous osteomyelitis, they have been shown to lack specificity for the detection of 

osteomyelitis caused by pressure ulcers [9]. Indium-labeled WBC scans may be more specificity for patients 

with contiguous soft-tissue abnormality. In a study of 41 diabetic foot ulcers, indium-labeled WBC scanning had 

a specificity of 77%, compared with bone biopsy [10]. Unfortunately, this technique has not been adequately 

studied in patients with pressure ulcers. In summary, clinical examination may indicate the presence of 

superficial soft-tissue infection, but it is inadequate for determination of the extent of deep-tissue involvement, 

and it is not useful in the diagnosis of associated osteomyelitis. Microbiological data, if obtained by deep-tissue 

biopsy, are useful for directing antimicrobial therapy after the diagnosis of infection. On its own, however, the 

presence of bacteria (even as detected by deep-tissue culture) is not sufficient for the diagnosis of infection. Of 

the radiographic investigations, MRI and CT may be of some use, but data are insufficient to recommend their 

general use in the nursing home or elderly population. 

 

Control And Preventive Measures For Infection: 

Because most pressure ulcers occur in institutionalized patients, close attention to appropriate infection 

control is increasingly important. The goals of infection control are to reduce bacterial colonization and prevent 

infection; to minimize the spread of pathogenic organisms to other patients, staff, or the environment; and to 

prevent selection of resistant microorganisms. In 1994, the Agency for Healthcare Research and Quality 

included 5 infection-control recommendations in their treatment guidelines for institutionalized patients with 

pressure ulcers [11]. Of these recommendations, 4 are designed to reduce bacterial contamination of the wound, 

and 1 aims to reduce the spread of pathogens. Each of these recommendations was given a grade of C for 

strength of evidence indicating expert opinion rather than hard data from clinical trials. Clearly, more 

investigation in this area is needed [12]. 

 Ability to minimize the 4 extrinsic risk factors (pressure, friction, shear stress, and moisture) is crucial to 

this preventive strategy. Pressure can be reduced through careful positioning and turning. Friction and shear 

stress can be avoided by not pulling patients over their beds and by paying attention to their positioning. 

Moisture usually is the result of incontinence; incontinence should be treated, if possible, or its effects should be 

reduced by the use of absorbent pads. There also is strong evidence that educational programs can lead to a 

reduction in the incidence of pressure ulcers [13]. A multitude of devices and different dressings and topical 

agents that have been proposed for the treatment or prevention of pressure ulcers. Unfortunately, well-designed 

clinical trials to evaluate and support the use of these modalities are extremely rare and clearly are warranted. 

 

Critical care compliance received from patients and their relatives: 

 Was an assessment of the patient’s skin integrity and pressure areas documented within two hours of 

the start of the shift? 

 If the patient is sitting out of bed, is a pressure reducing cushion (static) in situ? 

 If the patient is unable to relieve the pressure him or herself, is he or she sitting in a chair for a 

maximum of two hours? 

 Does the patient have heel protectors in situ? 

 If the patient had a new category 2 pressure Ulcer, has a mini-root cause analysis been completed? 

 If the patient is receiving non-invasive ventilation or oxygen via a mask, is a pressure-relieving pad 

being used to distribute the pressure on the skin? 

 

Essential Standards For Pressure Ulcer Prevention And Management In Intensive Care: 

Surface: 

All patients should be placed on a high-risk pressure-relieving mattress on admission; this should be 

documented in the patients’ notes. All patients should have a high-risk pressure-relieving cushion when sitting 

out of bed. The reference number for pressure-relieving devices should be documented, to ensure there is a clear 

audit trail. All patients should have heel protectors (heel troughs or waffle boots) unless agreed by specialist 

review. In the absence of troughs or waffles, pillows should be used lengthways to elevate the heel off the 

mattress. A full-face mask or continuous positive airway pressure (CPAP) hood should be considered for non-

invasive ventilation (NIV) in the first instance. If CPAP is not tolerated, a full-face respiratory mask should be 

used, as this is less likely to cause pressure damage to the bridge of the nose. Approved pressure-relieving pads 

should be used for all patients receiving NIV. These should be removed daily, the skin inspected and 

observations documented. 

 

Skin inspection and risk assessment: 

The incoming nurse should assess skin integrity and pressure areas fully as part of the patient assessment at 

the start of each shift. In preparation for the ward round, where tissue viability is to be discussed, patients should 
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be rolled and their heels inspected fully by 09:00. This should include the removal and repositioning of 

antiembolic stockings to assess skin integrity in this area.  For patients that require log rolling, this assessment 

should occur at the time of the first log roll. Findings should be documented at this time and reported as 

appropriate. Patients should have Water low score performed within six hours of admission or transfer to the 

unit. Patients should be reassessed as their condition changes, or weekly, whichever comes first. 

 

Bathing: 

Patients should be washed with trust-approved bath wipes, which should also be used on areas of moisture 

damaged or broken skin.  Skin decontamination should be carried out with chlorhexidine wipes once daily. 

Medical-grade honey barrier cream or barrier film applied with a barrier film dressing applicator should be used 

and this should be documented on the continence/wound care chart. 

 

Nutrition and fluid management: 

Patients should be seen daily by the dietitian (weekdays). All patients should have accurate documented 

weight measurements. Nasogastric tubes should be secured with a trust-approved dressing. 

 

Care planning and documentation: 

Trust-standard documentation should be used, according to policy, and the skin damage monitoring record 

Completed at the start of each shift by the nurse in charge. 

All pressure damage should be photographed, in accordance with trust policy. 

 

Knowledge and skills of staff: 

A weekly ward round should be undertaken for all patients, with the senior nurse and TVN specialist. Units 

should have a dedicated tissue viability group. Pressure ulcer grading posters should be displayed in color and 

located close to where dressings are stored. All staff should complete the trust’s annual tissue viability e-

learning module, which should also be incorporated into band 5 development competencies. 

 

Shared learning and governance: 

The number of days since the last development of a pressure ulcer of any category on the unit should be 

displayed. Completion of mini-root-cause analysis for all new category 2 pressure ulcers, and root-cause 

analysis for all new category 3 and 4 pressure ulcers. These should be discussed at unit quality meetings.  

Continued incidence reporting, with additional auditing and reporting against these essential standards. 

When low-air-loss mattresses or mattress replacement therapy is used, the use of traditional linens is not 

recommended. The use of bed linens and plastic-lined (no breathable) pads prevents the drying effects of low-

air-loss therapy because air flow is blocked. In addition, the use of bed linens contributes to wrinkles in the 

sheets, which may contribute to pressure. Underpads should not be plastic-backed because the plastic blocks air 

flow and retains moisture. Certain populations of patients are not appropriate for low-air-loss mattresses, for 

example, patients receiving mechanical ventilation with an oscillator or patients with unstable spinal fractures. 

These patients need to be on a static mattress surface. Many “critical care beds” provide pulmonary rotation or 

turn assist. Critical care nurses must be knowledgeable about the therapies provided by the bed used and should 

not assume that rotation therapy makes positioning the patient every 2 hours unnecessary. 

 
Fig. 3: pressure ulcers within the division of surgery 
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Conclusion: 

In this article, various causes of pressure ulcer has been discussed, an overview of all related image pressure 

ulcer occurring areas has been presented in this paper. Recent research in controlling pressure ulcer problem is 

also presented in this paper. After the analysis of different techniques of pressure ulcer, it is observed that a 

hybrid solution for electronic based design bed consists of two or more techniques is being the best approach to 

solve the problem of pressure ulcer patient in terms of the bed core disease. While current studies are limited in 

sample size and heterogeneous study design, the possibility of significantly enhanced pressure ulcer healing 

using defined amounts of arginine, vitamin C and zinc appears to exist, although confirmatory studies are 

required to support current clinical evidence. Novel and effective treatments that can reduce the severity and 

incidence of pressure ulcers would be of great benefit in improving the quality of care for many patients. A 

‘nutrition solution’ that is cheap, safe and efficacious would be an ideal adjunct to current medical and nursing 

approaches in the prevention and treatment of pressure ulcers. 
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