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Preface to the fourth Edition of Total Burn Care


The last 25 years burn care has improved to the extent that persons with burns covering 90% of their total body surface area can frequently survive. In the five years since the publication of the third edition of this book basic and clinical sciences have continued to provide information further elucidating the complexities of burn injuries and opportunities for improvement in care. In this edition advances in the treatment of burn shock, inhalation injury, sepsis, hypermetabolism, the operative excision of burn wounds, scar reconstruction and rehabilitation are completely reexamined. Burn care demands attention to every organ system as well as to the patient’s psychological and social status. The scope of burn treatment extends beyond the preservation of life and function; and the ultimate goal is the return of burn survivors as full participants back into their communities.


The fourth edition has been extensively updated with massive additions and new data, new references; almost all chapters have been totally rewritten and updated. There are many new chapters and sections in this edition along with demonstrative color illustrations throughout the book.


Totally new to this edition is a web based support section for many of the chapters that include powerpoint presentations and helpful videos. Power points should allow visual representations of the topics covered in chapters for group discussions and individual burn units. Video clips should allow better understanding of complex procedures and concepts.


New material has been added to this edition reflecting the varied physiologic, psychological and emotional care of acutely burned patients evolving through recovery, rehabilitation, and reintegration back into society and daily life activities.


The scope of burn treatment extends beyond the preser-vation of life and function and the ultimate goal is the return of burn survivors, as full participants, back into their communities.


I would like to express my deep appreciation to the many respected colleagues and friends who have volunteered tirelessly of their time to produce the various chapters in this book and especially to the Shrines Hospitals for Children staff.


Sincere appreciation goes to Shari Taylor for her excellent secretarial assistance, to Ms. Sharon Nash for her editorial skills. Finally I would like to thank my wife Rose for her invaluable personal support.




David N. Herndon
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Chapter 1 A brief history of acute burn care management




Ludwik K. Branski, David N. Herndon, Robert E. Barrow





[image: image]  Access the complete reference list online at http://www.expertconsult.com


The recognition of burns and their treatment is evident in cave paintings which are over 3500 years old. Documentation in the Egyptian Smith papyrus of 1500 bc advocated the use of a salve of resin and honey for treating burns.1 In 600 bc, the Chinese used tinctures and extracts from tea leaves. Nearly 200 years later, Hippocrates described the use of rendered pig fat and resin impregnated in bulky dressings which was alternated with warm vinegar soaks augmented with tanning solutions made from oak bark. Celsus, in the first century ad, mentioned the use of wine and myrrh as a lotion for burns, most probably for their bacteriostatic properties.1 Vinegar and exposure of the open wound to air was used by Galen, who lived from 130 to 210 ad, as a means of treating burns, while the Arabian physician Rhases recommended cold water for alleviating the pain associated with burns. Ambroise Paré (1510–1590 ad), who effectively treated burns with onions, was probably the first to describe a procedure for early burn wound excision. In 1607 Guilhelmus Fabricius Hildanus, a German surgeon, published De Combustionibus, in which he discussed the pathophysiology of burns and made unique contributions to the treatment of contractures. In 1797, Edward Kentish published an essay describing pressure dressings as a means to relieve burn pain and blisters. Around this same time, Marjolin identified squamous cell carcinomas that developed in chronic open burn wounds. In the early 19th century, Guillaume Dupuytren (Figure 1.1) reviewed the care of 50 burn patients treated with occlusive dressings and developed a classification of burn depth that remains in use today.2 He was, perhaps, the first to recognize gastric and duodenal ulceration as a complication of severe burns, a problem that was discussed in more detail by Curling of London in 1842.3 In 1843 the first hospital for the treatment of large burns used a cottage on the grounds of the Edinburgh Royal Infirmary.
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Figure 1.1 Guillaume Dupuytren.




Truman G. Blocker Jr (Figure 1.2) may have been the first to demonstrate the value of the multidisciplinary team approach to disaster burns when, on 16 April 1947, two freighters loaded with ammonium nitrate fertilizer exploded at a dock in Texas City, killing 560 people and injuring more than 3000. At that time, Blocker mobilized the University of Texas Medical Branch in Galveston, Texas, to treat the arriving truckloads of casualties. This ‘Texas City Disaster’ is still known as the deadliest industrial accident in American history. Over the next 9 years, Truman and Virginia Blocker followed more than 800 of these burn patients and published a number of papers and government reports on their findings.4-6 The Blockers became renowned for their work in advancing burn care, with both receiving the Harvey Allen Distinguished Service Award from the American Burn Association. Truman Blocker Jr was also recognized for his pioneering research in treating burns ‘by cleansing, exposing the burn wounds to air, and feeding them as much as they could tolerate’.7 In 1962, his dedication to treating burned children convinced the Shriners of North America to build their first Burn Institute for Children in Galveston, Texas.7
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Figure 1.2 Truman G. Blocker Jr.




Between 1942 and 1952, shock, sepsis, and multiorgan failure caused a 50% mortality rate in children with burns covering 50% of their total body surface area.8 Recently, burn care in children has improved survival such that a burn covering more than 95% total body surface area (TBSA) can be survived in over 50% of cases.9 In the 1970s Andrew M. Munster (Figure 1.3) became interested in measuring quality of life, when excisional surgery and other improvements led to a dramatic decrease in mortality. First published in 1982, his Burn Specific Health Scale became the foundation for most modern studies in burns outcome.10 The scale has since been updated and extended to children.11
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Figure 1.3 Andrew M. Munster.




Further improvements in burn care presented in this brief historical review include excision and coverage of the burn wound, control of infection, fluid resuscitation, nutritional support, treatment of major inhalation injuries, and support of the hypermetabolic response.






Early excision


In the early 1940s, it was recognized that one of the most effective therapies for reducing mortality from a major thermal injury was the removal of burn eschar and immediate wound closure.12 This approach had previously not been practical in large burns owing to the associated high rate of infection and blood loss. Between 1954 and 1959, Douglas Jackson and colleagues, at the Birmingham Accident Hospital, advanced this technique in a series of pilot and controlled trials, starting with immediate fascial excision and grafting of small burn areas, and eventually covering up to 65% of the TBSA with autograft and homograft skin.13 In this breakthrough publication, Jackson concluded that ‘with adequate safeguards, excision and grafting of 20% to 30% body surface area can be carried out on the day of injury without increased risk to the patient’. This technique, however, was far from being accepted by the majority of burn surgeons, and delayed serial excision remained the prevalent approach to large burns. It was Zora Janzekovic (Figure 1.4), working alone in Yugoslavia in the 1960s, who developed the concept of removing deep second-degree burns by tangential excision with a simple uncalibrated knife. She treated 2615 patients with deep second-degree burns by tangential excision of eschar between the third and fifth days after burn, and covered the excised wound with skin autograft.14 Using this technique, burned patients were able to return to work within 2 weeks or so from the time of injury. For her achievements, in 1974 she received the American Burn Association (ABA) Everett Idris Evans Memorial Medal, and in 2011 the ABA lifetime achievement award.
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Figure 1.4 Zora Janzekovic.




In the early 1970s, William Monafo (Figure 1.5) was one of the first Americans to advocate the use of tangential excision and grafting of larger burns.15 John Burke (Figure 1.6), while at Massachusetts General Hospital in Boston, reported an unprecedented survival in children with burns over 80% of the TBSA.16 His use of a combination of tangential excision for the smaller burns (Janzekovic’s technique) and excision to the level of fascia for the larger burns resulted in a decrease in both hospital time and mortality. Lauren Engrav et al.,17 in a randomized prospective study, compared tangential excision to non-operative treatment of burns. This study showed that, compared to non-operative treatment, early excision and grafting of deep second-degree burns reduced hospitalization time and hypertrophic scarring. In 1988, Ron G. Tompkins et al.,18 in a statistical review of the Boston Shriners Hospital patient population from 1968 to 1986, reported a dramatic decrease in mortality in severely burned children which he attributed mainly to the advent of early excision and grafting of massive burns in use since the 1970s. In a randomized prospective trial of 85 patients with third-degree burns covering 30% or more of their TBSA, Herndon et al.19 reported a decrease in mortality in those treated with early excision of the entire wound compared to conservative treatment. Other studies have reported that prompt excision of the burn eschar improves long-term outcome and cosmesis, thereby reducing the amount of reconstructive procedures required.
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Figure 1.5 William Monafo.
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Figure 1.6 John Burke.











Skin grafting


Progress in skin grafting techniques has paralleled the developments in wound excision. In 1869, J. P. Reverdin, a Swiss medical student, successfully reproduced skin grafts.20 In the 1870s, George David Pollock popularized the method in England.21 The method gained widespread attention throughout Europe, but as the results were extremely variable it quickly fell into disrepute. J.S. Davis resurrected this technique in 1914 and reported the use of ‘small deep skin grafts’, which were later known as pinch grafts.22 Split-thickness skin grafts became more popular during the 1930s, due, in part, to improved and reliable instrumentation. The ‘Humby knife’, developed in 1936, was the first reliable dermatome, but its use was cumbersome. E.C. Padgett developed an adjustable dermatome which had cosmetic advantages and allowed the procurement of a consistent split-thickness skin graft.23,24 Padgett also developed a system for categorizing skin grafts into four types based on thickness.25 In1964 J.C. Tanner Jr and colleagues revolutionized wound grafting with the development of the meshed skin graft;26 however, for prompt excision and immediate wound closure to be practical in burns covering more than 50% of the TBSA, alternative materials and approaches to wound closure were necessary. To meet these demands, a system of cryopreservation and long-term storage of human skin for periods extending up to several months was developed.27 Although controversy surrounds the degree of viability of the cells within the preserved skin, this method has allowed greater flexibility in the clinical use of autologous skin and allogenic skin harvested from cadavers. J. Wesley Alexander (Figure 1.7) developed a simple method for widely expanding autograft skin and then covering it with cadaver skin.28 This so called ‘sandwich technique’ has been the mainstay of treatment of massively burned individuals.
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Figure 1.7 J. Wesley Alexander.




In 1981, John Burke and Ioannis Yannas developed an artificial skin which consists of a silastic epidermis and a porous collagen–chondroitin dermis, and is marketed today as Integra. Burke was also the first to use this artificial skin on very large burns which covered over 80% of the TBSA.29 David Heimbach led one of the early multicenter randomized clinical trials using Integra.30 Its use in the coverage of extensive burns has remained limited, partly due to the persistently high cost of the material and the need for a two-stage approach. Integra has since become popular for smaller immediate burn coverage and burn reconstruction. In 1989, J.F. Hansbrough and S.T. Boyce first reported the use of cultured autologous keratinocytes and fibroblasts on top of a collagen membrane (composite skin graft, CSS).31 A larger trial by Boyce32 revealed that the use of CSS in extensive burns reduces the requirement for harvesting of donor skin compared to conventional skin autografts, and that the quality of grafted skin did not differ between CSS and skin autograft after 1 year. The search for an engineered skin substitute to replace all of the functions of intact human skin is ongoing; composite cultured skin analogs, perhaps combined with mesenchymal stem cells, may offer the best opportunity for better outcomes.33,34









Topical control of infection


An important major advancement in burn care that has reduced mortality is infection control. One of the first topical antimicrobials, sodium hypochlorite (NaClO), discovered in the 18th century, was widely used as a disinfectant throughout the 19th century, but its use was frequently associated with irritation and topical reactions.35 In 1915, Henry D. Dakin standardized hypochlorite solutions and described the concentration of 0.5% NaClO as most effective.36 His discovery came at a time when scores of severely wounded soldiers were dying of wound infections on the battlefields of World War I. With the help of a Rockefeller Institute grant, Dakin teamed up with the then already famous French surgeon and Noble Prize winner Alexis Carrel to create a system of mechanical cleansing, surgical debridement, and topical application of hypochlorite solution, which was meticulously protocolized and used successfully in wounds and burns.37 Subsequently, concentrations of sodium hypochlorite were investigated for antibacterial activity and tissue toxicity in vitro and in vivo, and it was found that a concentration of 0.025% NaClO was most efficacious as it had sufficient bactericidal properties but fewer detrimental effects on wound healing.38


Mafenide acetate (Sulfamylon), a drug used by the Germans for treatment of open wounds in World War II, was adapted for treating burns at the Institute of Surgical Research in San Antonio, Texas, by microbiologist Robert Lindberg and surgeon John Moncrief.39 This antibiotic would penetrate third-degree eschar and was extremely effective against a wide spectrum of pathogens. Simultaneously, in New York, Charles Fox developed silver sulfadiazine cream (Silvadene), which was almost as efficacious as mafenide acetate.40 Although mafenide acetate penetrates the burn eschar quickly, it is a carbonic anhydrase inhibitor which can cause systemic acidosis and compensatory hyperventilation and may lead to pulmonary edema. Because of its success in controlling infection in burns combined with minimal side effects, silver sulfadiazine has become the mainstay of topical antimicrobial therapy.


Carl Moyer and William Monafo initially used 0.5% silver nitrate soaks as a potent topical antibacterial agent for burns, a treatment that was described in their landmark publication41 and remains the treatment of choice in many burn centers today. With the introduction of efficacious silver-containing topical antimicrobials, burn wound sepsis rapidly decreased. Early excision and coverage further reduced the morbidity and mortality from burn wound sepsis. Nystatin in combination with silver sulfadiazine has been used to control Candida at Shriners Burns Hospital for Children in Galveston, Texas.42 Mafenide acetate, however, remains useful in treating invasive wound infections.43









Nutritional support


P.A. Shaffer and W. Coleman advocated high caloric feeding for burn patients as early as 1909,44 and D.W. Wilmore supported supranormal feeding with a caloric intake as high as 8000 kcal/day.45 P. William Curreri (Figure 1.8) retrospectively looked at a number of burned patients to quantify the amount of calories required to maintain body weight over a period of time. In a study of nine adults with 40% TBSA burns, he found that maintenance feeding at 25 kcal/kg plus an additional 40 kcal/% TBSA burned per day would maintain their body weight during acute hospitalization.46 A.B. Sutherland proposed that children should receive 60 kcal/kg body weight plus 35 kcal/% TBSA burned per day to maintain their body weight.47 D.N. Herndon et al. subsequently showed that supplemental parenteral nutrition increased both immune deficiency and mortality, and recommended continuous enteral feeding, when tolerated, as a standard treatment for burns.48
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Figure 1.8 P. William Curreri.




The composition of nutritional sources for burned patients has been debated in the past. In 1959, F.D. Moore advocated that the negative nitrogen balance and weight loss in burns and trauma should be met with an adequate intake of nitrogen and calories.49 This was supported by many others, including T. Blocker Jr,50 C. Artz, 51 and later by Sutherland.47









Fluid resuscitation


The foundation of current fluid and electrolyte management began with the studies of Frank P. Underhill, who, as Professor of Pharmacology and Toxicology at Yale, studied 20 individuals burned in a 1921 fire at the Rialto Theatre.52 Underhill found that the composition of blister fluid was similar to that of plasma and could be replicated by a salt solution containing protein. He suggested that burn patient mortality was due to loss of fluid and not, as previously thought, from toxins. In 1944, C.C. Lund and N.C. Browder estimated burn surface areas and developed diagrams by which physicians could easily draw the burned areas and derive a quantifiable percent describing the surface area burned.53 This led to fluid replacement strategies based on surface area burned. G.A. Knaysi et al. proposed a simple ‘rule of nines’ for evaluating the percentage of body surface area burned.54 In the late 1940s, O. Cope and F.D. Moore (Figure 1.9 and Figure 1.10) were able to quantify the amount of fluid required per area burned for adequate resuscitation from the amount needed in young adults who were trapped inside the burning Coconut Grove Nightclub in Boston in 1942. They postulated that the space between cells was a major recipient of plasma loss, causing swelling in both injured and uninjured tissues in proportion to the burn size.55 Moore concluded that additional fluid, over that collected from the bed sheets and measured as evaporative water loss, was needed in the first 8 hours after burn to replace ‘third space’ losses. He then developed a formula for replacement of fluid based on the percent of the body surface area burned.56 M.G. Kyle and A.B. Wallace showed that the heads of children were relatively larger and the legs relatively shorter than in adults, and modified the fluid replacement formulas for use in children.57 I.E. Evans and his colleagues made recommendations relating fluid requirements to body weight and surface area burned.58 From their recommendations, intravenous infusion of normal saline plus colloid (1.0 mL/kg/% burn) along with 2000 mL dextrose 5% solution to cover insensible water losses was administered over the first 24 hours after burn. One year later, E. Reiss presented the Brooke formula, which modified the Evans formula by substituting lactated Ringer’s for normal saline and reducing the amount of colloid given.59 Charles R. Baxter (Figure 1.11) and G. Tom Shires (Figure 1.12) developed a formula without colloid, which is now referred to as the Parkland formula.60 This is perhaps the most widely used formula today and recommends 4 mL of lactated Ringer’s solution/kg/% TBSA burned during the first 24 hours after burn. All these formulas advocate giving half of the fluid in the first 8 hours after burn and the other half in the subsequent 16 hours. Baxter and Shires discovered that after a cutaneous burn, not only is fluid deposited in the interstitial space but marked intracellular edema also develops. The excessive disruption of the sodium–potassium pump activity results in the inability of cells to remove excess fluid. They also showed that protein, given in the first 24 hours after injury, was not necessary, and postulated that, if used, it would leak out of the vessels and exacerbate edema. This was later substantiated in studies of burn patients with toxic inhalation injuries.61 After a severe thermal injury fluid accumulates in the wound, and unless there is an adequate and early fluid replacement, hypovolemic shock will develop. A prolonged systemic inflammatory response to severe burns can lead to multiorgan dysfunction, sepsis, and even mortality. It has been suggested that for maximum benefit, fluid resuscitation should begin as early as 2 hours after burn.9,62 Fluid requirements in children are greater with a concomitant inhalation injury, delayed fluid resuscitation, and larger burns.
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Figure 1.9 Oliver Cope.
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Figure 1.10 Francis D. Moore.
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Figure 1.11 Charles R. Baxter.







[image: image]

Figure 1.12 G. Tom Shires.











Inhalation injury


During the 1950s and 1960s burn wound sepsis, nutrition, kidney dysfunction, wound coverage, and shock were the main foci of burn care specialists. Over the last 50 years these problems have been clinically treated with more and more success; hence a greater interest in a concomitant inhalation injury evolved. A simple classification of inhalation injury separates problems occurring in the first 24 hours after injury, which include upper airway obstruction and edema, from those that manifest after 24 hours. These include pulmonary edema and tracheobronchitis, which can progress to pneumonia, mucosal edema, and airway occlusion due to the formation of airway plugs from mucosal sloughing.63,64 The extent of damage from the larynx to tracheobronchial tree depends upon the solubility of the toxic substance and the duration of exposure. Nearly 45% of inhalation injuries are limited to the upper passages above the vocal cords, and 50% have an injury to the major airways. Less than 5% have a direct parenchymal injury that results in early acute respiratory death.64


With the development of objective diagnostic methods, the incidence of an inhalation injury in burned patients can now be identified and its complications identified. Xenon-133 scanning was first used in 1972 in the diagnosis of inhalation injury.65,66 When this radioisotope method is used in conjunction with a medical history, the identification of an inhalation injury is quite reliable. The fiberoptic bronchoscope is another diagnostic tool which, under topical anesthesia, can be used for the early diagnosis of an inhalation injury.67 It is also capable of pulmonary lavage to remove airway plugs and deposited particulate matter.


K.Z. Shirani, Basil A. Pruitt (Figure 1.13), and A.D. Mason reported that smoke inhalation injury and pneumonia, in addition to age and burn size, greatly increased burn mortality.68 The realization that the physician should not under-resuscitate burn patients with an inhalation injury was emphasized by P.D. Navar et al.69 and D.N. Herndon et al.70 A major inhalation injury requires 2 mL/kg/% TBSA burn more fluid in the first 24 hours after burn to maintain adequate urine output and organ perfusion. Multicenter studies looking at patients with adult respiratory distress have advocated respiratory support at low peak pressures to reduce the incidence of barotrauma. The high-frequency oscillating ventilator, advocated by C.J. Fitzpatrick71 and J. Cortiella et al.,72 has added the benefit of pressure ventilation at low tidal volumes plus rapid inspiratory minute volume, which provides a vibration to encourage inspissated sputum to travel up the airways. The use of heparin, N-acetylcysteine, nitric oxide inhalation, and bronchodilator aerosols have also been used with some apparent benefit, at least in pediatric populations.73 Inhalation injury remains one of the most prominent causes of death in thermally injured patients. In children, the lethal burn area for a 10% mortality without a concomitant inhalation injury is 73% TBSA; however, with an inhalation injury, the lethal burn size for a 10% mortality rate is 50% TBSA.74
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Figure 1.13 Basil A. Pruitt.











Hypermetabolic response to trauma


Major decreases in mortality have also resulted from a better understanding of how to support the hypermetabolic response to severe burns. This response is characterized by an increase in the metabolic rate and peripheral catabolism. The catabolic response was described by H. Sneve as exhaustion and emaciation, and he recommended a nourishing diet and exercise.75 O. Cope et al.76 quantified the metabolic rate in patients with moderate burns, and Francis D. Moore advocated the maintenance of cell mass by continuous feeding to prevent catabolism after trauma and injury.77 Over the last 30 years the hypermetabolic response to burn has been shown to increase metabolism, negative nitrogen balance, glucose intolerance, and insulin resistance. In 1974, Douglas Wilmore and colleagues defined catecholamines as the primary mediator of this hypermetabolic response, and suggested that catecholamines were five- to sixfold elevated after major burns, thereby causing an increase in peripheral lipolysis and catabolism of peripheral protein.78 In 1984, P.Q. Bessey demonstrated that the stress response required not only catecholamines but also cortisol and glucagon.79 Wilmore et al. examined the effect of ambient temperature on the hypermetabolic response to burns and reported that burn patients desired an environmental temperature of 33°C and were striving for a core temperature of 38.5°C.80 Warming the environment from 28° to 33°C substantially decreased the hypermetabolic response, but did not abolish it. He suggested that the wound itself served as the afferent arm of the hypermetabolic response, and its consuming greed for glucose and other nutrients was at the expense of the rest of the body.81 Wilmore also felt that heat was produced by biochemical inefficiency, which was later defined by Robert Wolfe as futile substrate cycling.82 Wolfe et al. also demonstrated that burned patients were glucose intolerant and insulin resistant, with an increase in glucose transport to the periphery but a decrease in glucose uptake into the cells.83 D.W. Hart et al. further showed that the metabolic response rose with increasing burn size, reaching a plateau at a 40% TBSA burn.84


In the past three decades, pharmacologic modulators, such as the β-receptor antagonist propranolol, the anabolic agent human recombinant growth hormone, the synthetic anabolic testosterone analog oxandrolone, insulin, and the glucose uptake modulator metformin, have all shown some beneficial effects in reducing the hypermetabolic response in burn patients.









Summary


The evolution of burn treatments has been extremely productive over the last 50 years. The mortality of severely burned patients has decreased significantly thanks to improvements in early resuscitation, infection control, nutrition, attenuation of the hypermetabolic response, and new and improved surgical approaches. In burned children, a 98% TBSA burn now has a 50% survival rate.74 It is hoped that the next few years will witness the development of an artificial skin which combines the concepts of J.F. Burke 29 with the tissue culture technology described by E. Bell.85 Inhalation injury, however, remains one of the major determinants of mortality in those with severe burns. Further improvements in the treatment of inhalation injuries are expected through the development of arterial venous CO2 removal and extracorporeal membrane oxygenation devices.86 Perhaps even lung transplants will fit into the treatment regimen for end-stage pulmonary failure. Research continues to strive for a better understanding of the pathophysiology of burn scar contractures and hypertrophic scarring.87 Although decreases in burn mortality can be expected, continued advances to rehabilitate patients and return them to productive life are an important step forward in burn care management.
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Introduction


Severe burn injuries evoke strong emotional responses in most people, including health professionals, who are confronted by the specter of pain, deformity, and potential death. Intense pain and repeated episodes of sepsis, followed either by death or by survival encumbered by pronounced disfigurement and disability, have been the expected sequelae to serious burns for most of mankind’s history.1 However, these dire consequences have been ameliorated so that, although burn injury is still intensely painful and sad, the probability of death has been significantly diminished. During the decade prior to 1951, young adults (15–43 years of age) with total body surface area (TBSA) burns of 45% or greater had a 49% mortality rate (Table 2.1).2 Forty years later, statistics from the pediatric and adult burn units in Galveston, Texas, show that a 49% mortality rate is associated with TBSA burns of 70% or greater in this age group. Over the past decade, mortality figures have decreased even more dramatically, so that almost all infants and children can be expected to survive when resuscitated adequately and quickly.3 Although improved survival has been the primary focus of advances in burn treatment for many decades, that goal has now been virtually accomplished. The major goal is now rehabilitation of burn survivors to maximize quality of life and reduce morbidity.




Table 2.1 Percent total body surface area (TBSA) burn producing an expected mortality of 50% in 1952, 1993, and 2006
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Such improvement in forestalling death is a direct result of the maturation of burn care science. Scientifically sound analyses of patient data have led to the development of formulas for fluid resuscitation4-6 and nutritional support.7,8 Clinical research has demonstrated the utility of topical antimicrobials in delaying the onset of sepsis, thereby contributing to decreased mortality in burn patients. Prospective randomized clinical trials have shown that early surgical therapy is efficacious in improving survival for many burned patients by reducing blood loss and diminishing the occurrence of sepsis.9-14 Basic science and clinical research have helped reduce mortality by characterizing the pathophysiological changes related to inhalation injury and suggesting treatment methods that have reduced the incidence of pulmonary edema and pneumonia.15-18 Scientific investigations of the hypermetabolic response to major burn injury have led to improved management of this life-threatening phenomenon, not only enhancing survival, but also promising an improved quality of life.19-32


Optimal treatment of severely burned patients requires significant healthcare resources and has led to the development of burn centers. Centralizing services to regional burn centers has made the implementation of multidisciplinary acute critical care and long-term rehabilitation possible. It has also enhanced opportunities for study and research over the past several decades.


Over the past half century the implementation of a wide range of medical discoveries and innovations has improved patient outcomes following severe burns. Key areas of advancement in recent decades include fluid resuscitation protocols; early burn wound excision and closure with grafts or skin substitutes; nutritional support regimens; topical antimicrobials and treatment of sepsis; thermally neutral ambient temperatures; and pharmacological modulation of hypermetabolic and catabolic responses. These factors have reduced morbidity and mortality from severe burns by improving wound healing, reducing inflammation and energy demands, and attenuating hypermetabolism and muscle catabolism.


Melding scientific research with clinical care has been promoted in recent burn care history, largely because of the aggregation of burn patients into single-purpose units staffed by dedicated healthcare personnel. Dedicated burn units were first established in Great Britain to facilitate nursing care. The first US burn center was established at the Medical College of Virginia in 1946. In the same year, the US Army Surgical Research Unit (later renamed the US Army Institute of Surgical Research) was established. Directors of both centers and later, the founders of the Burn Hospitals of Shriners Hospitals for Children, emphasized the importance of collaboration between clinical care and basic scientific disciplines.1


The organizational design of these centers engendered a self-perpetuating feedback loop of clinical and basic scientific inquiry. In this system, scientists receive first-hand information about clinical problems, and clinicians receive provocative ideas about patient responses to injury from experts in other disciplines. Advances in burn care attest to the value of a dedicated burn unit organized around a collegial group of basic scientists, clinical researchers, and clinical caregivers, all asking questions of each other, sharing observations and information, and seeking solutions to improve patient welfare.


Findings from the group at the Army Surgical Research Institute point to the necessity of involving many disciplines in the treatment of patients with major burn injuries and stress the utility of a team concept.1 The International Society of Burn Injuries and its journal, Burns, as well as the American Burn Association and its publication, Journal of Burn Care and Research, have publicized the notion of successful multidisciplinary work by burn teams to widespread audiences.









Members of a burn team


The management of severe burn injuries benefits from concentrated integration of health services and professionals, with care being significantly enhanced by a true multidisciplinary approach. The complex nature of burn injuries necessitates a diverse range of skills for optimal care. A single specialist cannot be expected to possess all the skills, knowledge, and energy required for the comprehensive care of severely injured patients. Thus, reliance is placed on a group of specialists to provide integrated care through innovative organization and collaboration.


In addition to burn-specific providers, the burn team consists of epidemiologists, molecular biologists, microbiologists, physiologists, biochemists, pharmacists, pathologists, endocrinologists, nutritionists, and numerous other scientific and medical specialists.


At times, the burn team can be thought of as including the environmental service workers responsible for cleaning the unit, the volunteers who may assist in a variety of ways to provide comfort for patients and families, the hospital administrator, and many others who support the day-to-day operations of a burn center and significantly affect the wellbeing of patients and staff. However, the traditional burn team consists of a multidisciplinary group of direct-care providers. Burn surgeons, nurses, dietitians, and physical and occupational therapists form the skeletal core; most burn units also include anesthesiologists, respiratory therapists, pharmacists, and social workers. The decrease in mortality rates in recent years has heightened interest in the quality of life of burn survivors, both acutely in the hospital and long term. Consequently, more burn units have added psychologists, psychiatrists, and more recently, exercise physiologists to their burn team. In pediatric units, child life specialists and school teachers are also significant members of the team.


Patients and their families are infrequently mentioned as members of the team but are obviously important in influencing the outcome of treatment. Persons with major burn injuries contribute actively to their own recovery, and each brings individual needs and agendas into the hospital setting that may influence the way treatment is provided by the professional care team.33 The patient’s family members often become active participants. This is obvious in the case of children, but also true in the case of adults. Family members become conduits of information from the professional staff to the patient. At times, they act as spokespersons for the patient, and at other times, they become advocates for the staff in encouraging the patient to cooperate with dreaded procedures.


With so many diverse personalities and specialists potentially involved, purporting to know what or who constitutes a burn team may seem absurd. Nevertheless, references to ‘burn team’ are plentiful, and there is agreement on the specialists and care providers whose expertise is required for optimal care of patients with significant burn injuries (Figure 2.1a and 2.1b).
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Figure 2.1a, b Experts from diverse disciplines gather together with common goals and tasks, having overlapping values to achieve their objectives.








Burn surgeons


The ultimate responsibility and overall control for the care of a patient lies with the admitting burn surgeon. The burn surgeon is either a general surgeon or plastic surgeon with expertise in providing emergency and critical care, as well as in performing skin grafting and amputations. The burn surgeon provides leadership and guidance for the rest of the team, which may include several surgeons. This leadership is particularly important during the early phase of patient care, when moment-to-moment decisions must be made based on the surgeon’s knowledge of physiologic responses to injury, current scientific evidence, and appropriate medical/surgical treatments. The surgeon must not only possess knowledge and skill in medicine, but also be able to exchange information clearly with a diverse staff of experts in other disciplines. The surgeon alone cannot provide comprehensive care, but must be wise enough to know when and how to seek counsel as well as how to give clear and firm direction to activities surrounding patient care. The senior surgeon is accorded the most authority and control of any member of the team, and thus bears the responsibility and receives accolades for the success of the team as a whole.33









Nurses


Nurses represent the largest single disciplinary segment of the burn team, providing continuous coordinated care to the patient. They are responsible for technical management of the 24-hour physical treatment of the patient. They control the therapeutic milieu that allows the patient to recover. They also provide emotional support to the patient and their family. Nursing staff are often the first to identify changes in a patient’s condition and initiate therapeutic interventions. Because recovery from a major burn is rather slow, burn nurses must merge the qualities of sophisticated intensive care nursing with the challenging aspects of psychiatric nursing. Nursing case management can play an important role in burn treatment, extending the coordination of care beyond the hospitalization through the lengthy period of outpatient rehabilitation.









Anesthesiologists


An anesthesiologist who is an expert in the altered physiologic parameters of burned patients is critical to the survival of the patient, who usually undergoes multiple acute surgical procedures. Anesthesiologists on the burn team must be familiar with the phases of burn recovery and the physiologic changes to be anticipated as the burn wounds heal.1 Anesthesiologists play a significant role in facilitating comfort for burned patients, not only in the operating room, but also during the painful ordeals of dressing changes, staple removal, and physical exercise.









Respiratory therapists


Inhalation injury, prolonged bed rest, fluid shifts, and the threat of pneumonia, concomitant with burn injury, render respiratory therapists essential to the patient’s welfare. Respiratory therapists evaluate pulmonary mechanics, perform therapy to facilitate breathing, and closely monitor the status of the patient’s respiratory function.









Rehabilitation therapists


Occupational and physical therapists begin planning therapeutic interventions on the patient’s admission to maximize functional recovery. Burned patients require special positioning and splinting, early mobilization, strengthening exercises, endurance activities, and pressure garments to promote healing while controlling scar formation. These therapists must be very creative in designing and applying the appropriate appliances. Knowledge of the timing of application is necessary. In addition, rehabilitation therapists must become expert behavioral managers, as their necessary treatments are usually painful to the recovering patient. While the patient is angry, protesting loudly, or pleading for mercy, the rehabilitation therapist must persist with aggressive treatment to combat quickly forming and very strong scar contractures. The same therapist, however, is typically rewarded with adoration and gratitude from an enabled burn survivor.









Nutritionists


A nutritionist or dietitian monitors daily caloric intake and weight maintenance. They also recommend dietary interventions to provide optimal nutritional support to combat the hypermetabolic response to burn injury. Caloric intake as well as intake of appropriate vitamins, minerals, and trace elements must be managed to promote wound healing and facilitate recovery.









Psychosocial experts


Psychiatrists, psychologists, and social workers with expertise in human behavior and psychotherapeutic interventions provide continuous sensitivity in caring for the emotional and mental wellbeing of patients and their families. These professionals must be knowledgeable about the process of burn recovery as well as human behavior to make optimal interventions. They serve as confidants and supports for patients, families, and on occasion, other burn team members.34 They often assist colleagues from other disciplines in developing behavioral interventions for problematic patients, allowing both colleague and patient to achieve therapeutic success.35 During the initial hospitalization, these experts manage the patient’s mental status, pain tolerance, and anxiety level to provide comfort and facilitate physical recovery. As the patient progresses toward rehabilitation, the role of the mental health team becomes more prominent in supporting optimal psychological, social, and physical rehabilitation.









Exercise physiologist


The exercise physiologist has recently been recognized as a key member of the comprehensive burn rehabilitation team. Traditionally, exercise physiologists study acute and chronic adaptations to a wide range of exercise conditions. At our institution, the exercise physiologist performs clinical duties and conducts clinical research.


Clinical duties include monitoring and assessing cardiovascular and pulmonary exercise function as well as muscle function. Additional clinical duties include writing exercise prescriptions for cardiopulmonary and musculoskeletal rehabilitation.


There is no licensing body and no requirements for exercise physiologists to practice their profession. However, many organizations, such as the American College of Sports Medicine and the Clinical Exercise Physiology Association, offer national certifications. These certifications include the exercise test technologist, exercise specialist, health/fitness director, and clinical exercise specialist. We recommend that if the exercise physiologist is primarily involved in clinical duties, they should have a minimum of a master’s degree and be nationally certified.









Students, residents, and fellows


Medical students, graduate students, postdoctoral fellows, and residents are vital members of the burn care team. Burn care professionals often do not have the time or energy to perform activities outside of work hours or set responsibilities. However, these young students, fellows, and residents frequently have the time, energy, and desire to take on additional work, whether in the form of clinical work or research. The close working relationship between these individuals and the rest of the burn care team yields numerous benefits, including the conception of new clinical and translational questions that, when answered, directly improve patient care.












Dynamics and functioning of the burn team


Simply gathering a group of experts from diverse disciplines does not create a team.36 In fact, the diversity of the disciplines, along with individual differences in gender, ethnicity, values, professional experience, and professional status, render teamwork a process fraught with opportunities for disagreements, jealousies, and confusion.37 The process of working together to accomplish the primary goal (i.e., returning burn survivors to a normal, functional life) is further complicated by the fact that the patient and the patient’s family must collaborate with the professionals. It is not unusual for the patient to attempt to diminish their immediate discomfort by pitting one team member against another or ‘splitting’ the team. Much as young children will try to manipulate parents by first going to one and then the other, patients will complain about one staff member to another, or assert to one staff member that another staff member allows less demanding rehabilitation exercises or some special privilege.38 Time must be devoted to a process of trust building among team members. It is also imperative that the team communicate openly and frequently, or the group will lose effectiveness.


Communicating and discussing daily, weekly, and long-term management plans between team members allows for clarification and organization of early plans to flag issues early on with regard to further surgery, rehabilitation, discharge planning, nutritional goals, patient understanding, and patient compliance.


The group becomes a team when they share common goals and tasks as well as when they have overlapping values that will be served by accomplishing their goals.39,40 The team becomes an efficient work group through a process of establishing mechanisms of collaboration and cooperation that facilitate focusing on explicit tasks rather than covert distractions of personal need and interpersonal conflict.39,41 Work groups develop best under conditions that allow each individual to feel acknowledged as valuable to the team.42


Multidisciplinary burn care involves taking into account all aspects of patient care when treatment decisions are made, as well as considering subsequent effects and consequences of decisions. With good communication and coordination between all members, the team can optimize outcome for a patient in every aspect of their care (Figure 2.1a).


Research into the area of multidisciplinary teams has highlighted the wide application of such teams in healthcare settings as well as some of the shortcomings affecting their efficacy.36 Clearly defining the various components of these teams will allow improved analysis. Some of the factors that are useful for assessing how well a team is functioning are listed in Box 2.1.





Box 2.1 Factors for analyzing multidisciplinary team effectiveness and function


Size of team


Composition (professions represented)


Specific responsibilities


Leadership style (individual or co-leadership/voluntary or assigned/stable or rotating/authoritarian or non-authoritarian)


Scope of work (consultation or intervention or both/idea generating/decision making)


Organizational support


Communication and interactional patterns within the team (e.g., frequency/intensity/type)


Contact with the patient, family, or care system (e.g., frequency/intensity/type)


Point in treatment process when team is involved (e.g., intake through to discharge, one phase only, only if case not progressing)


(From Al-Mousawi et al., Burn Teams and Burn Centers,46 adapted from Schofield & Amodeo36)





For a group of burn experts to become an efficient team, skillful leadership that facilitates the development of shared values among team members and ensures the validation of members as they accomplish tasks is necessary. The burn team consists of many experts from diverse professional backgrounds, each of which has its own culture, problem-solving approach, and language.43 For the team to benefit fully from the expertise of its members, every expert voice must be heard and acknowledged. Team members must be willing to learn from each other, eventually developing their own culture and language that all can understand. Attitudes of superiority and prejudice are most disruptive to the performance of the team.


Disagreement and conflict will be present, but these can be expressed and resolved in a respectful manner. Research suggests that intelligent management of emotions is linked with successful team performance in problem solving and conflict resolution.44 When handled well, conflicts and disagreements can increase understanding and provide new perspectives, in turn enhancing working relationships and leading to improved patient care.45


The acknowledged formal leader of the team is the senior surgeon, who may find the arduous job of medical and social leadership difficult and perplexing (Figure 2.1b). Empirical studies indicate, with remarkable consistency, that the functions required for successful leadership can be grouped into two somewhat incompatible clusters: 1) directing the group toward tasks and goal attainment, and 2) facilitating interactions among group members and enhancing their feelings of worth.39,42,45


At times, task-oriented behavior by the leader may clash with the needs of the group for emotional support. During those times, the group may inadvertently impede the successful performance of both the leader and the team by seeking alternate means of establishing feelings of self-worth. When the social/emotional needs of the group are not met, the group begins to spend more time attempting to satisfy individual needs and less time pursuing task-related activity.


Studies of group behavior demonstrate that high-performance teams are characterized by synergy between task accomplishment and individual need fulfillment.39 As one formal leader cannot always attend to task and interpersonal nuances, groups informally or formally allocate leadership activities to multiple persons.39,41,42 According to the literature on organizational behavior, the most effective leader is one who engages the talents of others and empowers them to use their abilities to further the work of the group.39,41 Failure to empower the informal leaders limits their ability to contribute fully.


For the identified leader of the burn team (i.e., the senior surgeon) to create a successful, efficient team, he or she must be prepared to share leadership with one or more ‘informal’ leaders in such a way that all leadership functions are fulfilled.39,41,42 The prominence and identity of any one of the informal leaders will change according to the situation. The successful formal leader will encourage and support the leadership roles of other members of the team, developing a climate in which the team members are more likely to cooperate and collaborate toward achievement beyond individual capacity.


For many physicians, the concept of sharing leadership and power initially appears threatening, for it is the physician, after all, who must ultimately write the orders and be responsible for the patient’s medical needs. However, sharing power does not mean giving up control. The physician shares leadership by seeking information and advice from other team members and empowers them by validating the importance of their expertise in the decision-making process. However, the physician maintains control and responsibility over the patient’s care and medical treatment.









Summary


Centralized care provided in designated burn units has promoted a team approach to both scientific investigation and clinical care that has demonstrably improved the welfare of burn patients. Multidisciplinary efforts are imperative to continue improving and understanding the rehabilitation and emotional, psychological, and physiologic recovery of burn patients.


Wider issues to be considered by leaders in the field include burn prevention, access to care in rural regions and developing countries, and promotion of investment and funding for burn care. Centralization of care at burn centers as well as enhanced care has provided tremendous opportunities for research and education.


We hope that, in the future, scientists and clinicians will follow the same model of collaboration to pursue solutions to the perplexing problems that burn survivors must encounter. We also hope that, in the future, burn care will continue to devote the same energy and resources, which have produced such tremendous advances in saving lives and optimizing the quality of life for survivors.
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Introduction





In the United States in 2009 there was a fire/burn death every 3 hours and a burn injury occurred every half hour.1 In 2007, the most recent year for which numbers and rates of injury deaths are available, there were an estimated 182 479 deaths from all injuries in the United States, which in a total population of 301 579 895 at that time represented a crude injury death rate of 60.51/100 000 population. Data supplied by the CDC in the WISQARS** Injury Mortality Report indicate that in 2007 there were 3774 (1.25/100 000 population) fatal fire/burn injuries, which represented 2.1% of all fatal injuries. There were more fatal fire/burn injuries in men (2230) than in women (1544), but those in women represented a greater percentage of all fatal injuries than in men, 2.7 % vs 1.8%, respectively. Unintentional fire/burn deaths in 2007 represented only 2.7% of all unintentional injury deaths but were 11.3 times more common than violence-related fire/burn deaths (Table 3.1).2




Table 3.1 US injury deaths – 2007
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As indicated in Table 3.2, in 2007 there were an estimated 266 fire/burn deaths in the 0–4-year age group, 259 as a consequence of fire and flame and only seven due to contact with a hot object or substance.2 The number of fire/burn deaths decreased to a low of 86 in the 10–14-year age group, rose in the older age groups, and was above 200 in all age groups of 40 years and over. In all age groups fire/flame was the predominant cause of fatal injury, and contact with a hot object or substance caused only 16 or fewer deaths during that year. The majority of deaths in all age groups were the consequence of residential fire/flame injury. The table illustrates the age-related changes in the relationship of burn injury and site of burn injury to overall injury fatalities in 2007. The WISQARS Fatal Injury mapping program documents that fire/burn death rates in the United Sates vary considerably between states. During the years 2000–2006, fire/burn death rates per 100 000 population ranged from a high of 3.39 and 2.70 in Mississippi and Arkansas, respectively, to a low of 0.54 and 0.53 in Colorado and Utah, respectively. Age less than 4 years, age 65 years and over, rural residency, and economic deprivation have all been reported to define groups that are at increased risk of fire-related injury and death. Differences in these risk factors may account in part for the differences in burn incidence rates and mortality between states.2




Table 3.2 US injury deaths by age group: 20072


[image: image]




In 2009, the most recent year for which numbers and rates of non-fatal injuries are available, there were an estimated 29 636 366 persons with non-fatal injuries in the United States, which in a total population of 307 006 550 at that time represented a crude non-fatal injury rate of 9653.33/100 000. Data supplied by the NEISS WISQARS program indicate that in 2009 there were 381 012 non-fatal fire/burn injuries (124.11/100 000), which represented 1.3% of all non-fatal injuries that year. Non-fatal fire/burn injury as a percentage of all non-fatal injuries in 2009 showed little gender difference, i.e. 1.2% for men and 1.4% for women. Unintentional fire/burn injuries in 2009 represented only 1.3% of all unintentional non-fatal injuries but were almost 40 times (39.4) more common than violence-related non-fatal burns (Table 3.3).3




Table 3.3 US non-fatal injuries (2009)3
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Overall unintentional non-fatal fire/burn injuries represent a variable percentage of all injuries and all unintentional injuries as related to the population in various age groups (Table 3.4). Overall fire/burn injuries represented 2.5% of all non-fatal injuries, and unintentional fire/burn injuries represented 2.5% of all non-fatal unintentional injuries in the 0–4-year age group, and 1% of both overall and unintentional injuries in the 5–9-year age group. The total number and rates of both all-cause and unintentional non-fatal fire/burn injury in 2009 were greatest in the 0–4-year age group, i.e. 58 400 (274.18/100 000) and 57 742 (271.09/100 000). In the 5–19-year age groups both the number and rate of both overall and unintentional non-fatal burn injuries decreased, only to rise again in the 20–24-year group, i.e. 40 655 (188.75/100 000) for overall burn injury and 38 788 (180.08/100 000) for all unintentional burn injuries. In age groups above 24 years the number and rate of occurrence of burns decreased with age, and after age 80 were all reported to be unintentional injuries. There were only 2677 unintentional burn injuries recorded for patients of 85 years and above, with an incidence rate of 47.54/100 000.3




Table 3.4 US non-fatal injuries by age group (2009)3
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In 2009, the rank of unintentional fire/burn injury as a cause of non-fatal injury, 14th for all ages, varied by age in the United States.3 As indicated in Table 3.5, burn injury ranged from being the fifth most common cause of non-fatal injury in the population under 1 year of age to being the 16th in the 10–14- and 15–19-year age groups. The number and incidence rates for non-fatal burn injury have decreased overall, and for both males and females over the last three decades, as shown in Table 3.6. Since 1985, the incidence rate of non-fatal fire/burn injuries for males decreased from 601/100 000 to 129.14/100 000 in 2009. The incidence rate for females decreased even more during the same period, i.e. from 647/100 000 in 1985 to 119.19/100 000 in 2009. A report by the National Center for Injury Prevention and Control in 2001 indicated that 95.7% of patients with unintentional fire/burn injuries seen in emergency departments were ‘treated and released’, and only 3.4% of all patients with fire/burn injuries seen in emergency departments were hospitalized and or transferred to another treatment facility.4 Those data confirm the facts that the vast majority of non-fatal burns are of very limited extent, and that in the United States patients with extensive burns are often transferred to burn centers.


Table 3.5 Number and rank of unintentional fire/burn as cause of non-fatal injury by age group: US 20093






	Age group (years)

	n

	Rank






	>1

	7846

	5






	1–4

	48 896

	8






	5–9

	17 043

	12






	10–14

	14 064

	16






	15–19

	29 869

	16






	20–24

	38 788

	13






	25–34

	62 288

	13






	35–44

	52 374

	13






	45–54

	48 890

	14






	55–64

	27 445

	13






	65+

	23 051

	12






	All ages+

	371 577

	14









Table 3.6 Burn injury incidence (1985–2009)3
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The number and incidence rate of fatal burn injuries has decreased only modestly in recent years, i.e. from a total of 3910 (1.40/100 000) in 1999 to 3774 (1.25/100 000) in 2007. That decrease has largely been confined to the male population, in whom fatal burns decreased from 2345 (1.71/100 000) in 1999 to 2230 (1.5/100 000) in 2007, with essentially no change occurring in the female population, i.e. 1565 in 1999 and 1544 in 2007, both of which represented crude incidence rates of 1.01/100 000 (Table 3.6).2


The American Burn Association has established the National Burn Repository (NBR), which contains records of patients treated for burn injuries at 91 hospitals in 35 states and the District of Columbia. For the years 2001–2010, those hospitals contributed records from 163 771 burn patients. Analysis of that database provides a more detailed description of patients treated at burn centers in the United States.5 In the years reviewed, 2001–2010, 70% of the cases were males. The mean age of all patients was 32 years, with 12% being 60 or over and 18% being under 5 years of age; 68% of the burn injuries occurred in the home and only 10% were sustained in the workplace. Sixty-seven percent of cases (89 124) were classified as non-work-related, 16% (20 846) as work-related, 1.4% (1898) as suspected assault/abuse, 1.1% (1458) as suspected self-inflicted, 1.1% (1487) as suspected child abuse, and 0.2% (234) as suspected arson.


The NBR data indicate that 93 049 (60%) of the patients were Caucasian, 29 584 (19%) African-American, 23 230 (15%) Hispanic, 3737 (2%) Asian and 1191 (1%) Native Americans. The 18.9% registrant rate of African-Americans exceeds by 53% the 12.33% African-American segment of the US population. Non-white patients predominated in the three age groups below 5 years, and in all other age groups whites predominated. The Caucasian registrant rate of 60% was slightly less than the 66% Caucasian segment of the US population, the Hispanic registrant rate of 15% was similar to the 15% Hispanic segment of the US population, and the Asian registrant rate of 2.4% was 45% less than the 4.37% Asian segment of the US population.5


Scalds and fire/flame were the most common causes of burn injury. There were a total of 44 537 scald injuries, of which 32 535 (82%) occurred in the home. Scald injury was most frequent in cases under age 5, and in the older age groups fire/flame, a total of 60 139 cases, predominated as the cause of burn injury. There were 5400 cases of electric injury, of which 1896 (43%) occurred at an industrial site and 1181 (27%) occurred in the home. Electric injury occurred with greatest frequency – more than 1000 cases – in each age group between 20 and 49.9 years. There were a total of 12 005 contact burns, 72% of which occurred in the home. Contact burns were most common in patients under 5 years (25.2% of cases less than 1 year old) and represented less than 10% of burns in all older age groups. There were 4372 chemical injuries, of which 1543 (35%) occurred at the workplace and 1354 (31%) in the home.5


Seventy-two percent of the cases had burns of less than 10% of the total body surface area (TBSA) and 90% had burns that involved less than 20% TBSA. The upper limbs, the head and neck, and the lower limbs were the body parts most often affected by burns. The most frequent complications, in order of decreasing frequency, were pneumonia, cellulitis, urinary tract infection, respiratory failure, and wound infection. A diagnosis of inhalation injury was made in 10 216 (6.3%) of all the cases. The use of mechanical ventilation, common in patients with inhalation injury, markedly increased the occurrence of clinically related complications. Those complications increased in both frequency and number as the duration of mechanical ventilation increased. In patients ventilated for more than 4 days, complications occurred in more than 40% of patients of all ages and rose to over 60% in patients older than 20 years.5


The most common surgical procedures performed were split-thickness skin grafting, burn wound excision, application of wound dressings (either biologic or non-biologic), and joint and hand procedures. Early excision with prompt grafting to close the wound, and the predominance of cases with limited-extent burns have been largely responsible for the observed reduction in length of hospital stay. During the reporting period, the average length of hospital stay decreased from 10.37 and 10.1 days in 2001 to 8.6 and 9.1 days in 2010 for women and men, respectively. The number of hospital days averaged 9.6 for patients who survived and 17.7 days for patients who died.5


The overall mortality of the 124 196 cases for which burn extent was recorded was 3.7 %. The mortality rate ranged from 0.6% in cases with burns of less than 10% TBSA and 2.8 % in cases with burns of 10–19.9% TBSA to 74% in cases with burn of 80–89% TBSA and 82.8% in cases with burns of 90% and more TBSA. Mortality decreased progressively during the review period by almost 50% (6.8% to 3.6%) for females, and from 4.6% to 3.2% for males. The 23% mortality observed in the 10 216 cases with inhalation injury was nine times greater than the 2.5% mortality recorded for the 132 020 burn patients without inhalation injury. There were 163 771 surviving cases, of which 137 610 or 84% were discharged home, with only 4% requiring home healthcare. Almost 5000 (3%) were discharged to a rehabilitation facility, 2.3% (almost 4000) were discharged to another hospital, and 1.9%, slightly more than 3000, were discharged to a nursing home.5


Hospital charges were significantly less ($4,815 per day) for those cases that survived (mean total charge $69,053) than for those who died (mean total charge $212,593). Sixty-nine percent of cases were covered by some form of payment and 30% were either uninsured or provided no insurance information. The total annual costs of burn injury are estimated to be $7.5 billion, which includes both medical costs and the cost of lost productivity. Those costs include $3 billion related to fatal fire/burn injuries, $1 billion for fire/burn injuries treated in hospitals, and $3 billion for injuries not utilizing inpatient care. Fires also cause extensive property damage. In 2009 there were 1 348 500 reported fires, to which $12.5 billion in property damage was attributed.6









Epidemiology and demography


Geographic location influences death rates from house fires, presumably because of regional differences in construction and heating devices, as well as economic status. House fire death rates have been reported to be higher in the Eastern part of the United States, particularly the Southeast compared to the West. In the 377 000 residential fires to which fire departments responded in 2009, 2565 individuals died and 13 050 sustained burn injuries.1 The winter months, lack of smoke alarms, and substandard housing represent risk factors for residential fires.7 Unattended and/or improperly positioned cooking and heating devices are the leading causes of residential fires. House fires cause only approximately 4% of burn admissions, but the 12% fatality rate of patients hospitalized for burns sustained in house fires is higher than the 3% rate for patients with burns from other causes.8 This difference is presumably the effect of associated inhalation injury.


Careless smoking, which accounts for one in four residential fire deaths, is the most common cause of such fatalities.9 Alcohol and drug intoxication, which contribute to careless smoking behavior by impairing mentation, have been reported to be a factor in 40% of residential fire deaths and appear to contribute to the high weekend frequency of house fires.10 Holmes and colleagues11 reported a statistically significant increase in patients with alcohol-related burn injuries admitted to a UK Regional Burn Unit, rising from 6% of admissions in 2003 to 19% of admissions in 2008. In 60% of cases the injuries were caused by flames and required a longer hospital stay than did the injuries in patients with burns unrelated to alcohol: 7.9 days vs 2.5 days. ‘Fire play’ with matches, cigarette lighters, and other ignition devices has been incriminated as the cause of one in 20 residential fires and two in every five fire-related deaths in children.12 House fire death rates have shown little gender predominance except for a larger number of males in the 2–5-year age group, a group that has the highest rate of non-fatal burns due to unsupervised play with matches.13 In fact, among children of 9 years or less, child-play fires are the leading cause of residential fire-related death and injury.


Arson, the second most common cause of residential fire deaths (an estimated 30 000 cases in 2008), is considered to be an intentional injury.14 Defective or inappropriately used heating devices, which are the third most common cause, account for one in six residential fire deaths overall, and an even greater proportion in low income areas.15 The effect of low income on fire/burn deaths is also related to residence in older buildings or manufactured homes, crowded living conditions, and the absence of smoke detectors.1 In 2007, 432 children aged 14 or under died as a consequence of residential fires.1 In 1993, minority children aged 0–19 were reported to be three times as likely to die in a residential fire as white children; this was considered to be an effect of economic status, as racial differences in house fire death rates decrease as income increases.16,17


The linking of databases from five states has enabled investigators to characterize burn injury in the state of Utah.18 During the years 1997 to 2001, 23 722 residents of Utah sustained burns that received care at some level in the healthcare system. The causes were scalds (21.5%), contact with a hot object (21.2%), chemical (19.2%), fire or flame (18.7%), ‘other’ (11.7%), and electricity (3.9%). Thirty-one individuals (0.1%) sustained fatal burns. The annual incidence rate of burn injury in Utah was 212.5/100 000 residents. The burn injury incidence rate was higher among men than among women, and highest in the 0–4, 15–19, and 20–44 age groups and lowest in the 65–84 and 85+ age groups. The use of geographic information systems mapping enabled the investigators to identify the Utah counties at high risk for burn injury. Those counties typically had higher American-Indian populations, increased poverty levels, and other indices of economic deprivation.


In a study of the socioeconomic determinants of burn injury in British Columbia, Canada, Bell and colleagues19 reviewed the records of 119 patients with what was categorized as ‘severe thermal injury.’ The age-standardized injury rate for all burns in that province was 3.1/100 000, but the injury rate varied from 2.95/100 000 for all patients in the highest socioeconomic stratum to 5.4/100 000 among all individuals in the lowest socioeconomic stratum. The age-standardized burn injury rate was greater for individuals in rural areas than for those in urban areas in all socioeconomic strata. The finding that the age-standardized injury rate for intentional burn injury was highest in the highest urban socioeconomic stratum was not explained by the authors.


It has been reported that mobile home fires are associated with twice the death rate of fires in other forms of housing. In a group of 65 patients who were burned in mobile home fires and admitted to a burn center, more than three-quarters were male, two-thirds were Caucasian, and 70% resided in the southeastern United States.20 The extent of burn ranged from 1% to 63% TBSA and averaged 21%. Inhalation injury was diagnosed in 63% of the patients. One or more comorbid medical conditions pre-existed in 88% of patients, which included alcoholism in 64%. Of interest, one-quarter of the patients had a family history of burn injury. The mortality rate of 12% was higher than the overall mortality rate at the burn center, but contrary to earlier reports that mortality rate was similar to that of patients burned in other residential fires.


During the 5-year period 1991–1995, the residential fire death rate decreased from 1.3 to 1.1/100 000 and by 2007 had further decreased to 0.94/100 000.2,21 That change has been attributed to the combined effects of improved building design, the use of safer appliances and heating devices, and the increased use of smoke and fire detectors. Data generated by the CDC’s Smoke Alarm Installation and Fire Safety Education Program indicate that even though there are half or fewer fire related deaths in homes with functioning smoke alarms as in homes without those devices, only approximately 75% of US households claim to have at least one working smoke alarm. Even so, there was no alarm or no working alarm in two-thirds of home-fire deaths in 2003–2006. The CDC Injury Center provides funds to 16 states to conduct a smoke alarm installation and fire safety education (SAIFE) program. This includes the installation of long-lasting lithium-powered smoke alarms, which have been installed in more than 174 000 high-risk homes and are estimated to have saved approximately 1218 lives since the program began in 1998.14,22,23 Having a wet pipe sprinkler system in the home affords even greater protection by reducing the risk of dying in a fire by 83%.24


Unlike fire deaths, the precise number of burn injuries that occur in the United States is unknown. Twenty-one states require that burn injuries be reported, but two require that only burns associated with assaults or arson be reported, and seven require that only larger burns (usually those involving more than 15% TBSA) be reported.25 Consequently, the total number of burns has to be estimated by extrapolating data collected in less than half of the states to the entire population. In the late 20th century, such estimates ranged from 1.4 million to 2 million injuries due to burns and fires each year.26,27 Because of the general improvement in living conditions made possible by the relatively high income in the United States, an annual incidence of approximately 500 000 is currently considered to be a realistic estimate, of which 450 000 receive medical care at some level of the healthcare system.28 The majority of those burns are of limited extent: 72% involve less than 10% TBSA and 90% involve less than 20% TBSA. However, as recently as 1990, it was estimated that in the United States 270–300 patients per million population (67 500–75 000) per year sustained burns which, because of extent, associated injury or comorbid conditions, required admission to a hospital.29 In light of the overall decrease in the incidence of burns, it is currently estimated that only 145–150 patients per million population (45 000–50 000) will be admitted to a hospital annually.


A smaller subset of approximately 20 000–25 000 burn patients with even more severe injuries, as defined by the American Burn Association (Table 3.7), are best cared for in a burn center.30 Those patients are now estimated to consist of 35 per million population with major burns and 40 per million population having lesser burns but a complicating cofactor. There are 123 self-designated burn care facilities in the United States, 54 of which have been verified by the American Burn Association as burn centers, and 14 in Canada, which are distributed in close relationship to population density; between them they are reported to contain a total of 1788 and 125 beds, respectively (Figure 3.1).5 As described below, the geographic distribution of burn centers necessitates the use of aeromedical transfer by both rotary and fixed wing aircraft to transport patients requiring burn center care to those facilities from distant and remote areas.


Table 3.7 Burn center referral criteria






	



1 Partial thickness burns >10% TBSA


2 Burns that involve the face, hands, feet, genitalia, perineum, or major joints


3 Full thickness burns in any age group


4 Burns caused by electric current including lightning


5 Chemical burns


6 Inhalation injury


7 Burn injury in patients with preexisting medical disorders that could complicate management, prolong recovery, or affect mortality


8 Any patient with burns and concomitant trauma (such as fractures) in whom the burn injury poses the greatest risk of morbidity or mortality. In such cases, if the trauma poses the greater immediate risk, the patient may be stabilized in a trauma center before transfer to a burn center


9 Burned children in a hospital without qualified personnel or equipment for the care of children


10 Burn injury in a patient who will require special social, emotional, or rehabilitative intervention













Adapted from: American Burn Association. Advanced Burn Life Support Course Provider Manual American Burn Association, Chicago, IL 60611; 2011, p. 25–26
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Figure 3.1 Burn care facilities in North America 2011. The numbers indicate the number of facilities in each state. The facilities indicated by blue dots have been verified as burn centers by the American Burn Association (Map prepared by G. Gueller at U.S. Army Institute of Surgical Research, Fort Sam Houston, TX 78234).











High-risk populations


In addition to economic status and geographic location, the risk of being burned and the predominant cause of burn injury are related to age, occupation, and participation in recreational activities. Scalds are the most frequent form of burn injury overall and cause over 100 000 patients to seek treatment in hospital emergency rooms, but fire/flame is the most frequent cause of burns requiring hospital admission.7






Children


The number of pediatric burn patients admitted to hospitals is influenced by cultural differences, resource availability, and medical practice. Consequently, the number of children admitted to hospital for burns treatment has varied by geographic area from a low rate of 4.4/100 000 population in America (North, Central, and South) to a high of 10.8/100 000 population in Africa. Although the incidence rate for Asia – 8.0/100 000 population – is similar to that for Europe and the Middle East, population size determines that Asia provides care for over half of the global pediatric burn population.31 It is currently estimated that 435 children aged 0–19 receive treatment in emergency departments for burn injuries, and that two children die with burn injuries each day in the United States.32


It was estimated in 2004 that 116 600 children aged 14 and under were treated for fire/burn injuries in hospital emergency rooms in the United States.33 Of those injuries, scald burns were more common in the younger children (<5 years) and flame burns more common in older children. Children under 5 years account for nearly all scald burn deaths.34 Of the children age 4 and under who are hospitalized for burn-related injuries, 65% have scald burns, 20% contact burns, and the remainder flame burns.33 The majority of scald burns in children, especially those age 6 months to 2 years, are from hot foods and liquids, particularly coffee which may be dispensed at temperatures of up to 180°F (82.2°C), spilled in the kitchen or other places where food is prepared and served.34 Hot tap-water burns, which typically occur in the bathroom, tend to be more severe and cover a larger portion of the body surface than other scald burns. Consequently, such burns, which account for nearly one-quarter of all childhood scald burns, are associated with higher hospitalization and death rates than other hot liquid burns.34 Ninety-five percent of burns in children due to the operation of microwave devices are scald burns resulting from the spillage of hot liquids or food.34


In a study of 541 children with burn injury, 125 were considered to be cooking injuries. The patients with such burns were, on the average, older than those with scalds related to other mechanisms (i.e. toddlers vs infants).35 The burns were typically caused by hot liquids spilling from a container on an elevated table or counter on to the child’s head, neck, and trunk. The authors call attention to the difference in cooling curves for the various substances and liquids involved, which they postulate influences the severity of the burn injury.


A recent review of the American Burn Association National Burn Registry records of all pediatric patients burned between 1995 and 2007 (46 582) revealed differences in burn etiology associated with age and race.36 Fifty-four percent of the patients studied were Caucasian, but non-Caucasian populations incurred 54% of the burn injuries that occurred in children younger than 5 years. Scalding was a common etiology in older African-American, Asian, and Hispanic children, and significantly less common in Caucasians. The frequency of inhalation injury was highest in African-American children and lowest in Asian children. In 4.5% of the children the injury was reported to have been intentional, with the frequency in populations of color greater (greatest in African-American children) than in Caucasian children.


Among children 14 years and under, hair curlers and curling irons, room heaters, ovens and ranges, irons, gasoline, and fireworks are the most common causes of product-related burn injuries.34 Nearly two-thirds of electric injuries in children aged 12 and under are caused by household electric cords and extension cords.34 Contact with the current in wall outlets causes an additional 14% of such injuries.34 Boys are at higher risk of burn-related death and injury than girls, and children aged 4 and under and children with a disability are at the greatest risk of burn-related death and injury, especially from scald and contact burns.34 Heavy-for-age boys are more burn prone than their normal-sized counterparts. A retrospective study of 372 children admitted to a single burn center from January 1991 to July 1997 confirmed that boys who were large for age on the basis of weight or height were over-represented in the burn population.37 Interestingly, that same study indicated that boys at or under the fifth percentile for weight, and both boys and girls at or under the fifth percentile for height were also over-represented among pediatric burn patients. The authors considered the latter finding to reflect, at least in part, the effect of concomitant malnutrition or neglect.


The occurrence of tap-water scalds can be prevented by adjusting the temperature settings on water heaters or by installing special faucet valves so that water does not leave the tap at temperatures above 120°F (48.8°C).34 Thermostatic valves, which shut the hot water off if the cold water fails, are the most dependable.38 The results of a survey in Denmark indicated that the kitchen, not the bathroom, is the most common site of burn injury (39% of burns).39 Those burns were most commonly due to contact with hot liquids.


Home exercise treadmills represent another source of burn injury in children. These injuries are a consequence of contact with a moving treadmill, most commonly involved the volar surface of the hand, and in two-thirds of patients surgical intervention in the form of skin grafting was required.40


A change in the pattern of pediatric burns in Australia to resemble that in the United States has recently been reported. A review of 3621 children treated at the Children’s Hospital Burns Unit at Westmead, NSW, Australia, indicated that scalds accounted for 56% of pediatric burns and that contact burns, which accounted for 31% of pediatric burns, had displaced flame burns, which accounted for only 8%, as the second most frequent cause of pediatric burns.41 As expected, contact burns were typically of very limited extent (99% < 5% TBSA) and only 12% required operative intervention. The most common objects causing contact burns were, in descending order, clothing irons, stoves, oven doors, gas or electric heaters, exhaust pipes, combustion heaters, and barbecues. The same authors from the Children’s Hospital Burns Unit reviewed the management of 97 children admitted for the treatment of burn injuries caused by contact with automotive exhaust systems during a 6-year period.42 The patients’ ages ranged from 5 months to 15 years and the exhaust systems contacted were those of motorbikes, cars, lawnmowers, and quad bikes. The injuries were most often sustained during the summer, and in 60% of cases involved 1% or less of TBSA, ranging in extent from 0.5% to 8%. Over 66% of the burns were on the lower limbs, with the calf being the part most frequently involved. Excision and/or grafting was necessary in one-third of the patients. The authors’ emphasized prevention by the use of protective clothing and placement of an insulated guard on the exhaust pipe.









The elderly


The elderly represent an increasing segment of the population, the members of which have an increased risk of being burned and higher morbidity and mortality rates than younger patients. A review of medical records of patients admitted to a burn center during a 7-year period revealed that 221 of 1557 (11%) patients admitted were 59 years or older.43 Ninety-seven (44%) of that group were women, a reflection of the higher percentage of women in the elderly population. Two-thirds of the injuries were caused by flames or explosions, 20% by scalds, 6% by electricity, 2% by chemicals, and 6% by ‘other causes.’ Forty-one percent of the injuries occurred in the bedroom and/or living room, 28% out of doors or in the workplace, 18% in the kitchen, 8% in the bathroom, and 5% in the garage or basement. Seventy-seven percent of the patients had one or more pre-existing medical conditions, and 64 patients (29%) had smoke inhalation. In 57% of patients judgment and/or mobility were impaired. Ten percent of patients tested positive for ethanol and 29% for other drugs by toxicology screening. Survival advantage was conferred by younger age, absence of inhalation injury, absence of pre-existing medical conditions, and smaller burns.


Among 111 octogenarians admitted to a burn center between 1983 and 1993, scalds caused 32% of the burns, flames 30%, contact 29%, bath immersion 7%, electricity 2%, and hot oil 1%.44 In 18% a disease such as a stroke was considered to be directly responsible for the burn injury, and in an additional 50% of the patients a pre-existing disease was considered to be contributory. The average length of hospital stay was almost twice that of younger adults, and rehabilitation of survivors was markedly prolonged.


Scalds are responsible for 33–58% of all patients hospitalized in the United States for burns each year.45 Data from the NEISS-All Injury Program for 2001 to 2006 revealed that 51 700 adults aged 65 or over received care in emergency departments for non-fatal scald burns during that period, representing an annual frequency of 8620 and an estimated annual rate of 23.8 visits per 100 000 population. Three-quarters of the non-fatal scald injuries occurred at home, 42% were due to contact with hot food, and 30% were caused by hot water or steam. Two-thirds of the patients were women. The burns, which involved predominantly the upper and lower limbs, were relatively minor, with 7970 (93%) being treated and released and only 510 (6%) requiring inpatient care.


A recent review of 23 180 records in the American Burn Association National Burn Repository has characterized the epidemiology and outcomes of older adults with burn injury.46 The mean extent of burn (9.6% TBSA) and the frequency of inhalation injury (11.3%) did not significantly vary among the age groups evaluated, i.e. 55–64 years, 65–74 years, and 75 years and over. Overall, there was a male preponderance of 1.4:1, but women dominated in the oldest age group. The length of hospital stay per percent of body surface burned increased with age, as did hospital charges, even though the number of operations per patient decreased. As the group age increased, mortality also increased, as did discharge to a non-independent status. The adjusted odds ratios for mortality as calculated by logistic regression were 2.3 and 5.4 in the 65–74-year age group and the 75-years and above group, respectively, using the 55–64-year group as the reference group. The authors reported that ‘mortality decreased dramatically after 2001’ in all three groups; that reduction was attributed to a tripling of patient entry into the registry since 2001.


Yin and colleagues characterized elderly burn patients treated at a Burn Center in Shanghai.47 In 201 patients with a mean age of 69.3 years (range 60–90 years), the majority were men; flame was the cause of burn in 53% and scalds in 40%. Almost three-quarters (73.6%) of the burns were sustained in the home, and the median extent of burn was 12% TBSA. The areas most frequently involved, in decreasing order, were the legs, arms, head, neck, and hands. Surgical intervention was undergone in 87 patients and 16 (8%) of the entire group died. Morita et al.48 contrasted the characteristics and outcomes in 35 patients of 65 years and over with those of 41 adult patients of lesser years. The average age of the elderly patients was 78 years, and 24 of the 35 had pre-existing comorbid conditions. Compared with the younger adult patients, the elderly had a higher incidence of accidental bath tub-related burns and a lower incidence of suicide attempts. ‘Severe burns’, defined as partial-thickness burns of 30% or more TBSA, or full-thickness burns of 10% or more TBSA, were fatal in the elderly patients.









The disabled


The disabled are a group of patients considered to be burn prone. The majority of burns in the disabled occur at home and are most often scalds. The effects of disability and pre-existing disease in those patients are evident in the duration of hospital stay (27.6 days on average) and the death rate (22.2%) associated with the modest average extent of burn (10% TBSA).49 A report on burn injury in patients, generally elderly, with dementia has emphasized the need for prevention measures to reduce the incidence of burn injuries incurred when such patients are performing the activities of daily living.50









Military personnel


In wartime military personnel are at high risk for burn injury, both combat related and accidental. Over the past six decades the incidence of burn injury, which is related to both the type of weapons employed and the type of combat unit engaged, has ranged from 2.3% to as high as 85% of casualties incurred in various periods of conflicts (Table 3.8). The detonation of a nuclear weapon at Hiroshima in 1945 instantaneously generated an estimated maximum of 57 700 burn patients and destroyed many treatment facilities, thereby compromising the care of those burn patients.51 In the Vietnam conflict, as a consequence of the total air superiority achieved by the US Air Force and the lack of armored fighting vehicle activity, patients with burn injuries represented only 4.6% of all patients admitted to army medical treatment facilities or quarters from 1963 to 1975.52 The majority (58%) of the 13 047 burn patients treated in those years were non-battle injuries, only 5536 (42%) being battle injuries. The overall incidence of burns as the cause of injury in all United States military forces in Vietnam during those years may well have been higher. Allen et al.53 reported that during calendar years 1967 and 1968 a total of 1963 military burn patients from Vietnam were admitted and treated at a burn unit established in a United States Army General Hospital in Japan. In accordance with the data from US Army hospitals in Vietnam, the burns in 847 (43.2%) of those patients were the result of hostile action. In the Panama police action in late 1989, the low incidence of burn injury (only six (2.3%) of the total 259 casualties had burns) has been attributed to the fact that the action involved only infantry and airborne infantry forces using small arms weaponry.


Table 3.8 Incidence of burn injury in armed conflicts






	Conflict

	Casualties






	(%)

	n






	World War II – Hiroshima40


	65–85

	45 500–59 500






	Vietnam conflict 1965–197347


	4.6

	13 047






	Israeli Six-Day War 196746


	4.6

	 






	Yom Kippur War 197343


	10.5

	 






	Falkland Islands War 1982

	 

	 






	 British casualties45


	14.0a


	112






	 Argentinian casualties47


	17.5

	34 of 194






	Lebanon War 198243


	8.6

	 






	Panama police action 1989

	2.3

	6 of 29






	Operation Desert Shield/Storm 1990–1991

	7.9

	36 of 458






	Operation Iraqi Freedom and Operation Enduring Freedom 2003–June 2011

	2.0

	1015 of 50 694b








a 34% of all casualties from ships. bData from Renz EM, MD, Col. MC, Director U.S. Army Burn Center, Institute of Surgical Research Brooke Army Medical Center Fort Sam Houston, TX, Personal Communication, July 18, 2011 and Directorate for Information Operations and Reports, Department of Defense. Available at: http://siadapp.dmdc.osd.mil/personnel/CASUALTY/eastop.html. Accessed July 20, 2011.


As exemplified by the Israeli conflicts of 1973 and 1982, and the British Army of the Rhine experience in World War II between March 1945 and the end of hostilities in Northwest Europe, the personnel in armored fighting vehicles have been at relatively high risk for burn injury.54,55 Burns have also been common in war at sea. In the Falkland Islands campaign of 1982, 34% of all casualties from the British Navy ships were burns.56 The increased incidence of burn injuries – 10.5% and 8.6% in the Israeli conflicts of 1973 and 1982, respectively, compared to the 4.6% incidence in the 1967 Israeli conflict – is considered to reflect what has been termed ‘battlefield saturation with tanks and anti-tank weaponry.’54,57 The decreased incidence of burn injuries – 8.6% in the 1982 Israeli conflict compared to the 10.5% in the 1973 Israeli conflict – has been attributed to enforced use of flame-retardant garments and the effectiveness of an automatic fire extinguishing system in the Israeli tanks.57 Those factors have also been credited with reducing the extent of the burns that did occur. In the 1973 Israeli conflict, 29% of the patients with burns had injuries that involved 40% or more TBSA, and only 21% had burns less than 10% TBSA. In the 1982 Israeli conflict those same categories of burn represented 18% and 51%, respectively, of all burn injuries. Modern weaponry may have eliminated the differential incidence of burn injury between armored fighting vehicle personnel and the personnel of other combat elements. In the 1982 Falkland Islands conflict, in which there was little if any involvement of armored fighting vehicles, one of every seven and every six casualties in the British and Argentinian forces, respectively, had burns.56,58 Conversely, there were only 36 (7.8%) burn casualties in the total 458 casualties sustained by US Forces in 1990 and 1991 during Operation Desert Shield/Desert Storm, in which there was extensive involvement of armored fighting vehicles.


In the current armed conflicts, Operations Iraqi Freedom and Enduring Freedom, the US Army Burn Center has provided care for all of the patients from all branches of the armed forces who sustained severe burns in the theaters of operation. Surgeons from the Burn Center have provided care at the Center and an Army general hospital in Landstuhl, Germany, at hospitals within the theaters of operation and during aeromedical transfers from the hospital in Europe to the Burn Center in San Antonio, Texas.


During the four-year period 1 March 2003–1 March 2007, 540 combat casualties with a mean extent of burn of 16.7% TBSA (range 0.1–95%) were admitted to the US Army Burn Center.59 In 149 (27.6%) of the patients the burns involved more than 20% TBSA and inhalation injury was documented in 69 (13%). The burns were the consequence of an explosion in 342 (63%) of the patients, commonly due to detonation of an improvised explosive device (IED). The mean ISS was 16 or above in 169 patients as a reflection of significant associated injuries. Slightly more than half of the patients (51%) had mechanical trauma, most often fractures, in addition to their burn injuries. Even with the frequent presence of associated mechanical injury, only 30 (6%) of the patients died.


The 24 of the 540 patients who were burned while incinerating waste represented 10% of military burn casualties admitted to the US Army Burn Center.60 Admission of 20 patients with such injuries during the first year of the study period prompted the distribution of a memorandum to military units in the theater of operations. This described the dangers associated with the burning of waste and articulated safety procedures. In the following year only four patients were admitted with such injuries, which represented a statistically significant decrease in the occurrence of such burns.


Aeromedical transport was used to transfer 380 (70%) of the 540 patients with combat-related burns from the US Army Landstuhl Medical Center in Germany to the Burn Center in San Antonio, Texas. Of these transported patients, 48% received mechanical ventilatory support throughout the transfer procedure. The burn patients accompanied by the Army burn flight team arrived at the burn center on average late on the third postburn day, with no in-flight fatalities.59


Injuries caused by IEDs were characterized in a study of 100 consecutive combat casualties admitted to a British field hospital in Iraq during 2006.61 IEDs were the cause of injury in 53 of these, 12 of whom (23%), considered to have been in the trajectory of the exploding projectile, were either killed or died of wounds. Among the 41 survivors, only eight (15%) had burns and two (4%) had primary blast injury. Even though they were sited adjacent to the trajectory of the IED, all but one of the survivors had returned to military employment within 18 months.


Belmont and colleagues62 analyzed the injuries sustained by a US Army brigade combat team of 4122 soldiers deployed to Iraq for 15 months during the ‘surge’ phase of Operation Iraqi Freedom. There were 500 combat wounds in 390 casualties, 12 of whom had burns sustained in explosions. Seven of the burn patients, four with burns of 10–15% TBSA, were aeromedically transferred to a higher echelon of care.


In the past two years (1 July 2009 to 30 June 2011), as the intensity of the conflicts in Southwest Asia has decreased, the number of combat-related burns has decreased and only 93 burn casualties have been transferred and admitted to the Army Burn Center.63 In that period, 79 (85%) of the burns were due to fire/flame, two (2%) were the result of scalds, and 12 cases (13%) had limited and scattered burns in the presence of complex soft tissue injury. During that time another 45 military personnel were admitted with burns unrelated to combat. In that group the burns were due to fire/flame in 35 (78%), scalds in five (11%), electricity in two (4%), and ‘other’ causes in three (7%). Overall, 1015 military patients have sustained burns in Iraq (Operation Iraqi Freedom) and Afghanistan (Operation Enduring Freedom) and received care at the Army Burn Center since March 2003. Those burns represent 2% of all combat casualties.63


A report from the UK confirms the variable admixture of combat and non-combat burns in military personnel.64 During the period 2001–2007 134 UK military personnel were evacuated to the Royal Center for Defence Medicine (RCDM) for the treatment of burn injury. The median age of the patients was 27 years and the mean extent of burn was 5% TBSA, range 1-70% TBSA. Sixty percent of the burns were unrelated to combat and were classified as ‘accidental’, e.g. sustained while preparing hot food and drinks, burning waste, or misusing flammable liquids. There was one fatal electric injury. During 2006–2007, 56 (59%) of the burn patients evacuated to the UK from Iraq and Afghanistan had burns sustained in combat. Those patients represented 5.8% of all combat casualties in the UK military during that time. Their burns were typically of limited extent (mean 5% TBSA) and these patients often had associated mechanized injuries. 25 or 26% of all the burn patients transferred to the RCDM during the study period underwent skin grafting. All of the evacuated patients survived.


In addition to military casualties, the infrastructure breakdown caused by armed conflict increases the injury burden in the indigenous population.65 Information derived from a questionnaire survey administered in 1172 Baghdad households containing 7396 individuals indicated that the respondents could recall 103 injuries as having occurred during a specific 3-month period. Only four of those injuries were fire/burn-related and five were due to ‘electric shock’. In the current conflicts in Iraq and Afghanistan, up to one-third of the admissions to combat-support hospitals are for humanitarian or civilian emergency care. Analysis of 2060 children admitted to combat-support hospitals between 2002 and 2007 revealed that 204 (13.3%) of the 1537 injured patients had burns.66 Almost twice as many children with burn injury were seen in the combat-support hospitals in Afghanistan as in Iraq. The care of such patients, which may revert to the military during armed conflicts, should be considered when planning combat medical support.


Although the risk of burn injury in the combat population is relatively high, the distribution of burn size in other than armored fighting vehicle personnel is comparable to that in the civilian population, i.e., more than 80% of the patients have burns of less than 20% TBSA. Even so, the number of burns that can be rapidly generated necessitates that planning for combat casualty care include augmentation of in-theater medical treatment facilities with personnel having burn-specific expertise, as was done by the US Army Medical Department in Operation Desert Shield/Storm.


Even in peacetime non-combat munitions incidents are common in the US Army. During a 7-year period 742 non-combat munitions incidents were reported in which 894 soldiers were injured.67 The most common types of injury were burns, which occurred in 261 or 26.7% of all the patients injured. The high incidence of burn injury in military personnel in both war and peace will generate a subset of extensively burned patients who will require tertiary burn center care to ensure optimum functional outcome and maximum survival.












Burn etiologies


Burns due to hot liquids may occur in any age group, but 77% of all hot liquid scalds have been reported to occur in children under 3 years of age. Full-thickness injury is present in less than half of patients with hot water scalds, but in 58% of patients with hot oil burns. Young children are most commonly injured by pulling a container of hot water or hot cooking oil onto themselves, whereas older children and adults are most commonly injured by improper handling of hot oil appliances.68-70 The case fatality rate of scald injury is low (presumably owing to the usually modest extent and limited depth of the burn), but scalds are major causes of morbidity and associated healthcare costs, particularly in children less than 5 years of age and in the elderly.


Even though the burns of 30% of all patients requiring admission to a hospital are caused by scalding by hot liquids, flame is the predominant cause of burns in patients admitted to burn centers, particularly in adults.5 The misuse of fuels and flammable liquids is a common cause of burn injury. A retrospective review of admissions to one burn center for the period 1978 to 1996 identified 1011 (23.3% of 4339 acute admissions) as being gasoline related.71 The average total extent of burn was 30% TBSA, with an average 14% full-thickness burn component; 144 of those patients died. The unsafe use of gasoline was implicated in 87% of patients in whom the cause of the burn could be identified, and in 90 (63%) of the 144 fatalities.


The ignition of alcohol and other flammable liquids which are used to kindle coal stoves, barbecue devices, and fireplaces is a cause of burn injury in both developing and developed countries. A review of admissions to a Turkish Burn Center over a 20-year period identified 82 patients who sustained burns when flammable liquids were being used to kindle or accelerate a stove ignited.72 A 10-year review of admissions to a Chinese University Hospital identified 180 patients burned by ignition of alcohol used to kindle household coal stoves.73 A recent report from Scandinavia identified a similar etiology of burns caused by ignition of bioethanol being used to refill a ‘contemporary design’ fireplace.74 The common theme in all three reports is that the person burned was attempting to refill or accelerate an already or still-burning fire within the device.


In one epidemiologic study in New York State in the 1980s, the largest number of admissions in the age group 15–24 years was related to automobiles. Ignition of fuel following a crash, steam from radiators, and contact with hot engine and exhaust parts were the most frequent causes.75 In a review of 178 patients who had been burned in an automobile crash, it was noted that slightly more than one-third had other injuries, most commonly involving the musculoskeletal system, and that approximately one in six had inhalation injury (one in three of those who died).76 A review of patients admitted to a referral burn center revealed that burns sustained while operating a vehicle involved an average of more than 30% TBSA and were associated with mechanical injuries (predominantly fractures) much more frequently than those incurred in the course of vehicle maintenance activities, which involved an average of less than 30% TBSA.77 Automotive-related flame burns can also be caused by fires and explosions resulting from ‘carburetor-priming’ with liquid gasoline; and such burns have been reported to account for 2–5% of burn unit admissions.78


During the 5-year period 2003–2007 fire departments in the United States responded to an average of 287 000 vehicle fires annually.79 Each year those fires caused an average of 1525 burn injuries, 480 burn deaths, and $1.3 billion in direct property damage. Fifty-eight percent of the fire-related deaths were associated with collisions or overturns, which represented only 3% of vehicle fires. Between 1980 and 2008, the number of vehicle fires decreased by 55%, with a proportional decrease in burn deaths and burn injuries. An estimated 207 000 vehicle fires in 2008 caused 350 fire deaths and 850 fire injuries, representing an accumulative 70% decrease since 1980.


Contact burns from motorcycle exhaust pipes are another injury related to the use of vehicles. In Greece, the incidence of burns from motorcycle exhaust pipes has been reported to be 17/100 000 person-years, or 208/100 000 motorcycle-years. The highest occurrence was in children. In adults, the incidence is 60% higher in females than in males. As would be anticipated, the most frequent location of the burns was on the right leg below the knee, where contact with the exhaust pipe occurs. The authors concluded that a significant reduction in incidence could be achieved by wearing long pants and the use of an external exhaust pipe shield.80


The burns sustained in boating accidents are most often flash burns due to an explosion of gasoline or butane, and typically affect the face and hands.81 As noted above, bonfire and barbecue burns caused by flash ignition of a flammable liquid used to start or accelerate a fire affect those same areas as well as the anterior trunk. The use of gasoline for purposes other than as a motor fuel, and any indoor use of a volatile petroleum product, should be discouraged as part of any prevention program.


The ignition of clothing is the second leading cause of burn admissions for most ages.75 The burn injury rate due to the ignition of clothing is influenced by poverty and is inversely related to income. The fatality rate of such patients is second only to that of patients with burns incurred in house fires.75 Burns caused by ignition of synthetic fabrics, which melt and adhere to the skin, are commonly deeper than burns caused by other fabrics and typically exhibit a gravity-dependent ‘runoff’ pattern. More than three-quarters of deaths due to the ignition of clothing occur in patients over 64 years.26 Clothing ignition deaths, which were a frequent cause of death in young girls, have decreased as clothing styles have changed, and are now rare among children, with little overall gender difference at the present time. From 1975, when it became mandatory for sleepwear sizes 0 to 6X to pass a standard flame test, until 1999 when that law was repealed, the percentage of clothing burns caused by sleepwear in children aged 0–12 decreased from 55% to 27%.75,82 Sleepwear-related burns are being monitored to assess the effect of this deregulation on sleepwear-related burns.


Ben and associates83 have characterized the burn injuries caused by fires on ships in 105 patients admitted to a Chinese burn institute during a 12-year period. The mean age of those patients was 30.2 years and the mean extent of burn injury was 46.5% TBSA. The injuries were considered to be ‘mostly deep burns’ with a mean extent of full-thickness injury of 18.6% TBSA. The head, neck, and upper limbs were the areas most commonly burned, and 57 (54.3%) of the patients had inhalation injury of whom 42 required tracheotomy and 38 mechanical ventilation. The interval between injury and initiation of resuscitation, which appeared to be related to the location of the ship, averaged 5.9 hours, but could be as long as 67 hours. Fifty-three percent of patients were considered to be inadequately resuscitated because of hypotension and ‘severe shock’ on admission. Nine patients (8.6%) died. The authors called for the establishment of fire safety regulations, regular inspection of electrical circuits, and enforcement of burn prevention measures such as maintenance of adequate passageway clearance and scheduled fire prevention exercises on board ship.


Outdoor recreational fires, most common during the warm summer months, are another cause of burn injury. In 2010, Neaman and colleagues84 identified 329 patients treated during an 8-year period who sustained burns in outdoor recreational fires. Almost three-quarters (73.3%) were male and 40% were children; 12% were considered to be intoxicated at the time of emergency department treatment and more than 35% required admission to hospital. The hands were the most frequently involved body part, and almost 30% required split-thickness skin grafts. Fraga et al.85 reported a group of 241 patients with burns caused by campground bonfires and beach fire pits. Alcohol was incriminated as a causative factor in 61% of the adult burns; 34% of those patients were male, and the burns involved the upper extremities, trunk, lower extremities, and hands, in rank order. Although the burns were limited in extent (mean size 6.1% TBSA), skin grafting was required in 37%. Woodbridge et al.86 compared 30 children with burns sustained during camping and caravanning to 121 children with burns received in other situations. The burned campers had more extensive partial-thickness burns (5.5% vs 3.0%) and a higher percentage of the campers required the application of a collagen-based skin substitute. The burned campers also needed significantly more general anesthetics, principally for painful dressing changes, and a longer duration of hospital stay. A report from Saudi Arabia indicated that desert campfires are a particular risk to unsupervised crawling infants.87 Full-thickness burns of the palm sustained when a child unknowingly crawls into the fire pit can result in severe contractures requiring subsequent operative release.


Fire walking across a burning charcoal pit is a religious ritual practiced principally by Indians and some of the Chinese population of Singapore. Sayampanathan reported that only 18 of 3794 men who participated in a fire walking ceremony sought medical care for burns which, in 17 cases, were limited to the soles of their feet.88 One of the patients who had fallen in the fire pit had sustained burns to the right leg, both upper limbs, and the back, in addition to his feet. None of the plantar burns required grafting. In an earlier report of fire walking injury Chown noted that the burns were typically confined to the feet and, if the patient carried coals on his hands, to the palms, and typically healed without surgical intervention.89 Skin grafting was required only for the full-thickness injuries of those fire walkers who had fallen while in the fire pit.


Hemington-Gorse et al. have drawn attention to the recent increase in burns related to the use of tanning devices.90 In a 7-year period, 12 patients required hospital admission for the management of extensive erythema, most commonly involving the trunk, resulting from ‘sunbed’ use. The authors propose greater regulation of tanning devices to reduce the increased risk of cutaneous and ocular melanoma associated with the use of such devices.


Work-related burns account for an estimated 20–30% of hospital admissions for burn injury.91 A Bureau of Labor Statistics survey in 1985 indicated that 6% of all work-related thermal burns occurred in adolescents (16–19 years).92 In a 1986 study in Ohio, it was noted that the majority of hospital-treated burns in teenagers/young adults occurred at work.93 A study in that same year revealed that six out of 10 hospitalized burn injuries in employed men in Massachusetts were work related.94 Restaurant-related burns, particularly those due to deep fryers, represent a major and preventable source of occupational burn morbidity, and in restaurants account for 12% of work-related injuries.75 It has been estimated that almost 700 deaths annually are caused by occupation-related burns.95,96


A review of compensation claims by Rhode Island workers has identified that the highest claim rate for burn injury was for workers in food service occupations. Evening and night-shift workers were at an increased risk for chemical burn injuries. The overall claim rate for burn injury was 24.3/10 000 workers, and ranged from a high of 51/10 000 for workers under 25 years to a low of 16.5/10 000 workers between the ages of 40 and 54.97


During a 5-year period in the state of Alabama, 345 occupational burn cases were admitted to the University of Alabama Burn Center.98 The majority, 96.5%, of the patients were male and 76.2% were Caucasian, with a mean age of 37.5 years. Causes of the burn injuries were flame, electricity, and scalds, in that order. The occupations in which burn injury occurred most often were ‘manufacturing’ (19.1%), ‘electrician’ (16.2%), and ‘laborer’ (16.2%). As would be anticipated, 70% of the injuries to electricians were caused by electricity. Flame and chemical burns were the principal causes of injury in manufacturing employees and laborers, contact with hot bitumen in roofers, scald burns in cooks, and flame burns in mechanics. Sixteen (4.6%) of the patients with occupational burn injury died.


A state-managed Workers Compensation database has been used to estimate the incidence of work-related burn injuries and identify patients at high risk.99 The incidence rate of occupational burn injury was estimated as 26.4 per 10 000 workers per year, with the highest rate for men in manufacturing and for women in service occupations. Compared to other occupations, higher incidence rates of burn injury were noted in welders, cooks, food service workers, laborers, and mechanics. The majority of burn injuries involved the wrist and hand, and full-thickness burns were most frequently present on the upper extremities. The Department of Labor and Industries of the State of Washington identified 350 cases of hospitalized work-related burns during the period September 2000 to December 2005. Twenty-three percent of these injuries were due to flame, fire, and smoke, 11% due to electricity, and 10% due to hot water. The overall incidence rate of hospitalized work-related burns was 24.5 per million workers per year. The incidence rate was highest (59.3) per million workers per year in the 22–24-year age group. The incidence rate for male workers, 43.2 per million workers per year, was more than eight times higher than that for female workers, 5.0 per million workers per year. The highest rate of hospitalized work-related burns was associated with the construction industry. The manufacturing industry sector and the food service sector shared the second highest frequency of hospitalized burns, with 49 cases each, thereby indicating the relatively high risk of burn injury in restaurant workers.


During the period 1 January 2000 to 1 December 2008, 59 restaurant food workers in the State of Washington sustained scald burn injuries in the workplace that required admission to a hospital.100 The burning agent was cooking oil in 49%, water in 32%, other sources 12%, and steam 7%. More than 30% of the burns were associated with a fall, slip, or trip.


As would be anticipated, the risk of burn injury due to hot tar is greatest for roofers and paving workers. Of all accidents involving roofers and sheet metal workers, 16% are burns caused by hot bitumen, and 17% of those injuries are of sufficient severity to prevent work for a variable period of time. In the state of California, in 1979, 366 roofers and slaters sustained burn injuries.101 The majority of hot tar burns involved the hand and upper limb.102 Another occupation associated with an increased risk of burn injury is welding, in which flash burns and explosions are the most common injury-producing events.


Friction burns, most often involving the dorsum of the hand, can occur as a result of an industrial accident or a vehicle crash.103 Industrial friction burns are usually isolated injuries caused by rotating belts, and non-industrial friction burns usually occur when the hand and/or arm are trapped outside a car in a ‘rollover’, and are commonly associated with other mechanical trauma.


In the United States in 1988, there were 236 200 patients with chemical injuries of all types treated in emergency rooms. Of those, 35 000 (15%) were patients of all ages with chemical burns, and 6500 (5%) were children younger than five years with chemical burns. The limited extent of burns due to chemical content is indexed by the fact that only 800, or 2%, of the chemical burns required admission to a hospital. The effect of age (in the very young, removal of the offending agent may be delayed) on the severity of chemical injury is evident in the fact that 400 of the patients requiring admission to a hospital for the care of chemical burn injuries were children under 5.104 The greatest risk of injury due to strong acids occurs in patients who are involved in plating processes and fertilizer manufacture. The greatest risk of injury due to strong alkalis in the workplace is associated with soap manufacturing, and in the home with the use of oven cleaners. The greatest risk of phenol injuries is associated with the manufacture of dyes, fertilizers, plastics, and explosives. The greatest risk of hydrofluoric acid injury is associated with etching processes, petroleum refining, and air-conditioner cleaning. Anhydrous ammonia injury is most common in agricultural workers, and cement injury is most common in construction workers. Injury due to petroleum distillates, which cause dilapidation, is greatest in refinery and tank farm workers, and white phosphorus and mustard gas injuries are most frequent in military personnel.105


During the period 2003–2007 it was estimated that an average of 20 900 patients with chemical burns were seen in hospital emergency departments annually.106 In 2008, that estimate decreased to 17 700.107 Among the 163 771 patients admitted to NBR facilities between January 2001 and June 2010, there were 4372 or 3.2% with chemical burns.5 NEISS data have been used to estimate that in the US in 2007, there were 820 burns associated with pool chemicals.108 These represented 18% of all pool chemical-associated injuries, but were too few to permit the calculation of a stable incidence rate.


Nearly 1000 deaths are caused annually by electric current. An annual average of 3300 patients with burns due to electricity were seen in hospital emergency departments during the years 2003–2007.106 The annual estimate for electric injuries seen in emergency departments in 2008 rose slightly to 4000.107 One-third of electric injuries occur in the home and one-quarter occur on farms or industrial sites.75 The greatest incidence of electric injury caused by household current occurs in young children, who insert uninsulated objects into electrical receptacles or bite or suck on electric cords in sockets.29 Low-voltage direct current injury can be caused by contact with automobile battery terminals or by defective or inappropriately used medical equipment, such as electrical surgical devices,109 external pacing devices,110 or defibrillators.111 Although such injuries may involve the full thickness of the skin, they are characteristically of limited extent. Caucasians, apparently because of their employment patterns, are almost twice as likely to be injured by high-voltage electric current as are blacks.75 Employees of utility companies, electricians, construction workers (particularly those working with cranes), farm workers moving irrigation pipes, oil field workers, truck drivers, and individuals installing antennae are at greatest risk of work-related high-voltage injury.29 The greatest incidence of electric injury occurs during the summer as a reflection of farm irrigation activity, construction work, and work on outdoor electrical systems and equipment.13 The current limitation and ineffectiveness of preventive measures is evident in the constancy of occurrence of high-voltage injury over the past 20 years. Conversely, the use of ground-fault circuit interrupters and media-promoted awareness have reduced the incidence of low-voltage injuries.112


During the period 1982 to 2002, 263 patients with high-voltage injury, 143 with low-voltage injury, and 17 with lightning injury were treated at a regional burn center. The observed mortality was greatest in the patients with lightning injury, 17.6%, in contrast to 5.3% in patients with high-voltage injury, and 2.8% for patients with low-voltage injury. Of the patients with high-voltage injury, 88 required fasciotomy and even so, muscle necrosis occurred in 68, with amputation necessary in 95. Pigmented urine was observed in 96 patients and renal failure in seven. Arrhythmia was recorded in 38 patients and cardiac arrest in two. Neurologic deficit was recorded in 21, cataract formation in five, and 22 had associated fractures.112 Another study reported the outcome of 195 patients with high-voltage electric injury treated at a single burn center during a 19-year period. Of the 195 patients, 187 (95.9%) survived and were discharged. Fasciotomy was required in the first 24 hours following injury in 56 patients and 80 patients underwent an amputation because of extensive tissue necrosis. The presence of hemochromogens in the urine predicted the need for amputation with an overall accuracy of 73.3%.113


Fodor et al. reported the occurrence of electric injury while fishing, either by contact of the fishing pole with a high-voltage electricity source or during illegal use of low-voltage electricity to stun fish.114 In eight male patients treated over a 4-year period the extent of burn ranged from 0.5% to 70% TBSA and most often involved the limbs. Six patients required escharotomy, and a fasciotomy was needed in one of the three patients who developed compartment syndrome. Operative intervention was necessary in all patients, three of whom required amputation, two the removal of digits, and one a scapulohumeral disarticulation.


Patil and associates recently reported the demographic profile of 84 consecutive patients with electric injury treated at a medical college in India.115 One-third of the patients were in the 10–19-year age group and 71 (85%) were male. Direct contact with a current-bearing line or secondary contact with an object in contact with a ‘live’ wire accounted for 51% of the injuries. The home was the most common site of injury, i.e. 51% of cases. Mashreky et al. have reported that in Bangladesh the average annual incidence of fatal electric injury in children under 18 years of age is 1.4/100 000.116 The overall average annual incidence rate of non-fatal electric injury in children was 53.2/100 000, with the rates significantly higher in males than in females, 66.7 vs 39.2/100 000, respectively. The incidence was highest in the 5–9-year age group and lowest in the 1–4-year age group, with electric injury being more common in rural children than urban children. Sixty-nine percent of the injuries occurred in the home and were caused by ‘house current’.


Curinga has recently called attention to the role of economics in high-voltage electric injury.117 During a recent 16-year period, 48 of the 560 electric injury patients treated at the Palermo Burn Center, Italy, were injured while stealing copper. The patients were typically young males and the injuries were commonly of limited extent (mean TBSA 11.5%) but very deep, with muscle necrosis, and destruction of joints and upper and/or lower limb tissues necessitating amputation in 29 cases. The authors noted a ‘linear correlation’ between the annual number of cases admitted and the price of copper.


In 2004 Marcucci and associates conducted a survey which identified failure of multimeters (devices used to measure electrical resistance, current, and voltage) as a cause of severe electric injury in 49 (0.5%) of the 900 responding electricians in Canada.118 Subsequent modification and use of fused lead multimeters resulted in no recorded critical injuries caused by multimeters in the province of Ontario in the years 2006–2008, illustrating the effectiveness of prevention focused on risk modification of specifically identified hazards.


There are 30 million cloud-to-ground lightning strikes each year in the United States, and each one represents a risk of severe injury and even death. From 1980 to 1995 a total of 1318 deaths were caused by lightning in the United States.119 Of those who died, 1125 (85%) were male and 896 (68%) were 15–44 years of age. The annual death rate from lightning was greatest among patients aged 15–19 (six deaths per 10 million population; crude rate 3 per 10 million) and is seven times greater in males than in females. The greatest number of deaths caused by lightning occurred in Florida and Texas, respectively 145 and 91. However, New Mexico, Arizona, Arkansas, and Mississippi had the highest crude death rates of 10, 9, 9, and 9 per 10 000 000 population respectively. Lopez and Holle note that National Oceanic and Atmospheric Administration data identified an average of 93 deaths and 257 injuries caused by lightning occurring each year during the period 1959–1990.120 Those authors also cited a study based on national death certificate data for 1968–1985 which reported an average of 107 lightning deaths each year, and an annual death rate of 6.1 per 10 million population. Approximately 30% of persons struck by lightning die, with the greatest risk of death being in those patients with cranial burns or leg burns. Ninety-two percent of lightning-associated deaths occur during the summer months (May to September), when thunderstorms are most common. Seventy-three percent of deaths occur during the afternoon and early evening, when thunderstorms are most apt to occur. Fifty-two percent of patients who died from lightning injury were engaged in outdoor recreational activity such as golfing and fishing, and 25% were engaged in work activities when struck. Sixty-three percent of lightning-associated deaths occur within 1 hour of injury. Virtually all lightning injuries and deaths can be prevented by taking appropriate precautions.


The decrease in lightning-related deaths over the past 20 years appears to be related to a decrease in the farm population, better understanding of the pathophysiology of lightning injury, and improved resuscitation techniques. Analysis of data from the Defense Medical Surveillance System by the US Army and the CDC reveals that the highest lightning-related injury rate occurred in male members of the US military stationed near the East Coast or the Gulf of Mexico, where lightning occurs frequently, who were subjected to outdoor exposure to thunderstorms. During 1998–2001, 350 service members were injured and one was killed by 142 lightning strikes. One-half of the lightning strikes occurred during July and August and three-quarters occurred between May and September. Two hundred and forty-six (70.1%) of the lightning injuries involved active duty personnel, with men being 3.3 times more likely to be struck than women. The overall lightning casualty rate for military personnel was 5.8/100 000 person-years. Louisiana, Georgia, and Oklahoma had the highest rates of lightning injury, i.e., 39.6, 25.2, and 23.5/100 000 person-years, respectively.121


Fireworks are another seasonal cause of burn injury. In the 2008 Fireworks Annual Report published by the US Consumer Product Safety Commission, Greene et al.122 reported that seven people died and 7000 patients were estimated to have received treatment in emergency departments for fireworks-related injuries. Seventy percent of the fireworks-related injuries occurred between 20 June and 20 July, which encompassed the 4th of July holidays. A majority of the injuries, 62%, involved males and 58% occurred in individuals under 20 years of age. More than half (56%) of the fireworks-related injuries were burns and principally involved the hands, head, and eyes. The three most common injurious fireworks were, in descending order, firecrackers, sparklers, and rockets. Sparklers, which burn at more than 1000°F, can ignite clothing and cause typical flame burns in addition to contact burns. Children aged 4 and under are at the highest risk for sparkler-related injuries.34 A report of seven patients with burns due to snap-cap pyrotechnic devices noted that six required hospital admission, with four undergoing split-thickness skin grafting for closure of burns to the leg caused by the explosion of multiple devices in one trouser pocket. Proposed prevention measures include reducing the explosive units per package, package warnings, and limiting the sale of the devices to children.123 At the US Army Institute of Surgical Research Burn Center, only four (0.1%) of 3628 burn patients admitted during a 15-year period had been burned by fireworks. In 2008, an estimated 22 500 fires were started by fireworks, which caused $42 million of property damage.124


Burn injury can also be intentional, either self-inflicted or caused by assault. Data from 16 states evaluated by the National Violent Death Reporting System revealed that in those states in the United States in 2007, 15 882 individuals were fatally injured as a consequence of violence.125 Within that group fire/burns were the cause of 77 (0.5%) of all violent deaths, representing an incidence rate of 0.1 /100 000 population. The violent deaths included 30 suicides (21 males and nine females), of which four were current or former members of the US Military. Only nine of the total 77 violent deaths due to burn injury were in patients aged 50 or over. There were 28 homicides caused by fire/burns, which occurred in 17 males and 11 females and represented 0.6% of all homicides. Burn injury was considered the cause of death in 21 patients or 2.7 % of patients killed in multiple violent death incidents. In another 19 deaths in which a specific cause of death could not be determined, burn injury was considered to be the probable cause.


It is estimated that 4% of burns (published range 0.37–14%) are self-inflicted. A retrospective review of 5758 burn patients treated at a regional burn center during a 12-year period identified 51 patients (26 males and 25 females) with a diagnosis of self-inflicted burns.126 In 42 patients, in whom the injury was an attempt at suicide, the burn involved from 1% to 84% TBSA, with an average extent of 22%. Twelve (28%) of those patients died. There were nine patients in whom the injury was considered a form of self-mutilation. Those injuries typically caused by flames involved 1% to 5% TBSA, with an average extent of 1.4%. Forty-three percent of all the injuries occurred at home, and 14 (33%) occurred while the patient was in a psychiatric institution. Seventy-three percent of the patients had a history of psychiatric disease: in the suicides these were predominantly affective disorders or schizophrenia, and in the self-mutilators personality disorders. Fifty-five percent of the suicides had previously attempted suicide; 66% of the self-mutilators had made at least one previous attempt at self-mutilation. The authors concluded that the very act of self-burning warranted psychiatric assessment.


The extent of such injuries has been reported to be greater than that of accidental burns, with the head and torso more frequently involved than in patients with accidental burns. Consequently, the hospital stay was typically longer than that of patients with accidental burns.127 Buddhist ritual burning using contact with smoldering incense is a traditional religious form of self-mutilation.128 Squyres et al.129 reported their experience in treating 17 people over a 3-year period for self-inflicted burns. The average extent of burn in those patients was 29.5% TBSA, and 59% of them had concomitant inhalation injury. All of those patients had a psychiatric disorder, which in 47% of the group was related to substance abuse. The most frequently used means of injury was ignition of a flammable liquid.


In India self-immolation appears to be a frequent cause of injury in burn patients requiring hospital admission. A group of 222 patients admitted for hospital treatment of a burn injury consisted of 177 adults and 43 children under 13 years, with females outnumbering males 1.7 to 1.130 In the adults, the burns were due to self-immolation in 44% of cases. Non-intentional burns in adult women were most often sustained while refueling a burning stove or by the ignition of clothing while cooking. In the children, three-quarters of the injuries were caused by scalds. The mean extent of burn was 49% TBSA, with 30% of cases said to have ‘predominantly deep burns’. Sixty-one percent of the patients died, with mortality rising from 13% in patients under 13 to 88% in patients over 60. Mortality as related to burn extent was 9% for patients with burns less than 20% TBSA, 34% for patients with burns of 21–30% TBSA, more than 65% in patients with burns of more than 30% TBSA, and 100% when the burn involved more than 60% TBSA.


Moniz et al.131 reported their experience in the management of 56 patients admitted to a burn unit with self-inflicted burn injury during a 14-year period. Those patients represented 4.4% of the 1283 burn patients admitted during that period. A prior psychiatric history was elicited in 68% of the self-inflicted burn injury cases, most commonly depression, schizophrenia, and mental retardation, in that order. The average age of those patients was 50.4 years (range 22–89 years). Most patients (93%) attempted suicide by self-immolation with a flammable liquid, 12% by contact with electricity, and 2% by pouring acid on their skin. The mean extent of burn was 32.2% TBSA, and all patients had deep partial or full-thickness burns. The mean length of hospital stay was 24.8 days (range 1–90 days) and the mortality was 43%, significantly higher than in the general population of burn patients in that unit.


During a 7-year period, 32 patients were admitted to a burn center in Turkey for the treatment of burn injury due to attempted suicide.132 In 20 patients a diagnosis of psychiatric illness had been previously made, and 17 patients had previously harmed themselves. The mean extent of burn injury was 70% TBSA and the mortality rate was 43.4%. The authors noted an association between the self-inflicted injury and unemployment, and what was termed ‘acute mental affection’ such as marital discord, drug use, and alcohol abuse.


Assault by burning is most often caused by throwing liquid chemicals at the face of the intended victim or by the ignition of a flammable liquid with which the victim has been doused. Relatively uncommon is the infliction of burn injury by dousing the victim with hot water. Duminy and Hudson133 reported their experience with 127 patients who had been intentionally injured with hot water. The burns in those patients involved from 1% to 45% TBSA, with an average extent of 13.7%. The trunk and arms were burned in 116 of the patients, the head and neck in 84, and the legs in 27. The vast majority, 84, had only partial-thickness injuries. Fifty-one of the 94 male patients and 12 of the 33 females had been assaulted by their spouses. In cases of spouse abuse the face or genitalia are characteristically splashed with chemicals or hot liquids, whereas cases due to abuse or neglect in elderly, disabled, and handicapped adults resemble those in child abuse cases.7 In India, a common form of spouse abuse is burning by intentional ignition of clothing. When such burns are fatal they have been called ‘dowry deaths’, because they have been used to establish the widower’s eligibility for a new bride and dowry.


In 41, or 3.3%, of all patients with significant burns admitted to a German Burn Intensive Care Unit over a 15-year period assault was the cause of the burn.134 The injuries were caused by hot liquids, chemicals, or fire, and 33% of the patients were less than 26 years old. Evaluation by logistic regression identified younger age, ethnic minority, and unemployment as independent variables associated with assault burns.


Assault by paint thinner ignition has been reported as an infrequent form of burn injury among Turkish street children addicted to paint thinner.135 The nine patients with such injuries who were admitted to a burn center in Turkey during a 10-year period (0.76% of 1170 major burn admissions) had burns involving from 35% to 90% TBSA. The face and neck were most often involved (89% of cases), followed by the trunk and upper limbs. Six patients, of whom three died, had inhalation injury.


The Burn Unit of The National Hospital of Sri Lanka admitted 46 patients with acid burns due to assault during an 18-month period.136 Those patients represented 4% of all burned admissions and ranged in age from 12 to 60 years, with a male to female ratio of 2.8:1. Formic acid was the most common injuring agent, but in more than half the cases the type of acid was unknown. The average extent of burn was only 14.6% TBSA, but involved the face in 93% of cases, the chest in 65% and the upper limbs in 64%. In 43% of the patients excision and grafting were necessary. A mortality rate of 4.34% reflected the limited nature of the burns.


Disfigurement and blindness caused by chemical assault with acid have been emphasized by Milton et al.,137 who noted that the Acid Survivors Foundation reported 180 incidents of chemical assault in 2006 in which 221 patients in Banani, Dhaka, and Bangladesh were injured. The eye has been reported as injured in 26% of cases, and visual impairment, including blindness, may result, as well as severe disfigurement and long-term psychosocial morbidity.


Child abuse represents a special form of burn injury, most commonly inflicted by parents but also perpetrated by siblings and child-care personnel. Child abuse has been associated with teenage parents, mental deficits in either the child or the abuser, illegitimacy, a single parent household, and low socioeconomic status (although it can occur in all economic groups). Abuse is usually inflicted upon children younger than 2 years of age who, in addition to burns, may exhibit signs of poor hygiene, psychological deprivation, and nutritional impairment.138 The most common form (approximately one-third of cases) of child abuse thermal injury is caused by cigarettes; because of their limited extent, such injuries frequently do not require admission to a hospital.139 Child abuse by burning has also been inflicted by placing a small child in a microwave oven. The burn injuries produced in that manner are typically present on the body parts nearest the microwave-generating element, full-thickness in depth, and sharply demarcated.140 Child neglect, if not child abuse, is considered to be a factor in burns to the hand, particularly those on the dorsum of the hand, due to contact with a hot clothing iron.141 Most often scalding causes the burns in abused children who require inpatient care. Such injuries are often associated with soft tissue trauma, fractures, and head injury. A distribution typical of child abuse immersion scald burns, i.e. feet, posterior legs, buttocks, and the hands, should heighten suspicion of child abuse.


The presence of such burns mandates a complete evaluation of the circumstances surrounding the injury and the home situation. The importance of identifying child abuse in the case of a burn injury resides in the fact that if such abuse goes undetected and the child is returned to the abusive environment, there is a high risk of fatality due to repeated abuse. Chester et al.142 recently reported that parental neglect is far more prevalent than abuse as a causative factor for burn injury in children. Children with burns that occurred as a consequence of neglect had deeper burns than children with accidental burns, and were more apt to require skin grafting for wound closure; 83% of the children with burns due to neglect had previously been referred to a child protection agency.


A review of the records of 457 children with burns treated at a burn center identified 100 whose injuries were deemed to be a likely result of abuse or neglect.143 Multivariate analysis revealed that younger age, female gender, burns on the lower extremities or trunk, longer hospital stay, and death were factors associated with burning due to abuse. Six of the children whose injuries were suspected to be a result of abuse died. The authors note that the prosecution rate of 26% and conviction rate of 11% in their locale are discouragingly low.


Elder abuse can also take the form of burn injury. A congressional report published in 1991 indicated that 2 million older Americans are abused each year, and some estimates claim a 4% to 10% incidence of neglect or abuse of the elderly.144 A recent retrospective review of 28 patients aged 60 and over admitted to a single burn center during a calendar year identified self-neglect in seven, neglect by others in three, and abuse by others in one.145 Adult protective services were required in two cases. The authors of that study concluded that abuse was likely to be under-reported because of poor understanding of risk factors and a low index of suspicion on the part of the entire spectrum of healthcare personnel.


Patients may also sustain burns while in hospital for diagnosis and treatment of other disease.146 In addition to the electric injuries noted above, chemical burns have been produced by inadvertent application of glacial acetic acid, concentrated silver nitrate, iodine, or phenol solutions, and potassium permanganate crystals. Application of excessively hot soaks or towels or inappropriate use of heat lamps or a heating blanket are other causes of burn injury to patients.147 Infrared heat lamps are often used in conjunction with acupuncture, but inappropriate intensity or excessive duration of exposure may cause full-thickness skin injury.148 Much more serious are the burns and inhalation injuries caused by electrocautery or laser devices, explosion of gases (including ignition of flammable material in oxygen), or ignition of the instruments used for endotracheal and endobronchial procedures or anesthetic management.149 Localized high-energy ultrasound may also produce coagulative necrosis, as exemplified by full-thickness cutaneous injury and localized subcutaneous fat necrosis of the abdominal wall in a patient who had received focused-beam high-intensity ultrasound treatment for uterine fibroids.150 A common cause of burn injury, particularly in disoriented hospital or nursing home patients, is the ignition of bedding and clothing by a burning cigarette. Smoking should be banned in healthcare facilities, or at least restricted to adequately monitored situations.


A retrospective review of 4510 consecutive patients admitted to a burn center between January 1978 and July 1997 identified 54 who had sustained burns while undergoing medical treatment.151 Twenty-two patients sustained their injuries in a hospital or nursing home, most commonly (12 patients) as a consequence of a fire started by smoking activities. Fifty-eight percent of those patients died. Another two patients were scalded while being bathed in nursing homes, and one of those patients died. Thirty-two patients were burned as a consequence of home medical therapy, including nine vaporizer scald burns, eight burns caused by ignition in therapeutic oxygen, and 11 caused by inappropriate application of heat. In contrast to other studies, no patients in this series sustained burns from medical lasers.









Burn patient transport and transfer


As noted above, the concordance of burn treatment facility location and population density necessitates that many patients requiring burn center care be transferred from other locations. For transfer across short distances and in congested urban areas, ground transportation is frequently more expeditious than aeromedical transfer. Aeromedical transfer is indicated when the patient requires movement from a remote area, or when such transfer will materially shorten the time during which the patient is in transit compared to ground transportation. Helicopters are frequently employed for the aeromedical transfer of patients over distances of less than 200 miles. Vibration, poor lighting, restricted space, and noise make in-flight monitoring and therapeutic interventions difficult, a fact which emphasizes the importance of carefully evaluating the patient and modifying treatment as necessary to establish hemodynamic and pulmonary stability prior to undertaking the transfer. When transfer requires movement over greater distances, fixed-wing aircraft are used, ideally those in which an oxygen supply is available to support mechanical ventilation. The patient compartment of such an aircraft should be well lit, permit movement of attending personnel, and have some measure of temperature control.


In general, burn patients travel best in the immediate postburn period as soon as hemodynamic and pulmonary stability have been achieved by resuscitation. This avoids the instability caused by infection, secondary hemorrhage, sepsis, or cardiac insufficiency, all of which may occur later in the hospital course. The importance of having an experienced burn physician accompany a patient during aeromedical transfer is indicated by the findings of a study152 that reviewed the management problems encountered during 124 flights to transfer 148 burn patients. More than half the patients underwent therapeutic interventions by the surgeon of the burn team prior to aeromedical transfer. Such interventions most commonly involved placement or adjustment of a cannula or catheter, modification of fluid therapy, or endotracheal intubation and modification of ventilatory management. In slightly more than one-third of the patients such interventions were considered necessary to correct physiologic instabilities that would have compromised their safety during the transfer procedure. Six of the 124 patients underwent an escharotomy to relieve compression of the chest or a limb caused by a constricting eschar. The therapeutic alterations most commonly used during the aeromedical transfer procedure itself were changes in fluid therapy, adjustment of a ventilator, and administration of parenteral medications exclusive of analgesics. The medical personnel effecting the transfer must bring with them all the equipment and supplies needed for pre-flight preparation and in-flight management of the patient.


Physician-to-physician case review to assess the patient’s need for and ability to tolerate aeromedical transfer, prompt initiation of the aeromedical transfer mission, examination of the patient in the hospital of origin by a burn surgeon from the receiving hospital, and correction of organ dysfunction prior to transfer, and in-flight monitoring by burn-experienced personnel, ensure both continuity and quality of care during the transport procedure. During the 10-year period 1991–2000, US Army Institute of Surgical Research Burn Care flight teams using such a regimen completed 266 helicopter and fixed-wing transfer missions to transport 310 burn patients within the continental United States without any in-flight deaths. During the same period, the Institute carried out 12 intercontinental aeromedical transfer missions in which 17 burn patients were transported, with only one in-flight death.









Mass casualties


Mass casualty incidents may be caused by forces of nature or by accidental or intentional explosions and conflagrations. Interest in manmade mass casualties has been heightened by recent terrorist activities and the threat of future incidents. The incidence of burn injury in a mass casualty incident varies according to the cause of the incident, the magnitude of the inciting agent, and the site of occurrence (indoors vs outdoors).


Burn injuries can be sustained during an earthquake and as a consequence of post-earthquake living conditions. Data collected by the CDC indicate that in the 3 months following the Haitian earthquake of January 2010, 111 patients required treatment for burn injury, 37 of whom were less than 5 years of age.153 Overall burn injury represented only 0.4% of the conditions receiving medical treatment during the 3-month study period.


Terrorist attacks may cause a greater number of burns but there are typically no post-incident injuries. The terrorist attacks in which airplanes laden with aviation fuel crashed into the Pentagon and the World Trade Center on 11 September 2001 produced respectively 10 and 39 patients with burns requiring treatment at burn centers.154,155 The terrorist attack on a nightclub in Bali in 2002 caused an explosion and fire that killed over 200 people and generated 60 burn patients who, after triage and emergency care, were transported by aircraft to Australia and treated at various hospitals.156 The casualties produced in terrorist attacks often have associated blast injury and mechanical trauma in addition to burns.


Recent non-terrorist mass casualty incidents have been of greater magnitude in terms of numbers of burn casualties. In 1994 an airplane collision caused nearby military personnel to be sprayed with burning aviation fuel. Of the 130 soldiers injured, 43 required transfer to the US Army Burn Center for treatment.157 In The Station nightclub fire in Warwick, Rhode Island, in February 2003, 96 people died at the scene and 215 were injured; 47 of the 64 burn patients evaluated at one academic medical center were admitted for definitive care.158 Lastly, an explosion at a pharmaceutical plant in North Carolina in January 2003 killed three and injured more than 30 to an extent that necessitated admission to a hospital. Ten of the injured patients, all with inhalation injury and six with associated mechanical trauma, were admitted to the regional burn center.159 To deal effectively and efficiently with a mass casualty situation, burn treatment facilities must have an operational and tested mass casualty disaster plan and be prepared to provide burn care to a highly variable number of patients injured in either natural or manmade disasters.









The international burn burden


Worldwide, an estimated 322 000 patients (5.2/100 000) died as a result of exposure to smoke, fire, and flames in 2002.160 A majority of those were residents of developing countries, as reflected in the higher incidence rates of fatal burn injury in the low-/middle-income countries of WHO regions, i.e. Africa 5.8/100 000, Eastern Mediterranean 6.4/100 000, Europe 7.4/100 000, and Southeast Asia 11.6/100 000. Fifty-seven percent of fatal burns were sustained in Southeast Asia and two-thirds of those occurred in females. In the Southeast Asia region, fatal burns in 15–45-year-old women represented slightly more than one in every four fatal burns worldwide, and the incidence of fatal burns in the 15–29-year age group of females in that region was 26/100 000. During the 3-year period 2003–2005, the standardized mortality rate from fires for persons under 20 years of age in the WHO European region ranged from a high of 3.7/100 000 in Azerbaijan to a low of 0.1/100 000 in Switzerland.161


In the 2004 WHO Global Burden of Disease update, it was estimated that worldwide there were 10 900 000 injuries due to fire, with the greatest number in Southeast Asia (5900 000) and Africa (1700 000) and the fewest in Europe (800 000), Western Pacific (700 000), and the Americas (300 000).162 At that time, the worldwide incidence rate of fatal burn injury for all patients younger than 20 was 3.9/100 000.163 In the low- and middle-income countries of the African region the incidence rate of fatal burn injury for that age group was 8.7/100 000, whereas in the WHO Americas region it was only 0.7/100 000 for high-income countries and 0.6/100 000 for low- and middle-income countries. That 2004 update further reported that the incidence rate of fatal burn injury in patients under 20 years in the low-/middle-income countries of Southeast Asia, the Eastern Mediterranean, and the Western Pacific regions was 6.1, 4.7, and 0.6/100 000, respectively. In 2007 in the US there were 597 fatal burn injuries in children under the age of 20 years, which represented 3.5% of all fatal injuries and an incidence rate of 0.72/100 000.2






Developed countries


The epidemiology of burn injury in the Australian state of Victoria for the years 2000–2006 has been characterized by Wasiak and associates.164 During the study period there were 178 fatal burns and 36 430 patients who received treatment for non-fatal burns, of whom 21% were admitted to hospitals. Children below age 5 and the elderly of 65 or over had the highest incidence rates for burn injury. Sixty-four percent of hospital admissions were for treatment of burns caused by contact with hot objects and fluids. In contrast to the decreases observed in the United States, the authors reported no change in the incidence rate or number of hospital admissions during the study period.


Analysis of state-wide health administrative data has been used to characterize the 23 450 patients admitted to hospitals in Western Australia during a 26-year period for the treatment of burn injury.165 There were twice as many males as females in the study. During the study period, the overall hospital admission rates for burn injury and the burn-related mortality each decreased an average of 2% per year. Although the hospital admission rates were higher for Aboriginal people, the decrease in hospitalization rate was greater in that population. Children below 5 years of age, males between age 20 and 24, and adults were noted to remain at high risk for burn injury requiring hospital admission.


A retrospective review of the medical records of 14 708 patients admitted for the initial care of burn injury in New Zealand between 1996 and 2006 indicated that the number of admissions was greatest in the 0–4 year age group and highest in the Maori ethnic group.166 Men outnumbered women by almost 2:1. The number of patients admitted to hospitals for the care of burn injury increased as the New Zealand index of deprivation of residence increased, rising from 19/100 000 per year with a deprivation score of residence of 1 to a high of 70/100 000 per year with a deprivation score of residence of 10.


Information from the Norwegian Patient Registry reveals that in 2007 there were a total of 726 patients admitted to hospitals for acute burn care, representing an incidence rate of 15.5 /100 000 population.167 The incidence rate of burns requiring admission to a hospital in children of less than 5 years was 5.3 times greater, i.e. 82.5/100 000 per year. The mean age of all burn patients was 26.9 years, two-thirds of them were male, and the mean duration of hospital stay was 11.3 days. The total cost for acute burn care in Norway in 2007 was calculated to be [image: image] million. Fifteen of the patients (2.1%) died of burns in Norwegian hospitals in that year.


A retrospective review of 71 patients burned in civil gas explosions and treated at a German Burn Center revealed that such injuries occurred predominantly in males, with the principal place of injury being a private household.168 Fifty percent of work-related explosions were associated with welding and 22% with professional cooking. The mean extent of burn in those patients was 22% TBSA, and 73% required excision and grafting. Inhalation injury occurred in 13 (18%) of the total group and was fatal in eight. Lung contusion was sustained by nine (13%) of the patients, five of whom died. Overall mortality was 21%, which was significantly higher than that of all burn patients treated at that unit, even though the acute burn severity index scores were comparable.


A study of the epidemiology of ‘minor and moderate’ burns in rural Iran using a pretested questionnaire has documented that 59% of the patients were female, and that patients age 6 and under sustained 36.4% of burn injuries. Spillage of hot water and other liquids was the cause of the majority of the burn injuries.169 In only 43% of patients was there a partial-thickness injury with a mean extent of 1.3% TBSA. A study of 4813 patients treated for burn injury on an outpatient basis in Iran found that the majority of the burns were non-intentional, and that 70.5% occurred at home; scalding was the most common etiology.170 Ninety-six percent of the burns were partial thickness and, as expected, of limited extent (mean = 3.16% TBSA).


Torabian and Saba171 illuminated the epidemiology of pediatric burn injury in an Iranian province. They reviewed the records of 371 children under 14 years of age admitted to a provincial referral burn hospital. The incidence rate of pediatric burns requiring hospital care was 33.4/100 000 annually. Patients less than 4 years constituted 69% of the pediatric burn population. Overall, males predominated in the pediatric burn population, and the incidence rate of burn injury was highest in children below the age of 2. The incidence rate for rural areas was more than twice that for urban areas. Scalding was the major cause of burn injury overall. The mean extent of burn injury was 16.36% TBSA, but slightly more than three-quarters of the patients had burns of 20% or less TBSA. Thirteen patients (3.5%) died, with a mortality rate several times higher in patients with flame burns than in patients with scald injuries.









Developing countries


The demographics of pediatric burns in Vellore, India, have been compared to those in the United States.172 A review of 119 pediatric burn patients admitted to the Pediatric Burn Center in Vellore indicated that their average age was 3.8 years and the average extent of burn was 24% TBSA. The cause of the burn injury was scald 64%, flame 30%, and electricity 6%. In Vellore, delayed presentation occurred in 45% of patients and averaged 2 days. Compared with the pediatric patients entered in the American Burn Association National Burn Registry, the average extent of burn was greater in the patients in Vellore and the extent of burn in those children who died was less. Electric injury was more common in Vellore than in the United States, and contact burns were almost non-existent in Vellore.


Trauma deaths in patients under 20 years in Southern India have been analyzed by review of medicolegal autopsy reports.173 ‘Traffic accidents’ and burns were considered to be the cause of death in 38% and 25% of cases, respectively. In the cases of burn death, the male to female ratio was 1:1.5. The 46 burn deaths in the 10–19-year age group were more than triple the 15 burn deaths that occurred in children under 10 years of age. The authors reported a ‘substantial decline’ in burn-related deaths in children and adolescents between 1994 and 2005.


Among 532 patients admitted to a regional referral hospital in Kabul, Afghanistan, for the treatment of burn injury during a recent 15-month period, the overall median age was 19 years and, contrary to the case in Western nations, 60% of the patients were female.174 The frequency of burn injury was greatest in both males and females in the 16–25-year age group, but that of females was almost twice that of males. The mean extent of burn was 36.5% TBSA, with 41% of patients having burns of less than 20% TBSA and 10% having burns of 80% TBSA or more. The most common causes of burn injury were flames and explosion of a gas cylinder. There were 21 patients who set themselves on fire, of whom 76% expired. Overall, there were 151 deaths for a mortality rate of 28%. Burns involving more than 60% TBSA were invariably fatal.


A recent report from Nigeria has called attention to the burn and fire disasters caused by the explosion of petroleum products leaking from pipelines that have either been deliberately damaged (56% of cases) or have ruptured spontaneously (44% of cases).175 In nine incidents of pipeline fire disasters, 646 patients were incinerated and died at the site. Forty-eight patients with burns involving from 32% to 100% TBSA survived to be admitted and treated at a university teaching hospital in Lagos. The authors considered poverty, irregular supply, and the high cost of fuel to be responsible for the deliberate pipeline damage, and implicated inadequate maintenance and surveillance in the cases of spontaneous rupture.


To provide more detailed information on nation-specific epidemiologic and demographic characteristics of burn injury the International Society for Burn Injury (ISBI) national representatives were sent a questionnaire and requested to supply current information about the incidence of burn injury and burn fatalities in their country, and to describe any aspects of the burn injuries that were unique and/or of concern. The information supplied by the representatives listed is displayed in Tables 3.9, 3.10, and 3.11. In aggregate, the data document the importance and universality of burn injury as a societal problem and illustrate the inverse relationship between burn injury incidence and economic development.




Table 3.9 Burn injury in Europe
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Table 3.10 Burn injury in Asia–Western Pacific
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Table 3.11 Burn injury in South America
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Outcome analysis in burn injury


The importance of extent of injury in determining burn outcome was recognized by Holmes in 1860, and discussions expressing that extent as either a measured area or as anatomical parts of the body surface appeared in the later nineteenth and early twentieth centuries.176,177,178 Formal expression of burn size as a percentage of TBSA, however, awaited the work of Berkow in 1924.179 Despite being accorded little recognition as such, this single advance in the description of thermal injury, along with the corollary understanding that burn size is a crucial determinant of pathophysiological response, made burns the first form of trauma whose impact could be measured and easily communicated. Techniques based on this understanding produced what were in effect the first trauma indices, making assessment of the relationship between burn size and mortality, direct comparison of populations of burned patients, and rational assessment of therapy, possible long before rigorous outcome analysis became feasible for any other form of injury.


The earliest comprehensive statistical technique used for such assessment was univariate probit analysis.180,181 This approach, laborious in the days of paper files and rotary calculators, required that the population studied be arbitrarily partitioned into groups which were relatively similar in burn size and age. Such analyses yield equations describing the effect of burn size on mortality which are valid for only the particular age group studied. An early attempt to develop a multivariate evaluation was made by Schwartz,182 who used probit plane analysis to estimate the relative contributions of partial- and full-thickness burns to mortality. This approach also required arbitrary partitioning of the population.


The advent of computers of suitable power and the further development of statistical techniques have reduced the difficulty of analyzing burn mortality, removed the necessity for arbitrary partitioning, and made these techniques much more accessible.183 Their use to assess outcome demands an understanding of both the techniques themselves and the population being analyzed. The analysis of a population of 8448 patients admitted for burn care to the US Army Institute of Surgical Research or to its predecessor, the US Army Surgical Research Unit, between 1 January 1950 and 31 December 1991 illustrates the concepts underlying such outcome analysis, and depicts the trends in mortality that have been characteristic of most major burn centers in this country.


For validity, an important first step in studies of outcome is to achieve as much uniformity as possible in the population to be analyzed. These patients reached the Institute between the day of injury and postburn day 531 (mean 5.86d, median 1d), with burns averaging 31% TBSA (range 1–100%, median 26%). Their age distribution was biphasic, with one peak at 1 year of age and another at age 20; the mean age of the entire population was 26.5 years (range 0–97, median 23 years). From this group, 7893 (93.4%) who had flame or scald burns were selected; those with electric or chemical injuries were excluded.


This group included patients who had sustained thermal injuries in Vietnam and were first transferred to Japan and then selectively transferred to the Institute. Arriving at the Institute relatively late in their courses, these survivors of temporal cohorts in which some deaths had already occurred exhibited inordinately low mortality. Outcome is inevitably biased towards survival as the delay between burn and admission increases. To avoid this bias, the analysis focused on the 4870 patients with flame or scald injuries who reached the Institute on or before the second postburn day, excluding later arrivals. Burn size in these patients averaged 34% TBSA (range 1–100%, median 29%), and age was again biphasic, with peaks at 1 and 21 years and a mean of 27.1 years (range 0–93, median 24 years).


One object of this analysis was to evaluate changes in burn mortality during the four decades of experience included in the study. For reliable results, some of the techniques used required more subjects than were available in single years; a moving 5-year interval, advancing 1 year at a time, was used to group the data. The number of patients in each of the overlapping 5-year intervals is shown in Figure 3.2. In this and subsequent plots, the data for a 5-year interval are plotted at the first year of the interval, reflecting that year and the succeeding four. The number of admissions meeting the selection criteria was small in the early years of the Institute’s experience, and rose in somewhat linear fashion during the second and third decades to a sustained plateau of approximately 800 (160/year).
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Figure 3.2 Number of patients meeting study criteria. Values are plotted at the first year of each moving 5-year interval.




Mean patient age is shown in Figure 3.3. Between 1950 and 1965 most of the admissions were young soldiers; their mean age approximated 22.5 years and was relatively stable. During the succeeding decade this value rose to an irregular plateau centering on 30 years of age, a change reflecting a greater number of civilian emergency admissions and increasing age in the military population.
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Figure 3.3 Mean age of study patients.




Figure 3.4 shows the variation in mean burn size during the study interval, and Figure 3.5 shows the roughly parallel mortality. Mean burn size peaked in the two intervals spanning 1969 to 1974 and decreased steadily after that time. Mortality, principally due to burn wound sepsis, peaked at 46% during those years. The two data sets are shown together in Figure 3.6 and suggest a crude index of the results of burn care in this population. There were two intervals in which percent mortality exceeded mean percent burn. The first occurred in the late 1950s and early 1960s, a time when burn wound sepsis due to Pseudomonas aeruginosa was uncontrolled. This was succeeded by a 6-year interval of good control of wound infection following the introduction of topical wound treatment with mafenide. In turn, this was followed by a second interval of poor control in the late 1960s and early 1970s, during which both Pseudomonas and a mafenide-resistant Providencia stuartii were major causes of sepsis; by the mid-1970s this endemic had been controlled following changes in topical treatment and wound management.
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Figure 3.4 Mean burn size in study patients.
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Figure 3.5 Percent mortality in study patients in each moving 5-year interval.
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Figure 3.6 Comparison of mean burn size (crosses) and percent mortality (solid dots).




Raw percent mortality, even in conjunction with burn size, is never an adequate index of the effectiveness of treatment, as the frequency of death after burn injury is also determined by prior patient condition, age, inhalation injury, and the occurrence of pneumonia and burn wound sepsis. Each of these elements, except for prior condition, can be addressed in analysis, but only burn size, age, and the presence or absence of inhalation injury are known at the time of admission. In the studied group, burn size and age were available for every patient, but data on inhalation injury were missing for patients admitted in the earlier years; we elected to use burn size and age for analysis. This choice does not exclude the impact of complications, but does confound that impact with those of burn size and age.


For a uniform population of specific age, a plot of the relationship between burn size and percent mortality is S-shaped, or sigmoid – small burns produce relatively few deaths, but as burn size increases mortality rises steeply and then plateaus as it approaches its maximum of 100%. Figure 3.7 illustrates this dose–response relationship for 50-year-old patients admitted to the Institute between 1987 and 1991. Such curves are mathematically intractable and are usually transformed to more easily managed straight lines for analysis. Several mathematical transformations have been used to accomplish this. As previously noted, the one used in early analyses was probit transformation; in the present study, a logistic transformation, illustrated in Figure 3.8, was used. The choice between these is one of convenience, as either yields essentially the same information.184,185
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Figure 3.7 Effect of burn size on percent mortality.
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Figure 3.8 Logistic transformation of ordinate of Figure 3.6.




The locations of a sequence of such curves for groups of patients of increasing age move first to the right (toward larger burn size) as age increases from infancy to young adulthood, and then to the left, passing through the infant location at around age 45 and continuing inexorably leftward with increasing age. These differing locations reflect the greater risk of burn mortality at the extremes of age. The cubic curve in Figure 3.9 describes this curvilinear effect of age on mortality; the effect was least at age 21. In this population, the age function was relatively stable over the entire period of study.186 As noted, earlier analyses began by dividing the studied population into arbitrary age and burn size groups; probit analysis of the relationship between burn size and percent mortality in each age group then permitted estimation of the LD50, the burn size lethal to half the selected age group. To accommodate both age and burn size simultaneously, without arbitrary partitioning of the population, multiple logistic regression was used in this study, with each member of the population entering the analysis as an individual data point.
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Figure 3.9 Effect of age on mortality. Effect is minimal at age 21. Note that horizontal intersects share a common effect.




The result of this three-dimensional form of analysis is most readily visualized as a plane lying within a cube. Figure 3.10 shows the sigmoid response of mortality to burn size for three discrete ages, and Figure 3.11 shows the curvilinear variation of mortality with age in patients entering this study between 1987 and 1991. A best-fitting plane which covers the tips of spikes representing all of the burn sizes and ages of interest is generated by the multiple logistic technique, and it is illustrated for these particular patients in Figure 3.12. The equation representing this plane is of the form shown below, in which L is the natural logarithm of the odds of mortality and P the expected fractional mortality rate.
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Figure 3.10 Effect of burn size on percent mortality at three discrete ages (1987–1991).
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Figure 3.11 Effect of age on percent mortality at three discrete burn sizes (1987–1991).
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Figure 3.12 Plane of percent mortality with age and burn size coordinates (1987–1991).
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The advantage of this approach, as opposed to previously used age- and burn size-partitioned analyses, is that it permits analysis of an entire population without artificial segmentation, and allows an explicit estimation of expected mortality for each member of the population. Serial applications of the technique were used to assess mortality in each of the moving 5-year intervals of the study.


Moreau et al.186 have developed an age risk function (Fage) based on the Institute’s experience. Expressed as a single value, this function eases exploration of statistical interactions with other independent explanatory variables and simplifies mortality analysis:
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Following the initial study, 4008 additional patients meeting the study criteria were admitted between 1992 and 2010. Mortality in these patients did not differ significantly from that observed between 1987 and 1991. Figure 3.13 reflects the changes in LD50 between 1950 and 2010. This value began to increase in the mid-1970s and has been relatively stable since 1986. Many aspects of care changed and improved during these six decades:




• early resuscitation became more widely understood and better practiced;


• the clinical facility was remodeled to permit single bed isolation;


• topical chemotherapy with alternating applications of mafenide acetate and silver sulfadiazine, coupled with the use of a chlorhexidine-based wash solution (hibiclens), permitted better control of wound infection;


• early wound excision came to be more generally practiced;


• better infection control techniques limited cross-contamination of wounds;


• new antibiotics, more effective against Gram-negative organisms, became available;


• inhalation injury and other pulmonary problems became better understood and are now managed with better equipment;


• improved grafting techniques and the use of biological dressings facilitated earlier coverage of large wounds.
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Figure 3.13 LD50 in moving 5-year intervals in patients 21 years of age. Increasing values indicate inproving prognosis.




In essence, through integrated clinical and laboratory research, we learned how to apply ordinary principles of trauma and wound care to an extraordinary injury. No single innovation produced a ‘step’ improvement in mortality, but the aggregate effect has been improved survival.


This improvement is reflected in Figures 3.14 and 3.15, which depict early (1950–1963) and more recent (1987–1991) mortality planes, respectively. The improvement was not uniform for all burn sizes or ages, nor would one expect this. Small burns have never been lethal, except at the extremes of age; little improvement in survival could occur with such injuries. At the other extreme, very large burns in older patients have always been lethal and remain so. To define the age and burn size coordinates of the improvement in survival, one subtracts one mortality plane from the other; the result is itself a plane depicting the difference in mortality in age and burn size coordinates (Figure 3.16). The greatest differences occurred in the area of the LD80 of the 1950–1963 mortality plane.
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Figure 3.14 Mortality plane for patients admitted between 1950 and 1963. Note location of contour lines in base of cube.
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Figure 3.15 Mortality plane for patients admitted between 1987 and 1991. Note contour locations.
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Figure 3.16 Plane of differences in percent mortality between 1950–1963 and 1987–1991. Note location of peak.




Logistic regression permits simple assessment of the odds ratio for mortality between the individual years and the last year of this span, with appropriate adjustment for age and burn size (Figure 3.17). This ratio indexes the effect on mortality of everything beyond burn size and age. Peaks occurred when sepsis was uncontrolled. The lower ratios beyond 1975 reflect the additive effects of the changes in treatment, environment, and infection control. No significant differences in the ratio occurred during the 25 years between 1986 and 2010.
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Figure 3.17 Odds ratios between individual years and 2010, adjusted for burn size and age.




Of 4104 patients meeting the present study criteria between 1950 and 1985, 1320 (32%) died. Of 4895 such patients admitted between 1986 and 2010, 421 (9%) died. This reflects, in part, a diminution in mean burn size, but had the adjusted mortality experienced since 1986 prevailed through the earlier interval, only slightly more than half the earlier number would have succumbed. Although this experience corresponds with that of most burn centers in the United States, it should be noted that there are still many areas of the world where the survival of patients with burns of more than 40% TBSA is rare.


As previously noted, estimates of the annual total number of burns in the United States, for which there is little reliable information, range as high as 2 000 000. A more reliable but still imperfect estimate is that between 50 000 and 70 000 acutely burned patients are admitted to hospitals in the United States each year. Figure 3.18 is based on composite data from several sources and depicts an estimate of the age and burn size distribution of these patients. Using the Institute’s mortality experience between 1986 and 2010 as a basis for projecting expected mortality yields the data shown in Figure 3.19, which depicts the age and burn size distribution of expected deaths. According to this model, patients over 50 with burns of 50% or less TBSA account for 19% of admissions and 50% of deaths; at the other age extreme, children under 5 account for 19% of admissions but only 12.5% of deaths.
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Figure 3.18 Estimated age/burn size distribution of 70 000 annual hospital admissions.







[image: image]

Figure 3.19 Estimated age and burn size distribution of expected deaths among patients depicted in Figure 3.18.




Much has been accomplished in acute burn care during the last half century, and further improvement in outcome will probably occur as inhalation injury and pneumonia come under better control and new wound coverage techniques are developed, but such improvement will be harder won and smaller in magnitude. Preservation of function, and techniques of reconstruction and rehabilitation, areas in which progress will materially enhance the quality of life for burn survivors, appear fertile targets for future burn research.
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Introduction


The word ‘prevent’ comes from the Latin word ‘praevenire,’ which means to anticipate. The prefix ‘pre’ means before and ‘venire’ means to come. During the last century in the United States, burn treatment had always come before burn prevention. Because then as now, burns represent such a small percent of all traumatic injuries, burn prevention has not been viewed as a high-priority heath issue by a large portion of society.


Burns are still referred to as accidents by many in the medical community and by society in general. Believing that burns and other traumatic injuries are ‘accidents’ (‘accident-prone’ individual) implies the individual has little or no fault in the cause of injury. The word ‘accident’ means an event that takes place without one’s foresight or proceeds from an unknown cause, an unfortunate occurrence, or mishap, especially one resulting in an injury.1 Synonyms include misadventure, mischance, misfortune, mishap, and disaster. The word ‘injury’ is a more appropriate term.









Historical perspective


In Great Britain in the first decade of the 20th century the medical community was well aware that burn injuries and deaths represented a serious public health issue.2 Scalds and burns were noted to occur predominantly in children. Unguarded fires and the flammability of flannelette, a cotton fabric, were recognized as common causes of burns in children and old women. Legislation was enacted making parents liable to a fine if a child younger than 8 years was injured or died as a result of an unguarded open fire. In a review of over 3600 patients with flame burns and scalds, two-thirds of cases occurred in and around the home, one-third were at work, 50% were children, 82% were the result of clothing fires, cottons were the common fabrics, and the number of scalds about equalled that from burns, but the former were more likely to survive.3 Approximately 50% of ‘accidents’ were judged to be preventable. Research was conducted on the design and flammability of clothing. Fabrics were treated with tin, antimony, and titanium to make them relatively flame-retardant. Statistics on common locations and causes for accidents identified the kitchen and cooking, scald burns from children pulling over containers with hot liquids, and the use of flammable liquids. Burns as a result of a seizure were recognized. Prevention efforts included education and ‘propaganda’ (film, radio, newspapers, exhibits, and posters), better design of housing and improving living conditions (decreasing overcrowding), safer methods of heating houses (central heating and electric fires), use of non-flammable materials in girls’ and women’s clothing, and safer fireguard designs for coal fires. Better design of teapots, cups, and cooking utensils rendered them more difficult to tilt over. One author in 1946 expressed quite clearly that carelessness, neglect of normal precautions, and stupidity were human factors associated with burns.4 It was recognized that accurate and comprehensive burn data were lacking, but necessary if long-term prevention policies were to be enacted.









Injury control


The five key areas in injury control are:




1 Epidemiology


2 Prevention


3 Injury biomechanics (physical and functional responses of the victim to the energy)


4 Treatment


5 Rehabilitation.5





The major components of epidemiology include measurement of both the frequency and the distribution of the injury. This in turn is analyzed and interpreted. Next, risk factors are identified, an intervention strategy is developed and tested, and, lastly, the results are analyzed.






Burn injury magnitude


The first step in any prevention program is to identify the how, who, where, and when of the injury. With this information strategic planning and implementation can be directed at reducing the risk of injury or death. In 2007 the leading causes of injury deaths, in order of magnitude, were motor vehicle collisions, drowning, firearms, falls, and finally flame/fire.6 In 1999 the number of fire deaths and injuries was 3570. In 2002 there were 3363 deaths, a decrease of less than 5.7%. The number of fire deaths increased progressively with age and peaked at 720 in those over 75. The number of non-fatal injuries (almost 79 000) was greatest between ages 35 and 44. Males were 1.6 times more likely to die in a fire. In 2008 the numbers of deaths and injuries were 3320 and 167 015, respectively.7 On average in the United States in 2008 fire departments responded to a fire every 22 seconds. One structure fire was reported every 61 seconds, and every 31 minutes one civilian fire injury was reported. One civilian fire death occurred every 2 hours and 38 minutes. Between 2003 and 2007 the US Fire Administrations’ national fire incidence reporting system identified the leading causes of home structure fires as cooking, heating equipment, intentional, electrical, and smoking. Smoking was the leading cause of home fire deaths (25%), and heating equipment ranked second (22%). Heating equipment such as portable and fixed space heaters and wood-burning stoves resulted in more fires than central heating. Candles accounted for 10%. From 1990 to 2001 this figure nearly tripled. One-third of fatal candle fires occurred when they were used for lighting when an electrical power outage occurred (hurricanes, tornados, etc.). Children under 5 were nearly eight times more likely than all other age groups to die in fires caused by playing with the heat source. Of fire injuries in homes, 43% were associated with fighting the fire, or attempting rescue; attempting escape (23%); while asleep (13%); and inability to act or acting irrationally 6%.8 For comparison, from 1980 to 2007 the death rate for children under 5 declined from 18% to 9% and for adults 65 and over increased from 19% to 29%. Nearly 50% of all cooking fire injuries occurred when the victims tried to fight the fire. Home fabric fires caused by smoking commonly originated in upholstered furniture, mattresses, or bedding. Older adults (defined as over 64 years) are at greatest risk of sustaining both fire injuries and death. The elderly are approximately 1.5 times more likely to suffer fire-related death than the general population. Those aged 85 and older are 4.5 times more likely to die in a fire than the general population. Smoking in the presence of home oxygen is frequently encountered in the elderly. Physical and mental disabilities often either contribute to the cause of the fire or hamper the escape. Populations in the lowest income levels had a greater risk of dying in a fire than those in higher income levels. The leading causes of fatal fires in residential property were incendiary/suspicious (27%), smoking (18%), and open flames (16%). The leading areas of fire origin in fatal residential structure fires were sleeping areas (29%), lounge (21%), and kitchen (15%). Fatal fires were more common in the winter, and the time of day when most structure fires occurred was between 10 am and 8 pm.


It is well recognized that many burn patients treated in emergency departments are never admitted to hospital. In 2006 the National Hospital Ambulatory Medical Survey identified 501 victims of fire, flame, or hot substances per 100 000 emergency room visits. This had changed little since 2003 (516/100 000).9












Risk factors


A number of factors must be considered when determining the fire risk to the host. Age, location, demographics, and low economic status represent important factors. The US Fire Administration (USFA) expresses much of its fire data as relative risk (RR).10 The RR of a group (example death) is calculated by comparing its rate to the rate of the overall population. An RR of 1 is given to the general population. As a general rule, many statisticians consider an RR of 4 or more as important, and an RR of 4 or more is used to identify high-risk burn populations. The RR of fire deaths in 2001 for all ages, with the exception of 0–4 years and 55 or over, was less than 1. Based on 2006 data, prevention programs should be directed at everyone over 85 years (RR 3.78), American-Indian males (RR 5.3) and African-Americans (RR 6.9). The use of RR in injury prevention is useful when resources are limited.


In 2004 children aged 0–15 years accounted for 560 fire deaths and 2007 fire injuries: 50% and 43% of deaths and injuries occurred in children less than 5 years of age. The RR of fire death for children less than 5 years was 0.74, 0.6 for ages 5–9, and 0.3 for 10–14 years. The RR of home fire injuries in children under 5 in the US between 2003 and 2007 was 1.4. For comparison, in those over 65 the RR of death was 2.3.11 The activities of children at the time of a fire injury were: sleeping (55%), trying to escape (26%), and unable to act, which implies not understanding what was happening or how to take action (9%).


Analysis of fatal pediatric fire fatalities in Philadelphia (1989–2000) revealed four significant independent variables: age under 15 years, age of housing, low income, and single parent households.12 The greatest risk was between 12:00 am and 6:00 am. The common causes were playing with matches, cigarettes or careless smoking, and incendiary. The common locations were bedroom and living room. Upholstered furniture, cooking materials, bedding, mattresses, clothing, and curtains were primary materials first ignited in fatal fires. Playing with cigarette lighters and candles, or near stoves with hot liquids, were frequent scenarios in fatal pediatric burns. The authors stressed that identifying risk factors by analyzing population characteristics by census tract was important for burn prevention. These risks are still common 11 years later.


By 2020 it is estimated that people aged 65 years and older will number approximately 55 million, an increase of 16% from 2000. By 2050 they will represent 21% of the population. In 2006 fire injuries in those over 64 accounted for 11.8% of all ages, and the RR of fire deaths between 65 and 85+ increased from 1.44 to 3.78.13 The leading causes of both death and injury from fire were smoking, cooking over an open flame, and heating equipment. Additional risks included medical conditions associated with physical or mental illness, e.g. arthritis and stroke (the victim is slow or unable to escape the fire), poor eyesight and hearing, systemic diseases such as diabetes (peripheral neuropathy with decreased or no lower extremity pain perception), Alzheimer’s disease (confusion, forgetfulness), and psychiatric illness (depression and suicide). Other risk factors include alcohol and medications such as sleeping pills or tranquilizers. Fire injury and death commonly occur mid-morning and early afternoon.


Burn prevention involves more than just the burn community. Fire safety engineers and legislators (building code laws) and building inspectors have a vested interest in prevention. An important aspect of fire prevention is the design of fire-safe buildings. Both the type of fire and the composition of the material ignited must be identified and analyzed. These include the ignition factor (misuse of ignited material by children), type of material ignited (sofas, chairs, and bedding) and the source of ignition (electrical equipment, matches, lighters, cigarettes). Personal factors include condition preventing escape, physical condition before injury, activity at the time of injury, and the site of ignition.


Burns rank among the 15 leading causes of death in children and young adults.14 The World Health Organization (WHO) reported that, globally, burns accounted for >300 000 deaths annually. In 2007 WHO recognized there was an urgent need for public health action to reduce unintentional injuries, and burns were recognized as a serious global health problem.15 The WHO strategy for burn prevention and care includes improving data sources and surveillance, promoting burn prevention strategies, encouraging innovative pilot programs to address burn prevention priorities in areas with high risk factors, and strengthening burn care services, which include acute care and rehabilitation. Risk factors include cooking at floor level, open kerosene stoves, high population density, poor house construction, and illiteracy.


Passive strategies for prevention, such as smoke alarms, sprinkler systems, building construction codes, regulation of hot water heater temperatures, and flame-resistant sleepwear, have proved effective in industrialized countries, but some segments of the population at risk are not dissimilar from most low- and middle-income countries (LMICs).16 These include poverty, lack of education and employment, large and single parent families, substandard housing including lack of running water, no electricity, crowded living conditions, and racial and ethnic minorities. For any global burn prevention strategy to be successful it must be recognized that differences exist at national, regional and local levels.17 Over 90% of fatal fire-related burns occur in these LMICs.18,19 It is understandable that in many LMICs high priority has been given to disease rather than injury prevention. In many such areas medical resources for burns are limited, and prevention rather than treatment is the priority.


Most importantly, children are at increased risk of burn morbidity and mortality.20,21 Regardless of socioeconomic status, childhood burns are related to the physical environment in which they occur. Behavioral changes can be effective in preventing fire-related burns without changing lifestyle to any great extent. Active prevention even in high-income countries has met with limited success. It makes sense to emphasize specific issues that can modify behavior without the need for excessive use of resources, both dollars and personnel. Any program should be tailored to fit local conditions. Focusing on burn prevention rather than treatment is key to reducing fatalities and injuries. One strategy does not fit all.22









Injury prevention comes of age


The science of injury prevention took shape in the middle of the last century. The energy sources involved in any injury event are classified into five physical agents: kinetic or mechanical, chemical, thermal, electrical, and radiation. A common form of mechanical energy associated with a burn is a motor vehicle collision. Three risk factors associated with any injury are:




1 the vector or energy source and the way it is delivered,


2 the host or injured person, and


3 the environment, both physical and social.





A seminal article in modern injury science was published by Haddon in 1968.23 He identified three phases of an injury event:




1 Pre-event: preventing the causative agent from reaching the susceptible host.


2 Event: includes transfer of the energy to the victim. Prevention efforts in this phase operate to reduce or completely prevent the injury.


3 Post-event: determines the outcome once the injury has occurred. This includes anything that limits ongoing damage or repairs the damage. This phase determines the ultimate outcome.





Haddon then created a matrix of nine cells which enabled the three events of the injury to be analyzed against the factors, related to the host, the agent or vector, and the environment24 (Table 4.1). This is a very useful tool for analyzing an injury-producing event and recognizing the factor(s) important in its prevention. Haddon also proposed 10 general strategies for injury control (Table 4.2).24




Table 4.1 The Haddon Matrix for burn control
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Table 4.2 General strategies for burn control






	



Prevent creation of the hazard (stop producing fire crackers)


Reduce amount of hazard (reduce chemical concentration in commercial products)


Prevent release of the hazard (child-resistant butane lighters)


Modify rate or spatial distribution of the hazard (vapor-ignition resistant water heaters)


Separate release of the hazard in time or space (small spouts for hot water faucet)


Place barrier between the hazard and the host (install fence around electrical transformers, fire screen)


Modify nature of the hazard (use low conductors of heat)


Increase resistance of host to hazard (treat seizure disorder)


Begin to counter damage already done by hazard (first aid, rapid transport and resuscitation)


Stabilization, repair rehabilitation of host, example (provide acute care – burn center and rehabilitation)













General Strategies for Burn Control from Haddon W, Advances in the Epidemiology of Injuries as a Basis for Public Policy. Public Health Reports 1980; 95: 411–421.24









Burn intervention strategy


The emergence of the science of prevention has turned attention away from individual ‘blame’ and the attitude that society has no part in the promotion of prevention to the concept that sociopolitical involvement is necessary.25


All burn injuries should be viewed as preventable. Public health is defined as the effort organized by society to protect, promote, and restore the people’s health.26 The public health model of injury prevention and control is divided into:




• surveillance,


• interdisciplinary education and prevention programs,


• environmental modifications,


• regulatory action, and


• support of clinical interventions.





Primary prevention is preventing the event from ever occurring. Secondary prevention includes acute care, rehabilitation, and reducing the degree of disability or impairment as much as possible. Tertiary prevention concentrates on preventing or reducing disability. Disability prevalence and loss of productive activity are important outcome measures. There are both active and passive prevention strategies. Passive or environmental intervention is automatic: the host requires little to no cooperation or action. This is the most effective prevention strategy. Examples include building codes requiring smoke alarms, sprinkler installation, and factory-adjusted water heater temperature. Active prevention measures are voluntary; emphasize education to encourage people to change their unsafe behavior, and require repetitive educational measures to maintain individual action. Herein lies its weakness. Project Burn Prevention was a program funded by the Consumer Product Safety Commission (CPSC) in 1975.27 It was undertaken to determine whether a burn prevention program would reduce burn deaths by using an educational program and media messages involving a large population base. The author concluded that there was no reduction of burn incidence or severity in their study with either the school education program or the media campaign. Education to bring about and maintain personal responsibility was not sufficient. Active prevention is the least effective and most difficult strategy to maintain, especially over a long period. Examples are a home fire-drill plan, and wearing goggles and gloves when handling toxic chemicals. Passive strategies are not always successful, however: a homeowner may raise a water heater thermostat and a sprinkler system or smoke alarm must be maintained. Once surveillance data have been established and collected, prioritizing high-risk burn groups is necessary in order to identify intervention strategies.


The five Es of intervention are Engineering, Economic, Enforcement, Education, and Evaluation:28




• Engineering – focuses on the physical environment (product safety design) and the vector. Examples include fire-resistant upholstery and bedding, child-resistant multipurpose lighters (including cigarette lighters), and insulated electric wire.


• Economic – influences behavior, i.e. monetary incentives such as insurance rate reductions if a home has smoke alarms or sprinklers.


• Enforcement – influences behavior with laws, building codes, and regulations, for example requiring fire escapes, sprinklers/smoke alarms in motels, hotels, and homes.


• Education – influences behavior through knowledge and reasoning. Examples include pamphlets, public television programs, CPSC News Alerts. These active measures are the least effective.


• Evaluate – if a prevention program does not achieve the stated goal(s), possible reasons include:



[image: image] the technique or measurement used may be inappropriate to identify the reduction caused by the prevention strategy;



[image: image] faulty program design;



[image: image] the study design may have been good, but the program was carried out inappropriately.





With this background in epidemiology and injury prevention, important areas of challenge and opportunity in burn prevention both past, present, and future will be discussed.29,30









Flammable clothing


In 1953 legislation regulating the manufacture and sale of highly flammable clothing (the Flammability Fabrics Act) was passed in the US. As a result of the Act, contracts were awarded to burn units to collect epidemiologic data regarding flammable fabric burns. Flammability testing methods were improved and standardized, and flame-retardant fabrics were developed. The initial Act covered only fabrics that came in contact with the body, and therefore excluded industrial fabrics, and in 1967 it was amended to include articles of clothing and interior furnishings such as paper, plastic, rubber, synthetic film, and synthetic foam.31 By 1985, 87% of children’s sleepwear was made of synthetic fabrics and only about 13% was made of cotton. In 1996 sleepwear standards for children were amended by the CPSC. The amendments permitted the sale of tight-fitting children’s sleepwear (up to size 14 and not exceeding specified measurements for specific areas of the body) and sleepwear for infants aged 9 months or under, even if the garments did not meet the flammability standards ordinarily applicable to such sleepwear. This conclusion was based on staff findings that there were virtually no injuries associated with single-point ignition incidents of tight-fitting sleepwear, or of sleepwear worn by infants under 1 year. The commission emphasized that sleepwear standards were designed to protect children from burn injuries if they came in contact with an open flame such as a match or stove. The requirement for flame-resistant or snug-fitting clothing does not apply to sleepwear in sizes of 9 months and under because infants wearing these sizes are ‘insufficiently mobile to expose themselves to sources of fire.’32


What about children who do not voluntarily expose themselves to an open flame? The safest sleepwear is snug-fitting and flame-resistant. Loose-fitting clothes have a large airspace between the fabric and the skin. Oxygen in this space promotes flame. In order to meet CPSC requirements, flame-resistant implies garments must not ignite easily and must self-extinguish quickly. Snug-fitting clothes that comply with CPSC guidelines are made of fabrics that are not flame-resistant but also do not create ‘an unreasonable’ risk of burn injury because they limit the airspace under the garment. The CPSC requires all snug-fitting children’s sleepwear from 9 months up to size 14 to have a label that reads ‘Wear Snug-Fitting. Not Flame Resistant.’ A hangtag reads ‘For child’s safety, garment should fit snugly. This garment is not flame resistant. A loose-fitting garment is more likely to catch fire.’ The reader is encouraged to read the excellent review of sleepwear flammability and legislation in both the US and the United Kingdom by Horrocks et al.33


Nevertheless members of the burn community were disappointed, and in 1999 Congress required the CPSC to consider revoking the amended standards. It was felt that under-reporting of sleepwear burn injuries was possible, and an increase in the number of sleepwear-related burn injuries was reported by a number of burn units. As a result, in 2003 the CPSC initiated a project whereby any thermal injury due to clothing in a child under 15 was to be reported. In addition, if the garment was available an onsite investigation of the incident and inspection of the garment was to be conducted. Between March 2003 and December 2005, a total of 462 burn incidents were reported. Characteristics of the victims, the types of clothing involved, the fabrics and the causes of fire were tabulated. The results showed that 99% of victims were not wearing sleepwear. The study did not support the conclusion that the exempted sleepwear increased the risk of burn injury to children under 15.34









Hot water burns


According to the ABA 2010 National Burn Repository scald burns accounted for 54% of all burns in children under the age of 5. Although the majority of scald burns in children are not fatal, the exact incidence is unknown. Fortunately, most hot liquid burns are small and do not require hospital admission. All tap water scalds should be preventable. In 1983 the Washington State legislature required all new home water heaters to be preset to 49°C (120°F).35 The time of exposure to this temperature before a severe burn can occur is sufficiently long that the victim, usually a child or elderly disabled person, is able to be removed or can climb out of the water.


An educational program was instituted to persuade people to reduce water temperature voluntarily, and follow-up in 1988 revealed there had indeed been a reduction in hot water pediatric burns. Voluntary reduction of thermostat temperatures to a safe level by manufacturers has not been uniformly successful. Mandatory regulation would be the most effective strategy, but until society is educated and convinced of its benefit, change will be slow. Other prevention methods to reduce tap water scald burns include inserting shut-off valves in the water circuit to detect temperatures over a certain level, and the use of liquid-crystal thermometers in bathtubs to alert caregivers to the water temperature. More than 90% of hot water scalds are due to hot cooking or drinking liquids,36 and only about 25% of hot water burns are associated with tap water in the US. In LMIC countries scalds caused by hot food or liquids, for example boiling water, or cooking over an open fire on the ground, or hot bathing water placed on the ground to cool, are common. Unfortunately, prevention of spills is more difficult.37


The effectiveness of active prevention has been called into question. Burn safety education campaigns directed at parents to modify behavior are only effective over a short period. Negligence on the part of the caregiver(s) is the key issue. Nevertheless, success has been achieved through a combination of education, legislation and/or litigation regarding product safety.38 Identifying why specific prevention measures are unsuccessful is as important as identifying why others are successful.


Not all scald burns involve children. Product design and installation are important. Burns occurring during bathing as a result of seizures are not uncommon.39 Avoidable risk factors identified were shower levers that were easily knocked out of position, lack of water temperature safety features, and confining shower cubicles.









Fire-safe cigarettes


Approximately one in five American adults smokes cigarettes. When left unattended and not even puffed, a cigarette can burn as long as 20–40 minutes. In 2007 140 700 smoking-material fires occurred in the US.40 There were 720 civilian deaths, 1580 civilian injuries and $530 million dollars’ worth direct property damages. Between 2003 and 2007 statistics on smoking-material fires revealed that upholstered furniture accounted for 44% of civilian deaths, 26% of civilian injuries, and the largest amount of property damage. Most fatal smoking-material fires start in bedrooms, and 25% of victims are not the smoker whose cigarette started the fire. The risk of dying in a home structure fire caused by smoking materials increases with age (36% of victims are 65 or older) and nearly 40% of fatal home smoking-material fire victims were sleeping when injured. In 1973 the US Standard for the Flammability of Mattresses and Mattress Pads was enacted to reduce the risk of injury, death, and property damage from fires caused by lighted cigarettes. In 2007 the US Consumer Product Safety Commission unanimously approved a new federal mattress flammability standard. The Commission’s finding was that ‘A mattress with a limited contribution to the fire, especially early in the fire, will substantially increase the available time for occupants to discover the fire and escape and, therefore, substantially reduce the current risks associated with mattress fires’. (http://www.cpsc.gov/) Between 1980 and 2007 in the US, smoking-related home fires starting in upholstered furniture, mattresses and bedding declined by 90%, largely owing to the mandatory flammability standard.


Approximately 7% of fatal home smoking fire victims sustained the injury while using medical oxygen. The times of day of residential smoking fire deaths and injuries were 2 am and 6 am, and 12 am to noon, respectively. Falling asleep, alcohol, and substance abuse were common associated factors. Smoke alarm performances in residential smoking fires revealed the following: alarm present and operated 39%, present and not operating 25%, no alarm present 36%. Alarm performance in fatal fires was: present and operated 43%, present and not operating 25%, no alarm 32%.


The concept of a fire-safe cigarette was explored in the 1920s. The first federal bill mandating fire-safe cigarettes was introduced in 1974, but no legislation was passed. The concept remained dormant until 1984, when the Cigarette Safety Act created a technical study group on the fire safety of cigarettes and little cigars.41 A number of design changes have the potential to make cigarettes less fire prone. These include reduced tobacco density, paper porosity, cigarette circumference, and the addition of citrate. Everyone is encouraged to read the article by McGuire entitled ‘How the tobacco industry continues to keep the home fires burning’.42


In 2000 Philip Morris companies announced the development of a cigarette with ultrathin concentric paper bands applied to the traditional paper. These bands are referred to as ‘speed bumps’ and cause the cigarette to self-extinguish if not being smoked, as no oxygen can reach the burning embers. This technology was first reported more than a decade ago. The production of a safe cigarette should not be voluntary but be required by law. In 2004 the State of New York was the first to implement legislation requiring all cigarettes to be sold with reduced ignition propensity (RIP); 47 states now have laws making such cigarettes mandatory. By 7 January 2011 all states will have enacted the law. Canada passed fire-safe cigarette legislation in 2004, and in 2007 the 27 EU Member States endorsed plans to allow the sale of fire-safe cigarettes. Unfortunately, in other industrialized counties there appears to be no demand for RIP cigarettes.


As yet there are no data on the effect of RIP cigarettes on burn injuries and mortality. As more governments implement laws mandating RIP it will be important to establish data on smoke-related fire injuries.43









Carbon monoxide poisoning


Carbon monoxide (CO) inhalation is the leading cause of fatal poisoning in the industrialized world.44 Although acute CO poisoning is more commonly associated with closed-space structural fires, it is generally easily treated with no more than 100% FIO2. Chronic CO poisoning is associated with poor ventilation. It is more prevalent in the winter months and is associated with gas furnaces, gas fire places, portable heaters, and anything that burns coal, kerosene, oil, propane, or wood. CO detectors are not as prevalent in residential structures as smoke detectors. In a telephone survey conducted in 1003 households in the US, 97% of responders had a smoke alarm but only 29% had a CO detector.45 Is price a factor in this low prevalence? The cost for a single unit can be as low as $10, and $75 for a combined smoke and CO detector. A CO alarm near all sleeping areas represents an effective prevention strategy. Should any home with a smoke detector have a CO detector? Based on the success of smoke alarms, the answer is yes, but further research is needed to answer conclusively a number of questions: Are they necessary? What type of CO sensor? and What level of CO gas activates the alarm, specifically the level for both a caution and dangerous or hazardous levels? It is important to remember that the lifespan of CO detectors varies from 2 to 5 years. In addition, the ‘test’ feature on many detectors only checks the functioning of the alarm and not the status of the detector. In 2010 the State of California required placement of CO detectors in all dwelling units. The bill requires that the presence or absence of the devices must be disclosed when residential real estate is transferred. Landlords are required to install detectors in the properties they manage or rent. As of July 2011, all existing homes and dwelling units must have CO alarms. Similar laws are being adopted in other states, albeit slowly. CO poisoning is largely preventable by the combination of correct installation, maintenance, and operation of devices that may emit CO and the appropriate use of CO detectors. CO detectors may prevent at least half of all deaths attributable to CO poisoning.46









Smoke detectors/alarms


The first automatic electric fire alarm was invented in 1890. The first truly affordable home smoke detector was introduced in 1965. Without question, the use of smoke alarms has had the greatest impact in reducing fire deaths in the US. In 1966, 13% of residential fire deaths occurred in homes with an operating smoke alarm, 11.5% deaths occurred in homes with a non-operating alarm, and 38.5% in houses without an alarm.7 Socioeconomic factors associated with lack of a functioning smoke detector include living in a non-apartment dwelling, an annual income of less than $20 000, being unmarried, living in a non-metropolitan area, and homes with children younger than 5. Smoke detector ownership was most often associated with not living in public housing, a level of education (completing high school), maternal age (not a teenager), practice fire drills, and larger homes.47 In 1985 McLaughlin48 published ‘Smoke Detector Legislation’. Smoke detector installation in new houses appeared to be effective when mandated by a building code. Malone et al.,49in 1996, collected data on a smoke detector give-away program in Oklahoma City. The target area for intervention had the highest rate of injuries related to residential fires in the city, and the number of injuries per 100 000 population was 4.2 times higher than in the rest of the city. The program distributed 10 100 smoke alarms to 9291 homes in the target area, and over the next 4 years the annualized injury rate per 100 000 population decreased by 80%, compared to only 8% in the rest of the city. The authors concluded that target intervention with a smoke alarm give-away program reduced residential fire injuries.


Smoke alarms represent intervention before the burn event occurs. Building codes mandating installation in new homes have been proved to be a practical solution. In 2000 DiGuiseppi and Higgins questioned the benefit of injury education to promote smoke alarm usage.50 They reviewed 26 published trials, 13 of which were randomized, and concluded that ‘counselling and educational interventions had only a modest effect on the likelihood of owning an alarm.’ Programs that gave away and installed smoke alarms appeared to reduce fire injuries, but the trials were not conclusive and the results were to be interpreted with caution. DiGuiseppi et al. conducted a randomized controlled trial to determine the effect of giving free alarms on fire rates and injuries.51 The study design was similar to that of the previously discussed study in Oklahoma City: 20 050 alarms, batteries, fittings, and fire safety brochures were distributed and free installation was offered. No alarms were given to the control group. Follow-up was 12–18 months after distributing the alarms. The conclusion of the study was that giving free smoke alarms did not reduce fire injuries, as many alarms had not been installed or maintained. Obviously, a give-away program is not the entire answer and more research is necessary. Rowland et al.52 performed a randomized controlled trial to determine what types of smoke alarm were most likely to remain working and how they were tolerated in households with smokers. Both ionized and photoelectric alarms were available. The conclusions were that an alarm with an ionization sensor, a lithium battery, and a pause button were most likely to remain working. An alarm was less likely to work in a household with one or more smokers, and installing smoke alarms might not be effective use of resources.


Mueller et al.53 conducted a randomized trial comparing ionized and photoelectric alarms to determine reasons for both non-functioning and nuisance alarms in low- to middle-income homes in a US metropolitan area. Conclusions were that ionized alarms were likely to be non-functioning, commonly because of either being disconnected or removal of a battery when the alarming becomes a nuisance; photoelectric alarms may be preferred when an alarm is used; designing an alarm that lessens nuisance alarming may result in long-term functionality.


A photoelectric alarm has an optical sensor and consists of a light-emitting diode and a light-sensitive sensor in a chamber. The presence of suspended products of combustion in the chamber scatters the light beam, which is detected and sets off the alarm. Ionized units use a small amount of radioactive material to ionize air in the sensing chamber, and when products of combustion enter the chamber the conductivity of the air decreases. When this reduced conductivity reaches a predetermined level, the alarm is set off. The ionized alarm is reportedly prone to produce more false nuisance alarms. In 2008, 96% of US households had at least one smoke alarm and 40% of home fire deaths were in homes with no smoke alarm; and in 23% the smoke alarm failed to operate.54 In many instances consumers are not knowledgeable about the number of alarms needed, their preferred locations, or how to install them properly.55 A fire escape plan is also important. This should include knowing ahead of time the safest exit route; immediately leaving the structure; not wasting time saving property; calling for emergency assistance using 911; knowing whether there is more than one way out of a room or building; feeling the door and door knob to identify (by heat) how close the fire may be; knowing whether a secondary escape route would be appropriate; having an arranged meeting place; and ‘once out, staying out.’









Fire sprinklers


Sprinklers complement smoke detectors. Smoke alarms warn the individual of a nearby fire, but a sprinkler system can effectively extinguish the fire in an isolated area and are an intervention strategy that works during the event. They are the most effective method for fighting the spread of fires in their early stages. The first automatic sprinkler for fire fighting was patented in 1872 for use almost exclusively in textile mills. Automatic fire sprinklers have been in use in the US since the latter part of the 19th century. Although there is a range of different types of sprinkler system, only wet systems should be specified for use in domestic premises as they are the simplest, easiest to maintain, and the most cost-effective. The fire death rate per 1000 reported residential fires is reduced by approximately 83% and property damage by 40–70% for most properties that use sprinklers. Structure fire data reported between 2003 and 2007 revealed that 71% of hospitals and 65% of nursing homes had sprinkler systems.10 Unlike non-residential buildings, the use of sprinkler systems in residential structures has been slow to be accepted. The NFPA estimates that occupants with a smoke alarm in the home have a 50% better chance of surviving a fire than those without. Adding sprinklers increases the chances of surviving a fire to nearly 97%. One sprinkler was adequate to control fire in over 90% of the documented sprinkler activations in all residential fires. In 1978, San Clemente, California, was the first jurisdiction in the US to require residential sprinklers in all new structures. In 1985, Scottsdale, Arizona, required a sprinkler system in every room of all new industrial, commercial, and residential buildings. In 1996, residential sprinklers were found in less than 2% of residential fires.6 Residential fire sprinkler ordinances have been adopted in over 200 communities in the US for use in single-family dwellings. Between 1994 and 1998, only 7% of reported structure fires had any type of automatic extinguishing equipment. From 2003 to 2007 this increased to nearly 10%.56 In the US the cost of installing a home sprinkler system in a new residential structure averages $1.61.57 Retrofit installation has been undertaken voluntarily or by legislation in nursing homes (1970s), hotels (1980s), and university housing (2000s). A sprinkler system is the only solution for preventing flashover and rapid escalation of a large hotel fire. Sprinklers typically reduce both the chance of dying in a fire and the average property loss by one-half to two-thirds compared to where sprinklers are not present. The NFPA has no record of a fire death of more than two people in a public assembly, educational, institutional, or residential building where the area was completely fitted with working sprinklers. It is estimated that 75% of high-rise and 50% of low-rise hotels have sprinkler systems. In March 2008, the USFA, an entity of FEMA, announced their support for both the use of residential fire sprinklers and code requirements that would make such sprinklers mandatory in all new residential constructions. Unfortunately, the USFA does not directly control building and fire codes. The International Code Council (ICC) is a non-profit organization dedicated to developing a single set of comprehensive and coordinated national model construction codes. In the 2012 edition of the International Fire Code a recommendation will be included for fire sprinklers to be a standard feature in new homes. The ICC’s members rejected efforts by the National Association of Home Builders to have the requirement repealed. Homebuilder associations in many states tried to block adoption of the IRC sprinkler provisions. Their arguments included the known effectiveness of smoke alarms in reducing home fire deaths, and the cost–benefit ratio of sprinklers in residential property. One issue that may ultimately shift the perspective of builders towards residential fire sprinklers is legal liability.58









Evaluating the effect of burn prevention


Three important issues reappear in the injury prevention literature:




1 Implement what is already known, not necessarily proven.


2 Passive strategies are more effective than active ones.


3 New programs and their results must be subjected to more rigorous evaluation.





Successful burn prevention includes collecting, analyzing, and then interpreting burn statistics, especially mortality, and even more importantly morbidity. The American Burn Association’s Burn Data Repository represents a very valuable resource for everyone involved in burn prevention. The ongoing collection of data will allow:




• Identification of the magnitude and type of burn injury,


• Monitoring the trend of specific areas of burn injury and their prevalence,


• Identification if new injury problems arise,


• Development of methodologies to evaluate burn prevention or intervention efforts.





Between 1977 and 2008 the number of US home fire deaths decreased by 53%. The number of home fire incidents decreased by 47%. Unfortunately, the death rate per 1000 home fire incidents decreased by only 11%, from 8.1 in 1977 to 7.2 in 2008.7 Fire safety initiatives directed at the home environment are the key to reductions in the overall fire death toll. Five strategies are recommended:




1 Widespread public fire safety education.


2 Escape plans must be developed and practiced, as there are still too many instances where either smoke alarms were absent or malfunctioning, and no plans have been in place.


3 Increased use of residential sprinkler systems must be pursued.


4 Continue to make more home products fire safe. This includes products such as upholstered furniture and mattresses, as well as house construction.


5 More attention directed at the fire safety needs of high-risk groups, i.e. young, old and poor.





Many successful burn prevention programs have been developed at the local level using locally generated data. Behavior modification at the local level can be instituted more quickly than waiting for national initiatives and legislation. Unfortunately, local efforts affect only a few. Prevention research should generate information, which can be useful at a national level, and there must be rigorous methods of evaluating research so the conclusions may be shared. Many burn prevention programs have had an insufficient number of subjects, no controls, inadequate or short follow-up periods, and no control for confounders – and, of the utmost importance, few use mortality and morbidity as outcome measures. Although it is difficult to conduct prospective, randomized, double-blinded studies (class I research), rules for good scientific research should nevertheless be followed.59 Studies with a single hypothesis should be conducted over an adequate length of time. The prevention goal should be realistic and achievable, and the results must be carefully analyzed.60 Resources must not be wasted collecting and analyzing data unless prevention initiatives are planned.


The incidence of both burn injuries and deaths is decreasing throughout the US. No single burn unit or community will have a large enough patient population to conduct meaningful prospective studies. Wanda et al.61 published a review article on the effectiveness of prevention interventions in house fire injuries where various types of intervention program were reviewed. These included school, preschool, and community education programs, fire response training programs for children, office-based counseling, home inspection programs, smoke detector give-away campaigns, and smoke detector legislation. The important conclusion was that morbidity and mortality data must be used for outcome measures. There was wide variability regarding study design, data sources, and outcome measures.


Whether home safety education and the provision of safety equipment such as smoke alarms, fire extinguishers and educational material reduces the incidence of burns, and the effect it has across different social groups, is not known. A Cochrane Review published in 2007 evaluated whether home safety education and the provision of safety equipment was effective in reducing childhood injury rates. The conclusion was there was no consistent evidence that home safety education with or without providing safety equipment was less effective in those at greater risk of injury.62 Kendrick et al.63 presented information from a meta-analysis of thermal prevention practices. The safety outcome measures included functioning smoke alarms, fitted fireguards, fire extinguishers, keeping hot drinks and food, matches and lighters out of reach of children, and having a safe water heater temperature. The conclusion was that home safety education was effective in increasing some thermal injury prevention practices, but there was insufficient evidence to show whether this also reduced injury rates.


Burn injuries and deaths are a world health problem that represents a major global challenge. The literature is replete with burn epidemiologic studies, many suggesting interventions that are well known or unique to their victims, but fewer show that intervention is effective ‘in the real world.’64 Coordination of prevention strategies on both national and international levels is necessary. Passive prevention programs are most effective but slow to implement. Active prevention is not always easy, and requires time, significant organizational support, and money. Active and passive measures are not mutually exclusive: both must be utilized. All burns should be preventable, but unfortunately the aphorism ‘easier said than done’ is true.
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Introduction


The Universal Declaration of Human Rights states that ‘everyone has the right to a standard of living adequate for the health and well-being of himself and of his family, including medical care and necessary social services, and the right to security in the event of sickness, disability, or other lack of livelihood in circumstances beyond his control.’1 Mass fire casualties are events beyond the control of individuals. Individuals organize themselves into states, and these states must protect their residents and provide necessary medical care.


Unfortunately, questions remain about the medical care that is to be provided. Specifically, what degree of medical care must be provided? Is it the best available or, preferably, whatever is necessary? In addition, what kind of care must the state provide to the uninsured? This question reveals great disparities, for example between those jurisdictions that have high incomes and plentiful resources and those that do not. These factors will determine what is the ‘best available’ medicine. Furthermore, options in multistate regions are more limited. This is especially true in unions of states, such as the USA and the European Union, where interstate borders may limit availability.


The best burn treatment is in burn centers, which have specialized staff. Burn victims treated in these centers have better survival rates and quality of life. However, the number of burn centers is limited. Countries’ resources are also usually limited, making cross-border cooperation necessary, even among countries with many resources. Although burn centers are usually described by their number of beds, often no clear definition of these ‘burn beds’ exists. They should be counted and classified as isolated ICU (intensive care unit) beds, with specification of whether they are thoroughly equipped for artificial ventilation and organ substitution in modern intensive therapy, with air conditioning to warm patients during treatment, and with a special operating room always available for burn treatment. Many registered burn beds do not meet the needs of modern burn therapy. It is also worth mentioning that ‘beds’ do not treat or heal patients: patients are treated by individuals such as doctors, paramedics, and nurses. The mere number of beds does not indicate how many burn victims a center can treat. The number of burn specialists of all professions, and their availability, is also important. This can change hourly, with shifts, as well as daily and seasonally.2


Definitions are very important with regard to organizations. Although mass casualties remain in the purview of local rescue organizations, disasters are for regional authorities. These terms imply different ways of handling the situation and the use of different funding resources. Consequently, emergencies requiring instant decisions are always combined with financially sensitive legal decisions.


Emergencies with many casualties are marked by a period of disproportion between supply and demand. Rescue organizations must work to reduce the length of this ‘chaos’ period. During the chaos phase, actions follow the principles of disaster medicine, that is, the goal is to save the most lives possible, even if it means neglecting an individual patient. When structure replaces chaos, the principles of individual medicine are restored. The organizational aim in mass casualties is to minimize the period between mass medicine and individual medicine. The length of this period depends on structural aspects such as the existence and validity of a disaster plan, a regard for disaster capacity in health planning, and the educational level of medical services. These facts are often neglected in the political aspect of disaster planning and the practical aspect of disaster capacity.


Medical treatment should be based on the state of medical science. Otherwise, treatment with ‘best available means’ weakens individual care for a mass-casualty patient. If medical resources are lacking, the best available treatment is no treatment! During mass casualties and disasters, the infrastructure of a country or region may be unable to cope with a higher number of victims of special trauma types while maintaining state-of-the-art treatments. Because state-of-the-art treatments may not be able to be maintained in a jurisdiction owing to dwindling resources, help from other jurisdictions, even international ones, must be planned and coordinated. Such instances include mass casualties with burn injuries. Resources available for specialized treatment are limited, but the demands for state-of-the-art treatment are high, so even a small number of burn victims from one accident can push burn treatment systems in an area or country to their limit.









Definitions






Mass casualty


A mass casualty is an emergency with a larger number of victims than can be accommodated by the rescue forces and their supplies.3 Infrastructure in the affected area is intact. With force mobilization, the crisis can be mastered. The period of disproportion between supply and demand is short. The goal is to establish treatment according to principles of individual medicine as fast as possible, and without transferring the disproportion from the scene to hospitals.


The challenge to save as many lives as possible, even at the expense of the medical needs of an individual, stands in contrast to the paradigms of individual medicine, where any individual life claims the maximum medical effort. Overcoming this challenge depends upon the selection of patients based on the urgency of medical procedures, the chance of success, and distribution among the available qualified treatment centers (i.e., triage).









Disaster


A disaster is defined as an event that is accompanied by an at least partial destruction of infrastructure and that cannot be handled by regional rescue means alone (e.g., earthquakes4 and volcanic eruptions). The first goal is to re-establish the minimal infrastructure to provide medical care.


A disaster situation differs from mass burns treatment in a resource-poor country where infrastructure never existed. One way to treat burns successfully in such a place is to bring infrastructure, staff, and materials to the area. Alternatively, victims can be transported to a place with existing infrastructure and given help there. The maximum treatment possible is determined by the degree of infrastructure and/or resources in the disaster area or brought to it.









Mass burn casualty disaster


The American Burns Association (ABA)5 has defined a ‘burn disaster’ as any catastrophic event in which the number of burn victims exceeds the capacity of the local burn center to provide optimal care. Capacity includes the availability of burn beds, burn surgeons, burn nurses, other support staff, operating rooms, equipment, supplies, and related resources. This definition is inapplicable in countries such as Germany, where a central burn-bed bureau always organizes the distribution of burn victims. The definition supposes a very different degree of preparedness in these countries.









Basic capacity


Basic capacity is the normal number of patients who can be treated, based on the availability of burn beds, burn surgeons, burn nurses, other support staff, operating rooms, equipment, supplies, and related resources.









Capacity utilization


Capacity utilization is the degree of utilization of burn beds in a center over a certain period. This should be expressed as use of both intensive-care burn beds and other beds. The average value over a year gives an overview of a burn center’s disaster capacity.









Actual capacity


Actual capacity is the number of burn patients that a center can take in on an actual day. It varies daily and can depend on season. It is also likely to fluctuate with the seasonal or accidental presence or absence of patients with severe burns.









Surge capacity


Surge capacity is the increased capacity available during mass casualty situations and disasters. In burns, it is defined by the ABA as the capacity to handle, in a disaster, 50% more than the normal maximum number of burn patients.6 Surge capacity must be developed and maintained, which requires action by health systems, and must include continued medical care of all other patients. Elective medical and surgical care can be eliminated temporarily to maintain surge capacity. Surge capacity is not defined by time. When capacity is breached, patients must be transferred safely to other treatment facilities.









Sustained capacity


Sustained capacity is the maximum capacity that a burn center can sustain over a longer period without reducing treatment quality.









Burn capacity of a health system


The burn capacity of a health system is the total capacity of burns that can be treated in a national health system. This capacity should be known. It should take into account the various requirements of burn treatment, such as the number of victims needing intensive care. The average capacity utilization over 1 year is part of resource planning for a health system.









Time to establish surge capacity


During mass casualty situations with burn injuries, the time available to establish surge capacity can be very short. A burn center should know how much time it needs to attain maximum surge capacity. A good parameter is the number of complete burn teams available at various hours. This number is highly important in a hospital’s organization of primary care.









National disaster medical system (NDMS)


The NDMS manages a country’s national medical system during disasters. In the US it is a function of the Federal Emergency Management Agency, under the Department of Homeland Security, and it operates in partnership with the Department of Health and Human Services, the Department of Defense, and the Department of Veterans Affairs.6 Other countries have comparable structures. An NDMS has three functions: 1) medical response at the disaster site, 2) transport of patients to unaffected areas, and 3) definitive medical care in unaffected areas.









Disaster medical assistance team (DMAT)


A DMAT is a regional disaster response team. In the US, DMATs are developed locally, are sponsored by major medical centers, and have medical and non-medical staff of about 35. DMATs are not burn specialists.









Burn specialty team (BST) or burn assessment team (BAT)


BSTs/BATs are a special form of disaster medical team, providing expertise in burns during primary care. In the US these teams consist of 15 burn-experienced medical and non-medical staff. In many countries these teams are not generally regulated and planned. They can be formed only when burn experts are numerous and not already engaged in other parts of the disaster response.












Threats that cause mass casualties with burn injuries


Even with the best preparation, a disaster remains a disaster for a certain period; the goal is to minimize this period. Although retrospectively correcting problems is impossible, lessons learned from the past should be applied to the future. Terrorism, indoor fires, transportation crashes, and explosions can all lead to mass casualties with burn injuries. Descriptions of exemplary events in each of these categories are provided below, together with a discussion of problems that can be typical of such incidents.






Terrorism


Ever since 11 September 2001, terrorist attacks have remained in the popular mind, as they can strike anywhere on Earth. Terrorists’ names, goals, and methods change. Al Qaeda is not the only terrorist body. Groups such as ETA (Spain), the IRA (Northern Ireland), and the RAF (West Germany) may seem forgotten, but remain active.






New York City, New York, 11 September 2001 (Fig. 5.1)



A wake-up call for Western society, 9/11 directed attention to disaster preparedness and burn injuries. In New York, terrorists used the ‘double-strike’ technique, flying two hijacked airliners directly into the Twin Towers of the World Trade Center. Although many were injured, few had severe burns.7,8
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Figure 5.1 9/11 was a wake-up call, bringing awareness to disaster preparedness and demonstrating how a second hit could be used as a strategy.


Courtesy of OOEN/Archiv.





The victims were primarily sent to two burn centers, although more centers were easily reachable.8 Of 39 patients showing significant burn injuries, 19 were triaged at New York Presbyterian Hospital. At the William Randolph Hearst Burn Center at this hospital, victims had an average age of 44 years and an average burn size of 52.7%.9


The 39 burn patients were reported by nine hospitals, with 27 being admitted. Although enough burn beds were free within a 1-hour transport range, only 26% of burned patients were triaged first to burn centers. Two-thirds of the burn injuries were ultimately treated in a burn center. The usual portion of burn victims triaged to burn centers in New York City in a year is 75.2%.9









Kuta, Bali, Indonesia, 12 October 2002


Terrorists also used a double-strike technique: a suicide bomber detonated a backpack bomb in a nightclub; people then fled outside, where a car bomb exploded. There were 202 deaths and 209 injured.


The Australian Defence Force (ADF) instigated Operation Bali Assist, the largest Australian aeromedical evacuation since the Vietnam War.10 An aeromedical staging facility (ASF) was prepared in a hangar at Bali’s airport, where five C-130 planes flew 61 Australian patients to the Royal Darwin Hospital (RDH). Of the 61 patients, 28 had major injuries (injury severity score >16). At RDH, 55 escharotomies were performed along with 43 other surgical procedures. Three patients had been intubated in Bali, and 12 more were intubated at RDH. Within 36 hours after first admission to hospital and 62 hours after the bombing, 48 patients were evacuated to burn centers. There were no ‘walking wounded.’ BATs were among the primary services at RDH.11


Eleven patients were transferred to Concord Repatriation General Hospital.12 Total burned surface area (TBSA) was 15–85%, mostly full-thickness burns. All patients sustained injuries from both the first and second blasts. There were complications from infections with Acinetobacter baumannii and Pseudomonas, and from shrapnel injuries. Many ophthalmic injuries occurred, some being detected only later.


RDH received its first information about the incident from a patient who had been treated in Bali and then fled to Australia. The hospital learned nothing of the number of patients or the severity of injuries before the first wave of patients arrived.13 Palmer13 describes a need for improvement, mainly in military–civilian communication. Communication in the hospital was also problematic, as it was dependent upon mobile phones (no reception), electronic texts (no time to read), and landlines (not mobile). The ADF provided satellite phones to the medical staff for communication between the hospital in Bali and the ADF. A method of hands-free communication in the hospital is recommended.









Madrid, Spain, 11 March 2004


Bomb attacks on four commuter trains carrying 6000 people killed 191 and injured 2051. Thirteen bomb bags each contained 10 kg of dynamite as well as shrapnel. Three bombs failed to explode. Of the 191 dead, 175 died instantly and 16 died later.


It was not known that unexploded bombs remained on the trains while ambulance staff performed their duties. Ambulance staff worked without coordination and were unaware of overall medical priorities. Patients with only minor injuries were transported, and ambulances ran out of all medical supplies. In addition, no joint field command post for all of the medical services was set up.


Patients were taken to 15 hospitals in Madrid and two field hospitals, with each hospital receiving anywhere from five to 312 patients. Triage tags were unavailable, wasting time and causing a lack of basic patient information.14 Communication problems arose in hospitals15 and between organizations. Systems existed that allowed different frequencies for different sites, but they were not used. Although radio worked, there were communication problems within single organizations.


Only 33% of patients were transported in ambulances under medical control: 67% found their way to hospitals without triage and medical or organizational control. Most went to the nearest hospital, which received patients with both serious and minor injuries. As a result, the primary distribution of patients to available hospitals was uncontrolled.16


Of 312 patients taken to Gregorio Marañón University General Hospital, 45 had burns: 16 had first-degree burns and 29 had second-degree burns. Of the 312 patients, 91 were hospitalized; 89 (28.5% of the 312) remained in hospital for more than 24 hours. The most common injuries were tympanic perforation (41%); chest injury (40%), including fracture, blast injury, pneumothorax, and hemothorax; shrapnel injury (36%); fracture of areas other than the ribcage or head (18%); eye injury (16%); head injury (12%), including fracture, subdural hematoma, and brain contusion; abdominal injury (5%); and amputation (5%).









London, England, 7 July 2005


Attacks on the London transport system killed 56 (53 at the scene) and wounded 775.17 Train bombs exploded in three locations, and a fourth bomb exploded on a double-decker bus. The number of explosion sites was initially unclear because passengers left the Underground at various exits. Triage was performed, and 55 patients were classified as severely wounded (P1 and P2). Communication was problematic, as all but one mobile telephone network failed. In addition, radio communication between the scenes and ambulance control was very difficult. The fire brigade established an inner cordon and found no signs of chemical substances threatening the rescuers; however, the presence or absence of more bombs was not confirmed before rescue work began. Patients who were mainly in triage groups 1 and 2 were transported to six university hospitals after minimal triage and treatment.


The Royal London Hospital received 27 of the 55 seriously wounded, along with 167 walking wounded. This hospital reported the types of injury. Further triage occurred, and eight people were classified as critically injured. Two of the seriously wounded and three of the walking wounded had burns.


The London Assembly still works to improve emergency care using lessons learned from the incident. Critical statements on the structural and organizational aspects of this disaster’s management have been published.18












Indoor fires






Gothenburg, Sweden, 30 October 1998 (Fig. 5.2)



A fire in an overcrowded discothèque during a Halloween party killed 61 teenagers at the scene. Two died later, and 235 were wounded. The average age of people requiring treatment in the burns ICU was 16 years. Initial information was poor, resulting in incorrect alerts. No triage officer was present at the scene. Hospital disaster plans were unknown or not deployed. Pre-existing disaster plans had the same personnel simultaneously performing conflicting roles. Within 2 hours, 150 patients were admitted as inpatients at four Swedish hospitals: 31 patients presented with significant burn injuries, 11 of whom were transferred secondarily to other burn centers in and outside Sweden.19
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Figure 5.2 Gothenburg disco fire and the attack of the fire brigades.


Courtesy of OOEN/Archiv.





Despite the initial chaos at the scene, timely escharotomies and triage were performed in the hospitals before patients were transferred to burn centers. Inhalation injuries were diagnosed in 158 patients. Of these, 54 were treated simply with suction and expectorants. Thirty-nine did not have life-threatening injury but needed intensive therapy for 3 or more days. Sixteen patients had life-threatening injuries, and 47 had additional trauma. A total of 74 youths needed intensive care.


In 51 of 61 deaths carbon monoxide (CO) was the cause. Severe burns affected 25 patients, killing two. Both of these individuals also had inhalation injuries. The mean age of people with severe burns was 16 years. The mean TBSA with full-thickness burns was 16% and with partial-thickness burns was 3%. ICU treatment lasted from 12 to 67 days, and hospital stay lasted 21–164 days.20


In 25 patients burn injuries required surgery. Eleven patients received escharotomies in the extremities or thorax, and five had fasciotomies. Amputations were necessary in five patients.20 Eight patients had flap coverage (local and distant), and two had free flaps.


Eleven patients were transferred secondarily to burn centers in four other cities, with one of these patients being transferred to Norway by helicopter and C-130 Hercules airplane.21 All 11 had second- and/or third-degree burns >20%.









Volendam, The Netherlands, 1 January 2001


A fire at a New Year’s Eve party killed 14 and injured 24522 of the 350 present. Ages ranged from 13 to 27 years. For almost 4 hours nobody knew the exact number of victims. An early error in directing emergency traffic caused transportation chaos. Emergency services tents were insufficiently staffed, and tent placement was problematic. A total of 241 patients visited hospitals: 110 by ambulance, 18 by bus, and 113 by self-referral to the nearest hospital.23 Of the 182 admitted, 112 went to ICUs. Nineteen hospitals provided primary care. The closest hospital, receiving 73 patients, was severely overwhelmed.


After primary treatment in hospital, burn specialists performed tertiary triage, distributing patients to hospitals and burn centers in and outside The Netherlands. The decision to transfer patients was based on both burn extent and inhalation injury. The indication for burn center treatment was the presence of inhalation injury and burn >30% TBSA.









Warwick, Rhode Island, 20 February 2003


A fire at The Station, a Rhode Island discothèque, killed 100 and injured 215 of the 439 present. The building totally collapsed within 30 minutes. First information for Rhode Island Hospital (RIH) came from breaking news on television.24 Shortly thereafter, RIH received official information that 200–300 burn victims were expected. A triage site was established. Sixteen area hospitals evaluated the 215 injured patients.


Forty-seven patients were admitted to RIH (28 male, 19 female). They had an average age of 31.9 years and an average burn TBSA of 18.8%. Thirty-three had <20% TBSA, 12 had 21–40% TBSA, and two had >40% TBSA. Thirty-two patients had inhalation injuries, and 28 required intubation. Twelve escharotomies were performed, and in just six weeks 184 bronchoscopies were necessary. At least 47 patients needed intensive care.24


Retrospective analysis called for improvement in communication with the disaster scene and in specific instructions for patients’ relocation.24









Buenos Aires, Argentina, 30 December 2004


Fire at the overcrowded República Cromañón nightclub killed 194 and injured 71425 of the 3000 present. CO and hydrogen cyanide poisoning were the main causes of death. At the scene, 46 ambulances and eight fire crews sent the victims to the eight closest hospitals, which were totally overwhelmed by critically ill patients within 2 hours. In Buenos Aires city 38 hospitals were engaged and another five were engaged elsewhere in Buenos Aires province.


Ramos25 describes the experience of Argerich Hospital, which received 74 patients, average age 20.9 years All had inhalation injuries. There were no severe burn injuries. Eighteen patients (24%) were pronounced dead on arrival; 25 showed respiratory insufficiency and reduced awareness, and these were intubated. Initially, 22 patients were sent to ICU; the 14 sent to the operating room for mechanical ventilation were transferred to other hospitals in Buenos Aires Province within 48 hours. Artificial ventilation averaged 6.5 days.












Transportation crashes






Alcanar, Spain, 11 July 11 197826 (Fig. 5.3)



A tanker truck carrying liquefied flammable gas exploded beside the Los Alfaques campground, killing 102 at the scene and injuring 288. The number dead eventually totaled 215.27 The burning tanker divided the scene into two parts: 58 patients were transported north and received adequate care before transfer to Barcelona; 82 were taken south to Valencia and did not receive treatment either before or during transport. Both Valencia and Barcelona had state-of-the-art burn centers.
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Figure 5.3 Los Alfaques BLEVE and the ensuing situation.


Courtesy of OOEN/Archiv.





After the first 4 days Barcelona’s survival rate was 93% and Valencia’s was 45%. Patients treated at Valencia and those treated at Barcelona did not significantly differ in terms of age, the extent of burns, and the depth of burns. Barcelona’s patients died 1 week after Valencia’s. Overall mortality after 2 months was 85% due to the severity of burns. There were great problems in communication, handling the news media, and caring for victims’ friends and relatives.









Ramstein, West Germany, 28 August 1988 (Fig. 5.4)



Aircraft collisions and crashes during an air show killed 70 and injured more than 1000 of the 300 000 present. Three pilots and 67 spectators died, and 346 others sustained serious injuries. Cooperation was hindered by medical systems that were not adapted to one another. On day one, 12 hospitals were treating the injured, on day two 28, and on day three 74.28
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Figure 5.4 An airplane crash during a flight show demonstrated difficulties in cooperation among different, non-adapted systems.


Courtesy of OOEN/Archiv.





Two hundred and thirteen patients were treated as outpatients, 146 were admitted as inpatients, and 84 others were transferred to ICUs. One hundred and twelve had only mechanical injuries, 263 had isolated burn injuries, and 68 had both mechanical and thermal injuries.28


Patients suffering from <20% TBSA burns numbered 209 (79.5% of 263). Thirty-seven patients had 20–49% TBSA burns, and three died. Nine patients had 50–70% TBSA burns and six died. Another eight patients with >70% TBSA burns also died. Of the 68 patients with combined injuries, 55 had <20% TBSA burns. Three of nine patients with 20–40% TBSA burns died. No patient with combined injuries and >40% TBSA burns survived.


The burn center at Ludwigshafen received 28 victims. Information came from ambulance radio conversations. The existing emergency plan was activated; overstaffing occurred on the first day. Primary care in the burn unit was provided in the normal way, not according to emergency plans. Experienced burn teams evaluated the patients. The disaster plan worked, but incomplete primary documentation greatly increased the next days’ workload. During treatment, no problems occurred with the expanded nursing staff. However, qualified medics who worked double shifts for weeks were exhausted. In addition, high-capacity use of burn beds caused cross-infection problems. In retrospect, the senior surgeon on duty on day one concluded that patients should have been transferred to other burn units, where free beds were available.29


Kerosene caused difficulties in respiration and in kidney, liver, and central nervous system function. Evaluating cyclic carbohydrates in the blood soon after the incident may be important for prognosis.30









Pope Army Airfield, North Carolina, 23 March 1994


Two planes collided in the air while attempting to land on the same runway. The C-130E was able to land, but the F-16D, whose crew ejected, slid into a parked, fully fueled C-141 cargo plane with a crew on board. Five hundred paratroopers, waiting 50–70 feet from the plane, were sprayed with a fireball of burning aviation fuel. They were also exposed to flying debris and the F-16’s 20-mm ammunition, which began firing from the heat.31


Fifteen to 30 minutes after the incident, casualties arrived at Womack Army Medical Center (WAMC), a 155-bed hospital 5 minutes away. Fifty-one were treated and released, and 55 were admitted. Of these, 25 went to ICUs. Six patients requiring urgent surgery were sent to nearby hospitals. Seven patients were sent to the closest civilian burn center, Jaycee Burn Center at the University of North Carolina, Chapel Hill.


Ten victims died immediately, nine died soon at the scene, two died in transit to WAMC, one died within 30 minutes of arrival, one died within 12 hours of arrival, 10 died within 3 days (these included five of the seven sent to Jaycee), and one died after 10 months.32


One burn flight team arrived after 4 hours and another after 9 hours. Escharotomies that had been done were evaluated; some had to be repeated. Resuscitation was guided by urine output, but fluid amounts could not initially be tracked. Use of the Parkland Formula (4 mL/kg/TBSA), rather than the Modified Brooke Formula (2 mL/kg/TBSA), and untrained personnel’s overestimation of TBSA, led to initial over-resuscitation. Patients with mortal injuries were rejected for transfer to the US Army Institute of Surgical Research (USAISR) Burn Center. Forty-one patients were transferred to the USAISR Burn Center for burn treatment, and 13 of these required mechanical ventilation.


In a review of this burn disaster, Mozingo32 made the following points:




• Initially, patients with the largest TBSA burn were transferred to the burn center. Most of them later died. This sapped resources in the burn center, diminishing the chances of success.


• Use of different resuscitation formulas caused difficulties.


• Patients with injuries that were obviously deadly were not transported. This did not meet the expectations of the facility at which they were being treated.


• Several burn victims remained at WAMC without burn specialists, because all burn specialists were needed at the USAISR.


• Means of communication were deficient.


• There was a lack of burn experience and training at WAMC.


• Knowledge deficits were noted in techniques (e.g., escharotomy).


• Training of non-surgical staff in advanced trauma life support (ATLS) and advanced burn life support (ABLS) is needed, as the surgical staff were busy with emergency procedures.


• The additional ventilators needed were incompatible with the electrical requirements of the transport aircraft and had to be replaced by pressure-controlled transport ventilators, though this caused no delay.


• The surgical staff at USAISR was augmented, and excisions of up to 40% were performed in one long, two-team operation.















Explosions






San Juanico, Mexico, 19 November 198433



An 11 000-m3 mixture of propane and butane exploded, causing one of the most severe explosion disasters and registering 5 on the Richter scale. Gas entered houses in San Juan Ixhuatepec (population 40 000) and set fire to everything. In a 25-acre (10-hectare; 100 000-m2) area 7000 persons needed medical help, 2000 required hospitalization, and 625 had severe thermal injuries. Thirty-three hospitals were involved, with transportation being provided by 363 ambulances and helicopters. Sixty thousand were evacuated. About 23 000 needed help with smaller injuries, lodging, and food.


The magnitude of the event meant that, for the first hour, total chaos reigned and rescue work was without guidance. Secondary explosions, heat from fire, and debris forced rescuers into temporary withdrawal to avoid risking more lives. After triage and primary care, victims were distributed to 33 hospitals, most of them in Mexico City. Within 3 days, burn patients had been distributed to 12 hospitals with good burn facilities. After 5 days, only 300 of the 625 burn patients were still in burn units: 140 had died and 185 had been sent to other hospitals. ‘Rather few’ extensive and deep burns occurred, and very few patients needed respirator care.


Centro Medico reported that 37 patients with severe burns were admitted because of a silo explosion 3 days before, and they received 88 other burn patients. The facility mobilized additional staff and prepared additional beds near the burn unit. Only two of the 88 victims had airway injuries requiring tracheotomies and ventilators. This burn unit’s usual capacity is 48 beds. The maximum number of patients simultaneously treated was 136. No shortages occurred in beds, personnel, or medication. Fifteen patients with >60% TBSA burns died within 4 days.









Piper Alpha, North Sea, 6 July 198834



An oil fire and gas explosion on an oil rig killed 167 and injured 189. The temperature was estimated at 3500°C. Information about the disaster reached Aberdeen Royal Infirmary, Scotland, by television. Sixty-three were rescued: 22 went to the hospital, 15 of whom were admitted, with 11 going to the burn unit. Primary triage was difficult because neither the thermal effect nor pulmonary injury could be evaluated immediately after the incident. Severe thermal injuries occurred from helmets melting on victims’ heads, even running down over their faces. All patients had some degree of inhalation injury, presumably from heated air.


All patients underwent surgery within 72 hours. No significant graft loss occurred. Operations were performed by two teams working in two areas simultaneously. The high number of dead took a grave toll on the medical and lay teams’ psyches. Psychiatrists, psychologists, and social workers were included in the team and proved to be highly valuable. The retrospective recommendation was to distribute patients among other units. News media were a problem, as was the administration’s unawareness of the need to maintain high staffing levels for an extended period. Knowledge of basic burn procedures (e.g., escharotomies and the way to treat a burn) is important if an administration is to plan and support sufficiently.









Bashkir Autonomous Soviet Socialist Republic, 4 June 1989


Two trains were passing a methane–propane pipeline when it exploded, killing 575 and injuring 623.35 Helicopters were dispatched for medical aid. Intravenous (IV) fluid resuscitation was initiated for most patients. Those with serious but potentially survivable injuries were then evacuated to Chelyabinsk, Sverdlovsk, and Ufa. Later, the military and Aeroflot took most of them to Gorky, Leningrad, and (the greatest number, 161) Moscow. Most had 30–40% TBSA burns. On 8 July the Soviet government accepted an American initiative to organize a burn team, mainly for children’s medical care.36 In Ufa, the team from Galveston, Texas (including Dr Herndon), evaluated four children with 30–68% TBSA burns and 12 with moderate burns (15–30% TBSA). The team began treatment in cooperation with Russian experts. The earlier, very conservative therapy was changed to an operative one, using dermatomes and meshers brought from Galveston. A US Army team was also deployed to the Soviet Union and began treating adults in Ufa. British and French teams were dispatched to Chelyabinsk. Israeli and Cuban teams went to the major burn centers in Moscow. However, Children’s Hospital 9 in Moscow had still received no help. Dr Herndon did further organizational work so that, after the Galveston team returned home, Dr Remensnyder (from Shriners Burns Institute, Boston) and Dr Ackroyd (from Massachusetts General Hospital) continued relief efforts at Hospital 9.


Twenty-six burned children were first admitted to Hospital 9. When Dr Remensnyder arrived, three children had died from sepsis. Modern techniques such as topical adrenaline splinting, use of air-driven dermatomes, and primary wound excision and grafting were introduced.


The US Army selected 28 patients for burn-wound excision and coverage. The team discovered many infected wounds,37 and a microbiological department was set up. Cross-infection between burn victims was common and mostly attributable to multiresistant Pseudomonas and Staphylococcus species. Techniques for minimizing blood loss had to be perfected as there were insufficient amounts of cross-matched blood. Local therapy with mafenide acetate and silver sulfadiazine was administered.


This effort was one of the very successful international joint operations in a burn disaster.38















Critical dimensions of disasters and planning


In mass casualties and disasters with burn injuries, three possible scenarios exist:




• If the number of victims is within the local burn center’s surge capacity, that center can perform primary stabilization and treatment. Afterwards, they can decide whether to transfer some patients to other burn centers.


• If the number of victims exceeds the surge capacity of the local burn center but can be handled by the national system of burn centers, primary care must take place in hospital emergency departments and/or burn centers. Dispersal of patients to national burn centers must come later.39


• If the number of victims exceeds national resources, primary care must take place in emergency departments and/or burn centers. National and international resources must then be evaluated to determine which patients are to be treated in burn centers nationally and internationally. This scenario is greatly facilitated by pre-existing conventions and treaties.












Phases of mass casualty events






Chaos and alarm


Initially, information about the event is unavailable. Even those involved often cannot verify the incident’s dimensions, and sometimes cannot even describe the place.23 Details must be obtained immediately. Information to be collected includes the exact time, place, and type of accident; estimated numbers of casualties and expected pattern of injuries; hazards (e.g., contamination or toxic smoke); and the number of persons potentially exposed.


After verification, the incident command system and in-field command post must be established and must coordinate the work of rescue, security, technical relief, and medical relief forces. They can then enable work to proceed in the damaged area and protect the team and their work from hazards, violence, and the distracting demands of victims, their friends, and their relatives.


False information leads to inaccurate alerts (e.g., ‘yellow red’ instead of ‘red’) and is disastrous for all who then must cope with unexpected situations.19


Immediately after the accident, victims flee to the nearest hospitals, overcrowding them before any official alarm. This influences the execution of emergency plans, because everyone is busy with arriving victims and no resources may be available to carry out disaster plans. Contaminated victims fleeing contaminated areas can bring severe risks to hospitals, causing a partial dropout of medical resources.









Organization


Medical care should be established at the scene and in alerted hospitals. First, the scene must be cleared of further hazards or rescue workers must be outfitted for the risk. Next, a cordon should be established to control victims’ departure to hospitals and to prevent onlookers and the news media from interfering in rescue work.


Traffic regulation must begin, and all teams must understand it. It must include movement and assembly of ambulances, fire trucks, and police cars; landing and take-off of helicopters; decontamination areas; areas for triage, treatment, and victims with minor injuries; and a temporary morgue. The scene should be divided into rescue areas, and schedules should be created for technical support teams.


During this phase, cooperation among medical teams, fire brigades, police, and technical relief teams is crucial. Local command-and-information structures must be established, as they serve as the coordination hub for preclinical treatment. A central command-and-coordination structure coordinates preclinical treatment, clinical treatment, and transport. It also disseminates up-to-date information. At hospitals, disaster plans are engaged and staff called in. The quality of the performance of all teams depends mainly on information.









Salvage and triage






Search and rescue


A salvage triage can be important for directing technical and medical relief because it determines urgencies. The first goal may be to bring victims to a safe collection place, free from imminent danger (e.g., battle, hostile action, or environmental hazards). Tagging must begin here. In-field triage must take place. This primary evaluation should take less than 30 seconds per patient and should be limited to life-threatening conditions.


With mass casualties, no resuscitation usually takes place in victims first classified as dead (no ventilation after freeing airways and no pulse, according to Simple Triage and Rapid Treatment—START). This is especially true when victims are salvaged from indoor fires (because deadly CO poisoning is assumed) or when lack of pulse or capillary refill is coupled with limb amputation (because massive violence is assumed to be fatal).39


Depending on the number of victims, salvaged victims are brought to collection points or to the triage area. In victims with extensive burns, the time in low-temperature environments must be minimized to reduce the chance of hypothermia.









Triage


Do the very best for as many as possible.


Different systems use different triage algorithms.


Paramedic systems may use START in both emergency medicine and mass casualties. According to findings, emergency treatment is as follows: free airways, emergency intubation, cricothyrotomy, decompression of tension (pneumothorax), and mask ventilation, styptics.40 The sensitivity for START varies from 85%41 to 62%.42


Medic in-field triage is another type. This is performed in an established triage area by medics assisted by teams of helpers. It consists of minimal anamnesis: time of accident, mechanism of injury, condition, how the patient was found, primary measures taken, actual discomfort, pre-existing conditions, medications and allergies, and the following systematic medical check:




• Physical investigation: external bleeding, penetrating injuries, burns, chemical burns, neurological status, and investigation of the head, spine, thorax, abdomen, pelvis, and extremities.


• If possible, a few measurements are taken, e.g., respiration rate, pulse oximetry, and temperature.40





In burn victims, the TBSA burn is estimated by the Rule of Nines, and strictures, suspected inhalation injury, and the need for intubation are evaluated. Emergency treatment is performed in a treatment area by emergency physicians. Burn victims needing treatment for shock or intubation should be classified for urgent treatment. Because of the need to resuscitate as soon as possible, resuscitation should at least begin here.


Triage depends upon easily verifiable vital parameters and clear types of injury to filter and classify patients according to the four treatment urgency groups shown in Table 5.1.


Table 5.1 Color code and urgency
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In Austria, Germany, Switzerland, and some other countries, triage group 4 includes the hopeless or unsalvageable who deserve ‘expectant’ treatment. This is very controversial because the duration of the disparity between supply and demand should be short, and when this period is over this group’s priority changes to 1 or 2. In such countries, the dead are in no triage group. Thus, group 4 requires staff at least for comfort care. Dead victims need neither staff nor transport in the acute phase.









Tagging


First, each patient is given a tag with a unique number. These tags facilitate victim identification and registration; provide information about patients’ history, medical treatment, injuries, urgency of treatment, and classification of injury; and specify the hospital for treatment. The tags must never be removed until all the following have taken place: definitive treatments have been initiated, the patient has been identified, the diagnosis has been made, and the tag number and all treatment data have been registered.


Different types of tag and label exist. Treatment urgency is evaluated first. Transport urgency follows emergency treatment.












First medical treatment


Necessary resuscitation, intubation, and minimum wound treatment should begin in accordance with triage findings. Often this must take place with limited resources and little knowledge of what the next minutes will bring. The lack of resources (e.g., IV fluid, infusion systems, tubes, respirators) limits their use to acute emergencies, leaving primary care for the hospitals where victims are sent.









First transport


For transporting burn victims, ambulance heating should be maximized to avoid cooling patients. Warming pads and extra blankets should be prepared, and IV fluids should be warmed. Ambulance doors should also be kept closed to retain heat.


Transport order must be in accordance with the urgency status determined in triage. Transporting the dead steals resources from the living. The dead and where they are found (important for identification) should be documented. When they have to be removed, they should be brought to a temporary morgue.






First-line hospitals


The closest hospitals should be avoided as much as resources will permit, as they will be overcrowded with people who are neither triaged nor registered and who arrive as walking wounded or as transports with individual means.6,21 These hospitals should be spared from primary transports.









Second-line hospitals


Second-line hospitals should be reserved for completing the primary treatment of patients who have already been treated. Each hospital to which victims first are admitted must perform a second triage to assess and complete primary treatment. The condition of burns patients often deteriorates quickly. Therefore, re-evaluating victims brought to these hospitals is mandatory!









Third-line hospitals far from the scene


Patients in triage group 3 (’delayed treatment,’ ‘walking wounded with only minor burns’) should be taken to hospitals far from the incident. Mass transportation (e.g., buses) can be used.












Primary hospital or burn center triage and treatment


Measures should be taken to stabilize the patient and perform all immediate necessary surgery, so that the need for interventions is minimized and personnel are then available for other work. Outside burn centers, admission triage and treatment are usually performed by medical specialists who are more or less familiar with the emergency management of severe burns. Support from burn experts will be necessary later.


When a burn patient arrives at hospital, an assessment must be performed, and prior measures must be completed or corrected (Table 5.2).


Table 5.2 Primary assessment of burns in hospitals






	



• A – Airway
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• B – Breathing



[image: image] Pneumothorax



[image: image] Escharotomy thorax



[image: image] Remove necrotic plates from thorax


• C – Circulation
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• D – Disability
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• E – Environment
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	(TRAUMA CT SCAN)







This evaluation and treatment are based on the ABCDE (Airway, Breathing, Circulation, Disability, Environment) sequence and are carried out through interdisciplinary means at a hospital. Securing the airway can require tracheotomy. Improving ventilation often requires escharotomies and fasciotomies in the thorax – sometimes even removal of necrotic plates strictly adjacent to the fascia.


Neglecting escharotomies in patients with impaired ventilation leads to more or less circumferential eschar in the thoracic area and death within hours. Indicated escharotomies and fasciotomies improve lung function almost immediately. Delayed escharotomies can lead to hyperkalemia with successive cardiac problems and massive influx of edema fluid, causing acute fluid overload.


Impaired circulation can result from strictures created by burn scars or from incorrect resuscitation. Strictures created by burn scars require escharotomies and fasciotomies in the extremities. Incision should make fasciotomies feasible and, if possible, should be done through third-degree burns, which must be removed over time, to minimize scarring.


Resuscitation should always be started according to a formula. Unfortunately, most burn victims receive too much resuscitation fluid initially.43 This seems to stem from two main factors. One is the overestimation of TBSA44 by the Rule of Nines. Even Lund–Browder charts overestimate burn size.45 The other is use of the Parkland Formula (4 mL/kg/TBSA). Combining this formula with overestimation of TBS,A46 either by Rule of Nines or by Lund–Browder charts, can cause heavy fluid loads, initiating edema or abdominal compartment syndromes. Calculation of initial fluid requirements can be supported by easy-to-use 3D computer charts combined with the Modified Brooke Formula. The fluid-needs calculation should then be guided by physiological parameters as soon as possible, mainly to the urine output of 0.5–1 mL/kg/h47 (Table 5.3 and Table 5.4).




Table 5.3 Fluid need calculation error from overestimation and different formulas


[image: image]




Table 5.4 Important items during primary hospital assessment of burns






	Ventilation






	



• If ventilation is impaired, check the need for intubation, tracheotomy, or coniotomy


• If patient is intubated and ventilation is disturbed, check tubus position, exclude pneumothorax, and consider thoracic escharotomies and fasciotomies


• Check for inhalation injury and aspiration. Bronchoscopy may be needed


• If carboxyhemoglobin is high, oxygen administration is needed












	Circulation






	



• If perfusion of extremities is disturbed or pressure is high, check the need for escharotomy and fasciotomy


• Recalculate TBSA


• Recalculate fluid requirement. Adjust fluid amounts accordingly


• If blood pressure is disturbed, correct fluid administration. Other medication? Additional injuries?












	Organ perfusion






	



• Check urine output


• Core temperature: Warm up












	Other injuries






	



• Is other medical treatment (besides burn treatment) necessary? Complete diagnosis, and give treatment according to urgency












	Local treatment






	



• Clean. Apply disinfectants: Take primary swabs












	Nutrition






	



• Nasogastric or nasoenteric tube in intubated patients




















Discussion


Additional injuries demanding treatment should, if possible, be definitively treated within the first 24 hours, before burn treatment. These injuries should be treated at minimum with the goal of damage control, or better, by definitive surgery. In cases of an unclear history of injury, explosions, and trauma caused by external forces apart from flames, a trauma CT scan should be performed to ensure that no other severe injuries are missed during the primary evaluation.


Escharotomies and fasciotomies should be performed before osteosynthesis. Escharotomies should be done when there is increased swelling occurring within hours due to systemic inflammatory response syndrome and to the hygroscopic effect of the eschar. Postponing necessary escharotomies while waiting for BATs or BSTs to perform escharotomy greatly increases the risk that extremities will be lost, and that the patient’s condition will deteriorate severely. In burns, osteosynthesis procedures performed during the first 24 hours do not carry higher complications than those performed in non-burn patients.48 When the risk is low, intramedullary stabilization should be performed, giving a better approach for handling burns, that is, it makes kinetic therapy and burn dressings easier. If a higher risk is present, external fixation is the appropriate method.


Wounds should be cleaned under sterile conditions. This should be followed by topical treatment with disinfectants and burn dressings.


Enteral feeding – at least by nasogastric tube but preferably by nasoenteric tube – should be started.









Secondary burn re-evaluation and treatment in hospital or primary burn center






Evaluation


Central incident command should already know the number of available burn beds. They should also know, at minimum, the number and locations of victims. Burn extent and severity, need for ventilator support, quality of shock treatment, CO poisoning, and quality of escharotomies must all be evaluated with the goal of obtaining reliable data. This is the ‘golden hour’ of BATs and BSTs.


Patients’ temperature should be maintained by maximally warming operating rooms. Air-conditioning systems with target temperatures that cannot be raised beyond a certain level can be a problem. Warming the operating room beyond the target temperature (e.g., with space heaters) simply causes the system to work harder to maintain its cooler, target temperature. Such systems must be turned off.


During the evaluation period, staff should be prepared to evaluate fluid regimens, ventilation, perfusion, escharotomy, and TBSA. They should also expect to begin feeding, cleaning the surface, using disinfectants, and applying dressings to reduce heat loss.









Central collection of corrected data


With central data collection and distribution the best treatment option allowed by the available resources can be chosen for the patient. This can be supported by information technology (IT) solutions that enable surface calculations and central registration of burn cases.49









Treatment options


Patients should be distributed to burn centers with free resources. However, when resources are limited, special criteria for burn center treatment must be set. These criteria are based on the survival grid published by the ABA5 and usually depend on TBSA, the need for ventilator support, and age. Patients meeting these (temporary) criteria should be transported to burn units. The rest should either stay in the primary hospital or be transferred to non-burn units.












Secondary transport


Transports to burn centers have the highest priority.


Whether to transport patients whose care has been classified as futile to burn centers must be decided in disaster planning. They are a burden for the primary hospital in terms of workload, psychological effect, and legal aspects.32 In burn centers, they tie up resources needed for treating patients who are likelier to survive. The pairing of two recommendations in the US – to send any patient with a third-degree burn to a burn center and not to send anyone with a severe, non-survivable burn to a burn center – produces conflicts. At any rate, these patients, their relatives, and the staff caring for them need both psychosocial support and support from experienced burn medics.


Depending on the severity of burns, patients should be transported through appropriate means. Ventilated patients should be transported by air or, for shorter distances, by mobile ICUs.


During transport, the patient must be protected from bacterial contamination and from cooling. This requires special dressings and devices that hinder cooling. Minimal monitoring should be possible: respiration rate, urine output, oxygen saturation, and in longer flights, PaO2 and PaCO2. Some helicopters can transport several patients simultaneously. Armies usually can offer airplanes to transport many victims even when ventilated (e.g., the MedEvac Airbus can transport six patients in intensive care and 38 more in the supine position).


Problems with air transport have been reported. These include bacterial cross-contamination as well as relatives’ being delayed or prevented from accompanying their dying family members.23 Klein46 reported that the most common complications during air transport are loss of venous access and inability to secure an airway. Hypothermia (<35°C) has been reported in about 10% of patients, most of whom have a larger burned TBSA. Mass transports can be supported by armies and their matériel.









Definitive treatment


Definitive treatment is given in predetermined places. Relatives coming to their badly injured loved ones should be given psychosocial help and supported by the offer of guest rooms and continuous, fact-based information. Patients and relatives must be protected from news media, which often present a big problem during this phase.


During surgery, blood-saving methods must be emphasized to conserve blood stocks. This can be helped by local application of epinephrine; tumescent techniques in necrosectomy and donor areas; local application of thrombin; and use of tourniquets. Performing operations on larger areas and with more teams can reduce the amount of preparation time between operations by reducing the absolute number of operations. Because resources such as cadaver skin can be limited in mass casualties, definitive covering as soon as possible is the goal.









Transport home


For patients whose early treatment occurred far from their homes, transport to home hospitals should be arranged after treatment. Central disaster management must conduct a general survey of treatment centers, who has died, living victims’ conditions, and spaces available in the home area. Patients should be transported if they are stable and the situation in the home area is expected to be suitable. Transport funding must be cleared.









Long-term treatment


After treatment in a burn center, patients’ further care must be organized and planned. Regular follow-ups, surgical interventions, compression therapy, and psychosocial support must be planned and initiated. These should be long-lasting measures to give the patient a point of care that they trust and to make them feel welcome to go there for any reason.









Rehabilitation


Rehabilitation must be planned and coordinated for all patients. The primary shortage in burn beds will be followed by a secondary shortage in rehabilitation centers. Follow-ups must be planned far into the future; projects should be established and funded. Physical, psychological, and social care should be given not only to the victims but also to their relatives.









Debriefing


Debriefing is part of psychosocial preventive care in an emergency response. Staff involved in mass casualties have a higher risk of illness than the average population because of confrontation with severely hurt or mutilated victims, especially children; injuries (sometimes fatal) to colleagues; fetidness; and cries for help. It is also attributable to pain, the need to make triage decisions, bad information, lack of routine, lack of resources, inability to provide help, and contact with aggressive news media.50 Debriefing allows these individuals to overcome the event psychologically and reflect on its effects. Optimally, it is conducted near the event site and begins within the first 24–72 hours. General group sessions after incidents are not recommended, as on their own they do not prevent post-traumatic stress reactions.50 One-on-one interviews and small group sessions are preferable. After these meetings, the psychosocial specialist decides whether debriefing should be offered. Re-contacting people after 4–6 weeks and re-evaluating the first decision is recommended.


In many countries, institutions and organizations offer debriefing based on the Critical Incident Stress Debriefing system. This system has three main parts: preparation, attendance, and aftercare. Although minimum quality standards are rather clear, quality control is sometimes lacking.50












Information and communication


Hospitals and burn centers often learn of the incident first through irregular channels.28 Victims arriving on their own sometimes provide the first information.13 The news media can also be faster than the designed information structure. Moreover, video is sometimes a better source of information than mere words. When patients arrive tagged or telling certain stories, this may indicate that a mass casualty event has occurred. Measures to establish hospital preparedness should be taken. For example, supplies and the local situation should be checked. In addition, staff should not be permitted to go home after shifts until the situation is cleared.


Crisis communication is the exchange of information among public authorities, organizations, the news media, and affected individuals and groups before, during, and after a crisis.51






Means of communication


In disasters and mass casualties many factors increase the need for communication, and communication resources are limited. Sequential failure of various communication methods has been described in many disasters (e.g., Enschede,52 Eschede,53 London, Madrid,14,16).






Cellular telephone


Cellular networks are usually overwhelmed because victims, the news media, relatives, friends, and others all quickly begin dialing to or from cell phones, leading to breakdown within minutes. Cell phones should not be used near explosive devices.54 A 50-foot (15.2-m) safety radius is recommended for cell phones and radios being used near a suspected explosive. People trying to use cell phones may be endangered by security forces, who know that cell phones can also be used to trigger bombs. If bombs are suspected, cell phones can be jammed by security forces.55 Amateur videos, often shot on cell phones, are important in mass casualties for reconstructions and intelligence.









Conventional telephone


In most hospitals, the number of incoming and outgoing landlines is limited. If there is a manual switchboard but no automatic switching, this system can be overloaded very quickly. An alarm server with a call center function can be useful for alerting staff, as in the early phases of a mass casualty everyone is needed to help prepare the hospital before the surge.









Voice over internet protocol (VoIP)


VoIP permits conference calls. For safety, public systems that could be used are usually disabled in hospital IT systems.









Two-way radio


Reception and transmission can be poor or non-existent indoors and underground (e.g., 9/11, London). In hospitals, the number of people who can talk at the same place and time over one circuit can be limited. This causes problems when an area includes many persons exchanging information.









Trunked radio system (TRS)


TRSs use computer control to allow almost unlimited talk groups with only a few channels. Relief units use TRSs for intra- and interorganizational communication. In Europe, TRSs are being established for emergency organizations.









Satellite telephone


Satellite phones operate independently of local infrastructure and can be helpful in cases of uncertain or overloaded infrastructure. However, even a call made from a satellite phone will not go through if the telephone system on the receiving end is not functioning.









Internet


Internet communication is an option only if connections are intact.56 The internet can be helpful in building up information structures for victims’ relatives and to provide information to extremely large audiences.









Electronic news media


These are important in disasters, especially when locales must be evacuated and when staff are needed. News reports sometimes provide burn centers with their first information about an incident, before the official alarm arrives.












Communication with news media


The news media shapes the public face of the disaster. Information for the media is important and should originate in a desire to be as correct and as complete as possible.51 Training in crisis communication should be given.


No excessive information on certain events should be provided, but important information must be given. The central incident command should appoint spokespersons to provide regular, announced press conferences and bulletins. The press should be kept away from victims and their relatives – the hunt for headlines does not stop at the hospital door.


When spokespersons start their work, they should first express their concern about the situation and their condolences to those who have lost loved ones. They should then provide assurance that everything possible is being done to help.


Methods of supplying information to the press include Web newspapers, press releases, press conferences, radio, and television. The press want people for interviews and photos. This should be kept in mind and prepared for, with forethought being given to what aspects can be discussed without causing problems. Guidelines for communication with the press are as follows:




• Never lie.


• Never guess, or present your own theories.


• Never become upset or angry.


• Never let the situation or reporter affect you.


• Never use jargon.


• Never discuss classified information.


• Never say ‘No comment.’


• Never speak about issues outside your competence.51





Press communications should be made in an environment outfitted for information transfer by the media and away from patient treatment areas.









Communication with relatives and friends


As at the scene, centers should be established at hospitals for friends and relatives to gather in private, and crisis counselors and information tools (e.g., telephones) should be available. Access to these areas should be restricted to identified relatives and friends. Information here should be exact, honest, and never speculative. A contact person for relatives and friends should be nominated.












Medical treatment


Different medical standards are used in treating mass-casualty victims, beginning with help from bystanders to ATLS from medical emergency teams, ABLS, and emergency management of severe burns (EMSB).






First aid at the scene and basic life support


Bystanders, hurt and unhurt, give first aid according to their education and ability. Basic measures include positioning, stopping bleeding, and securing respiration. In burns, additional measures include extinguishing fires on individuals, stopping the influence of heat, cooling surfaces, and hindering hypothermia. If available, oxygen should be given. Extinguishing and stopping thermal influence without causing hypothermia are the most important of these measures.









Water and cooling


Applying water helps to reduce pain by reducing surface temperature (thereby reducing nociceptor activity) and by hindering nociceptor desiccation. Water cooler than 8°C (46.4°F) can aggravate cell destruction.57 Water should be clean, but sterility is not necessary. Water from containers in which warm water is stored long-term can be contaminated with Legionella, causing severe problems (e.g., atypical pneumonia) very quickly.


The effectiveness of wet dressings is limited by their drying out. Therefore, periodic moistening is necessary to maintain the effect. Gel preparations do not dry and can make the wet-dressing pain-reduction method more comfortable. Although gels cool the body more slowly than does running water, they do not prevent hypothermia. In extensive and large burns, the application of tap water should be limited to extinguishing the fire and cooling surfaces to normal temperatures.


Hypothermia is a serious problem in burns and should be guarded against. If a patient starts shivering, cooling must be stopped and core temperature must be maintained by all available means. No wet dressings should be applied.









Advanced trauma life support (ATLS)


Doctors and advanced paramedics perform ATLS in preclinical treatment areas and emergency rooms. ATLS procedures are to be followed first; however, burn injuries require special care in the treatment of shock, evaluation, local treatment, and special knowledge of indications about where to treat.









Advanced burn life support and emergency management of severe burns


Burns are best treated with certain protocols:




• EMSB – developed by the Australian and New Zealand Burn Association and adopted by the British Burn Association


• ABLS – developed by the ABA, with training being available online.58





These protocols include ascertaining the magnitude and severity of an injury; identifying and establishing treatment priorities; physiological monitoring; determining the appropriate guidelines for patient transfer, including time, destination, and transport method; and treatment of the burn area, associated injuries, and common complications within the first 24 hours after burn.









Preventing hypothermia, wound contamination, and evaporative heat loss


Hypothermia, wound contamination, and evaporative heat loss are usually prevented with special burn dressings (absorbent cotton with an applied aluminum surface) and with plastic film as used in operations. In mass casualties, saran film (the plastic wrap used for food) is suggested for areas away from the face. It must be at least clean, if not sterile. This occlusion prevents wound dehydration and evaporative heat loss. Care must be taken not to stop circulation or hinder ventilation.


A separation layer must be applied between sterile and non-sterile dressings. Outside this layer, blankets should be used to reduce heat loss. Patients at greatest risk of hypothermia are those who are intubated and sedated, as they cannot regulate their own temperature.












Topical treatment






Chlorhexidine


Chlorhexidine is a chemical antiseptic. It is effective on both Gram-positive and Gram-negative microbes, although it is less effective with some Gram-negative microbes. It reduces surface colonization of burns; however, its effect on deep colonization is limited.59 In a 4% solution it has good effects against Staphylococcus aureus and Pseudomonas.60









Sodium hypochlorite


Sodium hypochlorite is recommended as primary treatment for burn wounds before treatment in burn units.61 Its clinical effectiveness does not increase in concentrations >1%.62









Polihexanide


Polihexanide is a biguanide polymer with disinfectant and antiseptic properties. It has very low cytotoxicity and is clinically and microbiologically superior to silver nitrate and povidone-iodine.63









Silver nitrate


Silver nitrate is usually used in 0.5% solution and has good effects on Pseudomonas, Staphylococcus, and many Gram-negative microbes. It can cause methemoglobinemia. It is painless and should be applied by soaked dressings re-moistened every 2 hours. The resultant film on the surface can frustrate evaluation. Because of ionic silver’s quick inactivation, the effect is brief. 64









Nanocrystalline silver


Nanocrystalline silver works in wet surroundings by setting silver free over a long period. It can be applied and left in place for some days. Complications can be caused by stricture.65 One case with argyria-like symptoms has been described.66 It has been shown to be more effective than silver sulfadiazine in treating superficial burns.67,68









Silver sulfadiazine


Silver sulfadiazine inhibits DNA replication and induces membrane changes in S. aureus, Escherichia coli, Klebsiella species, Pseudomonas aeruginosa, Proteus species, and Candida albicans. It is available as a 1% cream. It can cause acute hemolytic anemia in patients with glucose-6-phosphatase enzyme deficiency. When applied in higher doses over a longer period sulfonamides can cause crystalluria and methemoglobinemia. This chemical changes the surface of burn eschar, hindering evaluation of burned surfaces.69









Flammacerium


Flammacerium is silver sulfadiazine combined with cerium(III) nitrate. It makes the eschar more supple. The antibacterial spectrum of this compound is the same as that of silver sulfadiazine, but its potency is higher. Methemoglobinemia arises rarely.69









Mafenide acetate


Mafenide acetate is a sulfonamide with excellent activity against Gram-positive bacteria, including Clostridium. It has a broad-spectrum activity against Gram-negative bacteria but is not so effective against fungi and methicillin-resistant S. aureus. Application of this compound can result in systemic toxicity, often causing hyperchloremic metabolic acidosis and pulmonary complication if used over a long period. Because mafenide acetate is excellent at penetrating dead tissue, it is useful for the short-term control of invasive burn infections. This compound is not available in Europe.









Povidone-iodine


Povidone-iodine is used as a cream or solution.70 It penetrates the eschar, changing the surface so that evaluation is difficult. It must be applied at least twice daily.












Anesthesia






Early care: the part of the anesthesiologist


Major burn injuries are characterized by a rapid deterioration in hemodynamics and in vital systems such as the respiratory system. With the breakdown of the skin barrier hypothermia and infections become major, immediate threats. Second-degree burns are usually extremely painful.






Fluid resuscitation


Immediately after burn trauma, collagen breakdown in the dermis leads to a large increase in osmotic pressure in the interstitial fluid compartment, followed by the rapid formation of edema in the burned tissue.71 One to two hours later the capillary permeability in both the burned and the unburned tissue increases, reaching a maximum at 6–12 hours post burn. This reinforces edema formation and aggravates shock development.


Early management of burn shock is critical for surviving burns >20–25% TBSA. In children in particular, beginning fluid resuscitation within 1 hour after burn dramatically reduces mortality. This depends more on timing than on the type of fluid infused.72


To deliver adequate quantities of fluid, one must estimate the extent of TBSA burned. The Rule of Nines is widely used for this purpose. The most commonly used formulas for estimating fluid requirement in major burns are the Parkland Formula and the Modified Brooke Formula. Parkland recommends 4 mL lactated Ringer’s solution (RL) per kg/TBSA for the first 24 hours. The first half is administered during the first 8 hours post burn, and the rest is administered during the subsequent 16 hours. The Modified Brooke Formula is the same, except that 2 mL is used instead of 4 mL. No colloids are infused during the first 24 hours. Considerably more fluids must be delivered in the case of additional inhalation injury, delayed resuscitation, or combined traumatic injuries.


Children usually require more fluid resuscitation than adults with the same extent and degree of burn injury. Burn shock may occur with burns 10–20% TBSA.


Children weighing <30 kg should be given maintenance fluid in addition to the calculated resuscitation fluid73 (Table 5.5 and Table 5.6).


Table 5.5 Fluid resuscitation in children






	Resuscitation fluid






	



Modified Parkland Formula


3–4 mL RL/kg/TBSA for the first 24 hours


First half during the first 8 hours; the rest during the next 16 hours













Table 5.6 Fluid maintenance in children






	Patient weight

	Maintenance fluid: D5RL






	Up to 10 kg

	100 mL/kg/day






	10–20 kg

	1000 mL, plus 50 mL/kg/day for each kg over 10 kg






	20–30 kg

	1500 mL, plus 20mL/kg/day for each kg over 20 kg







Other, more sophisticated formulas exist.


Mass casualties or disasters make it difficult to provide fluid resuscitation both at the right time and in sufficient quantities. For example, a 70-kg patient with a 40% TBSA needs approximately 6000 mL of RL during the first 8 hours. Using alternative fluids for resuscitation to reduce early fluid requirements is very important, because supply is the bottleneck during disasters.









Early use of colloids


Data about using colloids, especially synthetic colloids, in the early resuscitation of patients with burn shock are rare. However, new hetastarch solutions, especially the balanced solutions (6% HES 130/0.42), are widely used in Europe as a rescue solution when resuscitation with RL fails.74 Both the rapid metabolism and the milder disruption of kidney function offer a better safety profile than those seen with the older, more highly substituted types of hetastarch. The rapid metabolism is accompanied by a much smaller risk of accumulation in the plasma and tissue (75% less than HES 200/0.5),75 a less negative effect on thromboelastographic indicators and on activated partial thromboplastin time, as well as a reduced interaction with factors VIII:C and vWF.76 Kidney function is disrupted less, even after repeated extreme doses (70 mL/kg/d).77 It is also disrupted less in patients presenting with mild to severe renal dysfunction.78 Therefore, in 2005, the European regulatory authorities increased the maximum daily dose to 50 mL/kg.


The volume-sparing and hemodynamic-stabilizing effect of colloids, when administered according to the Evans Formula, the Brooke Formula, and even the early Parkland Formula, has long been known. In the early 1980s, Goodwin79 reported that the use of colloids (albumin) in early resuscitation in major burns produces an increase in lung water. During the last 30 years, crystalloid resuscitation was the main form recommended, to avoid causing lung edema. Newer data on the use of albumin, plasma, and hetastarch in early resuscitation have shown no increase in lung edema and support the use of colloids after 12 hours.80,81









Hypertonic saline


Hypertonic solutions can rapidly restore plasma volume. The volume needed for resuscitation during the first 8–24 hours is much less than estimated by the Parkland Formula.82 In the 1970s, mild to moderate hypertonic solutions were investigated.83 In the 1990s, new hypertonic–hyperoncotic solutions (7.5% NaCl with dextran or with HES) were used for ‘small-volume resuscitation’.84 Because the relative volume effect of hypertonic saline dextran (HSD) is 8.5 times that of RL,85 it rapidly improves hemodynamics, as seen in a sheep model with 40% TBSA.86 In addition, hypertonic saline tends to moderate the upregulation of leukocytes and adhesion molecules, and may lower microvascular permeability.87


The first use of hypertonic solutions in major burns, using very high doses, led to renal failure and increased mortality.88 In traumatic shock, 4–8 mL/kg of HSD or Hyperhes is usually delivered as a bolus. However, for major burns, administration of a limit of 8–10 mL/kg over 2–4 hours86 seems safer and causes prolonged volume expansion. It also has logistic advantages in an evacuation center or staging area, where large volumes are not available.89 Small-volume resuscitation solutions (HSD, Hyperhes) must be supplemented with isotonic fluids (with the aim of having a urinary output of 0.5–1 mL/kg). Because of the danger of hyperosmolarity (Na >160 mVal/L) and renal failure, they cannot be recommended for routine use in major burns.









Oral fluid replacement


Since the development of formula-based IV resuscitation in the early 1950s, oral resuscitation in major burns (>15–20% TBSA) has had no significant effect on early therapy. This is mainly due to disturbed gastric emptying and impaired peristalsis caused by the burn injury, along with the analgesics and anesthetics delivered for pain, which have well-known effects on the intestine.


In the early 1970s, Monafo83 resuscitated a small group of adults and children with 22–95% TBSA using a 600-mOsmol/L hypertonic oral solution. In the 1990s, a revival of enteral fluids in terms of ‘early enteral feeding’90 revealed that, if feeding began no more than 2 hours post burn, the gastrointestinal effects were favorable, and even major burns could be managed partly or wholly with enteral, rather than parenteral, feeding.


Today, the main focus is on the World Health Organization’s oral resuscitation solution (ORS). This is a powder solute that is provided in a small packet and is suspended in water. It contains glucose, sodium, potassium, chloride, and buffer, having a slightly hypertonic osmolarity of 331 mmol/L. It was first developed to treat the massive loss of volume and electrolytes accompanying conditions such as cholera and dysentery.


Thomas89 demonstrated that, by placing a feeding catheter in the intestine of 40%-TBSA anesthetized pigs, these animals could be resuscitated with the WHO ORS according to the Parkland Formula. Michell91 reported similar results. El-Sonbathy92 reported good results using the WHO ORS for oral resuscitation of children with 10–20% TBSA.


Without a gastrointestinal catheter, greater volumes of oral resuscitation fluids may be necessary because gastric emptying may be delayed. More research into both the ideal enteral fluid and the quantities to administer is necessary. However, in disasters with IV fluid shortages, oral rehydration solutions may have a role in early burn resuscitation. Such solutions include the WHO ORS, or, if this is not available, 5.5 g of an undissolved salt tablet can be swallowed with 1 L of water as reported by Sorenson,93 1 L of water with 1 teaspoon of salt (or 0.5 teaspoon of salt and 0.5 teaspoon of baking soda) and eight teaspoons of sugar as reported by Cancio,94 or 1 L of RL with eight teaspoons of sugar, which is available everywhere and is easy to transport.












Conclusion


A staged approach has been set forth for fluid resuscitation in the military, as reported by Thomas.89 A similar process should be outlined for civilian mass casualty incidents:




• Patients with <20% TBSA and no immediate need for intubation could be resuscitated orally or by nasogastric tube (NGT) with the WHO ORS or a similar solution (500-mL bolus with one packet of rehydration solution) and then subjected to bolus feeding of 2–4 mL/kg every 20 minutes. This should maximize gastric emptying.


• Patients with 20–50% TBSA and no immediate need for intubation could benefit from administration of 1 or 2 HSD or Hyperhes units (250–500 mL) over 2–4 hours, combined with enteral resuscitation with WHO ORS and/or IV RL administered with the goal of a stable macro-hemodynamic and urinary output of 0.5–1 mL/kg/h.


• Patients with >50% TBSA and inhalation injury, combined injuries, etc. often require intubation, so IV fluid resuscitation should begin as soon as possible. The fluid requirements estimated by the Parkland and Modified Brooke formulas can be reduced during the first 24 hours by administration of hypertonic saline and colloids, as discussed above.





The importance of beginning fluid resuscitation as early as possible, using just what is to hand, must be emphasized. Moreover, because hypothermia is among the greatest threats in the early course of major burns, fluids should be warmed whenever possible.






Venous access


Early venous access with two or more 14- or 16-gauge IV lines should be obtained immediately. If this is not feasible, other options should be considered:




• Central veins


• Intraosseous (IO) access


• Surgical cutdown.





With new IO devices access is easily gained, even in adults, and crystalloid and colloid solutions can be rapidly infused. Caution should be exercised with hypertonic fluids, as soft-tissue and bone necrosis can develop.









Physiological monitoring


Several types of monitoring should be carried out:




1 Basic hemodynamic monitoring: heart rate, blood pressure, and urinary output are fundamental in major burns. The goal of in-field resuscitation is a heart beat of <140/min, normal blood pressure, and urinary output of 0.5–1 mL/kg/h (1–1.5 mL/kg/h in children). After evacuation to a burn center, the input/output ratio should be calculated every hour to prevent ‘fluid creep.’ More sophisticated protocols can be implemented.


2 Frequent body temperature measurement.


3 Pulse oximetry if any signs of inhalation injury exist. Note that COHb and MetHb are not detected by pulse oximetry, and the measured values for oxygen saturation may be far too optimistic. For this reason, arterial blood gas tests should be performed as early as possible. If possible, 100% O2 should be supplied.


4 Invasive monitoring of unstable patients via arterial lines, SvO2, Picco, Cardio Q, etc. should begin as soon as possible to guide fluid resuscitation.


5 Capnography for intubated patients is desirable.


6 Relaxation monitoring: train-of-four test.


7 Laboratory tests, including, at minimum, blood cell count, platelets, coagulation, electrolytes, and basic renal parameters.





Devices for in-field monitoring are small and robust, having an extended battery capacity and a display exhibiting many digital data and curves that cover almost all important critical care parameters. In civilian hospitals they are used as transport monitors for critical care patients. The smallest monitors (e.g., the Philips IntelliVue MMS X2) weigh no more than 1.2 kg.









Airway management


CO and cyanide intoxication, head and neck burns, circumferential third-degree burns of the thorax and abdomen, as well as inhalation injury can all rapidly endanger the lives of burn victims. Intubation is often the only way to secure airways and hence oxygenation and ventilation. Because burn edema increases over the first 24–48 hours, patients at risk are normally intubated early, sometimes even prophylactically. In burn disasters oxygen and ventilators are often scarce, increasing the importance of correctly identifying patients needing oxygen or intubation.









CO intoxication


CO has a 200 times higher affinity for hemoglobin than oxygen. It displaces O2 and shifts the oxygen–hemoglobin dissociation curve to the left, impairing tissue oxygenation. Early symptoms such as headache occur at COHb levels of 15–20%, followed by dizziness, confusion, and agitation. Having COHb levels >50–70% for a longer period is lethal. In this case, immediate O2 is mandatory, as it markedly reduces the half-life of COHb.









Inhalation injury and the decision to intubate


The heat-carrying capacity of air is low. Therefore, the main lesions affect the upper airways, except when steam is involved. Reflex closure of the glottis often protects the lower airways. Thus, damage in this region is mostly related to the toxic byproducts of fire.


Rapid laryngeal and epiglottal swelling can quickly cause hoarseness, heavy coughing, and inspiratory stridor. Because edema increases, these patients must be intubated immediately. The same applies to patients with extended burns to the face, neck, and thorax and showing any sign of respiratory or cerebral deterioration. Circumferential third-degree thoracic burns must be escharotomized as soon as possible, because of a rapid decrease in thoracic-wall compliance and a rapid increase in the effort needed for breathing.


Patients who have soot on the upper airway mucosa, inflammation of this region, coughing, milder forms of hoarseness, and bronchospasm, and who do not improve upon entering open air must be kept under close surveillance and treated with O2 and humid air during the next 24–48 hours. Twelve to 24 hours post burn, the toxic byproducts of fire and released mediators can cause a delayed massive production of mucus and lung edema.









Other considerations


Patients with major burns are usually hypovolemic. General anesthesia (GA) is typically used if immediate surgery is necessary.95 In disasters with few fully equipped anesthesia workstations, relatively stable patients not having threatened airways or inhalation injuries and not requiring major surgery of the thorax or abdomen can be safely managed with ketamine, ketamine and midazolam, or ketamine and low-dose propofol.96 Ketamine preserves spontaneous ventilation, as airway reflexes remain mostly intact. The drug induces dissociative anesthesia and is a potent analgesic. Increasing central sympathetic tonus helps stabilize hemodynamics. It is a bronchodilator and increases mucus production. Therefore, it should eventually be combined with glycopyrrolate or atropine. It can also be combined with midazolam (0.03–0.15 mg/kg) or low-dose propofol (0.25–0.5 mg/kg) to avoid dysphoria and hallucinations. As a racemate, ketamine has a loading dose of 0.25–1 mg/kg (IV) or 0.5–2 mg/kg (IM) for analgesia; the anesthetic dose is 0.75–3 mg/kg (IV). S (+) ketamine, which has a weaker psychomimetic effect, can be administered at half the dose of the racemate. The effect of this compound lasts 5–15 minutes.


Acute surgery of wounds on upper and lower limbs as well as osteosynthesis of open fractures can be performed under peripheral single-shot regional anesthetic techniques if the region where the block must be performed is clean and not burned. The same can be done with smaller burns on extremities. Central neuraxial blockade is not recommended, as hypovolemic patients tend to develop severe hypotension due to the attendant sympathetic nerve blockade.


Major acute surgery is usually performed under GA with secure airways and controlled ventilation.97 Intubation may be difficult in patients with severe head and neck burns as well as with a swollen tongue and epiglottis. Preoxygenation is advisable. As a precaution, mandrins, a laryngeal mask, an intubation laryngeal mask, a Combitube, and a cricothyrotomy set should be at hand. Awake fiberoptic intubation is often not an option in disasters. Because of the aspiration risk of a full stomach, a rapid sequence intubation (RSI) with cricoid pressure should be performed.









Anesthesia drugs


Etomidate (0.15–0.2 mg/kg) and ketamine, eventually combined with midazolam or low-dose propofol, commonly serve as induction anesthetics because of their low hemodynamic interference. If only propofol or barbiturates are at hand, carefully titrating the doses is key. The reduced distribution volume and low cardiac output will require a lower dose and a considerably longer time before any effects can be seen.


Relaxation with succinylcholine (1–1.5 mg/kg) during the first 48 hours after trauma does not produce severe hyperkalemia.98 An onset of 60–90 seconds and a recovery index of 3–4 minutes make it a favorable drug for intubating difficult airways. The non-depolarizing relaxant with the shortest onset is rocuronium (0.5 mg/kg; 2–3 times the dose for RSI, time to effect is 1.5 minutes; recovery index is 15 minutes (much longer for higher doses)). The decreased responses to non-depolarizing relaxants do not occur during the first few days after trauma.99 Because of hypothermia and decreased hepatic and renal blood flow, clearance can be reduced. Relaxation monitoring (train-of-four test) is recommended.


Volatile anesthetics are usually applied with opioids in a balanced form of anesthesia, as they have significant cardiodepressant and vasodilating effects. Opioids such as morphine, fentanyl, sufentanyl, and remifentanil do not appreciably interfere with hemodynamics. As potent analgesics partly with different sedative qualities, they reduce the minimal alveolar concentration of volatile anesthetics.









Perioperative management and acute care of burn pain


In disasters, sophisticated perioperative diagnostics are not feasible. In accordance with resources and triage steps, a staged system of surveillance and monitoring must be instituted. Fluid resuscitation, as discussed above, is decisive in preparing a burn victim for surgery. Adequate burn pain management must be started.


The primary drugs used for partial-thickness burns are opioids. Major burns are treated with small repetitive IV doses of morphine (2–4 mg) or fentanyl (0.05–0.1 mg). Continuous infusion is preferable to administration of a bolus. Smaller burns can be treated with oral opioids, such as hydromorphone retard (4 mg twice daily) or oxycodone retard (10 mg twice a day or 20 mg/d), after mitigation of the strongest pain with IV drugs. Side effects of opioids are respiratory depression, nausea, bradycardia, muscle rigidity, constipation, histamine release, and bronchoconstriction (with morphine).


Children with difficult venous access can be treated with ketamine rectally (0.5–1.5 mg/kg). Ketamine (0.25–2 mg/kg IV) is often used, especially for procedural pains. Intramuscular application should be avoided.


A multimodal analgesic strategy with a combination of simple peripheral analgesics, such as acetaminophen, metamizol, and NSAIDs, is helpful. In addition, because considerable psychological stress occurs, anxiolytic drugs such as benzodiazepines (e.g., midazolam, lorazepam) and stomach mucosa-protecting agents should be administered.


Postoperative adverse effects, especially prolonged effects of anesthetics and relaxants, must be anticipated. Respiration, hemodynamics, urinary output, and temperature must be closely monitored. Hypothermia and blood loss must be prevented.









Oxygen


During disasters, O2 requirements rise rapidly. Delivering small bottles of liquid O2 is logistically difficult owing to constraints imposed by bottle weight, the space they occupy, and their need to be refilled. Even hospitals’ large bulk liquid oxygen systems may be damaged or inaccessible. In such cases, alternatives must be implemented as soon as possible. Portable bulk systems (1000–5000 L of liquid oxygen) or mobile cylinder banks are helpful, but often unavailable in disasters.


Two other options are portable and non-portable oxygen generators, often used in military field hospitals. If electrical power is present, oxygen generators can deliver oxygen with >93% purity. They can be connected to patients or ventilators. With a booster system to provide enough pressure, oxygen generators can be used to refill oxygen tanks.


For work to proceed safely in the face of diminished resources, a sufficient supply should be organized, the right connections must exist between the systems, different systems should be rechecked during exercises, and actual oxygen needs should be evaluated to minimize wasted gas.100












Anesthesia machines and ventilators


Anesthesia machines and ventilators in the field must have the following characteristics:




• Robust


• Lightweight


• Operate in extreme temperatures


• Suited to air service.





They should also meet the following criteria:




• Need as little fuel for power as possible


• Be ready for use quickly


• Be easy to use


• Require little maintenance


• Have an extended battery capacity


• Be able to ventilate in modern ventilation modes


• Meet safety standards of the American Society of Anesthesiologists (ASA) or of Directive 2007/47/EC of the European Parliament and of the Council.









Anesthesia machines


Forward surgical teams from the US and British Armies use drawover anesthesia systems:




• Ohmeda Universal Portable Anesthesia Complete (PAC) or TriService Anesthesia Apparatus (TAA; Penton Ltd, UK)



[image: image] The main advantage is the low weight (5 lbs or 2.3 kg).



[image: image] Air and oxygen are drawn through vaporizer by negative pressure generated by the patient’s inspiration.



[image: image] Airflow in the vaporizer is guided by a rotary (PAC) or sliding (TAA) valve.



[image: image] For ventilation in a controlled mode, a combination of the Impact 754 Eagle ventilator and the PAC system is used in the field.101






Anesthesia machines with controlled ventilation modes for field use (mostly military) include the following:




• Ohmeda (FAM) Model 885A



[image: image] Portable-circuit system



[image: image] Weighs 55 lb (25 kg)



[image: image] Powered by bottled O2




[image: image] Has a multiagent vaporizer with a Vernitrol anesthetic flow calculator



[image: image] Has no modern ventilation modes


• Draeger Narkomed M


• Weighs 103 lbs. (47 kg)


• Variable-bypass vaporizer


• Limited by high oxygen consumption.





The biggest disadvantage of the drawover systems and FAM 885A is their failure to meet ASA safety standards. Therefore, training with the devices in ordinary or military hospitals is difficult and possible only with connection to the safety and monitoring systems of standard anesthesia machines.


Another drawback is that single-agent temperature- and pressure-compensated vaporizers are generally used today. Therefore, anesthesia providers do not have experience with Vernitrol-type vaporizers. Future systems must be widely used in civilian hospitals and properly adapted to field use. The main advantage will be that anesthesia personnel will already be familiar with the features of the device, such as displays, alarms, and service. Getting acquainted with a device only in a disaster is useless and dangerous.


An example of this new generation of anesthesia machine, which is now used in the US and by several European armies, is described below:




• Draeger Fabius Tiro M



[image: image] Electrically powered (no gas for power)



[image: image] Weighs 198 lb (90 kg), including the container



[image: image] >45 min on battery, including the monitor



[image: image] All necessary safety systems and alarms



[image: image] Many critical-care ventilation modes



[image: image] Can be connected to an oxygen generator.












Critical care transport ventilators and ICU ventilators


During disasters a discrepancy may exist between the number of available ICU ventilators and the number of severely injured patients who cannot be ventilated with simple rescue service transport ventilators. High-end critical care transport ventilators, which are mainly used for intraclinical critical care transport, are lightweight and easily moved to the triage areas and frontline hospitals. They have battery capacities of 4–6 hours and can be used both independently and connected to a central gas system. They can be used not only for transport, but also as temporary substitutes for missing ICU-ventilator capacity, if necessary.




• Transport ventilators, such as the Uni-Vent Impact 754 Eagle, Draeger Oxylog 3000, and Weinmann Medumat Transport System



[image: image] Weigh 10–13 lb (4.5–6 kg)



[image: image] Adequate monitoring of respiratory digital data and curves



[image: image] Adequate safety systems and alarms



[image: image] Easily connected with transport units, such as LSTAT and Mobi Doc system



[image: image] Offer most of the new ventilation modes.





Providing this extended level of anesthesia and ventilator care requires high-level logistics and organization. In developed countries this should eventually be achievable in most disasters. It will be much harder in countries where resources and infrastructure are insufficient even without a disaster. In this case, only rapid, structured outside help through federal, military, or international rescue organizations can mitigate the crisis.















Blood transfusion






Transfusion’s role in burn disasters


Adequate blood products are important for primary and sustained life support. Few publications have described the responsiveness and efficacy of transfusion services in catastrophes and disasters. Blood supply has been mentioned as being scarce in the first and prolonged phases of disaster mitigation.16 However, the 9/11 terror experience showed that an uncoordinated surge in blood donation may generate an unusual drop in patient supply several weeks later.102 Managing blood in disasters and catastrophes is tricky, and may be complicated by public pressure and poor communication.103









Transfusion in burns


Blood loss may occur in combined injuries, but also in severe burn injuries involving large TBSAs. Full-thickness burns may cause blood loss that is correlated with TBSA.104,105 A TBSA >10% acutely lowers erythrocytes because of thermic hemolysis and microthrombosis.106 Concomitant CO poisoning may further reduce the remaining oxygen transport capacity of erythrocytes. The loss of red cell volume and oxygen transport capacity cannot be estimated correctly in these circumstances (CO intoxication, thermic hemolysis, and microthrombosis), and fluid resuscitation can obscure the available red cell mass. Sufficient oxygen delivery to peripheral tissue is important for hypermetabolic patients who may need surgery (e.g., escharotomies) and repeated dressings.107-110 Platelets may be required in the acute phase and subsequent treatment. Correct transfusions of leukocyte-reduced blood products are a prerequisite in managing transfusions in burns.106









Organization of blood transfusion services


Modern transfusion medicine has silently changed its organizational background in recent years without being noticed by the public and other medical personnel. Blood centers serve specific areas and are run by the Red Cross, national authorities, foundations, and non-profit organizations. They organize blood donations, process blood products, test the donations, and manage distribution to hospital blood banks.


Standardization of blood products, tight regulation by health authorities, general donor shortages, and economic struggles have led to a higher turnover of products and an optimization of inventories. Cost-cutting has prevailed in nearly all developed countries, leading to the shutdown of several blood centers and the establishment of large, centralized facilities housing production, testing, and IT services. This actually increases the total processing time. In some countries, testing and IT are centralized to one national site or even outsourced internationally. This may pose a threat to the healthcare system if a facility shuts down or otherwise malfunctions.


Blood centers may collect, process, and test blood; however, they generally distribute blood products and provide additional services (e.g., platelet apheresis) to hospital blood banks, which are responsible for the immunohematologic and clinical services. Disaster management and mitigation plans may exist in well-managed regional and national blood services but are mostly focused on anticipated threats such as pandemics (e.g., H1N1 influenza) and on the disintegration of vital core facilities (e.g., IT services, nucleic acid-testing laboratories). Burn disasters are often absent from these plans. Blood centers are rarely consulted by emergency systems or hospitals, nor are they integrated into hospitals’ communication pathways and disaster plans.









What happens at blood centers in burn disasters?


Hospital blood banks possess a certain inventory, usually no more than the amount of blood products needed for 2–3 normal days, including additional units for major trauma.


Burn disasters immediately deplete the available stocks and lead to urgent requests to the local blood center. Triaging mass casualties, especially in burn disasters, results in the dissemination of patients to different trauma centers, so that multiple hospital blood banks are involved. High-volume and high-priority requests concentrate in a spiraling sequence on one blood center, which is greatly strained to coordinate the distribution to its hospital blood banks.


Supplies are usually sufficient to meet the urgent first requests, but many blood centers hold only enough blood products to meet the regular demand of 1 week or less. Burn disasters are characterized by the urgent need for platelet products and erythrocyte concentrates in the early phase. A blood center’s stocks may be depleted within hours – platelets first, and then erythrocyte concentrates. Plasma products are sufficiently available, even in bigger disasters.


Because it takes at least 24 hours and as long as 3 days after a donation to produce blood products, a quick start to regain the required amount of blood products may go awry in an already strained blood center. Deliveries from other blood centers and national coordination may be a big help in mitigating the center’s own insufficiency.


More often, a blood center acts without information about the disaster and the estimated need for blood products. Communication between emergency services and blood centers is rare, and hospitals have no coordinated system to inform the blood center.


More serious is the effect of mass media on blood donation. Blood donation is very well known among the media and the public, and blood services often use the media to boost donations. The media focus early attention on blood centers and provoke the public’s urgent desire to help. Blood donation is the commonest way to ease tension if the public feels powerless about the disaster’s cause and/or effect. This is most pronounced after acts of terror, when blood centers are confronted with a mass of potential donors and sometimes do not need that much blood. They may be quickly overwhelmed when faced with such a surge of potential donors.












Strategies


During mass casualties, strategies in early burn treatment differ mainly in the degree of treatment before admission to a burn center and in the initial goal of transport. Strategies can differ by country, depending on the resources available.






Medical outposts as extended treatment areas


Usually, the first place to assemble burn victims is an in-field collection or treatment point. Keeping burn victims at this site until the definitive place of treatment is known is impossible, because the number and severity of injuries will not be known during the first hours and resources will be insufficient. Longer stay in advanced medical outposts or collection points is also linked to greater hypothermia.









BSTs and BATs at the scene


In some mass casualty plans, triage and primary care in the field are supported by BATs or BSTs.111 Reports of different events show6 that triage in the field usually starts late and that many victims arrive at hospitals long before actions at the incident site have become structured. Therefore, BAT teams must be on standby for deployment within minutes, and information about the incident must be instant and exact. Even when deployed very early, BATs usually are too late, at least for those victims who have already been transported.









Burn center criteria for mass casualties


Individual medicine criteria for admitting patients to burn centers are rather extensive. The German-Speaking Association for Burn Treatment and the European Burns Association have guidelines stating that burns in functionally and/or aesthetically important areas should be treated in burn centers regardless of degree and extent. According to ABA, all third-degree burns should be treated in burn centers. Compliance with these guidelines is not possible during mass casualties and disasters. The available burn beds must be filled by victims who will get the maximum advantage from burn center treatment.









Primary transfer to burn centers


Patients should be transported to the best place for the best treatment available. These are normally burn centers. However, at the time of a mass casualty the number of victims is unclear, as is the number of beds available in burn centers. Although a surge capacity is defined, it still allows a burn center to distribute patients to other burn centers. However, a challenge remains: can the distributing center prepare patients in time?


Such situations call for resource-rich jurisdictions, with many burn centers, many burn beds, and many staff. The actual availability of burn beds varies between states. One can usually assume that burn beds are in short supply and high demand. Whatever the advantages of this approach to safety and sufficient primary care and stabilization, they are lost when the number of victims is so high that quality standards cannot be maintained. Burn centers must first treat many patients with less severe burns, thereby tying up staff who are needed for the severely burned. In special cases, combination injuries (e.g., mechanical injuries) are to be expected and may necessitate transfer to a trauma unit. BATs and BSTs can back up local teams to improve capacities. If the influx greatly exceeds surge capacity, the ability to triage and stabilize patients according to ABLS criteria will depend on the recruitable staff. Even in the US, many burn centers have fewer than 15 beds112 and even fewer ICU beds. Not even the full staff of small centers can treat 30 or 40 severely burned patients, perform secondary triage according to ABA policy, and prepare them for transport in time.


Until this triage occurs, the patients must be kept in a suitable environment. The feasibility of this policy in smaller burn centers has yet to be demonstrated. Surge capacity is important because it is a number that must be considered in planning. The ABA definition – 50% more than the usual capacity – gives each center a planning dimension, which must be funded before it can be realized.


Transferring patients elsewhere can be reasonable even for burn centers, because surge capacity cannot be maintained for long. Medical vanity should never be a reason to avoid transferring patients elsewhere. Burn centers are usually not empty, and their size is adapted to normal needs. Transferring patients whose treatment has already begun from a burn center to a hospital’s non-burn units gives the impression that no burn center was needed, or provokes fears that the ensuing treatment in other units will be insufficient. Workload above the normal capacity causes complications, including hygienic problems within the unit, endangering patients and increasing costs.29









Primary treatment in trauma centers without burn units


Trauma centers will always be part of disaster responses, and as victims go to the nearest hospitals by themselves these trauma centers will be part of the response. Trauma centers, being much more numerous than burn centers, can more easily cope with primary treatment for an unknown number of casualties.113


Although primary care for burns is part of ATLS procedure, many emergency doctors, trauma surgeons, and other medical personnel throughout the world do not seem to be experienced in the primary treatment of burns. This is true even in military organizations.32 Therefore, trauma centers without burn units need support from experts and seem to be the place where BSTs and BATs can be most effective.


BSTs and BATs act as experts and can provide support to other surgeons. Because they are not busy with details, but with directing treatment for many others, they can use the trauma center’s surgical and staff resources to improve results. They can also help determine the extent and severity of burns for central data collection, and for distribution to burn centers or other hospitals as well as guarantee adequate primary care.









Referring the most severely burned patients to burn centers first


Referring only the most severely burned patients to burn centers first is of little use, as demonstrated in the case of Pope Army Air Field, where many futile patients diverted the center’s resources. Burn beds are scarce and must be reserved for victims with the best chance of survival. ABA has published a benefit–resource ratio table to optimize triage to burn centers. To enable the optimum distribution of patients to burn centers, one must know the number and qualities of beds available, as well as the number and severity of patients needing burn beds. Because this number is not known in the first hours of an incident, the distribution to burn centers cannot properly be planned during this time.









Primary distribution to local primary responder hospitals


BATs or BSTs provide support to primary responder hospitals, guiding resuscitation and primary care as well as delivering data for centrally directed casualty distribution, after considering the number of burn beds available nationally and internationally. Transport to the definitive place of care is organized from the primary responder hospitals. BATs or BSTs are necessary for this strategy to work well. Telemedicine might help in this process.114-116









Tiered response


A tiered response is crucial for an effective response during a burn disaster. In ABA plans, this is a national response directed by intrastate and interstate cooperation of burn centers with military assistance under Department of Homeland Security governance. In other countries, especially in Europe, where there are many small countries without the resources, the tiered response can necessitate international cooperation. This strategy requires advance preparation so that certain basic information is clear. Problems will arise without international agreements for such cooperation, without knowledge of international burn bed availability, and in funding treatment in another country without knowledge of patients’ insurance status.









Allocating and distributing more burn patients


This strategy is important to avoid overwhelming single burn units and treating patients in relatively understaffed units. High-capacity utilization in burn units increases difficulties through intensive resource use.


Cross-infections can be expected to increase, and patients’ safety will easily be negatively affected. With these infections, stays in ICUs and burn centers are prolonged, mortality rises, and costs increase. When patients from countries with multiresistant bacteria are taken to a burn center, this can be the beginning of a long-lived fight against such infections.117 Although the increased number of nurses and other medical specialists can usually be sustained over a longer period by adding new resources, this cannot be done with burn specialists. Their number is limited, and no center has too many. Therefore, after some weeks, burnout is to expected in those working additional shifts without respite.29 Distributing burn victims among more centers to avoid danger both to patients and staff would be more effective. This distribution can take place only when clear regulations exist for compensating costs, regulations regarding the uninsured, and a humanitarian understanding of this procedure.












Burn bed availability (Fig. 5.5)



The US has 1825 burn beds. A national electronic registry of availability is in development. In Europe, burn beds, especially in small countries, are very few, so that international cooperation is necessary. Few data exist on the real availability of burn beds in the case of a disaster. Germany has the highest ratio of burn beds to population. In the Enschede fireworks explosion, Germany could offer 19 burn ICU beds, out of 127 for adults and 15 for children.118 National burn bed bureaus exist in Germany and the UK, and there are networking facilities for cooperation (e.g., the Mediterranean Burns Club).





[image: image]

Figure 5.5 Investigation of free burn beds in neighbouring states following the Enschede fireworks explosion, in which at least one individual was severely burned.


Courtesy of OOEN/Archiv.





The European Union has a ‘Community Mechanism for Civil Protection,’ which regulates disaster support among states both in and outside the Union. This covers sending disaster relief staff to countries with disasters, but does not address transferring victims to other countries. There are exchange treaties between some countries, and there is actual cross-border hospitals cooperation. However, there is no general regulation of these processes.


Burn bed registries are necessary for quickly ascertaining how many patients can be treated in an area. These registries should include the different burn bed types, whether they are intensive care beds with or without the ability to warm patients, and whether there are non-ICU beds. Asking each individual center how many beds are free for use during an incident is too time-consuming: an online system is preferable.









Humanitarian crisis


A humanitarian crisis is an event or series of events causing critical threats to health, safety, or human wellbeing, usually over a wide area. For burn injuries, armed conflicts and natural disasters are the likeliest forms. Natural disasters can not only be directly linked to fire (as in wildfires), but can also cause burn injuries through atypical use of energy. For example, burn incidence rises when people are not accustomed to open fire but need it because their electricity source has failed. The same happens when people try to obtain electricity by throwing wires over power lines. After a severe storm, the increased use of emergency internal combustion generators and internal combustion power saws increases burn injuries and burns related to fire accelerants.119


In disasters and humanitarian crises, burn and other medical treatment can often begin only after minimal infrastructure and order have been established. Medical work can be dangerous where there is looting or political or religious rivalry.120 Therefore, cooperation with security forces, at least in the early stages, can be necessary.121 Minimum requirements for work are shelter, safe water, food, and electricity.122 One of the basic problems in medical aid work during disasters and in low-resource countries is sterility. That is, there is usually a high rate of infections with hepatitis and HIV, which must not be spread.123


Burns can be categorized into the following three main types:




• Those that can be treated with minimal efforts (e.g., by clean dressings and available analgesics).


• Those that are not survivable without specialized care. Special care must be established, and success will depend on the degree of medical care given.


• Those that cannot be treated successfully in this environment. Patients must be transported to facilities where successful treatment can be performed and is funded. Otherwise, these patients are deemed futile, and ‘comfort care’ must be provided.





Preparing medical systems for burn treatment can be aided by history, which provides an overview of prognosis combined with special measures. At the end of World War II, only 50% of patients survived >40% TBSA.124 After treatment for shock was initiated, topical antibacterial treatment with silver-containing products reduced the mortality rate. Early excision and feeding lowered it further. Early tangential excision, introduced by Janžekovič, was the next step in reducing mortality.125 Thus, success depends on the degree of logistics and the infrastructure that can be built up to allow the use of special techniques. The feasibility of safe blood support and wound technologies (e.g., use of cadaver skin as a temporary skin substitute) also influences the prognosis. Problems with certain treatment methods may arise because of religion (e.g., use of pig skin or frog skin). Knowledge of and adaptation to local cultural habits is often necessary for success.






Armed conflict


Armed conflict falls into two main categories:




• Conflicts between militaries


• Asymmetric conflict, in which a severe disparity of power and strategies exists between opponents (e.g., an army against terrorists).





The rate of burn injuries in armed conflicts depends on the technical standard of the armies. The number of burn-related deaths has remained fairly constant since World War I until the 1991 Gulf War. The use of tanks, battleships, aircraft, and armored vehicles increases burn casualties. In the 1973 Arab–Israeli War, which involved many tanks, 70% of tank casualties included burns. Burn injuries range from 10% to 30% of all casualties.89 Combination injuries (e.g., blast injuries with burns) are frequent.






Treatment in the field


Field treatment occurs under different conditions, so that evacuation times vary greatly. Early shock treatment is the most important parameter for survival. A patient with massive burn injuries who does not undergo resuscitation until more than 4 hours after injury has almost no chance of survival. The necessity of starting sufficient resuscitation is countered by the logistical problem of carrying great amounts of fluids during battle.


Care under fire is usually buddy aid or given by a combat lifesaver. Burning must be stopped, and resuscitation must begin. In the conscious patient, oral rehydration fluid can be self-administered or given by the buddy or combat lifesaver. The unconscious patient should be moved to a safe location as soon as the tactical situation permits.


In the second step, tactical field care, IV access is gained and resuscitation with RL is begun. Otherwise, hypertonic resuscitation and/or oral fluids should be considered. The initial fluid requirement can be reduced by 80% by an initial 30-minute infusion of 4 mL/kg hypertonic 7.5% saline–dextran and then of RL to maintain urine output. A rebound should be expected after 6–8 hours.86 Too rapid an infusion for 2 minutes causes hyperosmolarity and hypernatremia, with possible cardiac arrhythmia.126


Thomas89 suggests starting resuscitation with IV administration of 250 mL hypertonic saline solution and continuing with ORS as an oral bolus of 4 mL/kg every 20 minutes to maintain a good gastric emptying rate and to satisfy fluid requirements. ABA suggests the same where IV therapy is logistically impossible.47


New technical equipment allows easy IO application, which can provide large amounts of fluid. For hypertonic saline solutions IO seems unsuitable, as soft tissue and bone necrosis have been observed after some days.127















Education, awareness, and preparedness


Recent burn disasters have raised the degree of alertness worldwide for mass burn injuries. Ongoing wars and terrorist attacks, along with several indoor fires, have shown that preparedness for such events is necessary. No-one is immune to such risks. The question is not whether such disasters will occur, but when they will occur and how we can cope.


Preparedness requires plans. It also requires staff, stuff, and structure (the three ‘S’s). Plans include international disaster plans, national disaster plans, coordinated disaster plans at state level, and local disaster plans for locales and institutions. Structure is the national or international health system. Stuff is emergency supplies ready for disasters. Staff is medical, paramedical, rescue, and technical relief organizations. Legal preconditions must be established on the basis of these plans, and resources must be planned and funded. Both planning and execution require money, which is an investment in a society’s future and security.


Burn societies can aid this procedure, as ABA does, as they comprise experts in these fields. Planning without the experts in burn treatment is futile. However, on their own, burn experts rarely make sufficient plans for mass casualties, which is not usually part of their expertise. Military organizations can serve as examples, with their participation in war operations and their routine drills. Disaster drills for hospitals and rescue organizations must be realistically performed.


Education in burn treatment (e.g., ABLS, EMSB) is essential for coping effectively with mass casualties – not only for medical staff but also for hospital administrations, who must provide sufficient support. Burn surgeons are rare in burn disasters, and surgeons are not the only personnel to be trained. Escharotomy must be taught, training must occur, and this training must be repeated if preparedness is to be maintained.
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Introduction


During the past four decades there has been a remarkable improvement in the outcome of burn injuries and a progressive decline in its incidence. In the United States, this process began with the development of specialized burn treatment units, the first at the Medical College of Virginia, now the Virginia Commonwealth University Medical Center, and then at the US Army Institute of Surgical Research, Brooke Army Medical Center, San Antonio, Texas, both in 1947. There are now 125 units/centers in the USA.1 The improvement in outcome in the treatment of burn patients accelerated following the formation of the American Burn Association in 1967. According to the American Burn Association’s 2007 Fact Sheet, using information derived from a variety of sources, each year, in the USA, there are now approximately 500 000 individuals who sustain a burn injury requiring treatment from healthcare professionals.2 The annual incidence of burn victims has declined from an estimated 1 million each year during the 1960s. Fagenholz and colleagues documented a decrease in the incidence of visits to Emergency Departments for burns during the period 1993–2007.3 Currently, among those who sustain a burn, approximately 40 000 are admitted to hospitals for their care and there are approximately 4000 fire- and burn-related deaths each year.2 Therefore, thermal trauma typically results in an injury of low mortality in which the majority of care can be safely rendered in an ambulatory setting.


The outcome of burns treated in the outpatient setting is usually good. If, however, care is suboptimal, protracted morbidity or compromised function can result. The goals of therapy are to minimize pain and the risk of infection, achieve timely wound healing, preserve physical function, minimize cosmetic deformity, and affect physical and psychosocial rehabilitation in the most expeditious manner.









Who can be managed as an outpatient?


When a patient with a burn is first evaluated, information is immediately available from which an accurate prognosis can be derived. For instance, a valuable easily remembered estimate of the probability of death from burn injury was published in 1998.4 Using stepwise logistic regression analysis of 1665 patients, the authors identified three risk factors for death: age greater than 60 years; burns on more than 40% of the total body surface area (TBSA); and, the presence of inhalation injury. The mortality prediction for the presence of none of these risk factors is 0.3%; for the presence of one risk factor it is 3%; for two it is 33%; and, for all three it is approximately 90% (actual, 87%).


In addition to these risk factors, there are other factors – and a huge dose of common sense – which help determine the initial treatment venue. These include depth of the burn; premorbid diseases; and, co-morbid factors such as associated trauma, distribution of the burn, and injuring agent. When outpatient care is an option the patient’s social situation needs to be assessed. In some instances, it may be prudent to initiate care in a hospital so that potential complicating medical problems can be sorted out or the possibility of non-accidental trauma can be excluded.






Age


Patients between 5 and 20 years of age have the most favorable survival outcome from burns. The LA50 (percentage of total body surface area at which 50% of the patients live and 50% die) for this age cohort is 94.5% TBSA of burn.5 Younger individuals, especially infants, have an increase in morbidity as well as mortality from burn injury. In this age group, child abuse or neglect must be included in the psychosocial analysis.6,7 The peak incidence of non-accidental burn injury is 13–24 months of age.8 Burns that are particularly suspicious are those whose appearance suggests an injury from a cigarette, hot iron, or immersion in hot water. The latter injury is identified by a stocking/glove distribution of the burn and a sharp linear demarcation between the burned and unburned skin (Fig. 6.1). Scalding which has occurred in an institution or in the presence of a caregiver other than one who has a biological relationship to the victim should also heighten one’s suspicion. Even with trivial injury, if the burn was sustained under suspicious circumstances or the history does not correspond with the nature or distribution of the burn, the patient should be admitted to a hospital for their protection. Cases of suspected abuse, neglect or bad parenting must be referred to the appropriate social services agency.
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Figure 6.1 (a,b) Two cases of non-accidental trauma with immersion pattern scald burns. Note the sharp transverse linear demarcation between the burned and unburned skin.




The author has become aware that in some instances being investigated for non-accidental trauma, the actual cause was from bad parenting and not done with malicious intent. However, when investigated, for a variety of reasons, e.g. immigration status, prior felony conviction, previous report to or concern of the local county authorities, the individual lied about the details of how the injury occurred. In a more unusual instance, a third person tries to protect the perpetrator, e.g. a mother protecting her daughter, when the daughter was the perpetrator of the injury to a child. Any patient over the age of 70 years with burns is in danger of dying regardless of the extent of the burn. The LA50 for this age group is 29.5% TBSA of burn.5 Therefore, admitting the older patient to a hospital to assess their response to the injury can prove invaluable before treatment is continued as an outpatient.









Extent of the burn


The larger the percent of body surface area involved by the burn, the worse the prognosis. The percent of the body surface area can be roughly estimated by using the ‘rule of nines’9 or more accurately by the technique of Lund and Browder (Table 6.1).10 A helpful adjunct in estimating the area of burn is to use the surface area of the patient’s hand. This area, which approximates 1% of the TBSA, includes the palm together with the fingers and thumb extended and adducted.




Table 6.1 Burn estimate – age versus area
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Any burned patient who requires intravenous fluid resuscitation should be admitted to a hospital. This includes adults and older children with burns in excess of 15% of the body surface area, as well as younger children (under 5 years of age) and infants with burns in excess of 10% of the body surface area.11 In some instances, due to premorbid dehydration caused by physical activity, an arid or semi-arid climate, alcohol, or diuretics, some patients with smaller burns may need supplemental intravenous fluids for optimal care. In the author’s practice, patients with small area burns that need intravenous fluid are often held for several hours or overnight in an observation area in the Emergency Department until their pain is controlled and fluid needs are met. Then care can often be continued as an outpatient.









Depth of the burn


The deeper the burn the worse is the prognosis. However, depth of small-area burns is less important in determining the need to initiate care in a hospital than the extent of the burn.


When a burn is first evaluated it is often difficult to determine its depth. The superficial injury of sunburn or its equivalent is easy to identify. Likewise, it is easy to discern a waxen, dry, inelastic, insensate, cadaveric-appearing wound as a full-thickness burn. However, it is difficult to distinguish the subtle differences between a superficial partial-thickness burn, which will heal spontaneously within 3 weeks, and a deeper partial-thickness burn that will take longer to heal. This is especially true for weeping wounds in which the blisters have ruptured. Initially, these wounds appear superficial and are perfused. However, with time, as the injured small blood vessels in the wound thrombose, the wound takes on an ischemic, cadaveric appearance of a deeper injury.12,13 This change does not reflect invasive infection but merely the natural evolution of the wound.









Premorbid diseases


Preexisting medical conditions often have a profound influence on the clinical course and outcome of a burn injury. While any medical disorder may have an adverse effect, there are a number of conditions that occur frequently among the burned and which may play a significant role in causation or outcome. For instance, any condition or habit that alters an individual’s mental state may lead to a burn injury. These include seizure disorders, senility, and psychiatric illnesses as well as the use of sedatives, controlled substances, illegal and recreational drugs, and alcohol. These usually obligate hospital admission. Medical conditions that are known to enhance morbidity of patients with burns include renal failure, congestive heart failure, cardiac dysrhythmias, hypertension, chronic obstructive pulmonary disease, diabetes mellitus, sequelae of alcoholism, morbid obesity, conditions which require the use of steroids, and other diseases which compromise the immune system.14 The clinical status of any of these disorders must be determined and their potential influence on the outcome assessed before determining whether the patient can be safely managed as an outpatient.









Co-morbid disorders






Respiratory complications


Inhalation injury and carbon monoxide poisoning substantially magnify the burned patient’s risk and may occur even with no or trivial cutaneous injury.15,16 In addition, upper airway obstruction can be caused by the edema produced from burns of the oropharynx or the flux of fluid into the soft tissues of the upper airway resulting from deep burns of the face and/or neck. The full-blown adverse sequelae of these complications may not be immediately apparent.17 Therefore, if the history of the accident or distribution of burns suggests any of these three complications, a period of monitored observation is warranted. Overnight observation is usually sufficient.









Associated trauma


Burns frequently occur with other forms of trauma. If the burn involves only a small area of the body, the associated trauma will dictate whether a patient needs to be admitted to a hospital.









Distribution of the burn


The location of the burn may have a profound effect on the patient’s activities of daily living, and dictate the setting in which the patient receives care. For instance, the edema from a small-area superficial burn of the face may result in swelling of the eyelids, hampering the patient’s vision (Fig. 6.2), or burns that involve the lips or the oral cavity may inhibit efficient oral alimentation. Likewise, burns of the hands, feet, or those involving the perineum or adjacent areas may severely limit an individual’s autonomy. While burns in these areas may not necessarily demand care in a hospital, there must be consideration of the assistance available to the patient when contemplating outpatient ambulatory care.
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Figure 6.2 Swelling caused by a burn that healed spontaneously without scar. For several days the edema of the eyelids prevented the patient from seeing.




Because of fluid flux into the tissues beneath a burn, patients with circumferential burns of an extremity are in danger of ischemia of underlying and distal tissues from increased tissue pressure.18 Except for those with very superficial burns all patients with circumferential burns of an extremity should be monitored for evidence of elevated tissue pressure. Since the clinical signs of compartment syndrome and ischemia in a burned extremity are unreliable,19 the author advocates measuring the tissue pressure by a direct method and uses the Stryker® Intracompartment Pressure Monitoring System. A tissue pressure above 40 mmHg is the indication for surgical decompression of the injured limb. Alternatively, a Doppler ultrasonic flow meter can be used to assess the circulatory status of the extremity.19 A muffled first arterial sound and/or the absence of the second arterial sound is regarded as sufficient evidence of pathological elevation of the tissue pressure.


Burns across joints do not, for that reason alone, require admission to a hospital.









Injuring agent






Electricity


Patients exposed to low-voltage electricity, arbitrarily defined as less than 1000 volts (the most frequent source being household currents of 110 or 220 volts), are in danger of dying at the accident scene from a cardiac dysrhythmia, usually ventricular fibrillation.20 Following low-voltage electrical exposure, the most frequent residual electrocardiographic abnormality is a non-specific change in the ST-T wave segment21 and the most troublesome dysrhythmias are among the atrial fibrillation-flutter group.22 If the electrocardiogram is normal or becomes normal during observation, the chances of a subsequent dysrhythmia or cardiac arrest are virtually nil.


The tissue damage from low levels of electrical energy is usually small and most patients do not need to be admitted to a hospital. Occasionally, however, the damage to a child’s lip, tongue, gums, and dentition from sucking on a defective energized electrical cord may preclude efficient oral alimentation. In this circumstance, hospital admission to establish satisfactory oral intake is probably wise. With an electrical burn of the lip, the injury is often deep enough to cause necrosis of the superior or inferior labial artery. The injured artery is prone to rupture between the fourth and seventh post-burn day. Therefore, the patient or caregiver must be warned of this possibility and instructed on the first aid measures for hemorrhage control.


Patients who sustain tissue damage from contact with high-voltage electricity generally require admission.









Chemicals


Although chemicals cause tissue damage by chemical reactions and not from heat, by tradition, the care of those injured by chemicals is by burn surgeons. Brushing off dry chemicals or copious lavage with water of wet chemicals is the appropriate emergency treatment.23,24 No one knows how long lavage should be continued, but up to 1 h has been recommended.25 One guide is the presence of pain. The supposition is that, as long as there is pain, the chemical remains active and continues to cause damage.


In some instances, there are specific antidotes for the pain caused by a chemical. For example, with hydrofluoric acid, the injured tissues should be injected with calcium gluconate.26 Hydrofluoric acid also serves as a good example of the many chemicals that are absorbed into the body with the potential to cause organ injury. Exposure of concentrated hydrofluoric acid to as little as 3% of the body surface area can result in a fatal dysrhythmia from hypocalcemia caused by the binding of calcium by the absorbed fluoride ion.27 Since it is impossible to remember the systemic sequelae of all the chemicals to which an individual might be exposed, the physician should identify the chemical and seek information from the local poison control center.


After emergency local wound care, the treatment of the residual wound from a chemical is the same as the treatment for any wound.












Social circumstances


Patients whose injuries may be non-accidental need to be admitted to a hospital for their protection.


Before a patient is discharged from emergency care, the physician should ascertain that there are satisfactory resources available for supervision and care, and a way in which the patient can readily access medical care. Therefore, the distance the patient lives from care needs to be taken into consideration. For outpatients a visiting nurse can be invaluable in providing wound care and monitoring for wound complications, as well as assessing the patient’s physical progress and social situation.
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