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Abstract
Pressure ulcers can diminish global life quality, contribute to rapid mortality in some patients and pose a significant cost to health-care organizations. Accordingly, their prevention and management are highly important. Nutritional deprivation and insufficient dietary intake are the key risk factors for the development of pressure ulcers and impaired wound healing. Unplanned weight loss is a major risk factor for malnutrition and pressure ulcer development. Suboptimal nutrition interferes with the function of the immune system, collagen synthesis, and tensile strength. No laboratory test can exactly define an individual's nutritional status. Although serum albumin, prealbumin, transferrin, and retinol-binding protein as well as anthropometric measures such as height, weight, and body mass index and the other laboratory values may be suitable to establish the overall prognosis, still they might not well represent the nutritional status. Although the ideal nutrient intake to encourage wound healing is unknown, increased needs for energy, protein, zinc, and Vitamins A, C, and E and also amino acids such as arginine and glutamine have been documented. Hydration plays a vital role in the preservation and repair of skin integrity. Dehydration disturbs cell metabolism and wound healing. Adequate fluid intake is necessary to support the blood flow to wounded tissues and to prevent additional breakdown of the skin. The main aim of the present article is to review the current evidence related to hydration and nutrition for bedsore prevention and management in adults.
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INTRODUCTION
The main aim of the present article is to review the current evidence related to hydration and nutrition for bedsore prevention and management in adults announced by the nutrition endorsements from the last National Pressure Ulcer Advisory Panel (NPUAP) and European Pressure Ulcer Advisory Panel guidelines for pressure ulcer treatment.[1] Hydration and nutrition have an essential role in skin and tissue viability and help tissue repair in management of pressure ulcer. This article is concerned with the association between nutrition and prevention and cure of pressure ulcers.[2] Mechanisms by which nutritional support helps prevent bedsore are not defined, but at least, it is well known that the nutritional status should be well promoted.
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PREVALENCE, INCIDENCE, AND HEALTH-CARE BURDEN OF PRESSURE ULCERS
In the USA, approximately 1–3 million people develop pressure ulcers each year,[3] and more than 2.5 million patients in the United States acute care services suffer from pressure ulcers, and 60,000 each year die from the complications of such ulcers.[4] In the United States between 1990 and 2000, the NPUAP reported a prevalence rate of pressure ulcer ranging from 10% to 18% in general acute care, 2.3% to 28% in long-term care and up to 29% in home care, and 0% to 6% in rehabilitative care.[5,6] Pressure ulcers can diminish global life quality because of pain, management procedures, and increased length of hospital stay. Furthermore, they contribute to rapid mortality in some patients.[7] Therefore, any intervention that may assist to avoid pressure ulcers or to treat them may be important to decrease the cost of pressure ulcer care and increase life quality of affected individuals.[1] Pressure ulcer management costs are a major problem to healthcare organizations. In the UK, the cost is estimated at £1.4–£2.1 billion annually[8] and in the US is estimated at $1.6 billion.[9] In Australia, budgets spent per each patient admitted to Intensive Care Units (ICUs) have been around $18,964.[10] In the UK, the reported cost of care for pressure ulcers has been 4% of total healthcare costs.[8]
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RESEARCH ABOUT NUTRITIONAL STATUS
Nutritional deprivation and insufficient dietary intake are the key risk factors for the development of pressure ulcers and impaired wound healing. A number of studies including The National Pressure Ulcer Long-Term Care Study revealed that weight loss and inadequate nutritional intake were associated with a higher risk of developing pressure ulcers.[11,12,13] Stratton et al. in 2005 in a systematic review and meta-analysis investigated the advantages of nutritional support in patients at risk of developing pressure ulcers. Oral and enteral support was their main focus in bedsore prevention.[14] Fry et al. described that preceding underfeeding and/or weight loss was a positive prognostic indicator for pressure ulcers.[15] In Japan, Iizaka et al. observed that 58.7% of patients at age 65 or older with pressure ulcers receiving home care suffered from malnourishment.[16] Blanc et al. showed that age, particularly 65 years and higher, is a risk factor for the development of pressure ulcer.[17] Cox proposed that malnutrition is a state of disproportion in energy, protein, and other nutrients that leads to harmful effects on body structures and tissues.[18]
In a study by Montalcini et al., it was observed that a serum albumin level of < 3.1 g/dl predicted pressure ulcer formation and was associated with higher mortality.[19] Significant association between unintended weight loss (5%–10%) and development of pressure ulcers was shown by Shahin et al. They showed this association in a population of individuals in nursing homes and hospitals in Germany. The fact that patients with malnutrition and multiple comorbidities were at increased risk for developing a pressure ulcer was asserted in 2014 National Pressure Ulcer Consensus Conference.[20,21] New onset weight loss has been identified as a risk factor for mortality in elderly patients.[22] Two studies on individuals in long-term care facilities showed that a 5% decrease in body weight occurring over 30 days was associated with a higher mortality risk.[23,24]
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NUTRITION AND INFLAMMATION
Stress during critically illness is associated with three distinct metabolic phases: the acute, hypermetabolic, and recovery phases.[25] The clinical consequences of metabolic response during acute phase include preferential use of carbohydrates, loss of muscle mass and sarcopenia, and stress-induced hyperglycemia.[26] Hence, physicians should consider the physiological changes during stress and provide less than maximum amount of required energy (20 kcal/kg) while sufficient calorie intake (one-third fat and two-thirds carbohydrate and a protein intake of almost 1.5 g/kg) is essential during hypermetabolic and recovery stages. All physicians should monitor and optimize nutrition management based on changes in the body composition and behavior.
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MALNUTRITION AND PRESSURE ULCER
Nutritional status plays a central role in the process of wound healing. Malnutrition accompanies a poor outcome and brings about higher morbidity and mortality. Malnutrition should be recognized rapidly and treated accordingly in all patients suffering from pressure ulcers. Malnutrition impedes pressure ulcer healing. Unplanned weight loss – which is defined as 5% weight loss within 1 month or 10% within 6 months by the minimum data set – is a major risk factor for malnutrition and pressure ulcer development.[27] Some of the causes of malnutrition include increased nutritional requirements, difficulty swallowing and chewing, and decreased intake of food and advanced age. Malnutrition reduces the body's ability to fight against infections and has an adverse impact on pressure ulcer healing.[1] Table 1 shows criteria used for the diagnosis of severe malnutrition in critically ill patients. The patient should have two of six clinical features to fulfill the criteria.[18] Other medical conditions may disturb healing of pressure ulcer; cachexia is a condition which may affect the healing of pressure ulcers. “Cachexia is a complex metabolic syndrome associated with underlying sickness and characterized by loss of muscle and fat mass.”[28] Weight loss is the prominent feature of cachexia (corrected for fluid retention). Wasting diseases are commonly concomitant with anorexia, inflammation, insulin resistance, and augmented breakdown of muscle protein and are different from starvation, age-related loss of muscle mass, primary depression, malabsorption, and hyperthyroidism. They are mostly related with morbidity.[28] Three important phases of wound healing are inflammatory phase, proliferative phase, and remodeling phase. These phases although distinct are overlapping. Suboptimal nutrition interferes with the function of the immune system, collagen synthesis, and tensile strength.[18] Chronic wounds are characterized by features such as a prolonged inflammatory response, low levels of growth factors, and high contamination with microorganisms. Chronic wounds can induce a catabolic state, protein-calorie malnutrition, and dehydration all of which as a result of a long-lasting inflammatory state. Hypermetabolism is an important concern. This is a response to events such as infection, trauma, severe illness, pressure ulcers, and several others. In this state, the body consumes calories rapidly, first drawing from existing glycogen stores, and later from protein stores to keep up with energy requirements of the body. Interleukin (IL) 1, 6 and pro-inflammatory cytokines cause impaired albumin production, decrease nitrogen preservation, muscle wasting, and anorexia.[29]
Table 1
Clinical characteristics of severe malnutrition in the setting of acute illness or injury
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BIOCHEMICAL DATA FOR NUTRITION SCREENING AND ASSESSMENT
An important part of nutritional assessment is “biological data analysis.” While laboratory tests may help to assess nutrition problems in patients at risk or those who are actually affected by pressure ulcers, no laboratory test can exactly define an individual's nutritional status. Therefore, at the moment, there are no ideal laboratory tests to detect malnutrition. Although serum albumin, prealbumin, transferrin, and retinol-binding protein as well as anthropometric measures such as height, weight, and body mass index and the other laboratory values may be suitable to establish the overall prognosis, still they might not well represent the nutritional status.[30,31] Serum albumin is not a sensitive indicator of malnutrition because its levels are influenced by a variety of nutritionally unrelated factors such as protein-losing states, hepatic dysfunction, acute infection, and inflammation. Bluestein and Javaheri[32] introduced some useful indicators that help to detect protein-calorie malnourishment in patients with pressure ulcers including involuntary weight loss of 5% or more in the previous month or of 10% or more in the previous 6 months, weight fewer than 80% of ideal body weight, serum albumin level <3.5 g/dl (35 g/L), prealbumin level fewer than 15 mg/dl (150 mg/L), transferrin level fewer than 200 mg/dl (2 g/L), and total lymphocyte counts fewer than 1500 per mm3 (1.50 × 109/L).
Associations have been discovered among old age, malnutrition, and the development of pressure ulcers.[33] Proper nutritional support plays an essential role in preventing pressure ulcers and stimulating wound healing.[34] Several conditions such as heart failure, inflammatory and catabolic states, respiratory diseases, dysphagia, dental malocclusion, and chewing difficulties and even decreased sense of smell and taste and certain medications may eventually lead to undernourishment.[35] The adverse effects of malnutrition contain organ dysfunction, compromised collagen synthesis (that reduces the stretchability of skin), weakness of the immune system, and decreased activity of antioxidant mechanisms (leading to accumulation of free radicals) and increasing risk of infection. Reduced tensile strength of the damaged skin interferes with healing of the damaged skin. It increases the risk of wound dehiscence and infection. Chronic pressure ulcers lasting longer than 6 weeks are in a critical phase where neutrophils battle to clear the wound from bacteria. This is a demanding process, and patients are at increased need of protein and energy supplies. These requirements are not supported wound healing will be jeopardized.[33] The subjective global assessment (SGA) is a method of assessment for the evaluation of nutritional status based on medical history and physical examination. This method was developed and proposed by Baker and co-investigators in gastrointestinal surgery patients. The method was then revised by Serpa et al. for both surgical and nonsurgical patients.[36] The SGA forms contain basic information from the medical history (weight changes and presence of a disease and its relation to nutritional requirements), physical examinations (loss of subcutaneous fat, muscle wasting, and presence of ascites and ankle, and sacral edema), dietary intake, presence of gastrointestinal symptoms, and functional capacity. Results of this study reveal that serum albumin levels and SGA score were the most powerful predictors of pressure ulcer development.[36] Recently, the NUTRIC score is designed to quantify the risk of critically ill patients developing adverse events that may be modified by aggressive nutrition therapy. It consisted of APACHE and sequential organ failure assessment scores, age, number of comorbidities, days from hospital to ICU admission, and IL-6 levels. As IL-6 contributes very little to overall prediction of score and is not routinely available, the total score could be calculated without considering IL-6.
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NUTRITION AND WOUND HEALING
Although the ideal nutrient intake to encourage wound healing is unknown, increased needs for energy, protein, zinc, and Vitamins A, C, and E have been documented. High-protein oral nutritional supplements are effective in reducing the incidence of pressure ulcers by 25% in patients at risk. Energy, protein, arginine, and micronutrients (Vitamins A, C, and zinc) are all vital in the wound healing. Proteins are the most important macronutrients since it is indispensable for the repair of tissues. Proteins are vital in keeping a positive nitrogen balance and for all stages of the wound healing including fibroblast proliferation, collagen synthesis, angiogenesis, and immune function. In enteral formulations, protein can be in the form of intact proteins, hydrolyzed proteins, or free amino acids. The NPUAP/EPUAP recommends a global protein intake for pressure ulcer healing of 1.25 to 1.5 g/kg of body weight per day. For patients with Stage III/IV pressure ulcers, the proposed level is 1.5–2.0 g/kg, depending on the size of the pressure ulcer, and the total protein loss from draining wounds.[18] In a study, the group receiving higher protein (1.8 g protein per kg body weight) demonstrated nearly a two-fold greater rate of healing than those randomized to lower protein intake (1.2 g protein per kg body weight).[37]
Increased protein intake has been linked to enhanced healing rates.[38,39] Dietary protein is principally important in elderly owing to body composition changes that occur with aging and reduced activity levels. Recent studies indicate that the basic requirement for exogenous protein in elderly is a minimum of 1.0 g/kg of body weight rather than 0.8 g/kg for good adults.[40] The recommendation for protein supplementation varies according to the stage of ulcer; in Stage I and Stage II, 1–1.4 g/kg and in Stage III and Stage IV, 1.5–2.0 g/kg, and the maximum requirement is 2.2 g/kg.[18] Another study investigated nitrogen balance and proposed an average protein requirement of 0.95 g/kg. The safety of these requirements also needs to be evaluated because excessive protein intake could have negative effects on fragile older patients such as increased urea synthesis in the liver and decreased renal function. The estimated energy requirement (30 kcal/kg) and the average protein requirement (0.95 g/kg) had adequate clinical validity as minimum requirements for maintaining nutritional status and accelerating wound healing in older patients with pressure ulcers.[37] Patients with chronic pressure ulcers lose protein through wound exudate. This reduces collagen development and impedes wound healing. Wound healing needs energy mainly for collagen synthesis. To prevent protein-energy malnutrition and improve wound healing, the diet should be adequate in energy in the form of carbohydrate and fat and protein. Macronutrients are found in oral, enteral, and parenteral formulations in the forms of carbohydrates, fats, and proteins. Glucose acts as a basis of energy for cellular activity. Approximately 35%–55% of most standard enteral feeding formulations contain carbohydrates that are the primary macronutrient and the main energy source. Carbohydrates also increase the osmolality of formulas, assist in digestibility, and improve sweetness and add to the taste of the formula.[18] Fat plays a significant role in cell membrane synthesis, is a source of energy, and is a critical component in the development of inflammatory mediators and clotting elements. Amino acids are the basic structures of proteins. Arginine and glutamine are essential amino acids in severe stress phase such as trauma, sepsis, and/or pressure ulcers.[1] Arginine excites insulin secretion, enhances wound healing, and prevents pressure ulcer development. It stimulates the transport of amino acids into tissue cells and supports the manufacturing of proteins in the cell. Arginine acts as a substrate for protein synthesis, cell proliferation, collagen deposition, T-lymphocyte function, and promotes positive nitrogen balance. It is also the biological precursor for nitric oxide which has potent vasodilatory, antibacterial and angiogenic properties; all of these properties are important for wound healing. In diabetes, nitric oxide synthesis is reduced in the wound environment and as arginine is the lone substrate for nitric oxide synthesis, it has been hypothesized that arginine supplementation could increase wound healing by enhancing nitric oxide production.[37] The maximum safe dose for arginine supplementation for wound healing has not yet been established. A total of 30 g of arginine aspartate, containing 17 g of arginine, has been taken orally in three divided doses for 2 weeks without any complication. Furthermore, a dose of 36.2 g of L-arginine HCl has been tried orally daily for 5 days with no adverse effects.[41] Amino acid supplementation with arginine and glutamine may be considered in patients with existing pressure ulcers; however, evidence supporting the role of these agents in prevention or healing of pressure ulcers has remained inadequate.[18] Caution should be exercised with arginine supplementation in critically ill patients with sepsis. Arginine acid may contribute to hemodynamic instability in septic patients.[18] Glutamine acts as a fuel source for fibroblasts and epithelial cells. The maximum safe dose for glutamine supplementation has been established at 0.57 g/kg of body weight per day.[42] Meanwhile, supplemental glutamine has not been shown to increase wound healing.[43] Additional studies are needed to investigate the effects of arginine and glutamine on pressure ulcer healing. A lot of micronutrients have antioxidant properties, promote collagen synthesis, and augment the immune system response. In ischemic tissue within pressure ulcers, large quantities of free radicals are formed. Some micronutrients, such as selenium and the Vitamins A, C, and E, may deactivate free radicals and potentially accelerate wound healing.[34] If oral intake is insufficient or unusable, enteral or parenteral feeding is considered. The goal is to maintain a positive nitrogen balance (almost 30–35 kcal/kg/day and 1.25–1.5 g of protein per kg per day). Protein supplements, Vitamin C, and zinc should be used if intake is inadequate and deficit is present, while data supporting their efficacy in accelerating healing have been unreliable.[44]
Vitamin A stimulates epithelialization and the immune system response. Vitamin A promotes aggregation of monocytes and macrophages, increases the number of macrophages and monocytes in the wound, supports mucosal and epithelial surfaces, increases collagen formation, protects against adverse effects of glucocorticoids, chemotherapy, radiation, and diabetes. Normal daily Vitamin A requirement in men is 3333 IU/d and in women is 2310 IU/d. Prophylactic 10000–15000 IU/d for 1 week in patients taking steroids should be considered. Dosing for pressure ulcer management in all stages are 10,000–50,000 IU/d orally for injured or severely malnourished patients, and maximum dose is 25,000–50,000 IU/d for 10–14 days. Vitamin A deficiency may lead to altered immune function, impaired collagen deposition, and delayed wound healing. Adverse effects of Vitamin A are dry mucosal membranes, vomiting, headache, liver damage, alopecia, muscle or bone pain, bleeding, and coma. Renal failure increases the risk of toxicity.[18]
Vitamin C increase iron absorption. It increases resistance to infection by promoting migration of white blood cells to the wound. Vitamin C promotes neutrophil and fibroblast activity and is required for angiogenesis. Vitamin C is a cofactor for hydroxylation of proline and lysine in the process of collagen formation. Normal daily Vitamin C requirements in nonsmoker men and women are 90 and 75 mg/d, respectively. Dosing for pressure ulcer management in Stage I and Stage II ulcers is 100–200 mg/d and in Stage III and Stage IV ulcers is 1000–2000 mg/d. In patients with renal failure, the dose is adjusted to 60–100 mg/d to diminish the risk of stone formation. Vitamin C deficiency leads to impaired fibroblast activity and consequently impaired collagen synthesis and capillary fragility. Moreover, Vitamin C deficiency decreases the capacity to fight infections by impairing the immune system function.[45] An adverse effect of excess Vitamin C is renal stone formation.[18] Maximum daily dose of Vitamin C is 2000 mg. Yet, high doses of Vitamin C have not been shown to accelerate wound healing.[46]
Copper has a role in collagen cross linking that is required for the reconstruction of tissues and iron improves tissue oxygen delivery. Manganese has tissue regenerating roles. Zinc is an antioxidant mineral that plays role in the production of proteins (such as collagen), DNA and RNA, and cell proliferation.[47] Zinc is transported primarily by albumin; therefore, zinc absorption reduces when plasma albumin declines, for example, in protein energy malnutrition, trauma, sepsis, or infection. Zinc is an essential element required for cell replication and growth and protein synthesis. Daily requirements for zinc in men and women are 11 and 8 mg/d, respectively. Whenever clinical signs of zinc deficiency are present, zinc should be supplemented no further than 40 mg of elemental zinc per day[48] and should be stopped when the deficiency is resolved. Deficiencies may be seen in diarrhea, malabsorption, hypermetabolic states, stress, sepsis, burns, and ulcers and can lead to loss of appetite and abnormal taste, which can hinder nutritional intake. In management of the patient with any stage of pressure ulcer and zinc deficiency, the recommended dose for zinc supplement is 220 mg/d for 10–14 days. Zinc supplements are insoluble and poor absorbed. For this reason, requirement of zinc in small intestinal fluid losses is 12.2 mg/L of lost, in excess stool output is 17.1 mg of zinc per kilogram of stool and in patient with ileostomy is 17.1 mg of zinc per kilogram of ileostomy drainage. Severe zinc deficiency needs continuous infusion of intravenous zinc in dose of 50–100 mg/d, if tolerated, with close monitoring of the patient.[18] High-dose zinc supplementation (above 40 mg/day) is not indicated because it can unfavorably affect copper status possibly resulting in anemia.[49,50] Adverse effects of excessive zinc include poor wound healing – due to decreased immune function – disruption of normal phagocytic activity, impaired neutrophil and lymphocyte function, copper- and calcium-binding interactions – leading to copper and calcium deficiencies – and gastrointestinal tract problems such as nausea, vomiting, and diarrhea.
Vitamin K is critical for the production of prothrombin and other clotting proteins produced in liver. These proteins are required for the initial phases of wound healing.
Hydration plays a vital role in the preservation and repair of skin integrity. Dehydration disturbs cell metabolism and wound healing. Adequate fluid intake is necessary to support the blood flow to wounded tissues and to prevent the additional breakdown of skin.[34] The National Institute for Health and Care Excellence 2006 recommends 30–35 ml/kg of body weight fluid and current recommendations of ASPEN for water intake are 30 ml/kg of body weight or 1.0–1.5 ml per calorie expended. For the healing of pressure ulcers, 30–40 ml/kg or 1500 ml/d is recommended. Fluid replacement also depends on the volume of losses experienced by the patient (e.g., draining wounds, fever, and gastrointestinal losses) and the patient's comorbid conditions such as renal or cardiac disease.[18] Patients with pressure ulcers may have additional fluid requirements since fluid may be lost via wound exudate. Patients, who use pressure-relieving air mattresses, are prone to excessive sweating and may need extra fluid to compensate for excess fluid loss.
Another adjuvant therapy in malnourished old aged or in patients with hypercatabolism states is ornithine alpha-ketoglutarate (OKG). OKG is a precursor of different amino acids that acts in the process of healing. The efficacy of OKG on the size reduction of pressure ulcer after 6 weeks of treatment is determined in the study by Meaume et al. They evaluate 160 patients aged over 60 years with a heel pressure ulcer at Stage II or Stage III for 6 weeks and analysis on two subgroups of patients according to the mean ulcer area, i.e., above or below 8 cm2. Results of this trial support a probable benefit of OKG (10 g/day) in patients with pressure ulcers ≤8 cm2 surface area in elderly population when associated with debridement together with wound management strategies.[49]
While the optimal nutrient intake to promote wound healing is unknown, increased needs for energy, protein, zinc, and Vitamins A, C, and E have been documented. High-protein oral nutritional supplements have been shown to effectively reduce the incidence of pressure ulcers in patients at risk by 25%.[35]
Nurses are frontline caregivers important to screening, assessment, and management of pressure ulcers. Early referral to dietician, skilled physician is the first step in improving the outcome of patients at risk of pressure ulcers. In patients with pressure ulcers, frequent skin inspection coupled with low air loss support surface in addition to providing adequate nutritional supplementation is recommended.[18]
Recent ESPEN guideline mentioned that in polymorbid medical patients with bedsore, specific amino acids such as arginine, glutamine, and β-hydroxy β-methylbutyrate can be added to oral/enteral foods to accelerate the healing of bedsores.[51]
Because of high burden of cost, healing and most importantly prevention of bedsores in critically ill patients is very important. Assessment and provision of appropriate nutrition based on evidence-based nutritional guidelines should be considered as an essential ingredient of medical management. Hence, appropriate screening for nutritional status, collaboration with skilled dietician, and administration of specialized formula consisted of macro and micronutrients are important aspects of pressure sore management in critically ill patients.
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Clinical Definition of severe malnutrition
Weight loss >2%in 1 week >5% in 1 month >7.5% in 3 months
Body fat Moderate loss of subcutancous fat (triceps.

Energy intake
Fluid

accumulation
Muscle mass

Reduced grip
strengtl

intercostal muscles)
<50% of estimated energy requirements for 25 days

Moderate to severe (generalized or local)

Moderate nuscle loss (pectorals, deltoids.
quadsiceps, gastrocnemius)

Measurably reduced (not practical fo test in an
unresponsive critical care patient)




